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Abstract 

Children and adolescents with sickle cell disease (SCD) are at high risk for 

medical complications, neuropsychological sequelae, and lower overall quality of life. 

One target of intervention that can positively impact these outcomes is treatment 

adherence. Despite the known benefits of treatment adherence for health outcomes, 

children with SCD encounter several barriers that result in low overall levels of 

adherence and reduction of treatment benefits. Furthermore, little is known regarding 

the relationship between adherence and quality of life for this pediatric population. As 

such, two studies were conducted in order to (a) examine the relationship between 

treatment adherence and quality of life among youth with SCD, and (b) examine the 

feasibility, acceptability, and preliminary efficacy of a novel mobile health intervention 

to improve adherence among youth with SCD. For the first study, 46 children and 

adolescents with SCD and a caregiver were recruited. Results indicated that participants 

with good adherence had significantly higher parent-reported quality of life than 

participants with poor adherence. In contrast, based on child self-report, participants did 

not differ across quality of life domains. Subsequently, 43 participants were recruited to 

participate in the pilot intervention study, the Intensive Training Program (ITP). The 

intervention was conducted in two phases: Phase I recruited participants receiving iron 

chelation therapy to reduce the risk of iron overload associated with chronic red blood 
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transfusions (n=11); Phase II broadened the scope of participants to those prescribed 

hydroxyurea (HU; n=32), a once daily oral medication. Results indicated that patients 

and their caregivers endorsed high levels of acceptance, ease of use, and satisfaction 

with mobile health technology. In addition, participants encountered several 

technological issues that limited access and resulted in poor compliance with the ITP for 

some participants early on in the study. Despite this, participants demonstrated 

significant increases in medication possession ratio (MPR) based on pharmacy refill as 

well as sustained improvements in disease knowledge. Adherent participants 

demonstrated significant decreases in outcomes related to caregiver burden as well as 

significantly lower pain impact when compared to non-adherent youth. In addition, 

children who were adherent reported quality of life and overall SCD-related functioning 

at a clinically-significant higher level when compared to those who were non-adherent. 

Implications for future research and application to clinical care are discussed.  
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1. Introduction  

Sickle cell disease (SCD) is a genetic disorder of the blood affecting 

approximately 1 in every 400-500 African-American newborns in the United States 

([NHLBI], 2011) and 300,000 newborns worldwide ([WHO], 2011, January; Weatherall, 

Akinyanju, Fucharoen, Olivieri, & Musgrove, 2006). SCD results in sickle-shaped red 

blood cells that are adherent, dehydrated, and less efficient carriers of oxygen in the 

bloodstream (Zennadi et al., 2007). As a result, these cells clump together and break 

apart easily, causing blockage of blood vessels, impeding blood flow and oxygen 

transport to organs. In addition, sickle-shaped cells have a shorter cell life at 20-30 days 

compared to a typical red blood cell (i.e., approximately 120 days), which causes anemia 

in this patient group.  

Pediatric SCD is associated with several medical, neuropsychological, and 

quality of life sequelae. In particular, children with SCD are at high risk for medical 

complications such as stroke, acute chest syndrome, increased risk of infection, 

vassocclusive crises resulting in extreme and debilitating pain, fatigue, organ damage 

(Redding-Lallinger & Knoll, 2006), school absenteeism, and cognitive deficits (Schatz, 

Finke, Kellett, & Kramer, 2002). To manage these complications, children with SCD 

follow complex treatment regimens, which typically include daily medications, regular 

comprehensive clinic visits and screening for stroke risk, and a number of health 
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maintenance behaviors ([NHLBI], 2014; Chen, Cole, & Kato, 2004; Gaston et al., 1986). 

Adherence to these regimens is critical for obtaining optimal health, economic, and 

quality of life benefits.  

While there is presently no cure for SCD, hematopoietic stem cell transplantation 

does provide a promising curative strategy for some children with SCD ([NHLBI], 2014; 

Hsieh, Fitzhugh, & Tisdale, 2011). More commonly, however, children with SCD are 

instructed to follow complex treatment regimens to reduce morbidity and risk of 

mortality. These regimens typically include daily prophylactic penicillin for newborns 

up to age five (Gaston et al., 1986), regular comprehensive care clinic visits and annual 

transcranial Doppler ultrasonography (TCD) screenings ([NHLBI], 2014; Yawn et al., 

2014), and a number of health maintenance behaviors [e.g., fluid intake, rest, diet 

monitoring (Chen et al., 2004)]. In addition, further treatment is often employed, which 

can include daily use of hydroxyurea (HU) to increase levels of fetal hemoglobin in the 

blood (Ware, 2010) or chronic blood transfusions to prevent primary and secondary 

stroke ([NHLBI], 2014). 

These treatment regimens are often associated with improved outcomes for 

pediatric patients with SCD. For example, HU is a daily oral medication that has been 

shown to improve SCD-related outcomes, including fewer pain crises, recurrences of 

acute chest syndrome, and stroke (Steinberg et al., 2003), decreased frequency and 
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duration of hospital admissions, and improved overall quality of life (Charache et al., 

1995; Thornburg, Calatroni, & Panepinto, 2011). Furthermore, research indicates that 

adherence to HU facilitates achievement of these optimum benefits (Thornburg, 

Calatroni, Telen, & Kemper, 2010). Indeed, those patients with higher adherence rates to 

HU have been shown to evidence more favorable hematologic values (Thornburg, 

Calatroni, et al., 2010), higher ratings of quality of life (Thornburg et al., 2011), and lower 

overall health care utilization and costs (Candrilli et al., 2011).  

Despite observed benefits, overall adherence among patients with SCD remains 

low to moderate [e.g., 12% (Elliott, Morgan, Day, Mollerup, & Wang, 2001), 49% 

(Thornburg, Calatroni, et al., 2010), 71% (Alvarez et al., 2009)], making it an important 

priority for both research and clinical care. Research is needed to both delineate the 

relationship between adherence and relevant outcomes (e.g., health parameters, quality 

of life) as well as to establish evidence-based intervention efforts. Indeed, given such 

strikingly low observed rates of adherence, interventions are seemingly critical to 

facilitate patients’ health and quality of life. However, SCD patients as a group are an 

underserved clinical population (Smith, Oyeku, Homer, & Zuckerman, 2006), and, in the 

context of broader racial health disparities (Van Ryn & Burke, 2000), continue to be 

underrepresented in clinical research. Indeed, adherence and associated intervention 
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research for pediatric SCD has lagged behind other illness groups, highlighting the 

importance for such research and clinical consideration.  

As such, the goal of the current dissertation is to (a) discuss the complex picture 

of adherence and health management in pediatric SCD; and, through empirical analyses, 

investigate (b) the relationship between adherence and quality of life in pediatric SCD, 

and (c) determine the feasibility and preliminary efficacy of a novel mobile health 

intervention aimed at improving patient adherence among youth with SCD.  

1.1 Adherence in Pediatric Chronic Illness 

Adherence is an active process by which individuals engage in medically related 

self-care. Specifically, the World Health Organization defines adherence to be “the 

extent to which a person’s behavior – taking medications, following a diet, and/or 

executing lifestyle changes, corresponds with agreed recommendations from a health 

care provider” [p. 3, ([WHO], 2003)]. This definition highlights the active role of the 

patient in his/her health management, specifically that adherence relies upon (1) the 

individual’s contribution to agreed upon treatment recommendations as well as (2) the 

individual’s behavior in carrying out those agreed upon recommendations. This patient-

centered view connotes a partnership with the provider in determining appropriate 

health management, which is contrasted with a more top-down approach typically 

associated with medication “compliance.”  
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Adherence is especially important in the context of pediatric chronic illnesses to 

promote both health and functional outcomes. Indeed, with the advancement of medical 

care, the survival rates for children suffering from chronic illness have dramatically 

increased. Despite reduced mortality, youth and families are typically required to 

manage and adhere to complex life-long treatment regimens. However, barriers to 

illness self-management are high (Bauman, 2000) with estimates of 50–78% of children 

with a chronic illness described as non-adherent with treatment regimens or as 

underutilizing medications (Rapoff, 2010; Riekert & Drotar, 2000). Adherence rates 

typically vary depending upon treatment target (e.g., medication adherence is typically 

higher than non-medication targets), adherence informant (e.g., caregiver report is 

typically higher than electronic monitors), and time since diagnosis [e.g., adherence rates 

decline among older youth; (Rapoff, 2010)]. These factors point to a complex picture of 

adherence among chronically-ill youth; yet, it is well-documented that adherence is 

typically sub-optimal (Rapoff, 2010) and that multiple barriers to adherence exist for 

families across illness groups and developmental levels.  

Non-adherence has been associated with a number of sequelae that increase 

morbidity and mortality of youth with chronic illness. In particular, medication non-

adherence is associated with increased symptomatology, emergent health care use, 

higher number of emergency department (ED) visits and hospitalizations, and school 
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absences (McGrady & Hommel, 2013). These outcomes in turn increase the burden of 

cost for treatment (McGrady & Hommel, 2013). Because non-adherence is associated 

with considerable negative impact on outcomes, it is a particularly salient target of 

intervention that can promote well-being for these children. As such, interventions that 

aim to improve adherence are critical, and there is a growing demand for empirically-

supported intervention strategies across pediatric populations.   

SCD is particularly ripe for empirical investigation of adherence because of the 

complexity and range of treatments, risk of morbidity, and sociodemographic barriers 

affecting many individuals with this illness. Indeed, SCD involves several life-long, 

complex treatment components that demand adherence. Yet, it bears highlighting the 

relative lack of adherence research within this population, and particularly, the small 

number of adherence interventions and the absence of adherence interventions that 

target and measure quality of life. With widespread global impact and high burden of 

disease, SCD is a global public health concern that warrants research and clinical 

attention to treatment and treatment adherence. 

1.2 Adherence in Pediatric SCD 

Starting at birth, individuals with SCD require complex health management 

behaviors in order to minimize complications and maximize health and clinical 

outcomes. Illness management targets for this patient group have recently been updated 
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through the publication of the Evidence-Based Management of Sickle Cell Disease: Expert 

Panel Report 2014 (Yawn et al., 2014). Recommendations include daily medication (e.g., 

hydroxyurea, prophylactic penicillin, iron chelation), daily health maintenance and 

management behaviors (e.g., fluid intake, rest, folic acid, nutritional monitoring, 

temperature monitoring and regulation), annual TCD screenings to assess risk of stroke, 

and regular clinic appointments for transfusions and comprehensive care visits (Gaston 

et al., 1986; Yawn et al., 2014). In addition to these ongoing clinical care targets, the 

management of SCD also requires medical attention and care in the face of acute (e.g., 

vasoocclusive crisis, fever, acute chest syndrome, priapism, acute stroke) and chronic 

(e.g., chronic pain, avascular necrosis, ophthalmologic complications) complications (See 

Yawn et al., 2014 for a comprehensive summary of the current illness management 

guidelines). Adherence to these treatment recommendations and regimens has been 

associated with decreased mortality and morbidity in pediatric SCD [e.g., reduced risk 

of bacterial infection (Gaston et al., 1986); reduced risk of pain crises (W.C. Wang et al., 

2011)]. Indeed, the burden of disease in SCD is high and consequently, the burden of 

adherence is similarly high.  

1.3 Rates of Adherence in Pediatric SCD 

Rates of adherence to these suggested treatment regimens in SCD are similarly 

complex when compared to those observed in other pediatric chronic illness 
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populations. Typically, adherence rates among chronically ill youth depend on several 

factors (e.g., complexity of regimen, duration of illness, source of adherence rating), but 

average approximately 50% across chronic illness populations (Rapoff, 2010). Statistics 

in SCD are similarly variable, but overall adherence is typically summarized as 

“moderate to low” [p. 410; (Barakat, Lutz, Smith-Whitley, & Ohene-Frempong, 2005)]. 

Indeed, a recent review (Walsh et al., 2014) highlighted that moderate adherence (i.e., 

taking 60-80% of medication doses) is typical, yet “good adherence is uncommon” 

among youth with SCD [p. 1182; (Walsh et al., 2014)]. Despite limited exact statistics, 

some reliable rate estimates exist for the different expected treatment behaviors of youth 

with SCD.  

Prophylactic penicillin is currently recommended for daily administration to 

children starting in infancy through age five as a preventative measure to minimize 

infections due to Streptococcus pneumoniae (Bitaraes, Oliveira, & Viana, 2008; Gaston et 

al., 1986; Teach, Lillis, & Grossi, 1998). The importance of prophylaxis has been 

acknowledged since the mid-1980s, and yet despite widespread educational efforts and 

physician knowledge (Wurst & Sleath, 2004) of and parental belief  (Elliott et al., 2001) in 

the benefits of prophylactic medication, rates of adherence with antibiotic prophylaxis 

are surprisingly low. Overall rates of adherence to suggested penicillin dosage range 

from 12% to 90%, depending upon the source of adherence rating.  
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In one study, medical records indicated 90% penicillin usage, but urine samples 

and caregiver report revealed only 56% and 48% compliance, respectively (Bitaraes et 

al., 2008). Another study found 43% of youth participants to test positive for the 

antibiotic (by urine assay), which was disparate from caregiver reported compliance 

[i.e., 67%; (Teach et al., 1998)]. A common measure of adherence based on pharmacy 

refills is the medication possession ratio (MPR), which is the ratio of the number of days’ 

supply of medication possessed by the patient during the observation period to the 

number of days during that observation period (Patel, Lindsey, Strunk, & DeBaun, 

2010). Utilizing pharmacy refill data to obtain adherence rates, this particular study 

found penicillin adherence to be 54.9% (Patel et al., 2010). Compliance as measured by 

prescription refill has been reported to be 33%, incongruent with caregiver-report [57%; 

(Witherspoon & Drotar, 2006)] in one study and, in another sample, reported to be 12% 

and 60%, according to pharmacy refill and caregiver report, respectively (Elliott et al., 

2001). An additional analysis found only 40% of caregivers to fill prophylactic 

prescriptions by age 12 weeks, with a retrospective analysis indicating that having a 

higher number of risk factors (e.g., maternal age, lower educational attainment, low 

income, unmarried marital status, urban residence) was associated with higher non-

compliance (Warren et al., 2010). Note: barriers will be further discussed below. These 

findings suggest that while doctor or caregiver perception of compliance may be high, 
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actual rates of adherence based on prescription refill tend to be lower, warranting 

intervention. In summary, rates of adherence to prophylactic penicillin are quite 

variable, despite widespread knowledge of its salutatory effects. Furthermore, this 

variability in adherence suggests that isolating barriers and facilitators for caregiver 

administration of penicillin may be most advantageous in formulating intervention 

strategies.  

An integral part of disease management for pediatric SCD is attendance of 

routine comprehensive care visits, during which hematologic parameters and other 

routine laboratory parameters are assessed. These include complete blood counts with 

white blood cell count differential, percent fetal hemoglobin (HbF), renal function, 

hepatobiliary function, and pulmonary function ([NHLBI], 2014). Furthermore, 

specialized screenings (e.g., TCD) may occur within the context of a routine clinic visit. 

Despite their utility and clinical benefit, routine clinic visit rates are poorly attended. 

One study found that 61% of participants had at least two clinic visits (i.e., the annual 

recommendation for well-managed SCD) in the prior year despite 75% of the 

participants’ caregivers endorsing knowing the recommendation for at least two clinic 

visits per year (Modi, Crosby, Hines, Drotar, & Mitchell, 2012). Another estimate of 

clinic visit adherence was approximately 50% (Crosby et al., 2012). These rates again 
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highlight the need for identification of individual barriers to attendance and extensive 

intervention. 

As a vital component of this routine follow-up and preventative care, children 

and adolescents with SCA are recommended to undergo annual TCD screenings to 

assess stroke risk ([NHLBI], 2011; Yawn et al., 2014). While population data regarding 

implementation is unknown, rates of TCD screening completion are reported to range 

between 45% (Raphael, Shetty, Liu, Mahoney, & Mueller, 2008) and 68.6% (Eckrich et al., 

2013). Importantly, with a more comprehensive understanding of the utility of TCD 

screenings and the release of clinical guidelines has come an increase in the rates of 

screening completions; prior incidence rates of TCD screenings were observed to be as 

low as 2.5% in 1997 (Eckrich et al., 2013), though this may partially be attributable to lack 

of clinical resources (i.e., technology or technicians) to perform them on site.  

Chronic transfusions are currently utilized as the treatment of choice for 

secondary stroke prevention in pediatric SCD ([NHLBI], 2014; Yawn et al., 2014) and are 

also utilized to reduce the risk of primary stroke (Adams et al., 1998). No known data 

exist for general adherence rates to acute or chronic blood transfusion regimens; 

however, in the Stroke Prevention Trial in SCA (STOP) clinical trial, approximately 93% 

of patients were adherent with their transfusion regimen (Miller et al., 2001). 

Furthermore, adherence was associated with decreased occurrence of acute chest 
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syndrome and lower pain ratings (Miller et al., 2001) and those with optimal HbS levels 

were more likely to have received transfusion within the prescribed timeframe (Aygun 

et al., 2009), highlighting the benefit to regimen compliance. Despite evidence for the 

importance of timely transfusion, 34% of children received transfusion at least one week 

later than prescribed during the Stroke with Transfusions Changing to Hydroxyurea 

(SWiTCH) clinical trial (Aygun et al., 2009). Delays to transfusion administration may be 

more common or longer in duration outside the context of a clinical trial.  

In addition, ongoing adherence to iron chelation therapy is necessary to curb the 

risk of iron overload for children who receive chronic blood transfusions. Yet, adherence 

has been estimated to be 71% (Alvarez et al., 2009) and 76% (Raphael, Bernhardt, 

Mahoney, & Mueller, 2009) based upon self-report of adherence, and as low as 43% 

based upon prescription bottle returns (Alvarez et al., 2009). Given the morbidity (e.g., 

damage to liver and heart) and mortality associated with iron overload [e.g. ([NHLBI], 

2014)], these observed rates of adherence are especially concerning.  

Hydroxyurea is a daily oral medication that has been shown to reduce SCD 

complications such as acute chest syndrome and pain crises and improve hematologic 

values in children with SCD (W. C. Wang et al., 2011). One challenge in obtaining full 

clinical benefits from hydroxyurea is adherence (Thornburg, Calatroni, et al., 2010). 

Indeed, despite the need for daily adherence to hydroxyurea to achieve optimal clinical 
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benefit, perfect adherence is rarely achieved. Adherence has been observed to be quite 

high during clinical trial investigations, with rates as high as 88.9% for medication 

adherence (i.e., taking at least 80% of prescribed dosage) and 97.3% for clinic visit 

adherence during the BABY HUG trial (Thornburg, Rogers, et al., 2010). Indeed, an 

earlier trial with a small sample of children with SCD found adherence to be 96% 

(Olivieri & Vichinsky, 1998). However, the rates of adherence outside the structure and 

high-level monitoring typical of a clinical trial have indicated that “real-world” 

adherence is actually much lower. Prescription refill rates for hydroxyurea have been 

documented at 60.5% (Patel et al., 2010) and 49% (Thornburg, Calatroni, et al., 2010), 

though caregiver-reported and provider-estimated adherence rates have been 

documented to be much higher [77-85%; (Thornburg, Calatroni, et al., 2010)].  

Further complicating the picture of adherence to hydroxyurea includes the 

challenge of who is included in the above adherence rates. Adhering to daily 

medications is typically more difficult than adhering to acute medications, and 

providers typically discontinue use for patients who exhibit high levels of non-

adherence (Crosby et al., 2012). For example, individuals enrolled in clinical trials may 

be predisposed toward higher adherence due to self-selection or more intensive 

monitoring. Thus, rates of adherence to hydroxyurea may actually be much more 

variable than typically documented and/or observed.  
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Finally, adherence to other health-promoting treatment regimen components 

such as hydration and diet management are understudied and thus exact adherence 

rates are unknown. One study included a measure of adherence to folic acid 

prescription, finding rates of prescription refill to be 61.3% (Patel et al., 2010). Despite 

limited knowledge of exact behavioral statistics, adherence is a pressing concern across 

these daily management and health maintenance components of treatment regimens in 

pediatric SCD. 

It also bears highlighting that rates of adherence typically vary greatly by 

adherence measure utilized as well as by informant (e.g., patient self-report, provider 

estimate, pharmacy refill, electronic monitor of pill count). Accordingly, the reliability of 

adherence estimates is worth underscoring. Importantly, despite common use, 

adherence estimates that rely on patient recall have been suggested to be less reliable 

than comprehensive measures of adherence (see below). However, these less reliable 

methods (e.g., patient interview) are often cited as a frequently-used way to measure 

adherence (Brandow & Panepinto, 2011). Recommended adherence measurement 

practice includes more comprehensive methods that utilize multiple sources of 

information (e.g., pharmacy refills, pill counts, laboratory statistics, patient diaries; 

(Brandow & Panepinto, 2011) or electronic monitoring methods (Riekert & Rand, 2002) 

to better estimate adherence.  
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Two recent systematic reviews (Loiselle et al., 2015; Walsh et al., 2014) examined 

adherence rates, behaviors, and correlates among youth with SCD. These reviews 

similarly reported inconsistent levels of adherence to treatment targets, with rates 

ranging from as low as 12% (Elliott et al., 2001) to as high as 97.3% (Thornburg, Rogers, 

et al., 2010). As described, typically, youth with SCD demonstrate poor to moderate 

adherence (Walsh et al., 2014; Loiselle et al., 2015), with uncommon reports of good or 

perfect adherence. Indeed, adherence issues begin early with prophylactic penicillin in 

infancy, and continue to be observed with routine follow-up visits, and expand even as 

treatments extend and advance to address acute and chronic concerns (e.g., pain) both in 

childhood and into adulthood (Candrilli et al., 2011; Lanzkron, Haywood Jr, Fagan, & 

Rand, 2010).   

As noted, the burden of disease in this population is high and consequently, the 

burden of treatment adherence is also high. Yet, the preponderance of estimates of 

adherence in pediatric SCD point to moderate adherence levels at best. Indeed, for many 

patients, adherence is challenging given a high rate of biological (i.e., treatment related, 

pain) and psychosocial (e.g., resource restrictions, high levels of parenting stress) 

barriers (Boateng et al., 2013) facing this population. As noted, SCD affects a vulnerable, 

predominantly black population that already encounters additional barriers in the 

context of broader health disparities, rooted in a long history of racial inequality in the 
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United States. This is problematic given the negative association between adherence and 

the number of barriers facing a population, which suggests that the negative impact of 

barriers on adherence is additive (Walsh et al., 2014; Witherspoon & Drotar, 2006). 

Knowledge of such barriers and facilitators of adherence and health management can 

accordingly inform the ways in which clinical care assesses and addresses concerns 

about adherence. 

1.4 Barriers and Facilitators of Adherence 

1.4.1 Theoretical Framework  

If adherence is associated with improved outcomes for children and yet 

adherence rates are low, the question turns to what accounts for these rates of sub-

optimal adherence and health management behaviors? As noted, adherence is 

conceptualized to be an active process by which individuals engage in medically related 

self-care; additionally, it is conceptualized as a process that can be influenced by several 

factors. Research suggests a number of barriers and facilitators to adherence within SCD, 

most commonly discerned via the lens of the Health Belief Model (HBM), a widely 

known theoretical framework for understanding health-related behavior. This 

theoretical account (Figure 1) suggests that perceived disease risk and vulnerability, perceived 

health benefits of action, and perceived barriers to action interact with facilitators of action and 

disease knowledge to influence an individual’s likelihood of engaging in particular health 
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behaviors (Reese & Smith, 1997; Rosenstock, 1974, 1988). Specific intervention targets 

include modifiable factors through which intervention efforts can improve adherence 

behaviors. In SCD, such targets include provision of education about benefits to 

medication adherence, increasing self-efficacy for management of treatment, enhanced 

social support, and medication reminders (Boateng et al., 2013). Evidence-based 

interventions targeting these areas that are easily implemented, disseminated, and 

acceptable to patients are particularly critical to ensure maximum benefit.  

 

Figure 1: Health Belief Model in SCD 
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1.4.2 Barriers and Facilitators of Adherence in Pediatric SCD 

As outlined in theoretical models, reported in research, and experienced in 

clinical practice, barriers to and facilitators of adherence are complex in pediatric SCD. 

