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A B S T R A C T   

Fatigue is the most reported symptom in patients with sarcoidosis (SPs) and is a significant predictor of decreased 
quality of life that is strongly associated with stress and negative mood states. Few medications exist for treating 
fatigue in SPs, and outpatient physical rehabilitation programs are limited by availability and cost. Sarcoidosis in 
the US predominantly impacts minorities and underserved populations who are of working age and often have 
limited resources (e.g., financial, transportation, time off work) that may prevent them from attending in-person 
programs. The use of mobile health (mHealth) is emerging as a viable alternative to provide access to self- 
management resources to improve quality of life. The Sarcoidosis Patient Assessment and Resource Compan-
ion (SPARC) App is a sarcoidosis-specific mHealth App intended to improve fatigue and stress in SPs. It prompts 
SPs to conduct breathing awareness meditation (BAM) and contains educational modules aimed at improving 
self-efficacy. 

Herein we describe the design and methods of a 3-month randomized control trial comparing use of the SPARC 
App (10-min BAM twice daily) to standard care in 50 SPs with significant fatigue (FAS ≥22). A Fitbit® watch will 
provide immediate heartrate feedback after BAM sessions to objectively monitor adherence. The primary out-
comes are feasibility and usability of the SPARC App (collected monthly). Secondary endpoints include pre-
liminary efficacy at improving fatigue, stress, and quality of life. We expect the SPARC App to be a useable and 
feasible intervention that has potential to overcome barriers of more traditional in-person programs.   

1. Introduction 

Sarcoidosis is a systemic granulomatous inflammatory disease of 
unknown cause that can result in significant functional morbidity 
including fatigue, dyspnea, generalized pain, and decreased physical 
activity. Over 185,000 patients with sarcoidosis (SPs) seek healthcare 
annually and 25,000 new cases are diagnosed in the United States (U.S.) 
each year [1]. In the U.S., Black Americans are disproportionately 
affected by sarcoidosis, and are known to have higher disease preva-
lence and severity (more organ involvement, higher mortality rates, and 
are more likely to develop pulmonary fibrosis and require treatment), 
which is at least in part related to decreased access to timely healthcare 
from sarcoidosis experts [2–5]. 

Sarcoidosis-associated fatigue (SAF) is reported in up to 80% of SPs 

and is considered the most important predictor of quality of life (QOL) 
due to its negative effects on physical and psychological health [6–9]. 
The underlying etiology of SAF is complex. SAF is weakly associated 
with physiologic markers of sarcoidosis disease activity such as in-
flammatory markers, lung function and radiographic severity; however, 
our work and that of others has shown strong associations between SAF 
and stress levels, negative mood states (depression, anxiety) and low 
QOL. SPs are less physically active than their healthy counterparts, and 
lower physical activity levels in SPs is associated with worse fatigue 
levels but not lung function [10]. The interaction with SAF, negative 
mood states and physical activity in SPs results in a perpetual feedback 
loop ultimately resulting in ongoing symptoms and decreased QOL 
(Fig. 1; reprint from Christon et al., currently in print) [11]. 

The treatment of SAF is intended to improve QOL by “breaking” this 
feedback loop, but at present, management options are limited. 
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Pharmacologic therapy is often unsuccessful as the primary treatment 
approach [12,13]. Corticosteroids are considered first-line therapy for 
sarcoidosis, however their impact on SAF is inconsistent and may result 
in increased fatigue and healthcare use [14–16]. Second and third line 
medications for sarcoidosis may provide some benefit for fatigue, but 
can result in treatment-limiting side effects and there is insufficient 
evidence to support their use for SAF in the absence of other treatment 
indications for sarcoidosis [6,17]. Similarly, there is a low quality of 
evidence supporting the use of stimulant therapy (e.g., armodafinil) for 
SAF [13]. Recent guidelines have suggested pulmonary rehab programs 
and/or inspiratory muscle strength training (conditional recommenda-
tion, low quality of evidence) [13]. Such programs have been efficacious 
in reducing SAF, but often require in-person instruction and are not 
widely available. 

Various cognitive behavioral stress management programs have 
demonstrated that they reduce fatigue levels and improve QOL in mul-
tiple chronic diseases; however, these programs have not been widely 
studied in sarcoidosis [18–22]. A common technique used in these 
programs involves diaphragmatic breathing (breathing awareness 
meditation or BAM) as the first step in mindfulness meditation. A single 
session of group-delivered mindfulness meditation focused upon BAM 
was shown to reduce fatigue in SPs [23]. However, dissemination of 
traditional group-based programs is limited by availability and cost in 
the United States where sarcoidosis disproportionately impacts minor-
ities with high poverty rates and reduced healthcare access [3,24,25]. 

