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ABSTRACT 

 
The aim of the PhD thesis was to investigate and identify the key potentially modifiable 

factors associated with treatment non-adherence in paediatric GHD and use this information 

to design and develop a novel adherence-focussed intervention.  The purpose of this 

intervention was to help HCPs to better support children with growth hormone deficiencies 

and their families within routine clinical practice in order to engage and improve their 

adherence levels, gain the optimal clinical benefits from their prescribed treatment and self-

manage their long-term condition more effectively. 

 

A systematic review of adherence factors was initially conducted to explore the existing 

literature and identify the range of potentially modifiable factors found to be associated with 

non-adherence to rhGH treatment amongst paediatric GHD.  Six studies were included in 

the review.  The prevalence of non-adherence in the included studies varied from 7-71%. 

Key barriers associated with non-adherence included: the lack of knowledge and 

understanding of the condition and treatment, the discomfort and pain associated with 

injections, treatment interference issues, i.e. overnight sleepovers or travel activities and the 

quality of the HCP-patient relationship.  

 

Secondly, a narrative review was undertaken to explore the existing interventional strategies 

that had been designed and developed to address and improve adherence to rhGH 

treatment for paediatric GH-deficient patients and their families.  A total of fifteen 

interventional studies were included in the review and these were divided into two broad 

categories: novel injection devices and patient choice of device.  Overall, the review 

revealed a lack of evidence-based, theory-driven intervention strategies, designed with the 
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or human growth hormone, is a single-chain polypeptide hormone, consisting of 191-amino 

acids11-12.  The release of GH from the somatotroph cells of the anterior pituitary gland 

occurs in a circadian pulsatile pattern, with peak serum concentrations during deep sleep;  

during this process, GH induces the secretion of a small protein hormone, Insulin-like 

Growth Factor-1 (IGF-1) from the liver1,3,11,13.  The principal actions of GH, together with 

concentrations of the GH-dependent hormone IGF-1, are to exert a stimulatory, growth-

promoting effect on muscles, bones, cartilage, organs and other peripheral tissues during 

maturation, whilst also stimulating a regulatory effect on protein, lipid and carbohydrate 

metabolism (see Figure 1.1)1,8,11,14-15.  The secretion of GH typically reaches a maximal level 

during adolescence and then declines with age16-17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1  The role of Growth Hormone (adapted)1 
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tumours (i.e. glioma, pituitary adenoma, craniopharyngioma or germinoma); the result of 

cranial irradiation given as a treatment for different types of cancer, such as radiotherapy; 

severe head injury, trauma and/or head surgery; or metabolic disorders (i.e. 

hemochromatosis)38.   

 

The clinical presentation of GHD is variable and individualised, typically dependent on the 

degree and severity of the hormonal deficit39.  Intrauterine growth is not affected by GHD, at 

least to an extent measurable by birth weight or length.  The primary clinical manifestation of 

GHD is that the growth rate of the child will begin to progressively decline or plateau, 

gradually deviating from the normal growth curve.  This is usually perceptible in infancy from 

the age of 2 to 3 years16,25,27,39-40. 

 

Although the growth rate of children with GHD is not aligned with their chronological age, 

their bodies develop in a normal skeletal proportion.  Children with GHD, however, are likely 

to present with a delayed skeletal maturation (bone age), in addition to under-developed 

lean muscle mass, a relative increase in abdominal and visceral fat mass and impaired 

cardiac function41-44.  Due to their undeveloped growth, they will also typically present with 

immature, doll-like facial features due to mid-facial hypoplasia; small hands and feet; 

undersized head circumferences, under-formed nasal bridges, frontal bossing and a delayed 

closure of the sutures of the skull, although intellect is unaffected36,44.  Additionally, children 

may also experience delayed dentition; sparse and thin hair; poor nail growth and 

underdeveloped vocal cords36,44.  Due to the deficiency, there is also a high susceptibility for 

pre-adolescents to experience a delay in, or complete absence of pubertal development, in 

which the physical signs of puberty, such as facial/body hair growth or genitalia/breast 

enlargement, do not present within the expected age range7,36,44. 
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is equally bio-potent and consists of the same molecular sequence structure to that of 

pituitary-derived human GH76-77.  Established as an effective and safe treatment with a 

favourable overall profile78-80, the rhGH treatment was initially reserved only for the most 

severe cases of childhood GHD, due to the scarce supplies.   With the continued 

developments of rhGH however, unrestricted quantities of the biosynthetic treatment 

became available, allowing for an ever-increasing list of indications of rhGH treatment77.  