Research identifying these factors has grown, and increasing emphasis is placed on 

identifying those barriers and facilitators that are modifiable (Rapoff, 2010) and thus can 

be directly targeted through intervention strategies. Although much more complex at 

the individual level, general factors influencing adherence include categories such as 

resource availability (e.g., access to transportation, loss of income, insurance status), 

medication administration mistakes (e.g., forgetting, provision of incorrect dosage), 

caregiver burden (e.g., parenting stress, difficulty refilling prescription), social support 

and family composition (e.g., number of adults and/or children in the home), competing 

activities (e.g., school, work), and disease knowledge. Any one of these factors, in 

isolation or in combination, can have a significant impact on a child’s daily engagement 

in treatment management.   

Across all treatment targets, the factors impacting adherence are complex and 

multifaceted, complicating the ability to adhere to agreed upon recommendations. 

Research has begun to delineate the specific barriers and facilitators associated with the 

various treatment targets within SCD; these targets are described briefly below and 

summarized in Table 1.  
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Barriers. Several factors have been identified as potential barriers to adherence 

behaviors in pediatric SCD. Both beliefs about the safety and efficacy of the medication 

and mistakes (e.g., not refilling prescription, forgetting to administer) have been 

associated with nonadherence (Walsh et al., 2014). In addition, family income, SCD 

knowledge, and parent-rated problem solving predict medical staff ratings of adherence, 

with lower levels predicting worse adherence (Barakat, Smith-Whitley, & Ohene-

Frempong, 2002). Additionally, parenting stress and parenting passive coping 

negatively predict SCD-related care activities while number of hospital admissions 

predicts increased SCD-related care (Barakat et al., 2002). Psychosocial, treatment-level, 

and resource factors can also pose barriers to treatment adherence, with caregivers citing 

length of clinic visits, missed school and work, resource-related challenges (e.g., 

transportation, loss of income, need for childcare, co-payments), demands from 

additional responsibilities, and forgetting to be barriers to adherence (Badawy, 

Thompson, & Liem, 2016; Boateng et al., 2013). Indeed, in one systematic study, 

forgetting was identified as the top caregiver- and adolescent-rated barrier to treatment 

adherence (Modi et al., 2009). Additional barriers identified include difficulties traveling 

to clinic and refilling prescriptions [e.g., hydroxyurea; (Thornburg, Calatroni, et al., 

2010)], negative treatment side effects, time management, incorporating the task into 

daily life, fatigue, and treatment-related pain (Modi et al., 2009). Further adolescent-
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identified barriers include forgetting, wanting to participate in school- or peer-related 

competing activities, health status (i.e., not wanting to attend visit when feeling well), 

poor relationship with the provider, and transportation (Crosby et al., 2009). 

Importantly, having a higher number of barriers is associated with lower adherence 

rates (Walsh et al., 2014; Witherspoon & Drotar, 2006), suggesting that increased barriers 

could have a compounding effect on adherence behaviors.  

Facilitators. Facilitators of adherence largely relate to social support, resource 

availability, and knowledge/beliefs. Notably, several of these factors are related to the 

caregiver’s functioning rather than the child’s, per se. That social support is highlighted 

as a main facilitator is unsurprising, given that caregiver and family social strain is 

reported to be quite high for caregivers of children with SCD. For example, caregivers 

face disease-specific demands such as helping the child remember to take medication, 

being present for procedures, bringing the child to clinic appointments, and picking up 

prescription refills (Ievers-Landis et al., 2001; Van Sciver, D'Angelo, Rappaport, & 

Woolf, 1995). These responsibilities are often couched within complex demands due to 

additional psychosocial strain and other responsibilities. This high level of caregiver 

burden highlights the necessity of adequate social support. Indeed, parent social support 

has been shown to be related to improved adherence and clinical outcomes, such as 

higher attendance of routine care visits (Raphael et al., 2013) and adherence to 
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transfusions for secondary stroke prevention (Boateng et al., 2013). This suggests that a 

higher level of support to parents of children with SCD increases the likelihood of 

attendance to recommended clinic (i.e., non-emergent) and preventative care visits. 

Caregivers reported reminders as a top strategy that facilitates adherence (Modi et al., 

2009), further implying needed support. Social support is critically related to adherence 

and health behaviors among individuals – both youth and adults – more generally, as 

well as among African Americans specifically (Belgrave & Lewis, 1994), and thus is an 

important consideration in pediatric SCD. While the mechanism for how social support 

impacts health management is uncertain, both emotional and structural factors likely 

influence this relationship (Miller & DiMatteo, 2013). For example, social support likely 

engenders increased health promotion and adherence through provision of a warm 

environment that promotes self-efficacy for disease management, reduction of practical 

barriers (e.g., others to help with travel), and buffering against stress (Miller & DiMatteo, 

2013). Indeed, additional caregiver variables are also importantly related to higher 

adherence rates, including parent employment and availability (Witherspoon & Drotar, 

2006), both of which influence resource supports and availability.  

Additional facilitators include behavioral reminders and resource availability. 

For example, individuals with private insurance have been shown to have higher 

adherence rates for prophylactic penicillin (Teach, Lillis, & Grossi, 1998) and TCD 
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screenings (Raphael, et al., 2008), suggesting greater need for intervention with 

uninsured or publically-insured individuals. Importantly, these factors are likely highly 

correlated with other relevant variables (e.g., parental employment, resource 

availability, etc.) noted above that also directly impact adherence and health 

management behaviors.  
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Table 1: Barriers and Facilitators of Adherence in Pediatric SCD 

Treatment target 

(range of reported 

adherence rates) 

Barriers Facilitators 

Prophylactic penicillin 

(12 – 90%) 

Remembering/Obtaining prescription  

   refills 

Parenting burden 

Child falling asleep 

Competing activities 

Insurance status (public/uninsured) 

Social support 

Resource availability 

Younger age of child 

Other adherence behaviors (i.e., 

attending clinic visits) 

Caregiver factors 

   Disease knowledge 

   Health beliefs 

   Intentions to adhere 

   Personal experience with  

   SCD complications 

Hydroxyurea 

(49 – 97.3%) 

Disruption to daily activities 

   Frequency of management 

Resource constraints 

Remembering/Obtaining prescription  

   refills 

 

Behavioral reminders 

Health beliefs 

Disease knowledge 

Social Support 

Patient care experience 

Perceived benefit of medication 

Iron chelation 

(43 – 76%)  

Family stress 

Poor taste 

Remembering 

Side effects 

Insurance status (public/uninsured) 

Availability of oral chelator 

Shared responsibility between 

child and parent 

Parental monitoring 

Transfusion visits 

(none known; 93% 

observed in STOP trial) 

High frequency of visits 

Scheduling conflicts 

Resource limitations  

   Transportation 

   Childcare 

Disruption to work/school 

Social support 

Routine clinic visits 

(50 – 75%) 

Remembering 

Resource limitations 

   Transportation 

Disruption to work/school 

Competing activities 

Health status  

Caregiver disease knowledge  

Higher frequency of illness-related 

stress 

Social support 

Insurance status (private) 

Patient care experience 

   Provider communication 

   Satisfaction with clinic visits 

TCD screenings 

(45 – 68%) 

 Attendance at regular clinic visits 

Social support 

General Adherence Caregiver stress  

Family strain 

Passive coping 

Social Support 

Reminders 

Caregiver variables 
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Resource limitations 

Remembering/Obtaining Rx refills 

Treatment side effects 

Time  

Competing activities 

Health status 

Poor relationship with the provider 

Multiple barriers 

Disease knowledge 

 

1.5 Adherence and Clinical Outcomes in SCD 

Non-adherence to a recommended treatment regimen can substantially reduce 

the efficacy of a prescribed regimen or lead to further disease-related complications 

(Loiselle et al., 2015; McGrady & Hommel, 2013; Walsh et al., 2014). Within pediatric 

SCD, specific health, economic, and quality of life benefits have been correlated with 

adherence to both daily treatment targets (e.g., medications) and broader clinical care 

requirements (e.g., monthly or annual treatment recommendations).  

Among the clinical benefits of adherence to recommended daily medications 

(i.e., prophylactic penicillin, iron chelation, hydroxyurea) are decreased morbidity and 

mortality among youth with SCD. For example, adherence to prophylactic penicillin is 

associated with reduced bacterial infection (Gaston et al., 1986), while poor adherence to 

prophylactic antibiotics has been associated with higher rates of infection, more frequent 

pain crises, and increased emergency department visits (Patel & Athavale, 2004; Pejaver, 

Ahmed, & Al-Hifzi, 1997; Walsh et al., 2014). Indeed, since administration of 

prophylactic penicillin became standard of care in the mid-1980s (i.e., (Gaston et al., 
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1986), previously high mortality rates (i.e., 35%) among infants and young children with 

SCD have greatly diminished (Witherspoon & Drotar, 2006). 

Moderate adherence to daily iron chelation therapy is associated with lower 

serum ferritin when compared to patients with poor adherence (Raphael et al., 2009). 

Yet, those patients with good adherence demonstrate even lower ferritin levels than 

those who achieve moderate adherence (Walsh et al., 2014), highlighting the importance 

of optimizing adherence to chelation in order to optimize clinical outcomes. Indeed, iron 

chelation is an especially important adherence target due to increased risk of morbidity 

(e.g., damage to liver and heart) and mortality associated with iron overload.  

As with the above daily medications, adherence to hydroxyurea plays a critical 

role in the observed benefit among youth with SCD. Higher adherence to hydroxyurea 

is associated with improved clinical outcomes such as increase in fetal hemoglobin levels 

(Thornburg, Calatroni, et al., 2010; Ware, Zimmerman, & Schultz, 1999), lower risk of 

SCD-related hospitalizations, emergency department visits, and vaso-occlusive pain 

crises/stroke (Candrilli et al., 2011; Lanzkron et al., 2010). Furthermore, those who were 

adherent to their hydroxyurea regimen have been shown to have lower overall health 

care utilization costs and lower annual SCD-related health care utilization costs [-$5,286, 

-$4,403, respectively; (Candrilli et al., 2011)]. Further analysis of pediatric patients only 

(age 0-18) suggested that these health care cost differentials persisted among youth, such 
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that higher adherence was associated with lower inpatient utilization, emergency 

department visits, and total health care costs. Indeed, SCD-related costs for adherent 

youth were nearly $2,900 lower compared to nonadherent youth [i.e., $5,772 and $8,631, 

respectively (Candrilli et al., 2011)]. 

Beyond the clinical and economic benefits observed with daily medications, 

adherence to illness management targets that are required less frequently (e.g., monthly, 

annually) also result in clinical benefit. For example, adherence to chronic transfusion 

regimen has been associated with decreased occurrence of acute chest syndrome and 

lower pain ratings (Miller et al., 2001). Furthermore, those with optimal HbS levels have 

been shown to be more likely to have received transfusion within the prescribed 

timeframe (Aygun et al., 2009), suggesting adherence to be an important determinant of 

clinical benefit of chronic transfusions. In addition, adherence to annual TCD screening 

guidelines has the potential to substantially impact clinical outcomes related to stroke 

through both early detection and identification of the need for primary or secondary 

prevention through the use of transfusions. 

Notably, attendance at regular clinic visits seems to facilitate adherence with 

other treatment recommendations, thereby enhancing clinical benefit of those additional 

health behaviors. For example, those with higher adherence to regularly scheduled clinic 

visits were more likely to complete TCD screenings (Eckrich et al., 2013; Raphael et al., 
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2008). Furthermore, regular clinic visits provide clinicians with increased opportunities 

to provide information and intervene to improve other SCD health maintenance 

behaviors (Eckrich et al., 2013), making it a platform for disseminating interventions that 

target improving additional adherence behaviors. 

1.5.1 Quality of Life and Adherence in Pediatric SCD 

Although adherence appears to improve health parameters and lower healthcare 

utilization costs for youth with SCD, less is known about the relationship between 

adherence and quality of life within this patient population. In general, children with 

SCD evidence lower overall quality of life than peers (Panepinto & Bonner, 2012; 

Panepinto, O'Mahar, DeBaun, Loberiza, & Scott, 2005). And while research has recently 

accelerated to identify important factors associated with health-related quality of life 

(HRQL) in SCD, specific research regarding the relationship between adherence and 

HRQL has lagged behind other pediatric populations (Bonner, 2010; Fisak, Belkin, von 

Lehe, & Bansal, 2012; Panepinto & Bonner, 2012). There are only three known studies 

that have specifically examined the link between treatment adherence (i.e., adherence to 

clinic visits, medication, and SCD-related self-care and management activities) and 

HRQL, and have yielded conflicting results.  

Specifically, two of these studies’ findings suggest that there is a positive 

relationship between adherence and HRQL, such that those children with higher 
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adherence endorse higher levels of quality of life (Al Jaouni, Al Muhayawi, Halawa, & 

Al Mehayawi, 2013; Fisak et al., 2012). Across these two studies, youth with higher 

engagement in SCD-related health management (e.g., attended clinic visits, complied 

with prescribed medications, endorsed higher levels of SCD-related self-care), endorsed 

better overall subjective well-being. Adherence has also been linked to adaptive 

behaviors that promote quality of life in adolescents with SCD (Ziadni, Patterson, 

Pulgaron, Robinson, & Barakat, 2011), which may further explain this positive 

relationship. Furthermore, in one of these studies (Fisak et al., 2012), barriers to 

adherence mediated the observed relationship between lower adherence and lower 

overall HRQL (Fisak et al., 2012), suggesting barriers (e.g., resource constraints, lack of 

social support, stress) may account for why lower adherence is related to lower QOL. 

These findings suggest that both adherence and related factors (e.g., barriers or 

facilitators of adherence) not only directly impact health outcomes, but also the 

subjective well-being of children and adolescents, thereby making them worthwhile 

targets of intervention for improved quality of life. Indeed, identifying barriers to 

adherence has been a well-recognized consideration for improving overall HRQL for 

children with a chronic illness (Quittner, Modi, Lemanek, Ievers-Landis, & Rapoff, 2008).  

It is noteworthy that one study, however, reported that higher adherence was 

associated with a lower overall quality of life in a sample of children with SCD (Barakat 
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et al., 2005). In this sample, high adherence was also associated with greater number of 

SCD complications, clouding the understanding of how these two variables relate. As 

one hypothesis for this unexpected inverse relationship between adherence and lower 

HRQL, the authors suggested that the amount of time, energy, and resources necessary 

to maintain high adherence might interfere with preferred activities that may typically 

improve quality of life for youth (Barakat et al., 2005). For example, heightened 

symptom monitoring or decreased participation in physically taxing activities could 

have a negative impact on the perceived quality of life for a child interested in 

participating in activities that require physical exertion (e.g., sports teams).  

These conflicting reports may also be resultant from discrepancies in measures 

utilized to determine both adherence and quality of life. Indeed, all three studies used 

unique ways of calculating adherence (e.g., a self-report adherence and self-care 

inventory; a composite score based on provider report, SCD follow-up activities, and 

percentage agreement; adherence to clinic appointments) as well as unique measures of 

quality of life (i.e., the PedsQLTM; the Miami Pediatric Quality of Life Questionnaire; and 

the World Health Organization Quality of Life assessment instrument). These 

discrepancies may account for the inconsistent findings, but also speak to the broader 

challenges of adherence measurement within the context of chronic illness (Rapoff, 2010; 

Quittner et al., 2000). Given the known research to date that examines adherence and 
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quality of life in pediatric SCD is limited to these three studies, further research is 

necessary to clarify this relationship, ideally using multiple methods to obtain more 

reliable and valid measurements of adherence (Quittner et al., 2000).    

Overall, adherence to treatment recommendations has been associated with 

beneficial clinical and economic outcomes for children with chronic illness generally, 

and for children with SCD specifically. However, limited and conflicting data exist 

examining the relationship between adherence to treatment regimens and quality of life 

in pediatric SCD. Indeed, only one meta-analysis has quantified the relationship 

between adherence and QOL. This was found to be a small effect (Loiselle et al., 2015), 

likely due to the very small number of studies (i.e., two of the previously described 

studies were reviewed in the meta-analysis) and the inconsistent direction of effects. 

Thus, the current study provides an empirical analysis to add to this very limited body 

of literature. The aim of the current study is to examine the relationship between 

adherence and quality of life in a sample of children with SCD. It is hypothesized that 

children with better adherence will have higher levels of quality of life. Implications for 

practice, intervention, and future directions for research are discussed.  
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2. Methods 

2.1 Participants 

Children with SCD (any diagnosis) aged 8-18 years were recruited from the 

Pediatric Comprehensive Sickle Cell Clinic at the Duke Children’s Health Center, where 

approximately 424 children are followed on an annual basis. Eligible children were 

identified by their treating hematologist, determined by a prescription of hydroxyurea 

(HU), iron chelation (i.e., deferasirox or deferoxamine), or prophylactic penicillin. 

Exclusion criteria, outlined below, were utilized to ensure participants could provide 

informed consent, and data would not be inadvertently biased by serious medical or 

psychological conditions known to impact cognitive abilities and quality of life.  

Exclusion criteria: 1) estimated IQ ≤ 70; 2) the patient had a diagnosis of motor, visual, or 

auditory handicap(s) that would prevent questionnaire completion; 3) evidence of 

clinical stroke; 4) insufficient fluency in English. 

2.2 Procedure  

In an effort to coordinate research appointments with the child’s regularly 

scheduled clinic visits, children were approached by the treating hematologist to 

determine interest in the current study. Informed consent was obtained from all 

individual participants included in the study. Following informed consent and assent 

(for children >12 years), youth completed a brief screening of cognitive ability, and both 
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youth and a caregiver completed questionnaires pertaining to quality of life. Both 

children and their caregiver received a $10 gift card to a local store to compensate them 

for their time. Data pertaining to child medication usage, adherence rates, and dosing 

information were obtained via medical record review. 

2.3 Measures 

The Pediatric Quality of Life Inventory (PedsQLTM; (Varni, Seid, & Rode, 1999) is a 

widely used 23-item measure of quality of life during the past month. This measure is 

well-validated across pediatric populations, with youth with chronic illness 

demonstrating lower quality of life when compared to non-medical peers (Varni, 

Limbers, & Burwinkle, 2007). Children provide self-report and caregivers provide a 

parent-proxy report on the following dimensions: physical functioning, social 

functioning, emotional functioning, and school functioning. The PedsQLTM has been 

validated for self- and proxy-report among children with SCD (McClellan, Schatz, 

Sanchez, & Roberts, 2008). Scores range from 0 to 100, with higher scores indicating 

better functioning. Mean ratings among youth without any known acute or chronic 

medical condition range from 78.63 to 87.42 (Varni, Seid, & Kurtin, 2001). Note: This 

research began before the PedsQLTM SCD Module was widely available; (Panepinto, 

Torres, & Varni, 2012). 
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Wechsler Abbreviated Scale of Intelligence [WASI, (Wechsler, 1999)] is a brief measure 

of intelligence, appropriate for use among individuals aged 6 to 89 years. For this 

protocol, the Vocabulary and Matrix Reasoning subtests were used at baseline to 

estimate IQ to verify adequate intellectual functioning (e.g., IQ > 70) for participation.  

Treatment Adherence: Adherence data from the previous 1-year were obtained from 

patients’ medical record. Based on prior research in pediatric SCD using medical record 

review or provider-report to compute adherence rate (Thornburg, Calatroni, et al., 2010; 

Witherspoon & Drotar, 2006), children were classified as having either good adherence 

or moderate/poor adherence. Good adherence was defined as ≥80% of provider’s ratings 

as always or often adherent (i.e., no more than 1-2 missed doses); moderate/poor 

adherence was defined as lower than 80%. Given the limitations associated with self- 

and provider-reported adherence (Bender, Milgrom, Wambolt, & Rand, 2000), a full year 

chart review was completed to provide an average adherence rate for each participant. 

Visual Analog Pain Scale (Wong & Baker, 1988) Children utilized a visual analog scale, 

ranging from 1-10, in order to rate current pain; pain ratings were collected at the time of 

the assessment. 

2.4 Statistical Methods 

Descriptive statistics were utilized to summarize demographic and outcome 

variables, including adherence and quality of life measures. Independent samples t-tests 
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were utilized to determine significant differences in parent-proxy and child self-reported 

quality of life based on child adherence levels (i.e., good vs. moderate/poor). 

Hierarchical linear regression (HLR) analyses were utilized to determine the unique 

predictive contribution of adherence to quality of life outcomes. In each HLR, age and 

pain were entered in Step 1. These factors were chosen a priori for use in Step 1 given 

previous literature has indicated that among children with SCD, these factors contribute 

to overall quality of life (Palermo, Riley, & Mitchell, 2008; Panepinto, 2008; Panepinto, 

Pajewski, Foerster, Sabnis, & Hoffmann, 2009). The estimated adherence level was then 

entered on Step 2. To provide an estimate of the unique proportion of the variance 

accounted for by adherence in the HLR models, individual semipartial r2 (spr2) values 

were reported. 
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3. Results 

3.1 Participants 

Participants included 46 children with SCD and a caregiver (mean age = 12.37; 22 

= female). Participants included 38 children with HbSS (82.6%), 7 children with HbSC 

(15.2%), and 1 child with Beta-thalassmia (2.2%). Forty-five of the 46 (97.8%) children 

and caregivers were African-American, the remaining child and caregiver self-identified 

as biracial (2.2%). Thirty-six children had an active prescription, including hydroxyurea 

(83%), deferasirox (6.5%), and penicillin (6.5%); ten children did not have an active 

prescription for the full year prior to participation limiting adherence classification and 

inclusion in analyses. All children recruited met the cognitive ability inclusion criterion. 

Table 2: Demographics 

  Mean ± 

SD 
N (%) 

Demographic Variables   

Age (years)  12.4 ± 2.7  

Gender    

 Male  22 (47.8) 

 Female  24 (52.2) 

Medical Variables   

Diagnosis   

           HbSS  38 (82.6) 

           HbSC  7 (15.2) 

 Hb Beta Thalassemia  1 (2.2) 

Prescription   

 Penicillin  3 (6.5) 

 Deferasirox  3 (6.5) 

 Hydroxyurea  30 (83) 
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3.2 Descriptive Analyses 

As described, adherence rates were based on medical record documentation of 

adherence during clinic visits, telephone documentation, and ED visits or 

hospitalizations. Twenty-two of the 36 children were classified as having good 

adherence (61%) while 14 were classified as having poor adherence (39%) during the 

study period. Levels of quality of life were obtained from both child self-report and 

parent proxy-report via the Pediatric Quality of Life Inventory [PedsQLTM (Varni et al., 

1999)]. Thirty-five of the 36 children and their caregivers had complete PedsQLTM data 

(Note: higher scores indicate better functioning).  

Participants with good adherence (n=21) reported mean levels of Physical 

Functioning to be 75.4 (parent; SD=24.5) and 76.1 (child; SD=17.5); Emotional 

Functioning 80.95 (parent; SD=15.9) and 71.8 (child; SD=23.9); Social Functioning 85.5 

(parent; SD=19.0) and 79.3 (child; SD=25.1); School Functioning 67.9 (parent; SD=22.4) 

and 69.0 (child; SD=20.6); Psychosocial Health Summary 78.1 (parent; SD=16.5) and 73.3 

(child; SD=20.7); and Total QOL 77.2 (parents; SD=18.5) and 74.3 (child; SD=18.9).  

Participants with moderate/poor adherence (n=14) reported mean levels of 

Physical Functioning to be 56.9 (parent; SD=21.3) and 69.8 (child; SD=25.1); Emotional 

Functioning 61.1 (parent; SD=19.4) and 74.4 (child; SD=23.1); Social Functioning 64.6 

(parent; SD=23.7) and 75.4 (child; SD=22.1); School Functioning 42.9 (parent; SD=21.7) 
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and 52.1 (child; SD=29.9); Psychosocial Health Summary 56.9 (parent; SD=18.8) and 66.4 

(child; SD=19.4); and Total QOL 56.4 (parents; SD=19.1) and 67.1 (child; SD=20.0). 