Health disparities by race, socioeconomic status, and gender are well 
described in sarcoidosis, and the fact that sarcoidosis predominately 
impacts working-age individuals argues that a successful intervention to 
address stress and fatigue would need to be accessible to all and not be a 
significant financial or travel burden [26,27]. While black SPs have 
higher rates of medication noncompliance, studies have identified 
relaxation and deep breathing techniques as a viable strategy for man-
aging stress resulting from chronic dyspnea [28,29], suggesting novel 
methods of delivering such programs warrants further investigation. 

Programs utilizing mobile Health (mHealth) have the potential to 
overcome geographic and financial barriers of traditional programs and 
have been shown to result in sustained improvements in health.[15–19] 
Preliminary data from a survey of 194 SPs (64% African American) 
published in abstract form revealed that 84% had smartphones with 
active data plans, reported willingness to use mHealth, and 100% agreed 
or strongly agreed that mHealth interventions would help them manage 
their stress and fatigue [30]. A three-month pilot study conducted by our 
team in which 18 patients used a prototype version of an mHealth App 
prompting patients to engage in BAM for 10 min twice daily showed 
preliminary acceptability and adherence, and resulted in significant 
reductions in reported stress and fatigue (Fig. 2) [30,31]. 

Given these promising preliminary findings, we embarked on a 
project to develop and evaluate a sarcoidosis-specific stress and fatigue 
mHealth App. The Sarcoidosis Patient Resource and Companion 
(SPARC) App was developed based on reviews of the SAF literature, 
which support the need for comprehensive care and support resources 
aimed at relieving symptoms and improving quality of life [32]. The 
final version of the App was created using a sarcoidosis patient- and 
provider-centered iterative design process involving low literacy-based 
strategies and guided by the principles of Self-Determination Theory 
[33,34]. A previously validated BAM App (i.e., Tension Tamer) designed 
for use in patients with stress and hypertension was demonstrated and a 
scripted interview was used to elicit input from SPs and healthcare 
providers on usability and applicability to sarcoidosis, as outlined in our 
previous publication [11] Only the BAM portion of Tension Tamer was 
incorporated into the SPARC App and was modified from its original 
version based on informant interviews (e.g., appearance, voice options, 
usability). Based on SAF literature, the SPARC also included educational 
content and the ability to communicate with the sarcoidosis clinic for 
help. Using a Fitbit watch. heart rate was recorded during the BAM 
sessions, which serves as a means of providing immediate positive 
feedback (decrease in heart rate during BAM) as well to monitor 
compliance with BAM sessions. Personalized text messages based in 
Self-Determination Theory will be used to positively reinforce or 
encourage compliance with twice daily BAM sessions. 
Self-Determination Theory focuses on developing competence (akin to 
self-efficacy in Social Cognitive Theory) and autonomous regulation 
[35]. Consistent strong effects of these Self-Determination Theory me-
diators have been observed for various health behavior changes (e.g., 
physical activity, smoking cessation, diet) [36–42]. 

Screenshots from the SPARC app are provided below (Fig. 3). 
The SPARC App BAM module that will be tested in this trial was 

adapted from Tension Tamer, which was previously developed as a 
stress reduction tool in other chronic disease populations [31,43–45]. 
The randomized control trial described herein aims to evaluate the 
feasibility and preliminary efficacy of the SPARC mHealth app as an 
efficacious, safe, and easily disseminated self-management tool that may 
improve fatigue and stress in SPs. 

2. Methods 

2.1. Overview of study design, rationale, and objectives 

The SPARC App trial is a two group, parallel arm, non-blinded ran-
domized control trial of adults with confirmed sarcoidosis based on 
currently accepted criteria and SAF (defined as a Fatigue Assessment 

Abbreviations 

SPs patients with sarcoidosis 
SAF sarcoidosis-associated fatigue 
QOL quality of life 
BAM breathing awareness meditation 
SPARC Sarcoidosis Patient Resource and Companion App 
FAS fatigue assessment scale 
FSE Fatigue self-efficacy scale 
PHQ-8 Patient Health Questionnaire depression scale 
PSS-10 10-item perceived stress scale 
KSQ King’s Sarcoidosis Questionnaire 
REDCaps Research Electronic Data Capture database  

Fig. 1. Complex, cyclical nature of sarcoidosis associated fatigue [11].  
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Scale score of ≥22) [46,47]. SPs will be randomized to standard of care 
fatigue management or use of the SPARC App, which includes educa-
tional resources (videos) as well as a 10-min BAM module which pa-
tients will be asked to use twice daily for three months. The primary 
objective is to evaluate the usability and feasibility of the SPARC App. 
Secondary outcomes include examination of preliminary efficacy in 
reducing fatigue (Fatigue Assessment Scale), stress (Perceived Stress 
Scale), and improving QOL (King’s Sarcoidosis Questionnaire). This 
study has been approved by the institutional review board 
(Pro00107105). 