The prescription of rhGH has been now been approved and licensed by the European 

Medicines Agency in Europe and the Food and Drug Administration in the United States of 

America to treat several growth-related indications, which include Growth Hormone 

Deficiency (GHD), Turner Syndrome (TS) Small for Gestational Age (SGA) with failure to 

catch up, Russell Silver Syndrome (RSS), Prader-Willi Syndrome (PWS) Short stature 

HomeobOX-containing gene (SHOX) deficiency, Idiopathic Short Stature (ISS) and Chronic 

Renal Insufficiency (CRI) and Noonan Syndrome (NS)16,36,71,81,82.  

 

Currently, there are seven pharmacologic preparations of rhGH treatment available in the 

UK:  Pfizer [Genotropin], Eli Lilly [Humatrope], NovoNordisk [Norditropin], Ipsen 

[NutropinAq], Sandoz [Omnitrope], Merck Serono [Saizen] and Ferring [Zomacton] (see 

Table 1.1)16,81.  According to the National Institute for Health and Care Excellence (NICE) 

2010 guidelines, although the concentration (mg/mL), injection volume (mL), acquisition cost 

and delivery device may differ between manufacturers, there is no evidence of advantage of 

one rhGH product over another, in terms of clinical efficacy and/or the side effect profile16.   

 

The first commercially-available preparations of rhGH were administered using conventional 

needles and syringe systems.  In recent years however, there has been a considerable 

technological progress in the development of devices (see Table 1.2), with the main purpose 

being to simplify the administration process and improve safety and tolerability83-85.  Novel  
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treatment for patients with GHD, reporting a low frequency of side effects39,76,119-123.  Despite 

this, potential adverse events of this growth-promoting agent are still possible and therefore 

the careful supervision of the patient throughout the treatment pathway is of utmost 

importance.  According to the BNF edition 80, common (greater than 1 in 10) or very 

common (1 in 100 to 1 in 10) side effects of the treatment can include the experience of 

headaches due to intracranial pressure (2-4%) and pain or bruising at injection site 

especially in the first few months of treatment, or lipoatrophy; uncommon (1 in 1000 to 1 in 

100) risks within the first few months of receiving rhGH, include visual problems, nausea and 

vomiting, fluid retention or oedema (due to the effects on water and sodium balance), or 

idiopathic intracranial hypertension, myalgia or arthralgia, carpal tunnel syndrome, 

paraesthesia or gynaecomastia; more significant, but rare (1 in 10,000 to 1 in 1000) or very 

rare (less than 1 in 10,000) adverse effects include hyperglycaemia, hyperinsulinism, 

hypothyroidism, osteonecrosis of femur, pancreatitis and slipped capital femoral epiphysis, 

although the inherent risk of these potential complications is relatively small70,81,119,123-125.  

The use of rhGH has also been implicated as a possible risk factor for childhood leukaemia, 

although this association remains inconclusive126-127. 

 

1.4.3 Management of rhGH Treatment  

Throughout the duration of treatment, children are routinely supervised and reviewed with 

their parents/caregivers by the HCP (paediatric endocrinologist and/or paediatric clinical 

nurse specialist) via their consultation appointment.  This is to monitor linear and growth 

height velocity, weight, serum IGF-1 levels, pubertal progression and any evident adverse 

effects.  Appropriate evaluation intervals for the patient and their family usually occur every 

three months during the first year and then every three to six months when the treatment is 

more stabilised.  
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1.5 Adherence to treatment 

The appropriate daily use of prescribed rhGH treatment by the patient and their family 

throughout the treatment pathway is imperative to the effective self-management of GHD 

and is an essential requirement for achieving optimum clinical health outcomes133,136.  

Although the therapeutic benefits of long-term rhGH treatment for GHD patients are well 

known, evidence has shown that the mean final height outcomes of children with growth 

hormone deficiencies are still below that of the general population and that final height 

outcomes remain in the lower part of the normal range39,118,137-138.  While there are a number 

of possible reasons for this, for example, late or inaccurate diagnosis, or incorrect dose of 

rhGH etc., sub-optimal outcomes have been primarily attributed to treatment non-

adherence88,139-141.   This will be addressed within the following chapter.
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Figure 2.1  Phases of adherence to treatment (adapted)150 

 

It is important for both researchers and HCPs to be able to accurately measure adherence 

among patients with GHD, throughout their treatment journey.   The inaccurate estimation of 

adherence can lead to several problems, which can be potentially dangerous and costly163.  

However, obtaining a single, valid and reliable measurement of adherence to treatment still 

remains a challenge for both HCPs and researchers.  While there are a number of existing 

measures available to assess adherence to rhGH treatment, to date there is presently no 

commonly accepted gold-standard measurement for assessing this complex health 

behaviour39,139,161,163.  Furthermore, there is very little guidance for HCPs and researchers to 

choose the most appropriate adherence measure. For these reasons, a multi-measure 

approach is often employed to provide the most reliable and accurate measure of treatment 

adherence39,134,163-164.   