With the exception of Social Functioning, all parent-reported QOL domains for 

those children with poor adherence fell below the clinical cut-off scores (i.e., indicating 

clinical impairment; lower scores indicate worse functioning). Based on child self-

reported QOL, those with poor adherence were below the clinical cutoff for School 

Functioning and Total QOL. None of the mean scores for those participants with good 

adherence fell below the clinical cutoff. These scores are summarized in Table 3.  

3.3 Between-Subjects Analyses 

Independent samples t-tests were utilized to investigate whether quality of life 

scores differed between participants with good adherence versus those with 

moderate/poor adherence (Table 3). Parent-reported quality of life was significantly 

higher across all quality of life domains for those children with good adherence when 

compared to those with moderate or poor adherence. Child self-reported quality of life 

did not vary based on adherence level. Though not statistically significant, children with 

good adherence did trend toward having higher school-related quality of life. 

Furthermore, observed rates suggest clinical significance given that those children with 

poor adherence had scores that fell within the clinical range. Application of the 
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Bonferroni correction for multiple comparisons yielded retention of all significant 

results. 

Table 3: Quality of Life Scores by Adherence Group 

 Good 

Adherence 

(n=21) 

Poor 

Adherence 

(n=14) 

Test 

Statistic^ 

Clinical 

Cut-Off 

Scores# 

 Mean (SD) Mean (SD)   

Child Self-Report QOL     

     Physical Functioning 76.1 (17.5) 69.8 (25.1) 0.82 69.7 

     Emotional Functioning 71.8 (23.9) 74.4 (23.1) 0.32 59.6 

     Social Functioning 79.3 (25.1) 75.4 (22.1) 0.49 66.6 

     School Functioning 69.0 (20.6) 52.1 (29.9) 1.83+ 62.99 

     Psychosocial Health Summary 73.3 (20.7) 66.4 (19.4) 1.0 66.0 

     Total  74.3 (18.9) 67.1 (20.0) 1.07 69.7 

Parent Proxy-Report QOL     

     Physical Functioning 75.4 (24.5) 56.9 (21.3) 2.3* 63.3 

     Emotional Functioning 80.95 (15.9) 61.1 (19.4) 3.2*** 63.3 

     Social Functioning 85.5 (19.0) 64.6 (23.7) 2.7** 62.1 

     School Functioning 67.9 (22.4) 42.9 (21.7) 3.3*** 56.8 

     Psychosocial Health Summary 78.1 (16.5) 56.9 (18.8) 3.43*** 64.4 

     Total  77.2 (18.5) 56.4 (19.1) 3.2*** 65.4 
^Test statistic is independent samples Student t-test 

*p<.05; **p<.01; ***p<.005; +p<.10 (trend) 

#(Varni, Burwinkle, Seid, & Skarr, 2003)  

3.4 Hierarchical Regression Analyses 

A series of hierarchical multiple regression models were conducted to further 

investigate the relationship between adherence and overall child quality of life. 

Controlling for age and pain, adherence accounted for significant proportions of 

variance in parent-reported child quality of life, but not child self-reported quality of 

life.  
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Specifically, the proposed parent model explained approximately 32% of the 

variance in child quality of life (Adj. R2 = .32, F(3,32) = 6.04, p<.005; Table 3). Pain at the 

time of assessment was not a significant predictor of quality of life. Age was a significant 

predictor in the final model (β = .36, t = 2.41, p=.02), in which a younger age was 

associated with lower levels of quality of life. Above and beyond the effect of age and 

pain (ΔR2 =0.23, p=.002), adherence was a significant predictor of overall quality of life. 

Specifically, greater adherence predicted higher levels of quality of life (β = -0.50, t = -

3.32, p=.002).  

Table 4: Hierarchical Linear Regression: Parent-Reported QOL 

  Statistics by Step  Statistics by Variable 

Steps Variables Total R2 R2 Δ  Partial R2 Beta t p 

 Parent Rated HRQL        

1 Pain    -.29 -.30 -1.96 .06 

 Age .09   .35 .36 2.41 .02** 

2 Adherence .32 .23***  -.48 -.50 -3.32 .002*** 
**p<.05; ***p<.005 

 

In the proposed child model only pain (β =-.47, t = -2.91, p=.007) and age β = .37, t 

= 2.36, p=.03) significantly predicted quality of life (Table 4). Adherence, when added to 

the model, was not a significant predictor of child-reported QOL.  

Table 5: Hierarchical Linear Regression: Child-Reported QOL 

  Statistics by Step  Statistics by Variable 

Steps Variables Total R2 R2 Δ  Partial R2 Beta t p 

 Child Rated HRQL        

1 Pain    -..45 -.47 -2.91 .007*** 
 Age .21**   .37 .37 2.36 .03** 

2 Adherence .23 .04  -.19 -.21 -1.29 .21 
**p<.05; ***p<.01 
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4. Discussion 

4.1 Adherence and Quality of Life in SCD 

The current empirical analysis examined the relationship between adherence and 

child quality of life in a sample of children with SCD. Overall results were mixed, 

suggesting a complex relationship between adherence and quality of life among youth 

with SCD. Consistent with hypotheses, the present results indicate that adherence is 

related to parent-rated quality of life among children with SCD. Specifically, based on 

parent report, better adherence contributes to higher functioning across physical, social, 

emotional, and school domains. However, in contrast to hypotheses, adherence was not 

significantly predictive of child self-reported quality of life. One dimension, school 

functioning, did trend toward statistical significance among child self-reported scores, 

suggesting that having higher rates of adherence may contribute to school-related well-

being among the current sample. This domain in particular is where youth may have 

greater insight into their functioning when compared to parental perspective given their 

time spent within the classroom.   

The link between better adherence and higher parent ratings of overall well-

being are likely at least partially explained by improved health parameters among 

youth. Better adherence to SCD treatment targets included in the current study (i.e., 

penicillin, hydroxyurea, deferasirox) has been associated with lower rates of bacterial 
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infection and lower mortality among infants and young children (Gaston et al., 1986; 

Witherspoon & Drotar, 2006), reduction of pain crises and acute chest syndrome, 

improved hematologic statistics (Wang, Kavanagh, Little, Holliman, & Sprinz, 2011; W. 

C. Wang et al., 2011; Yawn et al., 2014), lower risk of SCD-related hospitalizations, 

emergency department visits, and vaso-occlusive pain crises (Candrilli et al., 2011). In 

addition, adherence to hydroxyurea has been linked to lower overall health care 

utilization costs (Candrilli et al., 2011), which may provide some relief to the high 

burden of treatment. These direct benefits to both health and economic outcomes in turn 

likely contribute to overall adjustment and well-being among youth and parents. For 

example, less time within the emergency department, fewer absences from school, and a 

reduction in pain days can certainly facilitate a child’s ability to engage in desired 

activities (e.g., friendships, learning, hobbies and interests) and decrease disease-related 

impact (e.g., pain or worry).  

Yet, as observed in this study and described in prior empirical reports (Barakat et 

al., 2005), the relationship between adherence and quality of life is complex. Child self-

reported quality of life was not higher based on adherence status. There are several 

potential explanations for this discrepancy between parent- and child-reported quality 

of life. One potential explanation is that increased adherence can have a negative impact 

on quality of life due to time allocated to illness management (i.e., instead of preferred 
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activities), or due to direct effects of the medication itself. For example, a proportion of 

the current sample is currently prescribed deferasirox in order to curb the risks 

associated with iron overload. Previous research has suggested that there are several 

barriers to adherence to deferasirox, including poor taste and side effects (e.g., vomiting, 

rash; (Raphael et al., 2009). These negative immediate effects of medication consumption 

that are associated with high levels of adherence may negatively impact a child’s 

subjective well-being. Across illness groups, some evidence suggests that illness 

management activities can interfere with competing activities, and this can reduce 

adherence (Nansel et al., 2007). Within pediatric SCD, competing activities or resultant 

disruption to school or social engagements have been identified as consistent barriers to 

adherence (Boateng et al., 2013; Crosby et al., 2009). Naturally, participation in school 

and peer-related activities is critical to youth, and may limit willingness to actively 

choose allocating time to illness management above preferred activities. Thus, for those 

with high adherence, engagement in these activities may be more limited, thereby 

reducing QOL.  

As has been discussed by Varni and colleagues (2000), with a growing literature 

base, the assumed relationship between higher levels of health behavior and improved 

overall well-being is not “unequivocally supported” [p. 295, (Varni, Jacobs, & Seid, 

2000)]. That this relationship is not born out perfectly in the data calls upon researchers 
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and practitioners to further incorporate functional status, quality of life, and adjustment 

to illness as important pieces of individual patients’ health management planning, 

including incorporating these outcomes as primary and secondary outcome measures.  

Another potential explanation is that the benefits of adherence may not be 

immediately apparent to youth. For example, though hydroxyurea is associated with 

fewer pain crises (Yawn et al., 2014), children will likely continue to have pain days. In 

addition, delayed onset of positive effects of taking hydroxyurea may make initial 

adherence difficult (Thornburg, Calatroni, et al., 2010); without this more immediate 

positive reinforcement, children may not observe subjective improvements in overall 

quality of life. In other words, children and adolescents may be less able to incorporate 

longer-term benefits into their evaluation of current functioning reflecting 

developmentally-expected executive functioning and perspective taking. Indeed, despite 

the long-term benefits of adherence, the effects of pain days and the persistent overall 

impact of their chronic illness may be more immediately relevant to children when 

evaluating their quality of life. Thus, although it has been consistently observed that 

education alone is not sufficient for maintaining long-term health behavior change 

(Bloomfield et al., 1990; Mendez & Belendez, 1997) or improved quality of life (Butz et 

al., 2005), education is likely a key strategy that can help youth understand the benefits 

to consistent adherence and illness management. Among youth with SCD, important 
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strides are being made in transition programs that help facilitate the transfer from 

pediatric to adult care (DeBaun & Telfair, 2012). As part of these initiatives, education 

about the effects of treatment and problem-solving related to barriers is critical.  

Alternatively, poorer baseline quality of life may limit engagement in illness self-

management and health-promotion behaviors such as problem solving, effective coping, 

and adherence. Indeed, among youth with SCD who evidence poor adherence to pain 

management, poor quality of life has been associated with poorer adaptive behaviors 

(Ziadni et al., 2011). Thus, poor baseline quality of life may have contributed to lower 

observed adherence in the current sample rather than resulted from poor adherence. 

While causal influence cannot be inferred from the current study, it is likely that there is 

a bidirectional influence among illness management behaviors and quality of life. 

Further research, including prospective and longitudinal data, is needed in order to 

more fully understand this complex relationship. 

Despite limitations in statistical significance of child self-reported quality of life, 

examination of clinically-meaningful at-risk scores can provide additional insight into 

both observed parent- and self-reported quality of life scores. Clinically-meaningful cut-

off points for the PedsQLTM have been described to be approximately one standard 

deviation below the population mean, Table 2 (Varni et al., 2003). All ratings provided 

by parents of children classified as having poor adherence were below the clinical cut-
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off point (note: lower scores mean lower quality of life), placing them within the at-risk 

range for impairment in quality of life. Additionally, children who were classified as 

having poor adherence fell in the at-risk range on self-reported measures of total 

functioning, physical functioning, and school functioning (Table 2). Thus, while there 

were not statistically significant differences between the high and low adherence groups 

for child self-reported quality of life, there were clinically-meaningful differences 

between group scores.  

Practitioners and future research will benefit from examination of how 

adherence interventions influence SCD-specific quality of life. Future research can build 

on the current data, which suggest that adherence is an important target for improved 

well-being among children with SCD. As discussed, the relationship between adherence 

and quality of life is complex. However, the current data demonstrate that low 

adherence negatively impacts quality of life. Thus, future intervention studies are 

needed to examine how adherence-promotion efforts influence SCD-specific quality of 

life. Thus, interventions that aim to reduce barriers and promote illness self-

management should take into account quality of life as an important outcome measure. 

Furthermore, recent interpretation guidelines for the PedsQLTM SCD Module (Beverung, 

Varni, & Panepinto, 2015) can provide a useful tool for examining whether clinically-

meaningful change is achieved through interventions and improved adherence. 
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4.2 Limitations and Future Directions 

There were several limitations to the current empirical analysis that are 

important to note. First, this study’s measurement of adherence was limited to medical 

record review. Methodological barriers to measuring adherence are well-documented 

(Quittner, Espelage, & Drotar, 2000; Rapoff, 2010) and contribute to ongoing gaps in the 

literature base. Future efforts will necessitate more specific and timely monitoring of 

adherence behaviors in order to accurately capture adherence rates among youth. 

Secondly, the study was limited by the small sample size; indeed, several participants 

were ultimately excluded from the analysis due to limited prescription data. As a result, 

broader analyses were limited; future studies should further examine moderators of 

adherence with a larger sample size. Thirdly, in this sample, pain was not predictive of 

quality of life, which is in contrast to the literature (Barakat, Patterson, Daniel, & 

Dampier, 2008; Fuggle, Shand, Gill, & Davies, 1996). This could have resulted from very 

low average pain ratings in this sample, which were collected at the time of 

participation. More comprehensive measurement of pain (e.g., number of pain days in 

the prior month; pain impact scores) will help to clarify how pain relates to both 

adherence and QOL. Despite these limitations, the current data adds to the very limited 

evidence examining adherence and quality of life among children with SCD. Only three 

known studies have examined this direct relationship among youth with SCD.  
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In light of the widely variable rates of adherence among youth with SCD (Walsh 

et al., 2014) and its apparent impact on health and quality of life outcomes, adherence-

promoting interventions are long overdue for children and adolescents with SCD. As 

described above, no known intervention studies in pediatric SCD have examined the 

impact of adherence-promotion interventions on quality of life. This is an important area 

for empirical investigation not only among SCD, but also among additional pediatric 

groups in which quality of life measurements are limited among adherence 

interventions (e.g. (Modi et al., 2012).  

Overall, adherence to agreed upon treatment recommendations has been 

associated with beneficial clinical, quality of life, and economic outcomes for children 

with chronic illness generally, and for children with SCD specifically. Given the health-, 

economic-, and quality of life-related burden of lifelong illness and the associated 

treatment regimens required by children and families, efforts to improve functioning 

across these three areas are critical. While adherence is only one aspect that can impact 

these outcomes, it is nonetheless an essential component of comprehensive disease 

management and care. Furthermore, as the body of empirically-based interventions 

grows, providers and families will be better equipped to overcome barriers to adherence 

and consider how treatment adherence impacts quality of life. Adherence is an active 

process, and thus, collaboration among practitioners, youth, and families can result in 
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efforts to promote both health and quality of life outcomes. Through collaboration, 

adherence-based interventions may be able to maximize quality of life-related gains and 

minimize any potential negative impact on well-being.  

Ultimately, increasing treatment-related adherence behaviors can have a salutary 

effect for children and adolescents with chronic illness, and is an important way to 

promote quality of life for these children. Thus, evidence-based interventions aiming to 

enhance adherence are needed. Equally as essential is filling the gap in knowledge about 

how such interventions impact health-related quality of life. Most intervention research 

overlooks how the intervention affects quality of life ratings for children with chronic 

illness. Prioritizing this as a primary outcome measure may help clarify the perceived 

impact of interventions on outcomes related to both health and well-being for children 

and adolescents with SCD. An intervention that increases adherence to near-perfect, but 

limits a child’s ability to engage in activities that impact his subjective well-being does 

not adequately address clinically-significant concerns. Furthermore, a balance must be 

struck in order to maximize adherence without compromising a child’s subjective 

feeling of overall physical, psychosocial, and cognitive well-being. Because perfect 

adherence is an ambitious goal to work toward, a productive line of research might 

elucidate realistic adherence goals that still achieve desired clinical outcomes. Indeed, 

because research and clinical experience suggest an expectation of less-than-perfect 
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adherence (Loiselle et al., 2015; Walsh et al., 2014), research parsing at which point 

clinical, economic, and quality of life benefits persist would be very useful. Ultimately, 

with the goals of benefitting clinical, economic, and quality of life outcomes, developing 

and advancing tools to help facilitate adherence and illness self-management among 

patients and their families continues to be an important priority within pediatric chronic 

illness. In particular, adherence interventions among SCD youth are sorely needed. Such 

an intervention will be examined in the following study.  
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5. Study 2: A Novel Mobile Health Intervention for 
Children with SCD  

5.1 Existing Interventions 

At present, there is no standard efficacious intervention for improving adherence 

within pediatric SCD. Although limited, current intervention efforts rely on educational, 

behavioral, family-based, and, more recently, technological strategies. Research suggests 

that education alone is a necessary but insufficient intervention for behavior change 

(Jensen et al., 2005). Rather, intervention efforts that combine education and behavioral 

change strategies result in better adherence outcomes (Chen et al., 2004; Patik et al., 

2006), and yet difficulties achieving optimal adherence persist. Given the documented 

barriers to adherence in pediatric SCD [e.g., difficulty remembering, resource 

constraints, and travel to clinic or pharmacy (Boateng et al., 2013)], technology can be a 

useful and convenient platform for developing and delivering interventions. Indeed, 

promising intervention efforts have been made integrating mobile health technology 

across pediatric groups and more recently, in SCD.  

5.2 Mobile Health Technology  

Within pediatric psychology, eHealth has been defined as “the application of 

interactive and communication technologies to improve or enable health and health care 

in children, adolescents, and families” (p. 227; Palermo & Wilson, 2009). A recent meta-
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analysis identified 33 studies that targeted health promotion behaviors in pediatric 

groups utilizing technology-based interventions (Cushing & Steele, 2010). Those 

interventions with the largest effect sizes included a behavioral framework, such as 

provision of feedback, self-monitoring, reinforcement, or goal-setting (Cushing & Steele, 

2010). Furthermore, there is growing interest in mobile health technology, which 

specifically utilizes mobile devices (e.g., cellular and smartphones, tablets, and other 

mobile devices) in order to assess and/or monitor symptoms, intervene directly with the 

patient, or to extend the reach of a provider (Cushing & Steele, 2010). For example, 

mobile health interventions have demonstrated improvements in adherence and self-

efficacy for disease management in juvenile diabetes (Franklin, Waller, Pagliari, & 

Greene, 2006) and are being developed for pain assessment and self-management in 

pediatric cancer (Jibb et al., 2014; Stinson et al., 2013). Despite the success of mobile 

health intervention efforts within other pediatric chronic illness groups (Cushing & 

Steele, 2010; Kahana, Drotar, & Frazier, 2008), there has been only limited application to 

SCD treatment. However, the widespread use of mobile/smart phones among patients 

(Shah, Jonassaint, & De Castro, 2014) provides a unique opportunity to develop and 

implement mobile health interventions designed specifically for SCD. Indeed, a recent 

Pew Research Center study found that nearly 80% of adolescents have a mobile phone 

(Madden, Lenhart, Duggan, Cortesi, & Gasser, 2013) and approximately 70% of families 
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have broadband internet in the home (A. Smith, 2014). Furthermore, a recent report 

specifically on technology use among African Americans indicated that 80% of adults 

are internet users, with 62% having a broadband connection at home, and 92% own a 

cellular phone (56% smartphone), suggesting generally high levels of access and usage 

(Smith, 2014). Recently, mobile technology has been adapted and successfully utilized 

within pediatric SCD to increase problem solving and address adherence barriers 

(Crosby et al., 2012), improve symptom monitoring and self-reporting cognitive-

behavioral therapy (McClellan et al., 2009), and improve comprehensive disease 

management (Shah et al., 2014). These initial studies have indicated wide acceptance of 

web- and mobile-based applications and positive impact on health behaviors and 

outcomes.  

Technology has been successfully integrated for use in monitoring and assessing 

adherence in pediatric SCD and has more recently begun to accumulate support for 

direct impact on adherence-related behaviors (Creary, Gladwin, Byrne, Hildesheim, & 

Krishnamurti, 2014; Crosby et al., 2012; Modi et al., 2012). Indeed, given successful 

monitoring, communication, and assessment efforts, the potential for direct adherence 

intervention through mobile technology is promising.  

A recent research program has developed a novel assessment and intervention 

tool that utilizes interactive web-based technology to both assess and problem solve 
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adherence-related issues within a clinic setting. The pilot research for this program 

assessed regular clinic visit adherence and also the feasibility and utility of the 

interactive web-based tool to problem-solve adherence barriers (Modi et al., 2012). 

Children (n=30, mean age: 11.7 years) and their primary caregiver completed a 15-20 

minute web-based module, which included 28 questions that assessed clinic attendance, 

barriers to attendance, and the utility of potential solutions to adherence barriers (Modi 

et al., 2012). The assessment and problem-solving module included an Avatar, 

“ROGER,” (an acronym for “Remembering appointments and being On time; Getting 

medication and taking it Everyday equals Responsibility;” (Modi et al., 2012). This 

research is currently in its second phase of empirical study to examine the utility of this 

interactive patient-provider assessment and intervention for improving adherence to 

oral medications (hydroxyurea, deferasirox, and penicillin) and clinic attendance (Modi 

et al., 2012). 

Utilizing this innovative web-based tool, a subsequent study piloted a more 

comprehensive iteration, the Take-Charge Program, which included two modules in 

addition to the original clinic attendance module: hydroxyurea adherence, and patient 

experience of care (Crosby et al., 2012). The modules were completed as children and 

their caregivers were waiting for the clinic team, suggesting feasibility of integrating 

such a tool in the clinic setting. Furthermore, upon receipt of a patient- or caregiver-
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identified solution, a member of the clinic staff implemented problem-solving 

interventions adapted from Behavioral Family Systems Therapy (Wysocki et al., 2006). 

Research thus far has examined only the utility of this interactive web-based tool within 

the clinic setting; however, it seems quite likely that a natural extension would be to 

disseminate this program to patients widely. Those patients participating in these early 

studies were those able to attend clinic, and thus may have a slightly higher baseline 

adherence rate. Indeed, if this web-based tool could be developed for extension and use 

beyond the clinic, it would have the potential to reach those patients and families unable 

to keep clinic appointments. Such developments would provide assessment and support 

to promote adherence-related behaviors for patients who exhibit a higher vulnerability 

to non-adherence.  

An innovative and comprehensive use of a two-way short message service (SMS) 

text messaging system has recently been developed as a way for providers and patients 

to interact utilizing mobile technology (Cheng et al., 2012). This system, SickleREMOTE, 

acts as a tool for the patient to monitor and report symptoms to the provider on 

scheduled and unscheduled bases (as in the case of an emergency), for the provider to 

obtain automatic reports when critical thresholds are met (as in the case of a pain rating 

above threshold), and for the provider to automatically send reminders to the patient to 

encourage treatment and/or medication adherence (Cheng et al., 2012). As a newly 
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developed web-based tool, there is no known published data evaluating its impact on 

adherence behaviors or health outcomes; however the authors note their plans for such 

pilot and feasibility studies (Cheng et al., 2012). The implications for clinical utility are 

significant; such a tool could facilitate adherence through reminders, increased 

engagement, and improved patient-provider communication. Furthermore, as 

described, such a platform might decrease the influence of adherence barriers such as 

limited transportation and access.   

Hydroxyurea has been the target of two recent mobile health interventions in 

pediatric SCD. One group demonstrated that children (mean age 13.6 years) had 

improved adherence to HU (median adherence rate of 93.3%) following a 

comprehensive mobile health intervention that included submitting daily videos of HU 

administration, provider feedback, reminder alerts, and monetary incentives ($1/day 

following ≥90% adherence during each 30-day period; (Creary et al., 2014). This recent 

pilot study utilized electronic directly observed therapy (DOT) to improve adherence to 

hydroxyurea for children with SCD (Creary et al., 2014). While typically DOT entails a 

provider traveling to monitor a patient take his medication, these investigators 

developed an electronic DOT intended to overcome the practical limitations of DOT use 

in monitoring daily hydroxyurea adherence in pediatric SCD (Creary et al., 2014). This 

intervention combined reminders (i.e., up to four reminder alerts were sent daily 
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through text or email messages), direct provider monitoring of medication ingestion 

through patient-submitted videos, feedback to provide positive reinforcement, and 

behavioral incentives (i.e., earned $1/day for achievement of threshold adherence of 90% 

or greater) to comprehensively encourage daily adherence (Creary et al., 2014). Fourteen 

participants completed the intervention (mean age 13.7 years), achieving high levels of 

observed adherence (93%) and improvement in MPR from 0.75 at baseline to 0.91 at 

study close (Creary et al., 2014). A satisfaction questionnaire indicated that most 

participants found the program easy to use, non-intrusive, and most could complete in 

less than three minutes each day (Creary et al., 2014), suggesting that despite concerns 

related to intrusiveness and burden, mobile DOT may be an acceptable method of 

intervention. In this small sample, two participants were unable to complete the 

intervention (and thus achieve 80% adherence) because of major life changes, suggesting 

that even in the context of a comprehensive intervention, there may always be 

extenuating circumstances that impact adherence (Creary et al., 2014).  