2.2. Participants 

SPs will be recruited at the Susan Pearlstine Sarcoidosis Clinic of 
Excellence at the Medical University of South Carolina during their 
regularly scheduled visits. Flyers will be posted in all clinic rooms. Pa-
tients will also be informed of the study at Sarcoidosis Support group 
meetings in addition to letters sent via the electronic medical record. 
Patients who meet the following inclusion criteria will be eligible for the 
study: 1) Sarcoidosis diagnosis based on established criteria [46]; 2) ≥18 
years old; 3) able to speak, hear, and understand English; 4) elevated 
SAF (Fatigue assessment scale score ≥22); 5) owns smartphone with 

current data plan; 6) willingness and ability to use app to engage in 
BAM. Patients will be excluded if they have a history of diagnoses of a 
psychotic disorder, bipolar disorder, eating disorder, narcolepsy, un-
treated sleep apnea, or diagnosis/treatment of cancer in the past 12 
months; positive screening for current moderately severe depression 
symptoms (Patient Health Questionnaire depression scale [PHQ-8] score 
≥15) [48,49]; sarcoidosis exacerbation in past 3 months requiring in-
crease in sarcoidosis medications; active substance abuse or binge 
drinking(>21 drinks/week). The score of ≥15 on the PFQ-8 (“moder-
ately severe depression”) was chosen because the PHQ-8 includes fa-
tigue as an item and potentially biases recruitment to exclude patients 
who may score ≥10 on the PHQ-8 because of severe fatigue or 
adjustment-related symptoms. We found that 47% of patients who did 
not qualify for the key informant interviews (manuscript under review 
elsewhere) were excluded because their PHQ-8 score was ≥10. After 
extensive consideration, use of the cut-off score of ≥15 was approved by 
our grant review board. Patients will be screened for the presence of 
undiagnosed sleep apnea using the STOP-BANG questionnaire [50]. 
These inclusion and exclusion criteria were previously piloted in an 
initial step of this project [11]. 

Fig. 2. Breathing awareness meditation pilot study outcomes.  

Fig. 3. Screenshots ofSPARC app.  
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2.3. Randomization 

All patients seen in the clinic complete the Fatigue Assessment Scale 
(FAS) at the beginning of their visit as part of their routine clinical care. 
Those patients with a score ≥22 will then be informed about the study 
either in person during their visit or by the research coordinator via 
telephone. Potentially eligible SPs will be reviewed for eligibility based 
on inclusion and exclusion criteria. Interested and eligible patients will 
then be scheduled for an in-person visit where they will complete the 
informed consent process, followed by depression screening question-
naire (PHQ-8). Patients who are ineligible at this point due to having 
moderately severe depression symptoms (PHQ-8 score >15) will be 
offered referral to psychiatry and other mental health resources. 

Eligible and consented patients will be randomly assigned to the 
SPARC group or the enhanced standard care (SC) attention control 
group using the randomization module of the web-based Research 
Electronic Data Capture (REDCap) electronic data capture tools hosted 
by the South Carolina Clinical and Translational Science (SCTR) Insti-
tute at MUSC [51]. REDCap (Research Electronic Data Capture) is a 
secure, web-based application designed to support data capture for 
research studies. It provides an intuitive interface for validated data 
entry, audit trails for tracking data manipulation, automated export 
procedures for seamless data downloads to common statistical packages, 
and procedures for importing data from external sources. REDCap at 
SCTR is supported by the National Center for Advancing Translational 
Sciences of the National Institutes of Health under Grant Number UL1 
TR001450. 

2.4. Interventions 

Enhanced standard of care attention control group. Those par-
ticipants randomized to the enhanced standard of care group will 
receive what is typical in this clinic to address fatigue, as well as meeting 
with the research staff and receiving a FitBit. Standard of care includes 
education on the potential causes of and solutions for sarcoidosis fa-
tigue, as well as recommending exercise. Contact with the research staff 
will include contact at study time points. Participants will be given a 
Fitbit Versa® watch with instructions on how to wear it properly, charge 
it regularly and how to navigate their Fitbit profile to customize and 
personalize their watch face to liking. The participants in this group will 
not receive reminder messages to wear and charge the Fitbit past what 
was provided in their enrollment visit. 