 

Furthermore, with the use of such adherence measures, various cut-off thresholds have 

been documented across the literature to define adequate adherence to rhGH treatment for 

achieving full therapeutic outcomes (see Table 2.1).  Often, fixed rates of greater than 80%, 

85% or 95% have been assigned by authors as an acceptable level of adherence92,134,165-166, 
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measures are a generally a method of value, in particular, when they are used as an 

adjunctive measure. 

 

2.3.2. Objective measures 

Objective measures enable patient data to be measured and recorded over a period of time, 

providing a precise and quantitative description of behaviour.  These measures,  in contrast 

are not influenced by the recall or perspective of individuals to measure adherence and are 

therefore unaffected by some of the biases associated with subjective methods.  Objective 

methods include biomarker measurements such as IGF-I concentration levels, assessment 

of issued, renewed or redeemed rhGH prescriptions/vials/ampoules90,100,183; and electronic or 

digital monitoring devices160,168-171,184-186. 

 

The monitoring of serum IGF-1 concentrations has been also promoted as a means to not 

only guide rhGH dosing, but to also directly assess the levels of adherence56,61,64.   GH 

induces the production of IGF-I and therefore changes in the serum levels can provide a 

sensitive indication of poor or irregular adherence188.  This method can be conducted 

randomly or at specific intervals.  Although assessing the presence of a biological marker, 

such as IGF-1 concentrations, can provide precise measurements of the variation in the 

dose of rhGH treatment, it lacks viability in non-clinical settings.  These means are also 

considered to be a time-consuming process, which is costly, burdensome to the HCP and 

invasive for patients.  Furthermore, this method of adherence measurement is susceptible to 

distortion by the patient, as the hormonal data obtained can only reflect the recent rhGH 

administration (approximately one week prior to analysis), therefore, to determine an 

accurate indication of overall patient adherence is challenging189-190. 
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were influenced by a meld of contextual information, current symptoms and pre-existent 

beliefs235-238.   

 

According to the CSM, illness representations involved a dual response to the health threat: 

a cognitive and an emotional response. The activated systems proceeded in parallel, 

critically guiding the selection of specific behavioural coping strategies in response to the 

threat, for example, to administer or not to administer the daily prescribed rhGH treatment.  

The dual process of the selected coping mechanisms were continually appraised by the 

individual, in terms of their effectiveness, which subsequently informed behavioural 

refinements: for example, to either maintain the existing coping strategy or alternatively 

adopt a new one.  The dynamic self-regulation process continued until a state of perceived 

normality was restored.  For a summary diagram of the model, see Figure 2.2. 

 
 

 

 

 

 

 

 
 
 
 
Figure 2.2  The Common Sense Model of Self-Regulation235-236   
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emphasises the variability across different individuals, conditions and coping strategies.  

Findings from a study conducted by Horne & Weinman (2002) examined the relative 

explanatory roles of illness and treatment beliefs in reported adherence to asthma preventer 

medication180.  The study revealed, conversely, that illness perceptions, when examined 

individually were found to have both direct and indirect associations with adherence;  cyclical 

timeline beliefs were specifically identified as having a direct effect on adherence, whilst 

other perceptions, such as illness coherence, consequences and emotional representations 

were mediated by treatment beliefs and self-efficacy. 

 

Evidence therefore generally suggests that illness beliefs have a more distal effect on 

adherence and are, in fact, more likely to be mediated by other factors, such as treatment 

beliefs, which are stronger, more proximal predictors of adherence180,222,243.  

 

2.4.3.2 Necessity-Concern Framework  

According to Horne & Weinman (1999), just as individuals developed perceptions about their 

illness in response to a health threat, representations of their treatment also played a 

significant role in the self-regulatory process141,222,243.  The Necessity-Concerns Framework 

(NCF) was developed to explain the role of treatment beliefs in determining adherent 

behaviour243.  The NCF suggested that adherence is influenced by implicit, conscious beliefs 

about the prescribed treatment, based directly on a personal evaluation of their perceived 

need for the treatment to control, improve and/or maintain the condition (necessity beliefs) 

and concerns about the potential adverse consequences of the treatment, for example, the 

danger of side effects and the disruptive effects of treatment (see Figure 2.3)223,232,244.  