In a second study targeting adherence to HU, a recent retrospective analysis 

indicated that children (mean age 13.9 years) receiving automated text message 

reminders to take daily HU had improved hematologic values (Estepp et al., 2014). 

Given the acceptability of mobile interventions within SCD (Shah et al., 2014), use of 

technology is a particularly promising platform for implementation of intervention 
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efforts that build on these recent efforts to achieve improved health and quality of life 

outcomes.  

Although developed for an adult population, it is noteworthy that an SCD-

specific mobile application (app) was recently developed for symptom monitoring and 

was well received during pilot testing with 17 adult patients (Shah et al., 2014). This app 

provided a platform to (a) track symptoms of pain, (b) provide a visual analog rating of 

pain, (c) indicate interventions used to treat pain, (d) remind patients of medications, (e) 

remind patients of daily treatment, (f) choose an option to contact provider as necessary, 

(g) review previous entries, and (h) receive provider feedback (Shah et al., 2014). Such a 

comprehensive and portable health tool is promising for increased disease management 

and patient-provider communication. As is the case with many interventions in 

pediatric chronic illness, such an app may prove quite useful if adapted for use for 

children and adolescents with SCD.  

Furthermore, using technological platforms to facilitate adherence interventions 

may serve a dual purpose. That is, methods employing technology seem to engender 

higher rates of participation [e.g., completion rates of e-diaries versus paper diaries; 

(Barakat et al., 2002; McClellan et al., 2009)], thus facilitating completion or adherence 

rates just based on the method alone. In addition, technology can serve as a means to 

disseminate interventions with greater frequency and further reach (i.e., through 
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broader access). Given that SCD is a population that (a) typically must travel long 

distances to gain access to comprehensive hematologic care, and (b) generally 

experiences multiple pragmatic and psychosocial barriers to clinic attendance, these 

potential benefits are worth investigating, especially given widespread accessibility of 

mobile technology. In addition to clinical utility, the efficiency of “real-time” data 

collection can improve the speed of communication between patients and providers 

(Jacob et al., 2012), thereby reducing gaps in service during which vulnerability to non-

adherence occurs. 

5.3 Summary and Rationale 

Children with SCD are at high risk for medical complications, 

neuropsychological sequelae, and lower overall quality of life. One target of intervention 

that can positively impact these outcomes is treatment adherence. Despite the known 

benefits of treatment adherence, children with SCD encounter several barriers that result 

in low overall levels of adherence and reduction of treatment benefits. Furthermore, 

pediatric SCD is a largely underrepresented population in clinical research, and thus the 

evidence base for effective interventions is minimal. Current intervention efforts 

targeting adherence and quality of life are limited, making additional research essential 

to develop and evaluate interventions that enhance outcomes for this group.  
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Given these considerations, the current study aims to integrate a comprehensive 

mobile intervention program into pediatric SCD care. The Intensive Training Program 

(ITP; described below) is a mobile application developed with the Pediatric 

Hematology/Oncology team at DUMC (Shah, Jonassaint, Leonard, & Anderson) to 

facilitate education, foster self-efficacy for medication management, and increase 

adherence, thereby improving patient outcomes. It is hypothesized that the ITP will 

increase disease knowledge and perceived health benefit of adherence through 

provision of intensive education; and, ITP will facilitate adherence through increased 

self-monitoring, cues to action, and enhanced self-efficacy. This study will build on 

existing empirical work by (a) integrating intervention components that have 

demonstrated efficacy in other populations (i.e., behavioral reminders, provision of 

education, enhanced self-efficacy) into a single mobile application, (b) providing 

ongoing educational training, (c) enabling streamlined real-time adherence tracking, (d) 

enhancing self-efficacy for self-management of treatment regimen, and (e) providing 

reinforcement from clinic staff through the application. As a result, it is hypothesized 

that ITP will facilitate heightened engagement, foster independent disease management, 

and improve health and quality of life outcomes for children with SCD. The current 

study aims to establish the acceptance, feasibility, and preliminary efficacy of the ITP. 
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5.4 Study Aims 

5.4.1 Primary Aims 

Specific Aim 1a: Determine the feasibility, acceptability, and usage (i.e., tracking rate) 

for a novel mobile health intervention designed to improve adherence and disease 

knowledge for children and adolescents with SCD. 

Hypothesis 1a: Children with SCD will be successfully recruited as measured by 

an enrollment rate of 50% of those approached for screening. The intervention 

will be feasible and acceptable, based on patient and parent feasibility 

questionnaire, and usage of the app (i.e., tracking rate of 0.75). 

Specific Aim 1b: Determine the preliminary efficacy of this novel mobile health 

intervention for criterion outcomes related to chelation therapy (Phase I) or hydroxyurea 

(HU; Phase II), including (a) adherence and (b) hematologic values. 

Hypothesis 1b: Participants who complete the intervention protocol will be 

adherent to daily chelation therapy or HU, as defined by >80% daily use. 

Children with SCD will evidence significant improvements in relevant 

hematologic values.  

Specific Aim 2: Among participants enrolled in Phase II (i.e., those prescribed HU), 

determine the impact of a mobile health intervention on participant quality of life, 

disease knowledge, and psychosocial outcomes.  
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Hypothesis: Children with SCD who complete the intervention will evidence 

significant increases in quality of life, self-efficacy, and disease knowledge 

compared to baseline. 

5.4.2 Secondary Aims 

Secondary Aim 1: Explore the level of impact of the intervention on caregiver burden 

among youth enrolled in Phase II of the study. 

Hypothesis: Caregivers of children enrolled in the intervention will evidence a 

decrease in disruption of role function and caregiver burden.  

Secondary Aim 2: Explore the association between psychosocial (i.e., caregiver, family-

level) variables and the success of a novel mobile health intervention for those children 

enrolled in Phase II of the study.   

Hypothesis: Psychosocial variables (e.g., caregiver, family-level) will be 

associated with completion and efficacy of the mobile health intervention.  
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6. Methods 

6.1 Participants 

The goal of the current study is to establish the feasibility and preliminary 

efficacy of a mobile health intervention in a sample of children and adolescents, ages 7-

18, with SCD with an active prescription to an iron chelator (Phase I) or hydroxyurea 

(HU; Phase II). This age range was selected based on sociological estimates of mobile 

phone access (Madden et al., 2013; Smith, 2014), with consideration of children old 

enough to complete the intervention yet young enough to still be followed within the 

pediatric SCD clinic. Participants were recruited from the Duke Pediatric 

Comprehensive Sickle Cell Center, where approximately 424 children with SCD are 

followed on an annual basis. Among these youth followed for long-term treatment at 

Duke, approximately 17 children are currently followed with an active iron chelation 

regimen, and approximately 164 patients are currently followed on HU. Given the recent 

updates to recommendations for use of HU among a wider range of youth with SCD 

(Yawn et al., 2014), it is expected that the number of children prescribed HU will 

continue to increase.  

Given the aim and scope of this feasibility and pilot study, eligibility criteria 

were minimal to ensure catchment of a broad sample. Eligibility was determined based 

on the following criteria:  
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Inclusion criteria: 1) Documented SCD diagnosis; 2) documented prescription to iron 

chelator or HU; 3) Age 7-18 years; 4) Access to a smartphone or other mobile device with 

the iOS operating system (e.g., iPhone, iPad, iPod touch). Note: A limited number of 

devices (iPads) were purchased and available for provision of use for the duration of the 

study. 

Exclusion criteria: 1) Patients incapable of giving informed consent; 2) Diagnosis of 

motor, visual, or auditory handicap that would prohibit mobile device use; 3) Non-

English fluency.  

6.2 Procedure 

The goal of the current study was to establish the feasibility and preliminary 

efficacy of this mobile health Intensive Training Program (ITP) in a sample of children 

and adolescents, ages 7-18 years old, with SCD who are currently prescribed an iron 

chelator or HU. The study design was a prospective, open pilot intervention study with 

two active phases. Phase I was the first feasibility phase, testing the app and its use 

among children on iron chelation therapy, a group attending clinic every 4-5 weeks; 

Phase II tested the intervention’s feasibility and use among a broader range of children 

prescribed HU and incorporated additional functional and psychosocial outcome 

measures.  
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Children meeting initial age and diagnostic criteria were approached about 

participation by their attending physician during a regularly-scheduled visit with the 

hematology team. Eligible children and a caregiver were provided with information 

about the study, and if interested and available, initiated the baseline study visit. 

Written informed consent and assent (when appropriate) were obtained and participants 

were provided with the opportunity to ask questions about the study. Eligible and 

consenting participants then completed the baseline study visit, which, during Phase II, 

included an assessment of demographic, quality of life, self-efficacy, and psychosocial 

(e.g., family functioning, SES, caregiver functioning) variables (see Measures below).  

The baseline visit included training on the app and the first disease knowledge 

education module and assessment. Immediately upon enrollment and completion of the 

baseline assessment, participants were provided with the download of the ITP mobile 

application (described further below), given login credentials, and trained on its use by 

the study team. Then, clinic staff conducted a baseline measure of disease knowledge, 

followed by presentation of the first education module and conducting of the associated 

disease knowledge assessment. The baseline assessment measures, application 

demonstration and training, and education module and assessment took approximately 

one hour to complete. Participants and caregiver each received $20 for their completion 

of each study-related assessment visit. 
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Participants were then instructed to continue their participation in the ITP 

through daily use of the application on their smartphone or smart device. Participants 

were asked to monitor their compliance with daily iron chelation or hydroxyurea via 

self-recorded videos (“selfies”) for the first 90-days of the intervention. They were then 

given the option to continue tracking via daily logs through the ITP application. The 

application allows for videos up to 300s in duration to be collected and uploaded via 

secure server. In addition, throughout the intervention, participants received weekly 

video messages including feedback from clinic staff regarding their compliance and 

progress with medication management goals.  

Throughout the ITP, the study team had access to when data were uploaded and 

transmitted by the participant (i.e., when they submit a “selfie”), and had access to 

ongoing data regarding application usage (e.g., time accessing app, education material 

access). Using this information, the study team was able to tailor feedback messages 

based on the child’s engagement with the app (e.g., praise when children were on track 

with logging their medication usage, or encouragement when they were not logging 

their medication). These strategies to promote adherence and medication management 

were based on cognitive-behavioral principles aligned with identified barriers and 

facilitators of adherence in SCD as outlined in the Health Belief Model described above 

(e.g., reminder messages, positive reinforcement, encouragement). During the course of 
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the study, many participants encountered technological difficulties with the app. In 

these cases, the study team attempted the reach families by phone in order to resolve 

these issues, problem-solve challenges, and encourage re-engagement in the ITP. In 

addition, the app was made available through the iTunes store approximately 16 months 

into the study. This eliminated the need for participants to install manual updates 

through TestFlight (an Apple app that enables beta testing of newly developed mobile 

apps), which was difficult for many participants and thereby had limited access for 

some youth.  

Participants received two additional educational trainings related to adherence 

to iron chelation or HU during the intensive training period. Specifically, participants 

engaged in two subsequent intensive training modules with the study team, during 

which education about chelation therapy or HU, the mechanisms of action, and the 

importance of adherence was provided. The second session was scheduled for 45-days 

after the baseline visit. However, during Phase II this 45-day education visit was a non-

standard of care visit, making initial adherence to this visit quite low. Thus, the study 

was adapted and the 45-day lesson materials were recorded and made available to send 

to each participant via the study app. The final education session was completed during 

final study assessment, which occurred during their regularly-scheduled clinic visit. 

Following the final education session, participants took a brief disease knowledge 
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assessment to ensure learning and monitor disease knowledge over time. All in-person 

education sessions were video-recorded via the ITP application. As a result, participants 

had remote access to educational materials.  

Following the 90-day intervention period, participants and a caregiver completed 

a final follow-up study assessment. Whenever possible, this was scheduled to occur 

during the child’s regularly-scheduled hematology clinic visit. Children and their 

caregivers completed a feasibility and acceptance questionnaire, providing quantitative 

and qualitative data regarding their participation in the ITP intervention and the specific 

functionality of the mobile app. During Phase II post-study visits, additional outcome 

measures were obtained, including measures of quality of life, psychosocial variables, 

caregiver functioning, and self-efficacy (see Measures). Participants and caregiver each 

received $20 for their completion of this study-related assessment visit.   

Several measures were obtained by the study staff following completion of the 

intervention. Given written consent, clinic staff contacted each child’s pharmacy(s) to 

obtain pharmacy refill data for the year prior to enrollment and the study period. 

Hematologic data, provider-reported adherence, and data regarding the child’s clinical 

severity (i.e., number of hospitalizations, medical events during the study period) were 

obtained via medical record review. Study flow is outlined below (Figure 1). 
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Figure 2: Study Flow. 

The Intensive Training Program Mobile App  

The ITP is an integrated mobile health intervention we have developed that 

combines educational and behavioral principles to help youth increase their health 

management. The ITP is a comprehensive intervention designed to help improve 

compliance tracking through time-stamped monitoring and provide remote support and 

direct feedback to patients. In addition, through the ITP providers educate their patients 

about the effects of their medications and the importance of medication compliance. In 

particular, participants utilize ITP for (a) daily tracking of medication compliance via 

self-recorded videos or daily log, (b) recording educational training sessions with their 

provider and remote access to modules, and (c) receiving reminders and video messages 

from clinic staff to support and reinforce adherence progress. In addition, ITP generates 

ecological momentary assessment (EMA) data, real-time, day-to-day patient information 

about adherence and application access, which is useful for ongoing evaluation of its 

efficacy for enhancing patient outcomes related to adherence, hematologic values, and 

quality of life. 
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6.3 Measures 

Treatment adherence: An adherence rate of >80% compliance was established as the 

desired rate of adherence based on prior work in pediatric SCD (Walsh et al., 2014; 

Thornburg, Calatroni et al., 2010). Adherence was measured via the following means: 

(a) ITP application. The ITP application was used for daily tracking of iron 

chelation and HU adherence through self-recorded videos (first 90-days) and 

daily log, via secure data transfer over the Internet. Participants had up to 300s 

duration to record a “selfie” video. Rate of tracking was determined by number 

of entries (i.e., “selfies,” logs, or overall entries) during the number of days the 

child had technological access to the app. 

(b) Medical record review. Participants served as their own control. Thus, 

adherence rates from the previous year were obtained via medical record review. 

Each child was rated as having “poor,” “moderate,” or “good” compliance, 

which was based on provider-documented adherence as reported during regular 

or acute clinic visits, admissions, and/or telephone documentation. Based on 

prior research in pediatric SCD using medical record review or provider-report 

to compute adherence rate (Thornburg, Calatroni, et al., 2010; Witherspoon & 

Drotar, 2006), good adherence was defined as ≥80% of provider’s ratings as 

always or often adherent (i.e., no more than 1-2 missed doses); moderate 
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adherence was defined between 60% and 80%; poor was defined as lower than 

60%. Given the limitations associated with self- and provider-reported adherence 

(Bender, Milgrom, Wambolt, & Rand, 2000), a full year chart review was 

completed to provide an average adherence rate for each participant. 

(c) Pharmacy refill rate. Given the limitations of self-reported adherence (Rapoff, 

2010), pharmacy refill rates were obtained for the study period as well as for the 

1-year period prior to enrollment (i.e., for a baseline rate) as an additional 

measure of adherence. Based on pharmacy refill rates, a baseline and enrollment 

period medication possession ratio (MPR) was calculated for each participant. 

The MPR is a standard way of determining adherence based on a ratio of days 

medication prescribed to days medication available (per refill).  

Laboratory data: Hematologic values collected during regular clinic visits were 

monitored throughout the study. Relevant values include serum ferritin (for iron 

chelation participants), hemoglobin count, percentage fetal hemoglobin, mean 

corpuscular volume, and absolute reticulocyte. Retrospective values dating one-year 

prior to enrollment were also obtained via medical record for within-subjects analyses. 

Feasibility Interview: There is no standardized measure of feasibility/acceptability for 

this type of intervention. Therefore, as utilized in a previous trial with a sample of 

children with pediatric cancer (R03-CA132570) and a pilot study of children with SCD 
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(IRB Pro00035303), a 24-item survey was adapted for parents and children to assess 

feasibility, adherence, satisfaction, and ease of use. The feasibility interview was 

completed by the caregiver and child during post-study assessments.  

Pediatric Quality of Life Inventory: SCD Module and Family Impact Module (PedsQL – 

SCD (Panepinto et al., 2012) and Family Impact Modules (Varni, Sherman, Burwinkle, 

Dickinson, & Dixon, 2004) are 48-item and 16-item questionnaires of children’s quality of 

life specific to SCD (i.e., pain, worry, treatment, communication) over the past month 

completed by child and caregiver. Scores range from 0 to 100, with higher scores 

indicating better functioning. The Family Impact Module is an additional module that 

assesses the impact of disease on family functioning. The PedsQL-SCD and Family 

Impact Modules were used as a primary outcome measure of quality of life, and 

administered at baseline and during ongoing assessments, completed by both the 

caregiver and child. 

Pediatric Quality of Life Inventory – Generic Core Scales (PedsQLTM; (Varni et al., 1999) 

is a widely used 23-item measure of quality of life during the past month. Children 

provided self-report and caregivers provided a parent-proxy report on the following 

dimensions: physical functioning, social functioning, emotional functioning, and school 

functioning. The PedsQLTM has been validated for self- and proxy-report among 

children with SCD (McClellan et al., 2008). Scores range from 0 to 100, with higher scores 
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indicating better functioning. Mean ratings among youth without any known acute or 

chronic medical condition range from 78.63 to 87.42 (Varni et al., 2001). 

PedsQLTM Multidimensional Fatigue Scale (MFS; Varni et al., 2002) is an 18-item 

measure of fatigue during the past month that evaluates three domains: General Fatigue, 

Sleep/Rest Fatigue, and Cognitive Fatigue, and provides a summary score (Total 

Fatigue). Scores range from 0 to 100, with lower scores indicating more fatigue (e.g., a 

score of 100 indicates that a scale item is “never” a problem for the child and a score of 0 

indicates an item is “almost always” a problem) and higher values indicating better 

functioning. This measure has been shown to be reliable and valid in children with SCD 

(Panepinto et al., 2014). Participants completed a self-report form and their 

parent/caregiver completed a parent-proxy report. 

Demographic Questionnaire was used to collect data regarding age, sex, race of the child 

and socioeconomic status of the family (income, education levels). Relevant 

socioeconomic data was extracted from this questionnaire.  

Parent Experience of Childhood Illness (PECI (Bonner et al., 2006) is a 25-item self-report 

measure of a parent’s illness-specific adjustment to their child’s chronic illness, 

including guilt and worry, emotional resources, unresolved sorrow and anger, and long-

term uncertainty. Caregivers completed the PECI at baseline and follow-up.  
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Pediatric Inventory for Parents (PIP (Streisand, Braniecki, Tercyak, & Kazak, 2001) is a 

42-item parent-rated questionnaire that assesses characteristics of families caring for a 

child with a chronic illness across four domains: Role Function, Communication, 

Emotional Distance, Medical Care. Outcomes from the PIP were used to explore family-

level variables associated with adherence and feasibility of the intervention. 

Sickle Cell Self-Efficacy Scale (SCSES (Clay & Telfair, 2007) is a 9-item SCD-specific 

measure that assesses individual’s self-ratings of their ability to engage in disease 

management and functional activities within the context of having SCD. Children 

completed this measure at baseline and during ongoing study visits to measure changes 

over the intervention period. 

Child Behavior Checklist (CBCL (Achenbach, 1991) is a widely used parent-report 

measure used to assess children’s behavioral, emotional, and social functioning. 

Caregivers completed this as a measure of psychosocial functioning at baseline and 

post-intervention assessments. 

Behavior Rating Inventory of Executive Function (BRIEF (Gioia, Isquith, Guy, & 

Kenworthy, 2000) is a widely used parent-report measure that assesses a wide range of 

the child’s everyday behaviors that are associated with executive functioning (e.g., 

organization, planning, metacognition). This measure was completed by parents in 

order to track the presence of difficulties with executive skills over time. 
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Medical and disease variables. Medical variables (e.g., genotype, medications, disease 

severity) were obtained through medical record review. These data were used to assess 

medically-relevant variables associated with feasibility and to ensure eligibility criteria 

were met. There is no standard measure of disease severity that is widely used in SCD. 

Thus, number of hospitalizations in the past year was used a proxy of disease severity, 

which was obtained from medical record. 

Table 6: Measures 

 Measure Respondent Time 

Medical Factors    

Disease Severity Medical Record Review -- Baseline 

Medical Events Medical Record Review -- Post 

Hematologic Values Medical Record Review -- Post 

    

Compliance 

Compliance ITP App Child Post 

Compliance Pharmacy Refill MPR -- Post 

Compliance Medical Record Review -- Post 

    

Feasibility 

Technical Feasibility Feasibility Questionnaire Parent / Child Post 

Ease of Use  Feasibility Questionnaire Parent / Child Post 

Satisfaction  Feasibility Questionnaire Parent / Child Post 

    

Psychosocial     

Demographics Demographic Questionnaire Parent  Baseline 

Behavioral Funct. CBCL Parent Ph. II Pre, Post 

Quality of Life  PedsQL  Parent / Child Ph. II Pre, Post 

Parent/Family Stress PIP Parent Ph. II Pre, Post 

Parent/Family Stress PECI Parent Ph. II Pre, Post 

Family Functioning PedsQL Family Impact Mod. Parent Ph. II Pre, Post 

Self-Efficacy Sickle Cell Self-Efficacy Scale Child Ph. II Pre, Post 

    

Cognitive and Academic     

Executive Functioning Metacognition Index BRIEF Parent Ph. II Pre, Post 

School Functioning School Functioning PedsQL Child / Parent Ph. II Pre, Post 
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6.4 Statistical Methods 

6.4.1 Primary Outcomes 

Primary Outcomes: Assess feasibility and preliminary efficacy of a mobile ITP for 

improving (a) adherence, (b) associated hematologic values, and (c) quality of life, 

disease knowledge, and self-efficacy for children with SCD. First, feasibility and 

acceptability were measured via parent- and self-reported questionnaire, usage data, 

and by recruitment and enrollment. Preliminary efficacy was measured through 

improvement in adherence and hematologic values and improvement in psychosocial 

outcomes.  

Feasibility is defined by a target enrollment rate of 50% and feasibility 

questionnaire. Preliminary efficacy was evaluated through objective and subjective 

measures. Adherence is defined as 75% of patients achieving >80% compliance with 

daily medication as measured by the ITP application, pharmacy refill rate, and based on 

chart review. Hematologic values assessed include hemoglobin, fetal hemoglobin, and 

mean corpuscular values. Finally, quality of life, disease knowledge, and self-efficacy 

values were assessed via the PedsQL, education assessment scores, and self-efficacy 

ratings.  

Statistical Analyses:  
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Descriptive and summary statistics were utilized to report participant 

characteristics, parent- and child-ratings of acceptance, technological feasibility, ease of 

use, and satisfaction, and achieved compliance rates. A series of t-tests and Chi-square 

tests examined potential differences between patients who are compliant with the ITP 

intervention (i.e., have a medication usage tracking rate ≥ 0.75) versus those who are 

noncompliant with the intervention.  

A Z-test for binomial proportion with continuity correction was used to examine 

whether the compliance rate was lower than the target rate. A non-parametric McNemar 

test was utilized in order to determine whether the proportion of individuals classified 

as having “good” versus “poor” adherence (i.e., via chart review) changed following the 

intervention. 