SPARC App intervention group. Those participants randomized to 
the intervention group will have the SPARC app downloaded on their 
phone by the research coordinator. The SPARC App, designed with input 
from SPs and providers [11], includes a BAM module and other desired 
key features: access to a provider service line, video modules providing 
educational content on sarcoidosis & stress, a demonstration video of 
BAM, patient testimonials and graphical and text motivational feedback. 

Alongside the SPARC app, participants will be given a Fitbit Versa® 
watch to use for the duration of the study. The Fitbit watch is linked with 
the SPARC App to provide time-stamped heart rate data that provides an 
objective measure of session adherence and serves as a feedback tool 
available to participants after each BAM session to demonstrate the 
ability of BAM to lower users’ heart rates. General use of the App will be 
reviewed, and participants will need to show ability to navigate the app 
and use components without assistance prior to leaving clinic. The 
research coordinator will assist in ensuring the participant has per-
formed the first BAM session properly and completed the battery of 
questionnaires. They will be given instructions on frequency and dosage 
of completion of BAM sessions at home, and these timeframes will be 
reinforced by the App’s text messages, further described below. They 
will be provided $50 compensation for time and effort. 

Participants will be instructed to engage in BAM sessions for 10 min, 
twice daily for 12-weeks. Previously, adherence ranged from 40 to 90% 
(median ~70%) in BAM programs lasting ≥ 3mos [31,52–54]. We 

anticipate the SPARC App will meet desired adherence rates (≥0.70 to 
BAM twice daily). SPs will have communication via phone or email links 
on the app to address any issues with the App or their clinical care. 
Clinical care questions will be routed to the sarcoidosis nurse coordi-
nator. Technical questions will be routed to the research coordinator. 

We will promote autonomous motivation by sending tailored moti-
vational/social reinforcement text messages linking subjects’ behavioral 
changes (e.g., adherence to twice daily BAM sessions) to their personal 
values, beliefs and short/long term goals derived from a branch logic 
questionnaire (Values, Beliefs, Goals Questionnaire) [55]. Domains 
identified include family, faith, friendships, community 
activities-membership/volunteer work; attendance and/or participation 
in leisure, sports & recreational activities and work related events. Do-
mains frequently reported by subjects to be important drivers of 
behavior were “family, faith and friends.” Further, family and commu-
nity cohesiveness and support, especially activities with friends and 
family members were primary adherence motivators related to 
short-term life goals (e.g., increased time gardening, fishing, playing 
with grandchildren, attending church functions, etc.). Responses will 
guide delivery of >900 different automated motivational/social 
encouragement messages based upon levels of adherence to their SPARC 
regimen. Sample text feedback for an adherence score of 1.00 is: "Way to 
go! Every day of meditation keeps you on track for (patient identified values, 
e.g., “many more years watching those grandkids grow up”). If partially or 
completely non-adherent, he/she might receive: “You must have been 
really busy yesterday. Get back on track with the SPARC App to keep 
reducing stress & fatigue and plan some special time with your grandkids.” 

2.5. Follow-up visits 

All participants will be contacted at week 4 via telephone, and will be 
seen at weeks 12 and 24 for routine clinical care. During those visits, 
based on their preference, follow-up study questionnaires will be given 
orally or read on their own. They will have the option to complete 
questionnaires using a tablet or paper version. They will be provided 
$50 compensation for time and effort at each evaluation. 

2.6. Outcomes assessment 

Table 2 presents all outcome variables, questionnaires, and timing of 
administration. Most scales have been used with 21 to 59-year-old Af-
rican Americans and Non-Hispanic Whites and have established psy-
chometrics. We provide brief psychometric information (e.g., internal 
consistency, test-retest reliability) in the table. 

Measurement of adherence. Adherence with the SPARC BAM 
module use will be monitored based on heart rate data collected during a 
subject’s use of the App. App usage analytics collected will assess SPARC 
App uptake (total engagement time) and its features (e.g., frequency of 
provider service line use, video modules: sarcoidosis & stress educa-
tional modules, BAM demo, patient testimonials, etc.). 