Within-subjects analyses were examined utilizing mixed models repeated 

measures in order to determine changes over time in (a) adherence, (b) hematologic 

parameters, (c) quality of life, and (d) psychosocial and caregiver factors.  

A series of correlational analyses was utilized to examine the relationship 

between observed adherence to HU and quality of life, disease knowledge, and self-

efficacy. 
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6.4.2 Secondary Outcomes 

Secondary Outcomes: Explore the level of impact of the ITP on caregiver burden 

as well as the association between psychosocial variables and efficacy of the ITP. 

Psychosocial variables were evaluated through subjective measures. Parent-rated 

caregiver burden were assessed using the Role Function and Medical Care subscales of 

the PIP; parent-rated social support was assessed using the Emotional Resources 

subscale of the PECI; caregiver quality of life and family impact was assessed via the 

Family Impact Module of the PedsQLTM.   

Statistical Analyses:  

Mixed models repeated measures analyses were used to determine changes over 

time in caregiver burden and emotional resources from baseline to post-intervention. 

Descriptive statistics were used to summarize the criterion measures at baseline and 

subsequent assessment time points.  
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7. Results 

7.1 Participants 

Participants included 43 children with SCD and a caregiver (mean age = 13.0 ± 

3.33; 23 = female). Participants included 35 children with HbSS (81.4%), 2 children with 

HbSC (4.7%), 4 children with HbS Beta-Thalassemia 0 (4.7%), and 1 child with S-O Arab 

(2.3%). Forty-two out of the 43 children (97.7%) and 41 of the 43 caregivers (95.3%) self-

identified as African-American or Black; one child and caregiver self-identified as 

biracial (2.3%); one caregiver (2.3%) self-identified as Caucasian. Eleven children 

receiving iron chelation therapy were recruited during Phase I and 32 children on 

hydroxyurea were recruited during Phase II. At total of 22 devices were loaned to 

participants without a personal iOS device (3 during Phase I; 19 during Phase II). 

Demographic characteristics are summarized in Table 7.  
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Table 7: Demographic Characteristics 

 Phase I: Iron 

Chelation (N=11) 

Phase II: 

Hydroxyurea (N=32) 

 M ± SD N (%) M ± SD N (%) 

Demographic Variables     

Age (years)  12.9 ± 3.6  13.0 ± 3.3  

Gender      

 Male  4 (36)  16 (50) 

 Female  7 (64)  16 (50) 

Race      

 African American  10 (91)  32 (100) 

 Biracial  1 (9)  0 (0) 

Loaned Device   3 (27.2)  19 (59.4) 

Medical Variables     

Diagnosis     

           HbSS  8 (73)  27 (84.4) 

           HbSC  1 (9)  1 (3.1) 

 HbS Beta Thalassemia 0  2 (18)  2 (6.3) 

 S-O Arab  0 (0)  1 (3.1) 

Baseline Number of Hosp.   4.1 ± 4.2  

Med Events during Study   1.0 ± 1.5   

 

7.2 Descriptive Analyses 

Children enrolled during Phase I were all receiving chronic RBC transfusions 

and associated iron chelation therapy. Participants had been receiving transfusions for 

an average of 2127.5 days (SD=1807.5), with an average length of chelation therapy of 

1174.5 days (SD=1201). The majority of participants were on a 4-week transfusion 

schedule (n=9, 82%), with one receiving transfusions every 4-5 weeks (9%), and one 

participant receiving transfusions every 5 weeks (9%). Children enrolled during Phase II 
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were all prescribed hydroxyurea with an average duration of HU prescription of 6.6 

years (SD=3.7 years; range 0.83 – 13.0 years).  

7.2.1 Acceptance 

Quantitative and qualitative results examined participant acceptance and ease of 

use of the mobile health intervention. Specifically, acceptance was measured utilizing 

the rate of eligible participants interested and the rate of eligible participants who 

subsequently enrolled. The target rate for both interest-acceptance and enrollment-

acceptance was 75%. Following participation, questions regarding the acceptability of 

the ITP mobile app and intervention were assessed via both caregiver and child report 

on the Feasibility Questionnaire. In addition, parameters assessing participants’ 

engagement in the ITP were examined in order to determine participants’ activity level 

within the app (e.g., length of video recordings, number of times educational materials 

were accessed within the app).  

7.2.1.1 Phase I: Iron Chelation  

Thirteen eligible patients were approached about participation during Phase I of 

the study. Of these eligible patients, 11 youth with SCD and a parent or caregiver 

expressed interest, and all 11 subsequently enrolled in the study, yielding adequate rates 

for interest-acceptance (86%) and enrollment-acceptance (100%), which were above the 
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target rates of 75%. Overall attrition was low, with 90% (n=10) of individuals who 

consented and enrolled completing the study. 

Among youth enrolled during Phase I, results indicated that the majority (87.5%) 

of caregivers felt the app helped their child remember to take their medicine and felt it 

would be helpful to continue use of the app. Notably, a slightly lower percentage of 

children (70%) endorsed that it would be helpful to continue to use the app. All child 

participants (100%) endorsed that the app was easy to use, while a slightly lower 

percentage of parents (87.5%) endorsed ease of use.  

In addition, descriptive analyses of usage of the application are provided as a 

measure of engagement with the intervention. Males tended to spend less time 

recording videos (M=12.7s), while female participants tended to record longer videos 

(M=74.7s). Four patients (36%) accessed the video recording of the educational session at 

least once at a later time (range 1-5 times). Full acceptance, technical feasibility, ease of 

use, and satisfaction results for iron chelation therapy participants during Phase I are 

provided in Appendix A.  

7.2.1.2 Phase II: Hydroxyurea 

Forty-two children were approached to determine interest in participation 

during Phase II. Of these eligible children, 32 (76.2%) enrolled, which met the target 

interest-enrollment rate of 75%. Six youth (14.2%) indicated they preferred to delay 
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enrollment to a subsequent clinic appointment, and four (9.5%) indicated they were not 

interested. All four eligible youth who declined participation indicated the primary 

reason was because they did not have any problems with their HU adherence. Of the 32 

participants who enrolled, five youth were lost to follow-up, yielding a completion rate 

of 84.3%.  

Acceptance was also measured via the Feasibility Questionnaire, reported on by 

both caregivers and participants during the post-study assessment. During Phase II, 

nearly all caregivers reported that the ITP mobile app did not get in the way of their 

child’s day (91.7%), while a majority indicated it was easy to find time to incorporate 

using the app into their daily life (75%). A majority of HU caregivers indicated it would 

be helpful for their child to continue to use the app (66.7%), while a slightly lower 

percentage endorsed that their child remembers to take his/her medication more when 

using the app (50%). A majority of participants (73.3%) self-reported that it would be 

helpful to keep using the app to track their medication. Almost half of children (46.7%) 

indicated that they strongly agreed that the app helped them to take their medication 

more frequently, while 33.3% remained neutral as to the usefulness of the app in helping 

them take their medication more frequently. Full acceptance, technical feasibility, ease of 

use, and satisfaction results for Phase II are provided in Appendix B.   
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7.2.2 Technical Feasibility and Ease of Use 

Technical feasibility and ease of use of the application was assessed via 

caregiver- and child self-report responses on the Feasibility Questionnaire in order to 

examine whether technological barriers emerged during the intervention. Technical 

issues were also recorded when reported during between-visit phone calls or within-

clinic visits with participants.  

7.2.1.1 Phase I: Iron Chelation 

Among youth enrolled during the iron chelation phase, a majority reported that 

they never or rarely had problems with using the device itself (80%) or problems 

accessing the mobile app (70%). All children (100%) reported that it was either very easy 

or somewhat easy to use the app, start the app, and use the app to take a “selfie.” Nearly 

all (90%) of children reported it was very easy or somewhat easy to log in to the app and 

upload a selfie. Only 40% of children reported it was very easy or somewhat easy to get 

feedback messages from their provider through the app, while another 40% reported 

that they were not able to receive the provider messages. Two reasons were identified 

for these participants not receiving messages: (1) participants reported technical 

difficulties opening messages; and (2) participants reported not remembering to open 

provider messages.  
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Caregivers of youth receiving iron chelation therapy also reported an overall 

high level of technical feasibility. Specifically, a majority of caregivers reported it was 

very easy or somewhat easy for their child to use the app (75%), log in to the app (87.5%), 

use the app to track their medication via a “selfie” (87.5), upload “selfies” (62.5%), and 

access educational materials (62.5%). Notably, half of caregivers (50%) reported their 

child had difficulty receiving provider messages through the app while only 25% 

reported receiving provider messages was very easy.  

During Phase I of the intervention, two participants were unable to record any 

“selfie” videos or logs due to technological issues. These children reported on their 

medication usage using a self-reported paper calendar log. During Phase I, each 

participant needed to renew his or her app every 30 days because of the beta status of 

the app. Because children were coming in to clinic every 4-5 weeks for transfusions, this 

was typically successfully completed within clinic with the aid of the study team.   

7.2.1.2 Phase II: Hydroxyurea 

A majority of youth reported that they never or rarely had problems using a 

mobile device (66.7%) or problems accessing the application (73.3%), while a slight 

majority of participants (60%) reported the application worked each time they used it. In 

addition, participants enrolled during Phase II reported that it was very easy or somewhat 

easy to use the application (80%), log in to the app (73.3%), start the app (86.7%), use the 
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app to record their medication via a video “selfie” (86.7%), upload “selfies” within the 

app (73.3%), and access educational materials (66.7%). A slight majority of participants 

reported it was very easy or somewhat easy to receive feedback messages from the 

provider (53.3%) while some participants noted it was somewhat hard or very hard to 

receive feedback messages (13.3%). Similar to Phase I, participants reported this was due 

to: (1) technical difficulties opening messages; and (2) not remembering to open provider 

messages. 

Caregivers reported similar technical feasibility, indicating that it was very or 

somewhat easy to use the app (75%), log in to the app (75%), use the app to take a “selfie” 

(75%), upload a “selfie” via the app (75%), and access educational materials (50%). A 

majority of caregivers indicated that their child never or rarely had problems with their 

device (58.3%) or problems accessing the app (58.3%), while a majority reported that the 

app often or always worked every time they tried it (58.3%). Half of caregivers indicated 

it was very or somewhat easy to receive feedback messages from providers (50%), while 

16.7% of caregivers indicated their child never accessed provider messages. 

During Phase II of the intervention, participants were scheduled to return to 

clinic every three to six months, limiting the availability of in-person app updates and 

technological troubleshooting. For the initial seven months of Phase II, HU participants 

were required to renew their app every 30 days (i.e., due to beta app status) as during 
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Phase I. Due to delays with updates and other technological issues (e.g., iPad 

malfunction), participants had an average rate of access of 0.63 (SD=.36) during the 

initial month of participation. With further technological refinements, the study team 

was then able to make the ITP app available through the iTunes store, which eliminated 

the need for regular renewal. This substantially reduced the technological and access 

issues that had been reported on during Phase I and the initial months of Phase II. 

Indeed, the average access rate for those who started out using the iTunes version of the 

app was 0.8 (SD=.29), with those reporting less than perfect access citing hardware (i.e., 

iPhone or iPad) issues rather than problems with the app itself.   

7.2.3 Satisfaction  

Satisfaction was assessed via caregiver and participants responses on the 

Feasibility Questionnaire as well as through open-ended feedback comments.  

7.2.3.1 Phase I: Iron Chelation 

Participants self-reported that they were often or always satisfied with their 

participation in the study (70%), yet only a minority of participants self-reported that it 

was practical to use the app to track their medication (30%). Child participants reported 

that they often or always enjoyed using the app only 20% of the time, while 50% sometimes 

enjoyed using the app to track their medication. Youth indicated that they never or rarely 

experienced frustration (60%) or felt bored (50%). A minority of youth indicated that an 
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adult helped them remember to use the app often or always (30%), while an additional 

30% reported their caregiver helped them remember sometimes. 

Caregivers reported higher rates of satisfaction, with 100% of caregivers 

reporting they were often or always satisfied with their child’s participation in the study 

and 75% reporting it was practical to use the app. A majority of caregivers indicated that 

their child never or rarely experienced frustration (75%) or boredom (75%). Half of 

caregivers (50%) reported their child often or always enjoyed using the app, while 

another 37.5% reported their child sometimes enjoyed the app. Caregivers reported that 

they never or rarely helped their child remember to track their medicine 37.5% of the 

time, while another 37.5% reported that they often or always helped their child 

remember.  

7.2.3.2 Phase II: Hydroxyurea 

Following completion of the study, a majority of Phase II participants self-

reported that they were often or always satisfied with their participation (73.3%), while 

slightly less than half of participants reported it was practical to use the app to track 

their medication (46.7%). A near majority of youth indicated that an adult often or always 

helped them to remember to use the app (46.7%). Participants reported they rarely or 

never felt pain (100%), frustration (86.7%), or boredom (60%) while using the app. Only a 
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minority of participants reported they often or always enjoyed using the app to track their 

medication (26.7%).  

The majority of caregivers reported being satisfied with their child’s 

participation (58.3%). Their ratings for how practical the app was were slightly lower, 

with only 50% of caregivers noting it was often or always practical, and another 33.3% 

reporting it was sometimes practical to use the app. A majority of caregivers (58.3%) 

reported often or always helping their child remember to use the app. A majority of 

caregivers reported their child never or rarely experienced pain (75%), frustration (66.7%), 

or boredom (91.7%), and often or always enjoyed using the app (75%). 

Participants were queried as to ways in which the app could be improved and 

factors that would increase their desire to use the app. The most common responses 

included that youth would be more interested in the app if there were games embedded 

within the app, if they could earn points (i.e., toward rewards or toward an iTunes/App 

Store credit), if there was an alarm reminder or an alert, or if there was a “chat” section 

in which they could communicate directly with a provider. Caregivers’ comments 

ranged from noting that the app was very useful as designed in helping their child 

remember to take his/her medication to indication that the app would be more useful 

when the child was older.  
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7.3 Within-Subjects Analyses   

7.3.1 Phase I: Iron Chelation Therapy 

 Participants recruited during Phase I of the ITP intervention represented a 

convenience sample of patients attending clinic every 4-5 weeks for chronic RBC 

transfusions and receiving iron chelation therapy. This sub-group of SCD patients was 

chosen for Phase I because of the evidence for sub-optimal adherence rates (e.g., 41%; 

Alvarez et al., 2009), while also ensuring regular visits to clinic that would enable testing 

and refining of technological elements of the ITP intervention (e.g., fix app “bugs,” 

ensure adequate technological security, be available for in-person technological 

troubleshooting).  

Adherence 

 We analyzed 1627 data days for 11 iron chelation patients followed for an 

average of 158.9 participation days (range 115-185). Across all patients, adherence as 

tracked via the ITP app was 58% (17.4 out of 30 days). However, data were unavailable 

for 2 children due to not having medication (n=1) or attrition (n=1), and limited to 1-2 

video recordings for two children due to technological problems (n=2). Overall 

compliance among the remaining participants (n=7) was high, with a mean of 81% days 

tracked (24.3 days). Notably, the two children who encountered technological problems 

indicated they wanted to continue use of the application and self-reported perfect 
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adherence via paper log during the study-period despite limited access to the ITP app. 

Adherence continued to remain high at 90-days, with 80% compliance reported via the 

app or log (n=10); following completion of ITP self-reported compliance until the 6-

month follow-up was 85%, based on self-reported log (n=10).  

Adherence was also calculated based on pharmacy refill rates, which were 

obtained for the year prior to enrollment as well as the 6-month enrollment period. 

Pharmacy refill rates enabled calculation of each participant’s medication possession 

ratio (MPR), a ratio of the amount of medication in the child’s possession to the amount 

of medication prescribed. Paired comparison analyses were utilized in order to examine 

changes in MPR from baseline to post-study. Baseline MPR was 0.65 (SD=0.29), whereas 

MPR following completion of the ITP was 0.72 (SD=0.28), which was not a statistically 

significant increase. Changes in MPR are displayed in Figure 3. 

 

Figure 3: Phase I Change in Medication Possession Ratio 
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Serum Ferritin Levels 

Serum ferritin levels were obtained via chart review. Mean serum ferritin levels 

decreased by 135.08 ng/mL (t=0.7, ns) following the conclusion of the 90-day ITP (Figure 

4). At 4-month follow-up, mean ferritin levels decreased by 198.5 ng/mL (t=1.1, p=0.14), 

and at 5-months, mean ferritin levels decreased by 324.86 ng/mL (t=1.5, p=0.11). Finally, 

at 6-month follow up, mean ferritin levels had decreased by 434.1 ng/mL (t=1.64, p=0.07).  

 

Figure 4: Change in Serum Ferritin 

Disease Knowledge 

Disease knowledge assessments following education modules indicated that 

knowledge retention was 96% (SD=8.4) at the 30-day assessment.  

Phase I results are summarized in Table 8. 
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Table 8: Phase I Within-Subjects Analyses 

 Phase I: Iron Chelation  

 Baseline Post-Study 
Test 

Statistic 

Effect 

Size 

Adherence Rates     

  Pharmacy Refill Rate: MPR 0.65 ± 0.29 0.72 ± 0.28 0.78 0.26 

Disease Knowledge     

  Iron Chelation (%) -- 96 ± 8.4 -- -- 

Medical Variables     

  Serum Ferritin (ng/mL) 2050.1 ± 957.5 1616.0 ± 818.0^ 1.64+ 0.52 

***p<.001; **p<.01; *p<.05; +p<.10, trend; ^Serum Ferritin Post-Study is 6-month value 

7.3.2 Phase II: Hydroxyurea 

 Participants recruited during Phase I included children who were receiving 

chronic RBC transfusions and associated iron chelation therapy, a group attending very 

regular clinic appointments every four to five weeks. Thus, Phase II was initiated in 

order to extend the ITP intervention to a broader group of children with SCD, 

specifically those prescribed hydroxyurea. Participants recruited during Phase II had 

regular clinic appointments occurring every three to six months, representing a SCD 

sample with less frequent in-person clinic visits yet a wide range of clinical severity.    

Compliance with the ITP 

 Based on the ratings observed during Phase I of the intervention, the target 

compliance for tracking via the app for Phase II was defined as completing entries for 

75% of days during the ITP intervention.  

 Of the 32 participants enrolled during Phase II, five participants enrolled, 

completed a baseline assessment, and subsequently did not access the app. Attempts 
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were made via telephone follow-up and during subsequent clinic appointments to 

initiate their at-home tracking and usage of the app; however, these participants did not 

subsequently access the ITP app and were deemed lost to follow-up.   

 Of the remaining 27 participants, 15 have completed their post-study follow-up. 

Of the remaining 12 participants, six have missed their post-study follow-up 

appointments and six are due to complete their follow-up by June 1, 2016; continued 

attempts will be made to obtain follow-up data from all 12 remaining participants.  

 Of these 27 participants, 1 participant was taken off of HU after enrollment and 

thus was taken off of the study. Ten (38%) were compliant with tracking their 

medication (i.e., rate of tracking ≥0.75), whereas 16 (61.5%) were deemed non-compliant 

with the ITP (i.e., rate of tracking ≤0.75). This is significantly below the target rate of 75% 

of participants achieving compliance with the intervention (p<.05). The ten completers 

utilized the app for tracking medication usage at an average rate of 0.88 (26.4 out of 30 

days), whereas the 16 participants who did not achieve compliance utilized the app at an 

average rate of 0.31 (9.3 days). These differences were consistent for the duration of the 

study. At 90 days, completers tracked at an average entry rate of 0.72 (SD=0.37), while 

non-completers utilized the app at an average rate of 0.30 (SD=0.30). The rate of tracking 

by completers was significantly higher than that of non-completers at both 30-days, 

t(22)=6.4, p<.001) and at study completion (90-day follow-up), t(22)=3.10, p=.005).  
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Exploratory analyses were utilized in order to determine whether baseline 

differences were associated with Phase II compliance with the ITP intervention. Given 

the limited sample size, a series of t-tests and Chi-square analyses were utilized to 

examine whether baseline between-group differences existed across medical (i.e., 

number of hospitalizations, hematologic parameters, pain impact), medication 

adherence (i.e., adherence via chart review, medication possession ratio), psychosocial 

factors (i.e., child quality of life, fatigue, school functioning, self-efficacy, executive 

functioning), and caregiver factors (i.e., caregiver medical care burden, caregiver quality 

of life, family impact of SCD). These results are summarized in Table 9.  

Only one statistically significant baseline difference emerged between completers 

and non-completers of the intervention through paired analysis. A significantly larger 

number of participants who were compliant with the ITP intervention (i.e., app usage ≥ 

0.75) had a baseline rating of “good adherence” via chart review (n=7) when compared 

to those who were non-compliant with the intervention (n=3 rated as “good 

adherence”). Furthermore, a significantly larger number of participants who were non-

compliant with the ITP intervention (i.e., app usage ≤0.75) had a baseline rating of “poor 

adherence” via chart review (n=12) when compared to those who were compliant with 

the intervention (n=5 baseline rating as “poor adherence”). In addition, though only 

approaching statistical significance, those who completed the ITP had a higher baseline 
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medication possession ratio than those who were deemed non-compliant with the ITP 

(0.66 and 0.5, respectively; t=1.6, p=.07). Thus, it appears that those who went on to 

complete the ITP intervention had a higher baseline adherence rate based on baseline 

chart review and pharmacy refill rate. In contrast, those who were less compliant with 

tracking their medication usage via the app were initially rated as having poor 

adherence and had a lower baseline medication possession ratio.   

Though not statistically significant, it is worth noting that at baseline, completers 

of the intervention had a lower rating of child self-reported quality of life (t=1.97, p=.06). 

This is consistent with the results described above suggesting that near perfect 

adherence may interfere with other activities that enhance quality of life (e.g., time with 

peers, extracurricular activities, etc.).  

There were no significant baseline differences between completers versus non-

completers in hematologic parameters (t=.01, ns), average number of hospitalizations the 

year prior to enrollment (t=.32, ns), nor medical events during the study (t=.13, ns). 

Ratings of parental quality of life, emotional resources, and medical care burden also did 

not differ significantly between groups. Completers and non-completers had similar 

levels of executive functioning (t=1.13, ns), self-efficacy (t=0.7, ns), and baseline disease 

knowledge regarding hydroxyurea (t=1.0, ns). Indeed, withstanding baseline adherence 
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level, completers and non-completers of the intervention looked statistically similar 

across variables. 

Table 9: Baseline Differences for ITP Completers vs. Non-Completers 

 Phase II: Hydroxyurea 

 Adherent 
Non-

adherent 

Test 

Statistic^ 

Adherence Rates    

  Baseline MPR .66 (.27) .50 (.23) 1.6 

  Baseline Adherence Good (Chart) 7 (25.9%) 3 (11.1%) 4.2* 

  Baseline Adherence Poor (Chart) 5 (18.5%) 12 (44.4%) 4.2* 

Disease Knowledge    

  Baseline Disease Knowledge 56.7 (13.2) 61.8 (11.9) 1.0 

Medical Variables    

  Hospitalizations 3.9 (4.1) 4.4 (4.7) .32 

  Med Events during Study 1.2 (1.7) 1.1 (1.6) .13 

  Hemoglobin (g/dL) 9.1 (1.4) 9.0 (1.4) .01 

Quality of Life    

  SCD Functioning (P) 64.9 (18.4) 58.1 (22.7) .74 

  SCD Functioning (C) 59.7 (14.4) 62.7 (16.3) .45 

  SCD Pain Impact (P) 48.6 (28.5) 50.7 (30.2) .17 

  SCD Pain Impact (C) 48.1 (17.7) 49.9 (25.7) .19 

  HRQL (P) 58.5 (20.3) 65.1 (20.0) .79 

  HRQL (C) 63.9 (12.1) 74.0 (12.6) 1.98+ 

  School Functioning (P) 47.8 (23.5) 46.3 (23.8) .15 

  School Functioning (C) 58.9 (17.1) 54.7 (19.1) .55 

  Fatigue (P) 57.7 (17.7) 59.6 (17.5) .26 

  Fatigue (C) 60.6 (16.8) 65.4 (13.7) .79 

Psychosocial/Cognitive Variables    

  Self-Efficacy 29.7 (6.0) 31.4 (6.1) .70 

  Behavioral Regulation 45.9 (7.2) 52.7 (15.9) 1.14 

  Metacognition 51.5 (12.1) 56.9 (14.1) .91 

  Global Executive Composite 48.9 (10.3) 55.8 (15.3) 1.13 

Caregiver Variables    

  Parent HRQL 71.8 (18.3) 62.3 (22.4) 1.1 

  Family Impact 71.2 (18.4) 68.1 (21.1) .36 

  Medical Care Burden 21.1 (5.7) 20.4 (7.6) .24 
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  Role Function 22.3 (5.5) 21.93 (8.1) .13 

  Emotional Resources 2.9 (0.7) 3.0 (0.6) .40 

***p<.001; **p<.01; *p<.05    

+p<.10, trend    

^Test statistic is independent samples Student t-test for continuous variables, and 

Pearson Chi-square for categorical variables  

(P) = Parent-reported; (C) = Child-reported; MPR = Medication Possession 

Ratio; HRQL = Health-Related Quality of Life 

 

Correlation analyses were also utilized to further explore baseline factors 

associated with the rate of medication tracking utilizing the app. Adherence, medical, 

quality of life, and psychosocial variables were included in order to explore variables 

associated with number of days usage of the app. Significant correlations were identified 

between rate of tracking via the app and age (r=-.56, p<.001) and child-rated quality of 

life (r=-.43, p<.05), such that younger children were more likely to track their medication 

usage and that lower baseline child-rated quality of life was associated with more days 

tracked. Additional correlations trended toward statistical significance: app usage was 

associated with better baseline medication possession ratio (r=.26, p<.10) and higher 

baseline fatigue (r=-.25, p<.10). Full baseline correlation matrices are provided in 

Appendix C.  

Only nine Phase II participants were able to complete an in-person mid-point 

assessment. Notably, for patients receiving routine hydroxyurea follow-up, this visit is a 

non-standard of care visit. Thus, based on difficulty scheduling for a mid-point 
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assessment and feedback from participants about their preferences, lessons were 

recorded and available to send via the app.   

Medication Adherence 

In addition to feasibility and compliance with the app, the current study aimed 

to determine whether participants’ experienced improvements in relevant outcomes, 

including adherence, disease knowledge, hematologic parameters, and quality of life.  

Participants logged “selfies” to track their medication adherence an average of 12 

out of the first 30 days (40%; SD =0.36). Utilizing the self-reported log, participants 

recorded an average of 17 days of medication usage (out of first 30 days; 56%; SD=0.34). 

Total number of days logged based on either “selfies” or logs during the first 30 days 

was approximately 18 days (60% of days; SD=0.34). For the duration of the 90-day 

intervention, participants had an overall average of 43.2 entries (tracking rate = 0.48, 

SD=.34). Descriptive statistics for participants’ app usage is summarized in Table 10.  

Among participants with greater than one entry (n=18), participants tracked their 

medication utilizing either selfie or log for an average of 21 out of 30 days (0.7, SD=.27). 

Medication tracking via selfies was slightly lower, averaging 16.5 days (0.55, SD=.3), and 

participants logged their medication usage an average of 19.5 days (0.65, SD=.28). For 

the duration of the study (90 days), participants with greater than one entry (n=18) 

tracked their medication usage via either selfie or log at an average rate of 0.63 (SD=.34; 
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56.7 entries). Notably, there were two participants who utilized the application to log 

their medication use through log alone and did not submit any selfie recordings. Usage 

rates of the ITP app are also reported for completers (app usage rate ≥0.75) and non-

completers (app usage rate ≤0.75) in Table 10.    

Table 10: Adherence Tracking via ITP App 

 

Overall 

Rate 

(N=27) 

Rate >1 

Entry 

(N=18) 

Completers 

(N=10) 

Non-

Completers 

(N=16) 

 M (SD) M (SD) M (SD) M (SD) 

Adherence Rates     

  App Compliance Rate: Selfie 0.4 (.36) .55 (.3) .63 (.34) .21 (.24) 

  App Compliance Rate: Log 0.56 (.34) .65 (.28) .79 (.29) .29 (.24) 

  App Compliance Rate: Overall 0.6 (.34) 0.7 (.27) .88 (.19) .31 (.24) 

 

Adherence was also calculated utilizing the medication possession ratio (MPR) 

based on pharmacy refill rates. Prior to enrollment in the study, participants’ had 

baseline average MPR of 0.58 (SD = 0.25). Following participation in the ITP, 

participants’ MPR significantly increased to an average of 0.77 (SD = 0.23), t(25)=4.5, 

p<.001, ES=0.55.  

Finally, adherence was further assessed based on medical record review of 

provider-documented adherence as reported during regular, acute, and admit clinic 

visits and/or telephone documentation. Based on chart review, 11 participants were 

classified as having poor adherence at baseline, whereas 15 were classified as having 

moderate/good adherence. Following the intervention, the number of participants 
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classified as having poor adherence decreased to 5, p=0.06 (a priori one-tailed non-

parametric McNemar’s test), which trended toward statistical significance.  

Disease Knowledge 

At the time of enrollment, participants scored an average of 59.6 % (SD=12.6) on 

baseline disease knowledge assessments. Following the first education session, 

participants improved to a mean score of 88.6% (SD=11.5), t=9.6, p<.001. At the post-

study visit, knowledge retention scores were 88% (SD=10.5), indicating that participants’ 

disease knowledge scores were significantly improved from baseline to post-study visit, 

t=7.8, p<.001.  

Hematologic parameters 

 Participants’ hematologic measures were obtained as part of their regular clinic 

visits at baseline and post-study (i.e., 90-days). Analyses examined changes in 

hemoglobin, mean corpuscular volume (MCV), and reticulocyte percentage. Although 

hemoglobin improved by 0.1 g/dL, this change was not statistically significant (t=.83, ns).   

Quality of life and Psychosocial outcomes  

 Collapsing across all participants, no statistically significant differences in quality 

of life or self-efficacy, or caregiver functioning were observed following completion of 

the study. Changes in within-subjects outcome variables are summarized in Table 11.   
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Table 11: Phase II Within-Subjects Analyses 

 Phase II: Hydroxyurea 

 Baseline 
Post-

Study 

Test 

Statistic^ 

Effect 

Size# 

Adherence Rates     

  Pharmacy Refill Rate: MPR 0.59 (.25) 0.77 (.22) 4.5*** 0.55 

  Poor Adherence (Chart) n = 11 n = 5 p = 0.06+ -- 

  App Compliance Rate -- 0.6 (.34) -- -- 

Disease Knowledge     

  Baseline to Module 1 59.6 (12.6) 88.6 (11.5) 9.6*** 1.8 

  Baseline to Post Study 60.0 (10.5) 88.0 (11.3) 7.8*** 2.3 

Medical Variables     

  Hemoglobin (g/dL) 8.8 (1.1) 8.9 (1.1) 0.83 0.1 

  MCV 89.6 (8.2) 81.9 (17.1) 1.8+ 0.58 

  Reticulocyte (%) 7.5 (3.1) 8.9 (3.5) 1.34 0.36 

Quality of Life     

  SCD Total (P) 59.8 (25.7) 63.6 (25.4) 1.1 0.21 

  SCD Total (C) 61.1 (14.8) 58.8 (22.2) 0.60 0.30 

  SCD Pain Impact (P) 52.5 (35.3) 55.4 (35.7) 0.84 0.18 

  SCD Pain Impact (C) 48.3 (23.4) 44.2 (30.1) 0.69 0.33 

  Total HRQL (P) 61.8 (20.1) 64.7 (23.6) 0.59 0.04 

  Total HRQL (C) 67.6 (12.7) 69.2 (15.6) 0.46 0.09 

  Total Fatigue (P) 59.9 (18.3) 60.6 (22.8) 0.11 0.04 

  Total Fatigue (C) 62.9 (12.7) 57.0 (21.1) 1.3 0.48 

Psychosocial Variables     

  Self-Efficacy 29.9 (5.9) 30.0 (9.3) 0.03 0.06 

Caregiver Variables     

  Parent HRQL 61.8 (24.1) 69.6 (20.8) 1.98+ 0.69 

  Family Impact 66.6 (22.2) 68.3 (20.9) 0.6 0.23 

  Medical Care Burden 22.4 (6.5) 20.4 (7.5) 1.1 0.38 

  Role Function 24.5 (7.3) 20.8 (9.8) 1.6 0.28 

  Emotional Resources 3.1 (0.5) 2.8 (0.6) 2.3* -0.78 

***p<.001; **p<.01; *p<.05; +p<.10, trend; ^Test statistic is independent samples Student t-test 

for continuous variables; Pearson Chi-square for categorical variables; #Effect size is Cohen’s d.  
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7.3.3 Preliminary Efficacy: Outcomes Associated with ITP Adherence 

The secondary aim of the study was to determine whether participants exhibited 

an improvement in medication adherence and relevant outcomes. Yet, given that there 

were several participants with sub-optimal adherence with the ITP intervention (i.e., 

minimal tracking via the app and/or “poor adherence” rating via post-study chart 

review), analyses were further utilized to determine whether changes in relevant 

outcome variables were observed based on compliance to the intervention protocol (i.e., 

entry rate ≥0.75) and based on post-intervention adherence status. Specifically, mixed 

model repeated measures analyses were utilized to determine whether between-group 

differences in outcomes existed based on ITP compliance (i.e., completers versus non-

completers) and based on post-study adherence via chart review (i.e., classification as 

“poor” versus “good” adherence). Correlational analyses then explored whether post-

study MPR was associated with relevant outcome measures. Bonferroni adjustments for 

multiple comparisons were applied to all repeated measures mixed models and 

correlations reported below; those with retained significant results are described. For 

ease, discussion of outcomes based on ITP adherence is denoted as “compliance” while 

efficacy outcomes based on adherence rating via chart review is described as 

“adherence.”   
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Compliant vs. Non-Compliant with the ITP Intervention 

 As noted above, there was a main effect of medication possession ratio (MPR), 

indicating that pharmacy refills increased for all participants enrolled in the study. 

Mixed model repeated measures were utilized to examine whether there were 

differences in the change in MPR between completers versus non-completers of the 

intervention. Among those who were compliant with the intervention protocol (i.e., 

entry rate ≥0.75), MPR based on pharmacy refill records increased from 0.67 to 0.81 

(F(1,23)=4.9, p<.05, η2=0.2). Notably, MPR also increased among those who were 

noncompliant with tracking their medication via the mobile app, from 0.49 to 0.71 

(F(1,23)=14.8, p<0.01, η2=0.39). These differences are displayed in Figure 5. Notably, those 

participants who were compliant with the intervention protocol trended toward having 

a significantly higher baseline MPR (F(1,23)=3.3, p=.08, η2=0.13).  

 

Figure 5: Phase II Change in Medication Possession Ratio 



 

104 

Mixed-model repeated measures analyses were also run in order to determine 

whether there were significant differences in psychosocial outcomes between completers 

and non-completers of the intervention (i.e., tracked medication >.75 via the app). 

Analyses were available for those participants who completed follow-up assessments 

(n=15).  

Following the intervention, participants who were compliant with the ITP 

reported significantly better SCD-related functioning (F=.53, p<.05) and significantly 

higher parent-reported treatment functioning (F=7.1, p<.05). In addition, children who 

were compliant with the ITP reported lower pain impact than those who were unable to 

comply with the ITP (F=7.9, p<.05). Furthermore, at the time of their follow-up 

assessment, children who were non-compliant with the ITP demonstrated a worsening of 

their pain impact scores (F=4.8, p<.05, ES=.29). It should be noted that the pain impact 

scores for this sample were very low across all participants, indicating a high clinical 

impact of pain despite level of compliance (Note: higher scores indicate better 

functioning). Indeed, a score of ≥81 on pain impact scales suggests good clinical 

functioning, while a score ≤60 indicates substantive and clinically-significant pain 

(Beverung et al., 2015). Those who were compliant with the intervention reported post-

study pain impact scores near or above the clinical cut-off (parent-reported: 59.2; child-
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reported: 65.8), whereas those who were non-compliant had much lower scores (parent-

reported: 42.5; child-reported: 27.5) suggesting greater pain impact on functioning.  

There were several observable differences in outcome scores worth highlighting 

that, though not statistically significant, were clinically-meaningful and resulted in small 

to medium effect sizes. For example, following the intervention, adherent participants’ 

total quality of life scores (70.7) remained above the clinical cut-off score (65.4), whereas 

participants who were non-adherent had scores that were within the clinically impaired 

range (53.3). In addition, following the intervention, participants who were compliant 

with the ITP reported significantly less disruption in overall family functioning than 

those who were non-compliant with the ITP (F=4.4, p<.10; note: higher scores indicate 

better functioning). Furthermore, among those who were non-compliant with the ITP, 

parents reported a worsening of family functioning from baseline to post-study (F=2.2, 

p<.10), while parents of compliant youth trended toward improved quality of life (F=3.7, 

p<.10). Thus, parents of adherent children reported lower overall frequency and 

difficulty of parenting burden (via the PIP) as well as higher caregiver quality of life 

than those children who were non-adherent (effect sizes ranged from .22 to .33). It is 

worth examining in a larger sample whether these clinically-meaningful differences 

would also be borne out statistically. Differences in outcome variables are presented in 

Table 12.  
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Table 12: Outcomes by ITP Compliance 

 Phase II: Hydroxyurea 

 Compliance based on ITP 

 Compliant Non-Compliant 
Test^ 

Statistic 

Effect 

Size 

 
Pre 

M (SD) 

Post 

M (SD) 

Pre 

M (SD) 

Post 

M (SD) 
ME P ME P 

Adherence Outcomes     

  Pharmacy Refill Rate .67 (.28) .81 (.20) .49 (.23) .71 (.24) 17.7*** - .44 -- 

HRQL Outcomes     

  SCD Fx (P) 67.2 (18.3) 68.9 (19.6) 43.7 (26.1) 50.2 (27.0) 2.5 -- .22 -- 

  SCD Fx (C) 66.3 (21.7) 72.4 (25.3) 57.8 (7.9) 47.6 (15.1) 3.8+ 5.3* .24 .31 

  Pain Impact (P) 60.0 (33.7) 59.2 (38.4) 34.0 (30.4) 42.5 (36.8) 1.0 -- .10 -- 

  Pain Impact (C) n 53.8 (24.1) 65.8 (34.0) 45.6 (25.3) 27.5 (16.4)  3.8+ 7.9* .15 .40 

  Treatment Fx (P) 75.6 (16.5) 81.5 (18.5) 53.6 (30.3) 43.5 (29.6) 5.6* 7.1* .36 .42 

  Treatment Fx (C) 68.5 (22.9) 77.9 (16.5) 65.2 (18.2) 62.9 (23.5) 0.9 -- .07 -- 

  Total HRQL (P) 65.9 (19.3) 70.7 (14.4) 52.5 (16.7) 53.3 (26.7) 2.3 -- .19 -- 

  Total HRQL (C) 64.9 (15.4) 70.8 (16.3) 70.2 (11.5) 67.7 (17.0) .02 -- .00 -- 

  Total Fatigue (P) 61.8 (12.6) 66.2 (10.3) 52.1 (17.6) 48.8 (25.9) 2.9 -- .23 -- 

  Total Fatigue (C) 68.5 (15.4) 67.1 (12.2) 59.2 (10.4) 49.6 (25.2) 2.9 -- .19 -- 

  Self-Efficacy 30.4 (5.5) 30.8 (9.0) 29.4 (6.9) 30.1 (10.6) 0.05 -- .00 -- 

Caregiver 

Functioning 
    

  Parent HRQL  65.6 (22.8) 77.3 (9.7) 51.7 (21.1) 56.9 (22.2) 2.7 4.3+ .21 .29 

  Family Impact n 84.4 (16.8) 81.3 (11.5) 70.3 (22.6) 60.9 (18.9)  2.9 4.4+ .25 .33 

  Emotional Res. n 3.1 (.7) 2.8 (.5) 3.0 (.3) 2.6 (.5) 6.1* -- .40 -- 

  Medical Care  21.2 (3.5) 20.7 (6.0) 25.0 (7.9) 22.0 (8.3) 0.6 -- .06 -- 

  Role Function  22.7 (7.7) 18.2 (6.6) 28.2 (5.1) 24.8 (11.9) 2.4 -- .19 -- 

  PIP Frequency b 99.8 (18.1) 87.2 (24.9) 131.5 (27.2) 119.2 (46.4) 3.9+ -- .28 -- 

  PIP Difficulty b, n 83.7 (17.3) 77.2 (25.9) 129.0 (30.3) 111.0 (41.6) 5.7* 2.9+ .36 .22 

Medical Variables     

  Hemoglobin (g/dL) 8.9 (.7) 9.04 (.7) 8.6 (1.4) 8.6 (1.2) 0.4 -- .03 -- 

***p<.001; **p<.01; *p<.05; +p<.10, trend 

^Test statistic is F-test based on GLM mixed models repeated measures; ; ME= Main effect of adherence; 

P=Post-study difference; b = Significant baseline difference; n = Non-adherent significant decline 

(P) = Parent-rated; (C) = Child-rated; Fx = Functioning; Res = Resources 
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 Correlational analyses were utilized to explore the association between 

compliance based on app usage and outcome measures. Adherence, medical, quality of 

life, and psychosocial variables were included in order to explore the relationship 

between the rate of compliance and relevant outcomes. A significant correlation was 

identified between rate of tracking via the app and child-rated treatment functioning 

(r=.41, p<.05), suggesting that children who tracked their medication more frequently 

endorsed higher functioning with regards to their SCD-related treatments [items 

include, for example, “I do not like how I feel after I take my medicine,” “I worry about 

whether my medicine is working,” “It is hard for me to remember to take my medicine.” 

(Panepinto et al., 2012)]. Additionally, several correlations demonstrated a large effect 

size (e.g., parent HRQL, hemoglobin level, child-rated SCD functioning, parent-rated 

treatment functioning, child-rated pain impact), yet application of the Bonferroni 

correction for multiple comparisons did not allow for retention of these results. For 

example, rate of adherence tracking was associated with better executive functioning per 

the Metacognition Index (r=-.42, p=.07) and the Behavioral Regulation Index (r=-.39, 

p<.10), which trended toward statistical significance. Full outcome correlation matrices 

are provided in Appendix D.  
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Adherent vs. Non-Adherent Based on Chart Review 

Several participants indicated that although they were not tracking their 

medication via the app, they did continue to take their HU consistently. This was 

reflected in the significant decrease in participants classified as having “poor” adherence 

(i.e., based on chart review) following the intervention. Thus, differences in outcomes 

were also analyzed based on post-intervention adherence status via chart review. 

Specifically, mixed model repeated measures analyses were utilized to explore whether 

differences in outcomes following the intervention existed between those who were 

classified as having “good” adherence versus those classified as having “poor” 

adherence. Results are summarized in Table 13. 

Following the ITP intervention, there was a main effect indicating an 

improvement in overall MPR based on pharmacy refill data across both adherent and 

non-adherent groups (F=13.8, p<.001). Those who were deemed adherent (i.e., via 

medical record review) following the completion of the ITP demonstrated a significant 

improvement in MPR from baseline to post-study (0.68, SD=.3, and 0.8, SD=.2, 

respectively; F=2.7, p<.10). Similarly, those categorized as non-adherent per chart review 

also demonstrated a statistically significant improvement (0.43, SD=.2, and 0.67 SD=0.24, 

respectively; F=13.6, p<.01).  
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Several caregiver factors were associated with post-intervention adherence based 

on chart review. In particular, following the intervention, caregivers of those children 

classified as having good adherence reported lower family impact due to their child’s 

SCD (F=6.5, p<.05), greater emotional resources (F=5.2, p<.05), lower frequency and 

difficulty of parental burden due to the child’s illness (F=5.8, p<.05), and trended toward 

higher caregiver quality of life (F=3.2, p<.10). Overall, caregivers of adherent children 

reported better functioning themselves, which suggests that caregiver functioning 

indeed is a critical contributor to child illness management and adherence behaviors.  

Adherent children had significantly better parent-rated SCD-related functioning 

(F=6.8, p<.05, ES=.43),  and child-rated treatment functioning (F=5.5, p<.05, ES=.31) 

following the completion of the ITP. In addition, children who were adherent had 

significantly less fatigue at the conclusion of the study versus those participants who 

were non-adherent (F=5.9, p<.02, ES=.37). Youth who were adherent also reported 

significantly less pain impact (note: higher scores indicate better functioning; F=5.9, 

p<.05, ES=35). With regard to quality of life more generally, children who were adherent 

had better overall parent-reported quality of life (F=6.5, p<.05, ES=.39), but there were no 

differences in child self-reported quality of life following the study. These observable 

differences in quality of life outcome scores are worth highlighting because, though 

inconsistently statistically significant, were consistently clinically-meaningful and resulted 
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in small to medium effect sizes. Indeed, following the intervention, those who were 

adherent were above the clinical cut-off scores on both parent-rated and child-rated 

quality of life. In contrast, those who were non-adherent remained in the clinical range 

for both parent-reported (52.9) and child-reported (63.6) quality of life, suggesting 

clinical impairment for those participants. Importantly, prior to initiating the 

intervention, participants who completed their follow-up visit but who were non-

adherent also had lower parent-rated SCD functioning (F=8.2, p<.05, ES=.48), greater 

pain impact (F=6.5, p<.05, ES=.42), lower parent-rated treatment functioning (F=9.1, 

p<.05, ES=.48), lower child-rated treatment functioning (F=5.4, p<.05, ES=.31), lower 

caregiver emotional resources (F=5.1, p<.05, ES=.36), lower family impact (F=8.1, p<.01, 

ES=.45), and higher parenting medical care burden (F=4.9, p<.05, ES=.33) and role 

function burden (F=6.2, p<.05, ES=.39). This suggests that lower initial quality of life and 

parent-rated treatment functioning (e.g., “My child has trouble taking his/her 

medication,” “My child worries whether his/her treatments are working.”) may have 

impacted participants’ adherence during the intervention. 
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Table 13: Outcomes by Post-Study Chart Adherence Rating 

 Phase II: Hydroxyurea 

 Adherence based on Chart Review 

 Adherent Non-Adherent 
Test 

Statistic 

Effect 

Size 

 
Pre 

M (SD) 

Post 

M (SD) 

Pre 

M (SD) 

Post 

M (SD) 
ME P ME P 

Adherence Outcomes     

  Pharmacy Refill Rateb .68 (.3)  .8 (.2) .43 (.2) .67 (.24) 13.8*** -- .43  -- 

HRQL Outcomes     

  SCD Fx (P) b 78.5 (19.8) 78.4 (21.4) 42.9 (21.0) 46.8 (18.8) 8.1*  6.8*  .47  .43 

  SCD Fx (C) 62.1 (10.8) 63.7 (13.5) 56.6 (14.1) 49.8 (23.3) 1.6 -- .09  -- 

  Pain Impact (P)b 73.5 (28.0) 74.0 (35.6) 29.6 (28.7) 32.5 (26.7) 5.9*  4.9+ .39 .35  

  Pain Impact (C) 47.1 (12.9) 49.2 (21.1) 45.3 (27.2) 33.4 (29.9) 0.6 -- .05 -- 

  Treatment Fx (P) b 86.4 (12.5) 79.3 (26.0) 50.5 (24.2) 51.5 (31.5) 5.9* 2.6  .37 .21 

  Treatment Fx (C) b 76.8 (13.7) 82.7 (5.3) 56.7 (17.4) 59.4 (23.8) 8.7*  5.5* .42 .31 

  Total HRQL (P) b 76.1 (14.8) 78.3 (24.2) 50.6 (18.4) 52.9 (19.4) 6.5*  4.1+ .39  .29  

  Total HRQL (C) 72.9 (11.1) 73.9 (12.8) 63.2 (13.6) 63.6 (16.5) 2.3  -- .16 -- 

  Total Fatigue (P) 67.8 (17.6) 76.7 (24.2) 54.8 (19.5) 48.4 (16.1) 4.8+  5.9*  .32  .37  

  Total Fatigue (C) 66.2 (12.5) 63.9 (12.2) 59.7 (13.5) 51.2 (26.5) 1.3  -- .10 -- 

  Self-Efficacy 31.5 (8.8) 27.7 (8.1) 28.4 (2.8) 30.6 (10.6) 0.0 -- .00  -- 

Caregiver Functioning     

  Parent HRQL  76.5 (16.5) 81.8 (19.1) 56.6 (23.4) 60.9 (20.2) 3.1+  3.2+ .24 .25 

  Family Impact b 94.4 (5.6) 84.7 (14.9) 67.4 (20.3) 64.7 (19.7) 6.5*  3.3+  .39 .25 

  Emotional Res. b  3.5 (.4) 3.2 (.4) 2.8 (.5) 2.5 (.5) 7.1* 5.2* .44  .37 

  Medical Care b 17.8 (3.1) 16.8 (8.6) 25.2 (6.9) 24.1 (4.9) 5.7*  3.6+ .36 .26  

  Role Function b 18.8 (5.9) 16.0 (8.2) 27.6 (6.0) 25.3 (9.7) 5.4* -- .35  --  

  PIP Frequency  93.6 (20.5) 77.6 (32.8) 125.1 (30.1) 120.7 (35.9) 4.8*  4.6+ .33 .31 

  PIP Difficulty 80.4 (28.2) 67.8 (27.3) 118.9 (35.9) 112.3 (34.3) 5.2* 5.8*  .34 .37 

Medical Variables     

  Hemoglobin (g/dL) 9.2 (.8) 9.2 (.9) 8.5 (1.3) 8.6 (1.3) 1.1  -- .09 -- 

***p<.001; **p<.01; *p<.05; +p<.10, trend;  

^Test statistic is F-test based on GLM mixed models repeated measures; ME= Main effect of adherence; 

P=Post-study difference; b = Significant baseline difference 

(P) = Parent-rated; (C) = Child-rated; Fx = Functioning; Res = Resources 
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Outcomes by Medication Possession Ratio 

 Correlation analyses were utilized to explore whether outcomes were related to 

pharmacy refill rates. Parent-rated treatment functioning was significantly related to 

post-study MPR (r=0.62, p<.05), such that higher treatment functioning was related to 

higher MPR. See Appendix D for full outcome correlation matrices. 
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 8. Discussion 

The current study aimed to examine the feasibility, acceptability, and 

preliminary efficacy of a pilot mobile health intervention, the Intensive Training 

Program (ITP), designed to improve patient adherence, health outcomes, and quality of 

life for children and adolescents with SCD. The ITP was found to be an acceptable 

intervention to the majority of patients receiving iron chelation therapy and prescribed 

hydroxyurea. Furthermore, adherence rates improved across all participants (i.e., based 

on pharmacy refill rates and chart review) following the intervention. Additionally, 

quality of life and caregiver functioning was higher among those who were adherent, 

both to their medication and to tracking via the ITP intervention. There were initial 

technological issues, which may have limited engagement and resulted in lower 

completion rates for some participants early on in this study. However, the research 

team worked to solve these technological problems as the study progressed, which led 

to an improvement in access and completion rates. Overall, the current results provide 

preliminary support for a mobile-health based intensive training program to improve 

adherence among youth with SCD.  