2.7. Sample size and data management/analysis 

The primary focus of this project lies on assessing feasibility 
(recruitment, retention, and adherence rates) and usability (frequency, 
duration of app use; satisfaction/usability surveys-SUS, TSUQ, uMARS) 
rather than hypothesis-testing. Thus, sample size was determined for 
pragmatic reasons such as assessment of recruitment, drop-out and 
adherence rates [69]. For categorical feasibility measures, with 50 SPs 
(25 per group), we will be able to estimate proportions with precision 
±0.08 to ± 0.13 for true population proportion (p) values for each 
outcome ranging from 0.10 to 0.30 (or correspondingly, from 0.70 to 
0.90). For continuous usability measures, 95% confidence intervals (CIs) 
can be estimated with precisions ranging from ±0.20 to ±0.78 corre-
sponding to estimated standard deviations (SDs) ranging from 0.5 to 2.0, 
respectively. For continuous impact measures (PSS,FAS, & QoL, FSE & 
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TSRQ change scores), in intent-to-treat analyses, 95% CI estimates of 
within-group change scores (pre-to post-treatment) will have precisions 
ranging from ±0.1.5 to ±2.4 corresponding to estimated SD of change 
scores ranging from 3.7 to 6.1, respectively; between-group change scores 
differences will have precision estimates from ±2.8 to ±3.7 for SDs of 
differences in scores from 5.0 to 6.7 SD units. 

The REDCap system will be used for data collection and as the pri-
mary database, including assignment of variable names and coding, 
design of data entry forms, automated data entry error checks, quality 
control checks, and database access and locking. All assessments and 
clinical data will be entered into a standardized password-protected 
database behind MUSC’s firewall. Data will be reviewed on a twice- 
monthly basis. Outlying, inconsistent data values, as well as missing 
data, will be targets of the data quality review. Issues will be commu-
nicated by the data management service to Drs. James, Chandler, 
Christon, and Mueller for resolution. 

The primary outcomes for this study will be usability/feasibility of 
the SPARC App. Based upon our proof of concept trial(n = 18), we 
anticipate acceptable participation rates (>80%), low drop-out rates 
(<20%), adherence rates (≥0.70 to twice daily 10 min BAM sessions), 
and usability/satisfaction scores (>75% will score above average on SUS 
(>68), uMARS (>64)& TSUQ (>60)).We anticipate signals of 
improvement in the SPARC group in secondary outcomes compared to 
SC group including changes in fatigue (FAS),stress (PSS), self-efficacy 
(FSE), autonomous motivation (TSRQ) and QOL. 

Descriptive statistics will be calculated for all measures and vari-
ables. We will use 95% CIs for proportions to estimate dichotomous 
feasibility outcomes (e.g., proportion who agree to participate out of 
total approached, proportion adherent to SPARC protocol, and propor-
tion who drop out). Frequency distributions will be developed 
describing participants’ reasons for non-adherence and discontinuation 
of SPARC app use and problems/issues encountered with the app. For 
continuous usability measures (e.g., frequency, duration of use; surveys: 
SUS, TSUQ, uMARS), frequency distributions & median and mean re-
sponses (with 95% CIs) will be obtained. Mean change and difference in 

change between the groups from pre-to-post intervention along with 
their 95% CIs will be reported for all continuous secondary (impact) 
outcomes (change in PSS-10, FAS, QoL, FSE & TSRQ scores). 

Preliminary analyses will examine a) underlying distributional 
properties of all outcome variables b) patterns of missing data, and c) 
patterns of attrition. Linear mixed-models for repeated measures will be 
used for the continuous impact measures to obtain estimates of intra- 
cluster correlation (ICC) & variance estimates along with covariance 
structure of longitudinal scores used as critical information for sample 
size calculation of a future efficacy RCT. Based upon Shieh’s work [70], 
we have inadequate sample size & lack of adequate power to run formal 
moderator analyses. These analyses will be run in the future appropri-
ately powered RCT to examine impact of socio-demographic variables as 
potential adherence barriers, as well as potential moderating effects of 
disease severity (i.e., lung function), fatigue-inducing medications, and 
BAM adherence on secondary outcomes. 

3. Discussion 

This study is the first investigation of the feasibility of a mHealth App 
in SPs and has great potential to make self-management interventions 
accessible to a population that has been underserved. Previous research 
has shown the ability of mHealth interventions to improve quality of life 
in other chronic diseases.[15–19] Sarcoidosis is a rare disease that 
overwhelmingly impacts working-age, underserved minorities in the U. 
S., and exploration of novel interventions is an important step towards 
the goal of improving outcomes in all sarcoidosis patients regardless of 
socioeconomic status. As a mHealth tool, the SPARC App has the po-
tential to improve stress and fatigue in SPs by improving self-efficacy 
while overcoming the limitations and barriers of traditional treatment 
options. 
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