8.1 Feasibility and Acceptance 

Acceptance of the ITP was quite high, as demonstrated by interest and 

enrollment rates during Phase I and Phase II of the intervention (Phase I: 86% and 100%, 
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respectively; Phase II: 76.2% and 84.2%, respectively). The majority of both caregivers 

and youth indicated high levels of satisfaction, ease of use, and that the app was easily 

integrated into daily life. This initial acceptance of the ITP is consistent with the growing 

interest of patients, youth in particular, in utilizing mobile health technology to aid in 

their health care and self-care (Cushing & Steele, 2010; Jacob et al., 2012; Madden et al., 

2013).  

Strong feasibility data are consistent with growing trends in health care to 

connect with and provide access to health interventions via technology. Indeed, mobile 

health interventions have been shown to be effective for improving health behaviors 

(Albright et al., 2005), reducing missed appointments (Dyer, 2003; Liew et al., 2009), and 

increasing the quality and quantity of patient follow-up (Pal, 2003). This is consistent 

with eHealth interventions across pediatric illness groups that have targeted improved 

adherence and health promotion (Palermo & Wilson, 2009; Cushing & Steele, 2010). 

Mobile health interventions have been shown to have an even greater benefit for chronic 

disease conditions that require extensive self-monitoring, frequent follow-up (Krishna, 

Boren, & Balas, 2009), and independent management of medication administration. And 

despite technological barriers (discussed further below), the acceptable implementation 

of this intervention indicates that behavioral change is feasible through mobile health 

intervention. Indeed, children and parents alike endorse significant amounts of time 
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utilizing technology, and seem to respond to provider-initiated interventions delivered 

via these means. Interventions that utilize technology may help to overcome some of the 

well-documented barriers to adherence in pediatric SCD such as resource availability, 

caregiver burden, and competing activities that can limit in-person intervention efforts 

(Barakat et al., 2002; Boateng et al., 2013; Modi et al., 2009). 

Despite the high rates of acceptance and satisfaction, there was variability in the 

technical feasibility and compliance with the ITP intervention. The majority of 

participants experienced technological issues at some point during the intervention 

phase, either problems updating the app or problems with using a loaned device that 

had additional security features enabled. During Phase I, these issues were easily fixed 

because participants were seen in clinic approximately every four weeks, at which point 

a study team member was available to resolve technological problems. In contrast, 

participants during Phase II were scheduled in clinic every three to six months, thereby 

limiting opportunities for in-person technological trouble-shooting. Thus, given this 

time lapse between visits as well as additional barriers reported by patients and 

caregivers (e.g., distance to clinic, competing work/school demands, limited availability, 

variable technological proficiency and comfort), the effectiveness of remote 

technological troubleshooting was inconsistent. Once the study team was able to make 

the ITP app available on the iTunes store (i.e., which eliminated the need for manual 
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updates), these technological issues were minimized, thereby reducing programmatic 

and technological barriers to the intervention and increasing access rates. However, 

these concerns are relevant for both patient engagement as well as sustainable 

widespread implementation. Furthermore, because the current app is only available for 

iOS devices, many youth required a loaned device to participate in the study. It is 

notable, however, that the majority of youth requiring a loaned device did have access to 

a non-iOS smartphone or mobile device (e.g., tablet). Thus, broadening the app to 

additional operating systems will facilitate wider dissemination efforts and likely 

increase technical feasibility. Indeed, this pilot study has provided important 

information about the technological barriers associated with a provider-developed 

mobile app, its implementation, and the practical issues in overcoming these 

technological barriers.    

8.2 Adherence, Disease Knowledge, and Health Outcomes 

Despite technological barriers, several significant clinical improvements were 

seen among youth who participated in the ITP. First, participants utilized the mobile 

app to track their medication usage at an overall rate of 81% during Phase I and a rate of 

70% during Phase II. Given that estimates of compliance among youth with SCD are 

reported as low as 12% and 41%, these rates of compliance demonstrate clinical promise. 

During Phase II, there was a distinct difference in the engagement level of completers 
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versus non-completers of the intervention, with tracking rates of 88% and 31%, 

respectively. Analyses of baseline differences between completers and non-completers 

suggested that younger children, those who were rated as having better baseline 

adherence via chart review, those with better behavioral regulation, and those with 

lower baseline quality of life were more likely to track their medication adherence 

through the ITP.  

These baseline differences speak to several important facilitators of adherence, 

namely individual factors (i.e., age, executive functioning) as well as previous health 

behaviors and habits. Notably, those with lower quality of life were more likely to track 

their medication using the app. This is consistent with the results from Study 1 that 

suggested that child self-reported quality of life may suffer at the expense of higher rates 

of adherence (e.g., due to activity restriction, more time dedicated to illness 

management).  

Interestingly, younger children were more likely to be compliant with the ITP 

intervention. Qualitative review of the “selfie” videos suggested that a parent or a 

caregiver often helped child participants utilize the mobile app for recording, while 

questionnaire responses also supported that the majority of parents often reminded their 

child to take their medicine. Thus, interventions that can increase engagement for 

adolescents, who customarily begin to take on a more independent role in their health 
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and medication management (DeBaun & Telfair, 2012; Telfair, Myers, & Drezner, 1994) – 

and thereby may be more vulnerable to lapses in adherence – will be particularly useful.  

Indeed, the majority of teens report high utilization of mobile technology (78%, 

(Madden et al., 2013), thus keeping with a mobile platform will likely be useful; 

however, additional features may be necessary to aid in adolescent engagement with the 

app. For example, the app currently does not remind the patient each day to take his or 

her medication, which has been shown to be a desired mobile app feature for 

adolescents and young adults with SCD (Badawy et al., 2016). Indeed, a recent survey of 

adolescents and young adults (AYA) with SCD (Badawy et al., 2016) further suggested 

high smartphone utilization (85%) and strategies for AYA patient engagement through 

mobile applications, including reminders, education about SCD, and medication logs. A 

straightforward addition to the current app would be a daily alert that can be 

programmed to a desired time of day (i.e., when the teen typically takes his or her 

medication). Feedback from participants in the current study also suggests that patient 

engagement would increase if they were they incentivized to visit the app more 

regularly through, games, the opportunity to earn rewards (e.g., points toward an App 

Store credit), or through social networking with other teens with SCD. These small 

changes may facilitate engagement for adolescents who take on a more independent role 

in managing their medication. These strategies may also extend to youth who have 
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poorer baseline adherence who also demonstrated lower engagement with and tracking 

via the app and thus may represent a much more vulnerable subset of patients.  

Consistent with hypotheses, youth demonstrated a significant post-intervention 

increase in adherence based on their pharmacy refill rates. That is, compared to their 

average rate of medication refill during the year prior to enrollment, pharmacy refills 

increased across all participants who received the ITP. Notably, further analyses by 

completers versus non-completers of the intervention indicated that among youth 

prescribed HU (Phase II), those who were adherent with the intervention demonstrated 

a statistically significant increase in their pharmacy refill rates. Thus, mobile health 

intervention through education, behavioral reminders, and tracking of medication usage 

seems to improve compliance across youth, but particularly for those who were able to 

engage in the ITP. This is consistent with prior literature that suggests that while both 

education and behavioral reminders are helpful in improving adherence (Cushing & 

Steele, 2010), engagement is a key component in facilitating significant behavior change, 

especially in the context of mobile technology (Singh et al., 2016).   

Additionally, following completion of the ITP, there was a trend towards 

improvement in adherence ratings via chart review. Specifically, the number of 

participants classified as having “good” adherence increased whereas the number of 

participants classified as having “poor” adherence decreased. Though this only 
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approached statistical significance, this represented a clinically-meaningful change in 

the proportion of patients with poor adherence.  

There are several potential reasons for this observed increase in adherence. Based 

in the Health Belief Model (Rosenstock, 1974, 1988), the ITP intervention aimed to 

facilitate adherence through (a) education in order to increase patients’ disease knowledge 

and perceived benefit to health action; (b) behavioral reminders to increase cues to action and 

decrease behavioral barriers (e.g., forgetting); (c) increased social support to both patients 

and caregivers through provider communication; (d) shaping behavior through positive 

reinforcement; and (e) increased monitoring through technology in order to prompt 

behavior. Indeed, previous intervention methods employing technology seem to 

engender higher rates of participation (e.g., completion rates of e-diaries versus paper 

diaries; (Barakat et al., 2002; McClellan et al., 2009), thus facilitating adherence based on 

the method alone. It is likely that the combination of these factors increased perceived 

benefit, decreased barriers, and facilitated cues to action.  

In addition to understanding whether the ITP is a feasible and acceptable 

intervention program for increasing adherence, the current study aimed to evaluate 

whether participants demonstrated changes in relevant health and psychosocial 

outcomes. At baseline, youth had difficulty answering basic disease knowledge 

questions relevant to SCD and their respective medication (i.e., iron chelation or HU) 
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with average scores of 59% on a pre-module disease knowledge measure. Following a 

series of provider-led education modules, participants demonstrated significantly 

improved disease and medication knowledge, which was sustained at post-study 

follow-up (88.6% and 88.0%, respectively). Participants demonstrated better 

understanding of the mechanisms of action for their medication, relevant hematologic 

changes their provider examines during routine clinic visits, and their own medication 

dose. Importantly, education continues to be an important aspect of interventions, one 

that can facilitate a child’s understanding of their individual risk and/or benefit from 

engaging in health behaviors. However, while education is a necessary component for 

changing health behavior, prior research has shown it is insufficient on its own to instill 

behavior change (Cushing & Steele, 2010; Jensen et al., 2005; Loiselle et al., 2015; Walsh 

et al., 2014). This was apparent during the current study, when a subset of participants 

had improved disease knowledge scores yet subsequently did not track their medication 

usage.  

Ultimately, interventions target adherence in order to improve relevant health 

outcomes for patients. Within SCD, hematological parameters represent relevant 

biological markers of health, and were thus evaluated as part of the ITP. Serum ferritin 

values and hemoglobin levels were of primary interest during Phase I and Phase II, 

respectively. During Phase I, participants demonstrated a decrease in overall serum 



 

122 

ferritin; however, this decline only trended toward statistical significance. Similarly, 

participants during Phase II did not demonstrate a statistically significant increase in 

hemoglobin. These values will be worth exploring with a larger sample size, in order to 

determine whether improvement in adherence translates to improvement in these 

important biological markers of health in SCD. Unfortunately, fetal hemoglobin 

laboratory values were unavailable for the majority of Phase II patients at both baseline 

and post-intervention; thus, future investigation should include this important 

parameter in order to further determine adherence to and effect of hydroxyurea.  

8.3 Outcomes Based on Adherence  

Intervention Compliance. During Phase II of the ITP intervention, additional 

assessment measures were included in order to determine whether, in addition to 

adherence and disease knowledge, participants in the ITP had significant changes in 

psychosocial outcomes. Across all participants, there were no statistically significant 

changes in patients’ quality of life, self-efficacy, or caregiver functioning. However, 

participants did demonstrate differences in these psychosocial outcomes based on 

compliance to the ITP intervention. That is, when compared to youth who were non-

compliant with the ITP, youth who were adherent demonstrated better overall family 

functioning, higher SCD treatment-related functioning, lower pain impact, better SCD 

functioning, and better overall quality of life. Furthermore, following the intervention 
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caregivers of compliant youth reported higher emotional resources and caregiver quality 

of life and reported lower family impact and lower overall difficulty of parenting 

burden due to their child’s illness when compared to non-compliant youth. Among 

those youth who were non-compliant with the intervention, there was a worsening of 

both family functioning and pain impact scores from baseline to post-intervention. Thus, 

the child’s medical and functional statuses as well as caregiver factors seem to be 

important outcomes related to compliance. 

In addition, though not statistically significant, it is important to further evaluate 

whether baseline differences propelled these post-study differences between groups. 

That is, did better pre-morbid functioning across psychosocial variables facilitate 

adherence – both in terms of compliance with the ITP and adherence to their medication 

regimen more generally? Though this was not borne out statistically in this sample, 

observable baseline clinical differences between groups suggest that this is worth further 

evaluating in a larger sample (see Tables 12 and 13). Indeed, these may represent 

important predictor variables that can help determine for which children and families 

this type of intervention is best suited.  

Chart-Rated Adherence. Given the technological barriers experienced by some 

participants, outcomes were also examined based on post-study adherence via chart 

review. Adherent children demonstrated better parent-rated treatment-related 
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functioning, better overall SCD functioning, and lower fatigue following the ITP versus 

their non-adherent peers. In addition, notable trends indicated that adherent youth 

experienced lower pain impact and higher overall quality of life. This suggests that 

adherence impacted not only daily medication usage, but also parents’ perception of 

their child’s SCD treatments more broadly.  

Several significant differences between groups emerged with regard to caregiver 

functioning. Caregivers of adherent youth reported higher quality of life, lower 

disruption to family functioning due to their child’s chronic illness, lower frequency and 

difficulty of parental burden due to their child’s SCD, and greater emotional resources. 

Because parents and families of youth with SCD generally report high levels of 

parenting stress and burden (Barakat, Patterson, Tarazi, & Ely, 2007; Barakat et al., 2008), 

these findings highlight several important family-level factors that influence child health 

management. First, caregivers of youth who report better functioning and greater 

emotional resources may be more available to assist their child in his or her health 

management routine. Secondly, the ITP may have facilitated a reduction in parental 

burden by providing both social support and a framework for the child to increase 

illness self-management for his/her chronic disease. This combined reduction in parental 

burden and improvement in parental functioning likely increases the emotional 

resources and availability of the parent, which can further facilitate health management. 
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Indeed, there is likely a bidirectional effect between caregiver adjustment and child 

health management (including adherence) in the context of a complex chronic illness 

such as SCD. For example, caregiver strain can lead to poor adherence (e.g., inability to 

refill medications due to competing demands, depletion that limits availability to 

remind child to take his medication, etc.), while high demands for health management 

(e.g., multiple medications to manage, recurrent clinic appointments, high pain and/or 

pain impact) can lead to high caregiver strain. Previous work has suggested that 

outcomes are better for children with SCD when illness management is shared between 

youth and caregivers (Treadwell et al., 2005). This may mean that providing both 

support to caregivers and providing youth with a structured way to become involved in 

their health management may facilitate adherence as well as overall health. Indeed, the 

caregiver and family impact on functioning for youth with SCD is robust, and has been 

documented in the context of pain (Barakat et al., 2008) and adaptive functioning 

(Brown, Doepke, & Kaslow, 1993; Radcliffe, Barakat, & Boyd, 2006) as well as adherence 

(McGrady et al., 2015). The results of this study further support the distinct relationship 

between family functioning and adaptation of youth with SCD, particularly that support 

for parents and families likely benefits overall health management.   
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8.4 Adherence and Quality of Life 

This is the first known study to examine the impact of an adherence intervention 

on the quality of life of youth with SCD. Among youth who completed the intervention, 

those who were adherent exhibited several important differences in quality of life 

ratings than those who were non-adherent. Specifically, adherent youth reported 

significantly higher parent-reported treatment-related functioning, better overall SCD-

related functioning, lower pain impact, and better overall quality of life. These 

statistically significant results are also noteworthy given the clinically-meaningful 

differences observed. Children who were non-adherent reported quality of life at a level 

indicating clinical impairment (Beverung et al., 2015; Varni et al., 2003), whereas 

adherent children reported quality of life that fell within a non-clinical range. Although 

hematologic and health (e.g., baseline disease severity, medical events during the study) 

parameters were not statistically different between groups, adherent children did report 

lower pain impact and greater treatment-related functioning. This suggests that 

adherence is related to subjective health impact and perception of functioning, a critical 

component of overall health.  

These findings regarding quality of life and adherence, albeit somewhat 

inconsistent across domains, importantly add to the small body of literature examining 

quality of life outcomes following adherence interventions among pediatric illness 
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groups. Across studies of youth with chronic illness (e.g., asthma, diabetes, cancer, 

juvenile rheumatoid arthritis, cystic fibrosis) quality of life is infrequently measured as a 

primary outcome. Yet, when quality of life is included as a primary or secondary 

outcome measure, interventions have variable effects on quality of life. When quality of 

life improvement is identified, effect sizes tend to be small to medium at post-

intervention and follow-up (Anderson, Allen, & Bonner, Under Review). These data 

suggest that interventions that promote adherence- and illness self-management can 

improve quality of life and positively impact children and adolescents subjective well-

being, as preliminary results also demonstrated in the current study. 

There are several factors that may contribute to improvements in quality of life 

following adherence interventions among youth with chronic illness. For example, 

interventions that enhance disease parameters may also have both a direct and indirect 

influence on quality of life by lessening activity restrictions (Joseph et al., 2007; McGhan 

et al., 2003) or relieving illness-related impact (e.g., on functional severity, activity 

restriction, symptom severity and pain) and worry (Channon et al., 2007; Grey et al., 

1998; Lawson, Cohen, Richardson, Orrbine, & Pham, 2005). In addition, several 

intervention targets include coping skills and problem-solving abilities among youth 

(Bartholomew et al., 1997; Grey et al., 1998; Seid et al., 2011). As a result, increased 

feelings of self-efficacy and ability to manage illness independently could lead to 
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improved feelings of overall competency to manage their disease as well as overall well-

being. Furthermore, improved coping and associated reductions in affective (i.e., 

depressive, anxiety) symptoms could enhance functional outcomes. For youth, 

interventions that promote adaptive coping by targeting adherence behaviors seem to 

also enhance more global psychosocial functioning across social and emotional domains.  

Additional intervention targets across pediatric populations include family-

based coping in order to promote adherence and health management behaviors. 

Younger children tend to have better outcomes when adherence responsibilities are 

shared [e.g., SCD (Treadwell et al., 2005)], while adolescents may desire increased 

independence and autonomy in illness self-management. Thus, interventions targeting 

family-based strategies [e.g., problem-solving for caregivers with limited resources to 

refill prescription (Riekert, Borrelli, Bilderback, & Rand, 2011); peer social support 

among adolescents (Lozano et al., 2004; Rhee, Belyea, Hunt, & Brasch, 2011) may have 

facilitated quality of life. Indeed, parental responsiveness has been linked to higher 

quality of life among children (Botello-Harbaum, Nansel, Haynie, Iannotti, & 

Simons‐Morton, 2008), suggesting that parents’ ability to flexibly and sensitively 

respond to their child’s treatment needs may further increase quality of life. As 

demonstrated in the current study, caregiver functioning, emotional resources, and 

quality of life are importantly related to their child’s adherence and illness management. 
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Despite these positive findings, it is important to highlight that there is not a 

direct correspondence between improved adherence and enhanced quality of life across 

interventions with chronically ill youth, nor were all quality of life domains universally 

impacted by improved adherence in the current study. As has been discussed in the 

literature (Varni et al., 2000) and demonstrated in the current studies described above, 

the relationship between strict adherence and quality of life is complex. Indeed, perfect 

adherence requires considerable organization, time, effort, and coordination. This has 

the potential to negatively impact quality of life, even in the context of improved health 

(Varni et al., 2000). Several non-intervention studies of adherence also highlight this 

complex relationship between adherence and quality of life. For example, among youth 

with inflammatory bowel disease, non-adherence has been linked to poorer physical 

functioning, while greater adherence to medication regimens has been linked to poorer 

social quality of life due to missed activities and restrictions (Hommel, Davis, & 

Baldassano, 2008). Among children with diabetes, increased monitoring required for 

improved adherence and glycemic control is hypothesized to partially explain increased 

impact on quality of life scores (i.e., higher negative impact on QOL) among youth 

(Nansel et al., 2007). In this regard, it is imperative to measure the impact of 

interventions on the child and family’s subjective well-being. Furthermore, quality of life 

should be considered when developing treatment plans and identifying barriers to 
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adherence with youth and families. For example, collaboration with youth may be 

helpful to determine when they may be vulnerable to illness mismanagement due to 

preference for competing activities. 

A number of intervention studies with chronically ill youth that examine quality 

of life as an outcome measure do not indicate statistically significant improvement in 

quality of life; however it is important to note that there was also no statistically 

significant decline (Bartholomew et al., 1997; Kato, Cole, Bradlyn, & Pollock, 2008). This 

underscores that while improving adherence for chronically-ill populations may not 

always lead to higher levels of subjective well-being, it also does not negatively impact 

child and parent-reported quality of life. This is important to consider in the context of 

the burden of treatment regimens for youth. In particular, families and children are 

likely eager to learn when a more strictly adherent lifestyle will not lead to increased 

activity restriction, disease-related worry, or declines in physical functioning.  

While the number of intervention studies that measure quality of life continues 

to grow, there continues to be a need for additional research in order to clarify the 

complex relationship between improved adherence and quality of life among pediatric 

populations. Indeed, this was the first known adherence-related intervention study to 

examine quality of life in pediatric SCD. Within the current extant literature, 

approximately 80% of intervention studies that include a quality of life outcome 
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measure (Anderson, Allen, & Bonner, Under Review) focus on either pediatric asthma or 

diabetes. While several intervention studies exist across additional patient groups, very 

few examine quality of life. This limited reporting of quality of life outcomes indicates 

that additional empirical research is needed to better characterize this relationship 

across pediatric chronic illness populations, and particularly among pediatric SCD.  

8.5 Limitations 

Despite notable strengths of the current study, there are also several limitations 

worth discussing. First, the current pilot intervention study is limited by the lack of a 

control or comparison group. While a waitlist control group would typically be a well-

suited comparison group for a clinical sample such as pediatric SCD, there are several 

considerations that limited the feasibility of inclusion of a comparison group at this 

stage of intervention development. There is considerable discussion in the adherence 

literature regarding methodological issues related to adherence measurement, 

intervention, and assessment of impact on outcomes (Quittner et al., 2000; Rapoff, 2010). 

Relevant to the current study include adherence assessment, reactivity to monitoring, 

and the time necessary for valid measurement of functional impact of adherence 

changes. In the context of a waitlist control or comparison group, participants could be 

assessed using self- and parent-report measures of adherence; however, reliable 

estimates are difficult to obtain given that self-reported adherence tends to be 
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overestimated and number of missed doses tends to be underestimated (Rapoff, 2010). 

Furthermore, self- or parent-reported estimates may be influenced by social desirability 

(Rapoff, 2010), also limiting the reliability and validity of measurement (Brandow & 

Panepinto, 2011). Indeed, given these considerations and limitations, multiple 

measurement strategies are typically desirable and/or recommended (Loiselle et al., 

2015; Rapoff, 2010; Thornburg, Calatroni, et al., 2010) and were adopted for the current 

study (i.e., tracking via the application, pharmacy refill rates, medical record review).  

An alternative comparison group might have included more extensive self-

monitoring for adherence behaviors to ensure a more reliable and valid estimate of 

adherence; however, such self-monitoring would itself be considered an active 

intervention given that this type of monitoring may prompt behavior change and 

reactivity in the patient (Rapoff, 2010). Thus, consenting families for an adherence 

intervention waitlist that involves extensive adherence tracking may indeed prompt 

improved adherence behavior, significantly limiting the ability to measure the impact of 

the ITP as compared to standard or routine care.  

Additionally, the impact of improved adherence may take several months for 

effects to become apparent for medication utilized in pediatric SCD, including iron 

chelators and HU. Thus, children would need to be enrolled in a waitlist group for a 

significant period of time (e.g., ≥3 months) for accurate estimates of hematologic values 
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to be obtained for comparison, limiting the feasibility of a waitlist control group to 

determine clinical impact on hematologic values. It is noteworthy that existing 

adherence interventions for this group have utilized either no comparison group (Creary 

et al., 2014) or collected retrospective data from each participant’s medical record to 

serve as comparison data (Estepp et al., 2014). Given these considerations, an open trial 

was adopted for the current pilot study. The limitations incurred given the lack of 

randomized control group are notable; thus, with preliminary feasibility observed in the 

current pilot study, future planned studies will evaluate this intervention with 

randomization. 

Secondly, the current study was limited by a small sample size. It is notable, 

however, that comparable interventions with youth with SCD (Estrepp et al., 2014; 

Creary et al., 2014) have been similar or smaller in sample size. In addition, only a small 

number of Phase II participants were able to complete a post-study assessment within 

the allotted intervention time period (± two weeks of 90-day assessment time point). 

However, this further speaks to the issue of adherence, especially among individuals 

with a complex chronic illness such as SCD. Many participants in the current sample, 

when contacted for rescheduling study visits or gaps in app usage, pointed to additional 

family and/or competing demands (e.g., sibling hospitalization, caregiver employment 

conflict) or urgent illness-related concerns (e.g., pain crisis, hospitalization) that limited 
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usage of the app or attendance at appointments. Related to this concern, the current 

study did not include a standardized measure of barriers to adherence. Despite 

anecdotal and qualitative data collected regarding caregiver and patient-reported 

barriers, standardized measurement of these barriers to adherence would clarify how 

barriers to adherence impact completion of the intervention and associated outcomes. 

This will be beneficial both for future empirical analyses and clinical implementation in 

order to gain specific understanding of how barriers to adherence influence treatment 

compliance. This can facilitate tailoring of interventions to address patient-specific 

barriers.  

8.6 Future Directions 

The results of this study add to the growing evidence that mobile health 

technology can be feasibly utilized for patient engagement in health management. Long-

term research goals include further refining and tailoring the intervention based on 

patient feedback and technological barriers as well as dissemination to improve 

adherence and quality of life for children with SCD.  

Indeed, the ITP application has potential for more widespread application and 

dissemination both within SCD as well as within pediatric chronic illness more 

generally. Within SCD, the ITP can be utilized with additional daily treatment regimens 

(e.g., pain medication, caregiver monitoring of penicillin). In addition, with recent 
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management guidelines recommending increased use of HU in pediatric SCD (Yawn et 

al., 2014), this intervention may be beneficial if implemented as children initiate a 

regimen of HU, not just those who exhibit ongoing difficulties with adherence. Given 

the mobile platform of the intervention, the ITP can also be easily adapted for broader 

use by other Comprehensive Sickle Cell Centers, hematology clinics, and pediatric 

practices. More broadly, the ITP could easily be adapted for use in additional patient 

populations who demonstrate difficulties adhering to acute or chronic medication 

management regimens. Indeed, avenues for adaptation and dissemination are worth 

exploring given the well-documented barriers to adherence across pediatric chronic 

illness groups (Rapoff, 2010). 

Finally, as technology advances and mobile health applications evolve for 

pediatric SCD, the ITP may be an appropriate and beneficial adjunct within a broader 

mobile health application. Specifically, we intend to integrate the ITP as a feature of a 

broader SCD-based mobile application for disease management. For instance, a single 

comprehensive application might include several featured sections, including symptom 

monitoring, communication with providers, tracking health progress, managing 

medication use, acute or inpatient care monitoring, and the ITP. In this 

conceptualization, the ITP would be a time-limited intervention to improve compliance 

in the context of a broader application used for daily disease management. Optimally, 
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mobile health technology will continue to evolve for use within pediatric and adult care 

for individuals with SCD, thereby enhancing quality of care and functional outcomes for 

this patient group. 

8.6 Summary 

The preliminary findings from this pilot study as well as the findings from Study 

1 add to the small body of evidence examining the complex relationship between 

adherence and quality of life among children with SCD. In addition, this is the first 

known adherence-related intervention to measure quality of life as a primary outcome 

in pediatric SCD. Across both studies, children with poor adherence were consistently 

reporting levels of quality of life in the clinically-impaired ranges. Youth who were 

adherent generally exhibited quality of life that was significantly higher than their non-

adherent peers and, although less consistent, that was at or above the clinical cutoff 

(indicating better functioning). Despite these trends, there was variation in the 

relationship between adherence and child self-reported quality of life. In addition, 

family-level factors were shown to be critically related to the child’s adherence 

behaviors. Most notably, caregiver quality of life, emotional resources, and level of 

parenting burden were worse among youth who were struggling with adherence.  

These findings highlight the individual- and family-level complexities that 

influence health management when caring for a child with chronic illness and provide a 
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promising avenue for intervention utilizing mobile health technology. Indeed, children 

with SCD and their families face a number of biological and psychosocial barriers to 

adherence and, more broadly, represent a clinically underserved population for which 

there are few effective interventions. This line of research will be useful to continue in 

order to further clarify the long-term impact of the ITP on health, quality of life, and 

economic outcomes (e.g., health care utilization costs) as well as to better understand for 

whom this intervention is best suited. Ultimately, these research and clinical initiatives 

can facilitate patient-centered interventions and care that will promote both the health 

and well-being of youth with SCD.  
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Appendix A  

Phase I: Iron Chelation 

Technical feasibility:  

 Parent/Caregiver Responses (n=8) 

Questions: “How often…” Never/Rarely Sometimes Often/Always 

Did your child have problems with 

the device itself? 

  5 (62%) 1 (12.5%) 2 (25%) 

Did your child have problems 

accessing the application 

6 (75%) -- 2 (25%) 

Did the application work every 

time your child tried it? 

1 (12.5%) 1 (12.5%) 6 (75%) 

 

 Child Responses (n=10) 

Questions: “How often…” Never/Rarely Sometimes Often/Always 

Did you have problems with the 

device itself? 

8 (80%) 1 (10%) 1 (10%) 

Did you have problems accessing 

the application 

7 (70%) 1 (10%) 2 (20%) 

Did the application work every 

time your tried it? 

1 (10%) 2 (20%) 7 (70%) 
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Ease of use:  

 Parent/Caregiver Responses (n=8) 

Questions: “How easy or hard 

was it for your child to…” 

Very/Some

what Easy 

Neither Easy 

nor Hard 

Somewhat/

Very Hard 

N/A 

Use the application 6 (75%) -- 1 (12.5%) 1 (12.5%) 

Turn on and log into the app 7 (87.5%) 1 (12.5%) -- -- 

Start the application 7 (87.5%) -- -- 1 (12.5%) 

Use the application to track 

medication using a “selfie” 

7 (87.5%) -- -- 1 (12.5%) 

Uploading “selfie” videos to 

send to your provider 

5 (62.5%) -- 1 (12.5%) 2 (25%) 

Access educational materials 5 (62.5%) -- 1 (12.5%) 2 (25%) 

Get feedback from your provider 2 (25%) 2 (25%) -- 4 (50%) 

 

 Child Responses (n=10) 

Questions: “How easy or hard 

was it for you to…” 

Very/Some

what Easy 

Neither Easy 

nor Hard 

Somewhat/

Very Hard 

N/A 

Use the application 10 (100%) -- -- -- 

Turn on and log into the app 9 (90%) 1 (10%) -- -- 

Start the application 10 (100%) -- -- -- 

Use the application to track 

medication using a “selfie” 

10 (100%) -- -- -- 

Uploading “selfie” videos to 

send to your provider 

9 (90%) -- -- 1 (10%) 

Access educational materials 7 (70%) 1 (10%) -- 2 (20%) 

Get feedback from your provider 4 (40%) 2 (20%) -- 4 (40%) 
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Satisfaction: 

 Parent/Caregiver Responses (n=8) 

Questions: “How often did/was 

it…” 

Never/ 

Rarely 

Sometimes Often/ 

Always 

N/A 

Practical to use the app -- 2 (25%) 6 (75%) -- 

Your child remember to use the 

app to track 

-- 3 (37.5%) 5 (62.5%) -- 

You help your child remember to 

use the app 

3 (37.5%) 2 (25%) 3 (37.5%) -- 

Your child experience frustration 6 (75%) 2 (25%) -- -- 

Your child feel bored 6 (75%) 2 (25%) -- -- 

Your child enjoy using the app -- 3 (37.5%) 4 (50%) 1 (12.5%) 

Were you satisfied with your 

child’s participation in the study 

-- -- 8 (100%) -- 

 

 Child Responses (n=10) 

Questions: “How often did/was 

it…” 

Never/ 

Rarely 

Sometimes Often/ 

Always 

N/A 

Practical to use the app 4 (40%) 3 (30%) 3 (30%) -- 

You remember to use the app to 

track 

2 (20%) 1 (10%) 7 (70%) -- 

An adult help you remember to 

use the app 

4 (40%) 3 (30%) 3 (30%) -- 

You experience frustration 6 (60%) 4 (40%) -- -- 

You feel bored 5 (50%) 2 (20%) 3 (30%) -- 

You enjoy using the app 3 (30%) 5 (50%) 2 (20%) -- 

Were you satisfied with your 

participation in the study 

3 (30%) -- 7 (70%) -- 
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Acceptability:  

 Parent/Caregiver Responses (n=8) 

How strongly do you disagree 

or agree with the following 

statements: 

Strongly/Some 

what Disagree 

Neutral Somewhat/ 

Strongly Agree 

The app helped my child 

remember to take his/her 

medication everyday 

-- 1 (12.5%) 7 (87.5%) 

My child remembers to take 

his/her medication more when 

using the app 

1 (12.5%) -- 7 (87.5%) 

Using the app to track gets in the 

way of my child’s day 

6 (75%) 1 (12.5%) 1 (12.5%) 

It was hard to find time to 

incorporate using the app into 

my child’s life 

6 (75%) -- 2 (25%) 

It would be helpful for my child 

to keep using the app 

-- 1 (12.5%) 7 (87.5%) 

 

 Child Responses (n=10) 

How strongly do you disagree 

or agree with the following 

statements: 

Strongly/Some 

what Disagree 

Neutral Somewhat/ 

Strongly Agree 

The app helped me remember to 

take my medication everyday 

3 (30%) 1 (10%) 6 (60%) 

I remember to take my 

medication more when using the 

app 

2 (20%) 1 (10%) 7 (70%) 

Using the app to track gets in the 

way of my day 

8 (80%) 1 (10%) 1 (10%) 

It was hard to find time to 

incorporate using the app into 

my life 

8 (80%) 1 (10%) 1 (10%) 

It would be helpful for to keep 

using the app 

1 (10%) 2 (20%) 7 (70%) 
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Appendix B 

Phase II: Hydroxyurea 

Technical feasibility:  

 Parent/Caregiver Responses (n=12) 

Questions: “How often…” Never/Rarely Sometimes Often/Always 

Did your child have problems with 

the device itself? 

7 (58.3%) 1 (8.3%) 4 (33.3%) 

Did your child have problems 

accessing the application 

7 (58.3%) 1 (8.3%) 4 (33.3%) 

Did the application work every 

time your child tried it? 

2 (20%) 3 (25%) 7 (58.3%) 

 

 Child Responses (n=15) 

Questions: “How often…” Never/Rarely Sometimes Often/Always 

Did you have problems with the 

device itself? 

10 (66.7%) 3 (20%) 2 (13.3%) 

Did you have problems accessing 

the application 

11 (73.3%) 2 (13.3%) 2 (13.3%) 

Did the application work every 

time your tried it? 

2 (13.3%) 4 (26.7%) 9 (60%) 
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Ease of use:  

 Parent/Caregiver Responses (n=12) 

Questions: “How easy or hard 

was it for your child to…” 

Very/Some 

what Easy 

Neither Easy 

nor Hard 

Somewhat/ 

Very Hard 

N/A 

Use the application 9 (75%) 2 (16.7%) 1 (8.3%) -- 

Turn on and log into the app 9 (75%) 1 (8.3%) 2 (16.7%) -- 

Start the application 9 (75%) 1 (8.3%) 2 (16.7%) -- 

Use the application to track 

medication using a “selfie” 

9 (75%) 1 (8.3%) 1 (8.3%) 1 (8.3%) 

Uploading “selfie” videos to 

send to your provider 

9 (75%) 1 (8.3%) 1 (8.3%) 1 (8.3%) 

Access educational materials 6 (50%) 3 (25%) 2 (16.7%) 1 (8.3%) 

Get feedback from your provider 6 (50%) 3 (25%) 1 (8.3%) 2 (16.7%) 

 

 Child Responses (n=15) 

Questions: “How easy or hard 

was it for you to…” 

Very/Some 

what Easy 

Neither Easy 

nor Hard 

Somewhat/ 

Very Hard 

N/A 

Use the application 12 (80%) 2 (13.3%) 1 (6.7%) -- 

Turn on and log into the app 11 (73.3%) 2 (13.3%) 2 (13.3%) -- 

Start the application 13 (86.7%) 0 (0%) 2 (13.3%) -- 

Use the application to track 

medication using a “selfie” 

13 (86.7%) 1 (6.7%) 0 (0%) 1 (6.7%) 

Uploading “selfie” videos to 

send to your provider 

11 (73.3%) 1 (6.7%) 2 (13.3%) 1 (6.7%) 

Access educational materials 10 (66.7%) 5 (33.3%) 0 (0%) -- 

Get feedback from your provider 8 (53.3%) 3 (20%) 2 (13.3%) 2 (13.3%) 
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Satisfaction: 

 Parent/Caregiver Responses (n=12) 

Questions: “How often did/was 

it…” 

Never/ 

Rarely 

Sometimes Often/ 

Always 

N/A 

Practical to use the app 1 (8.3%) 4 (33.3%) 6 (50%) 1 (8.3%) 

Your child remember to use the 

app to track 

2 (16.7%) 5 (41.7%) 5 (41.7%) -- 

You help your child remember to 

use the app 

3 (25%) 2 (16.7%) 7 (58.3%) -- 

Your child experience pain 9 (75)% 2 (16.7%) 1 (8.3%) -- 

Your child experience frustration 8 (66.7%) 2 (16.7%) 2 (16.7%) -- 

Your child feel bored 11 (91.7%) 1 (8.3%) 0 (0%) -- 

Your child enjoy using the app 1 (8.3%) 2 (16.7%) 9 (75%) -- 

Were you satisfied with your 

child’s participation in the study 

2 (16.7%) 3 (25%) 7 (58.3%) -- 

 

 Child Responses (n=15) 

Questions: “How often did/was 

it…” 

Never/ 

Rarely 

Sometimes Often/ 

Always 

N/A 

Practical to use the app 5 (33.3%) 3 (20%) 7 (46.7%) -- 

You remember to use the app to 

track 

3 (20%) 6 (40%) 6 (40%) -- 

An adult help you remember to 

use the app 

5 (33.3%) 3 (20%) 7 (46.7%) -- 

You experience pain 15 (100%) 0 (0%) 0 (0%) -- 

You experience frustration 13 (86.7%) 1 (6.7%) 1 (6.7%) -- 

You feel bored 9 (60%) 4 (26.7%) 2 (13.3%) -- 

You enjoy using the app 8 (53.3%) 3 (20%) 4 (26.7%) -- 

Were you satisfied with your 

participation in the study 

1 (6.7%) 3 (20%) 11 (73.3%) -- 
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Acceptability:  

 Parent/Caregiver Responses (n=12) 

How strongly do you disagree 

or agree with the following 

statements: 

Strongly/Some

what Disagree 

Neutral Somewhat/ 

Strongly Agree 

The app helped my child 

remember to take his/her 

medication everyday 

3 (25%) 4 (33.3%) 5 (41.7%) 

My child remembers to take 

his/her medication more when 

using the app 

2 (16.7%) 4 (33.3%) 6 (50%) 

Using the app to track gets in the 

way of my child’s day 

11 (91.7%) 1 (8.3%) 0 (0%) 

It was hard to find time to 

incorporate using the app into 

my child’s life 

9 (75%) 2 (16.7%) 1 (8.3%) 

It would be helpful for my child 

to keep using the app 

0 (0%) 4 (33.3%) 8 (66.7%) 

 

 Child Responses (n=15) 

How strongly do you disagree 

or agree with the following 

statements: 

Strongly/Some

what Disagree 

Neutral Somewhat/ 

Strongly Agree 

The app helped me remember to 

take my medication everyday 

3 (20%) 5 (33.3%) 7 (46.7%) 

I remember to take my 

medication more when using the 

app 

5 (33.3%) 2 (15.4%) 8 (53.3%) 

Using the app to track gets in the 

way of my day 

8 (53.3%) 6 (40%) 1 (6.7%) 

It was hard to find time to 

incorporate using the app into 

my life 

9 (60%) 4 (26.7%) 2 (13.3%) 

It would be helpful for to keep 

using the app 

4 (26.7%) 0 (0%) 11 (73.3%) 
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Appendix C 

Table 14: Child Baseline Correlations 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1. App --            

2. Baseline MPR  .26+ --           

3. Hosp. -.11 -.00 --          

4. Med Events  -.03 -.16 .44** --         

5. Hemoglobin  .02 .22 .04 .13 --        

6. Age -.56*** -.51** .09 -.09 .03 --       

7. SCD Fx -.13 .34* -.1 -.5** .17 -.01 --      

8. HRQL -.43* -.04 -.05 -.37* .12 .3+ .67** --     

9. Pain Impact  -.12 .58** -.02 -.28 .36* -.2 .75** .41* --    

10. Treatment Fx .03 .2 -.01 -.18 .41* -.07 .58** .5** .46** --   

11. Self-Efficacy -.02 .17 -.46** -.21 .2 .-4 .38* .4* .17 .2 --  

12. Executive Fx -.13 -.38* -.09 -.2 -.29 .46* -.02 -.08 .02 -.0 -.19 -- 

13. Fatigue -.25+ .13 -.21 -.22 .29+ -.04 .56** .67** .36* .59** .58** -.3+ 

Pearson r correlations ***p<.001; **p<.01; *p<.05; +p<.10, trend 

Fx. = Functioning; Hosp.= Hospitalizations; HRQL: Total health-related quality of life; MPR = 

Medication possession ratio; SCD = Sickle cell disease 
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Table 15: Parent Baseline Correlations 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 

1. App --             

2. Baseline MPR  .26+ --            

3. Hosp. -.11 -.05 --           

4. Med Events  -.03 -.13 .45** --          

5. Hemoglobin  .02 .2 .04 .16 --         

6. SCD Fx .02 .3+ -.23 -.2 .39* --        

7. HRQL -.27+ .04 -.18 -.21 .14 .82** --       

8. Pain Impact  -.2 .3+ -.2 -.2 .39* .91*** .86** --      

9. Treatment Fx .18 .47* -.07 -.13 .5** .88** .6** ,69** --     

10. Parent HRQL .22 .19 -.05 .04 .16 .64** .48** .45* .59** --    

11. Fam. Impact .13 .3 -.15 -.06 .4* .76** .59** .67** .73** .97** --   

12. Med. Care  -.18 -.28 .26+ .19 -.29 -.64** -.51** -.5** -.64** -.64** -.74** --  

13. Role Fx .04 -.15 .18 .17 -.14 -.67** -.63** -.57** -.58** -.68** -.74** .81** -- 

14. Emot. Res .05 .08 -.08 .22 -.12 -.06 -.04 -.17 -.01 .13 .16 -.17 -.16 

Pearson r correlations ***p<.001; **p<.01; *p<.05; +p<.10, trend 

Fx. = Functioning; Hosp.= Hospitalizations; HRQL: Total health-related quality of life; MPR = Medication 

possession ratio; SCD = Sickle cell disease 
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Appendix D 

Table 16: Child Outcome Correlations 

 1. 2. 3. 4. 5. 6. 7. 8. 9 10. 11. 

1. App --           

2. Post MPR  .16 --          

3. Hemoglobin .02 -.15 --         

4. SCD Fx  .43+ -.04 .37+ --        

5. HRQL  .08 -.05 .27 .52* --       

6. Pain Impact .39+ .19 .42+ .88** .49* --      

7. Treatment  .41+ -.18 .34 .72** .49* .43+ --     

8. Self-Efficacy -.24 -.02 .34 .32 .38 .29 -.1 --    

9. Behavioral Reg -.39+ -.09 -.57* -.29 -.17 -.27 -.60* .29 --   

10. Metacognition -.42+ -.02 -.24 -..04 -.18 .00 -.48* .50* .84** --  

11. Executive Fx -.41+ -.04 -.38 -.13 -.18 -.10 -.53* .43+ .94** .97** -- 

12. Fatigue  .46+ -.21 .15 .59** .45+ .35 .82** -.17 -.59* -.60* -.61* 

Pearson r correlations ***p<.001; **p<.01; *p<.05; +p<.10, trend;  

MPR = Medication Possession Ratio Fx. = Functioning 
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Table 17: Parent Outcome Correlations 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1. App --            

2. Post MPR  .16 --           

3. Hemoglobin .02 -.14 --          

4. SCD Fx .15 .23 .5* --         

5. HRQL  .25 .39 .26 .94** --        

6. Pain Impact -.04 .09 .49* .95** .89** --       

7. Treatment .49+ .62* .23 .85** .88** .69** --      

8. Parent HRQL .40+ .39 .46+ .71** .71** .61* .72** --     

9. Fam. Impact .39 .46+ .48* .79** .78** .68** .80** .99** --    

10. Med. Care  -.19 -.22 -.62* -.73** -.63* -.64** -.66* -.91** -.9** --   

11. Role Fx -.09 -.13 -.64* -.85** -.77** -.82** -.69** -.81** -.83** .84** --  

12. Emot. Res .12 .31 .26 .52* .43 .39 .54* .34 .43+ -.41+ -.24 -- 

13. Fatigue  .26 .37 .29 .89** ,93** .85** .81** .85** .89** -.74** -.82** .42+ 

Pearson r correlations ***p<.001; **p<.01; *p<.05; +p<.10, trend; 

MPR = Medication Possession Ratio Fx. = Functioning  
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