Empirical evidence showed the utility of the NCF as a conceptual model for understanding 

evaluations of prescribed treatments and predicting medication adherence across a wide 

range of chronic conditions, medications and study locations223,245-250.  As posited by the 
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Each of the three components can be further subdivided to capture important distinctions 

within the constructs (see Figure 2.4)257.  With regards to capability, psychological capability 

refers to the capacity or ability to understand and remember the rhGH treatment 

instructions/processes or plan the daily injection regime, while physical capability is 

concerned with level of physical skill or ability to execute the behaviour, for example, being 

able to use a device correctly to administer the treatment.  In terms of opportunity, physical 

opportunity is what is afforded by the environment to enable the behaviour, for example, the 

availability of time to administer the treatment on a day-to-day basis, access to the treatment 

resources or the characteristics of the treatment, such as the complexity of the regimen, 

while social opportunity centres around interpersonal influences, social cues and 

cultural/religious influences, which includes the quality of social support from friends or 

family and/or the endocrine clinical team.  With respect to motivation, reflective motivation 

represents deliberate processes, which consists of conscious beliefs about the capability to 

enact the treatment or the outcome expectancies and evaluations of the condition or 

treatment,  while automatic motivation includes innate dispositions, habitual processes, drive 

states and reflex reactions, in response to the condition or treatment, arising from past 

learning.  

 

This psychological framework of non-adherence provides an inclusive explanation to 

understanding medication adherence; the detailed specificity of each component and the 

interconnected relationship between them, provides a clear and comprehensive delineation 

of non-adherent behaviour, in the context in which it occurs207.  This can be used as an 

effective starting base in which to facilitate the design and development of intervention 

strategies, directly targeting the modifiable risk factors for non-adherence207,259.  This 

framework has been adopted across various health conditions,  such as heart failure, 

cardiovascular disease, gestational diabetes mellitus and chronic pain260-264,347-349, although 
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the application of the COM-B framework is a novel approach in which to address non-

adherence amongst paediatric GHD.   

 

The COM-B framework exists as the central hub of a larger integrated conceptual system of 

behaviour, known as the Behaviour Change Wheel (BCW) (see Figure 2.5)257,265.  

Developed by Michie et al (2011), with reference to previous and existing frameworks of 

behaviour257, the BCW is an advanced theoretical blueprint for understanding behaviour and 

the process of behaviour change.   Figure 2.5 illustrates the Behaviour Change Wheel;  the 

green inner hub represents the major influences on behaviour (COM-B framework) as 

described above; the red circle reveals the modes, or functions of behaviour change, i.e. 

education, persuasion and enablement, and the grey outer circle specifies categories of 

policy, where behaviour change could be effectively implemented, for example through 

communication/marketing or service provision.  

 

 
 

Figure 2.5  The Behaviour Change Wheel257,265 
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2.5 Extent of the Adherence Problem amongst paediatric GHD 

Several studies have observed marked variations in the reported levels of non-adherence 

among children and adolescents treated with rhGH treatment and their families, as was 

reported in a systematic review by Fisher & Acerini (2013); estimates of prevalence of non-

adherence were found to vary between 5-82%, of which the highest prevalence of non-

adherence occurred during adolescence39. It has also been shown via a number of studies, 

that the pattern of adherence to rhGH treatment can decrease considerably, over time, 

especially within the first year of treatment96,138,183,198,266.  

 

Non-adherence to rhGH treatment amongst children and adolescents poses considerable 

risks and implications.  Poor adherence is likely to have a substantial long-term impact upon 

the clinical efficacy of the treatment, leading to a range of potential adverse clinical health 

outcomes, such as delayed growth response, reduced height velocity outcomes and 

reduced final adult height, reflecting the correlation between injection frequency and growth 

response90,96,100,159,175,198.  A national survey conducted by Cutfield in New Zealand, provided 

evidence that non-adherence is a common cause of the suboptimal growth response to 

rhGH treatment in children and adolescents, in that patients who missed on average one or 

more doses of treatment each week, showed significantly reduced linear growth compared 

with the adherent patients100.  This was supported by Aydin et al (2014) who observed a 

negative correlation between growth velocity and the number of missed injections96.  

Furthermore, non-adherence to rhGH treatment has been reported to potentially lead to later 

cardiovascular and metabolic complications for patients with GHD, although direct evidence 

for this has not yet been well-established111,267-268. 

 

As rhGH remains a costly treatment16, poor adherence presents a significant health 

economic challenge for HCPs and the healthcare system.  The appreciable waste of 
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economic funding, due to the excessive, undue pharmaceutical wastage, and surplus 

medical resources, for example, repeated clinic attendance, additional diagnostic testing or 

hospitalisation, unrequired dose escalations and increased duration of rhGH treatment, 

contributes considerably towards the increasing financial burden of the national healthcare 

system (NHS)16,39,88,92,149,269-273.  Treatment non-adherence is currently estimated to cost an 

excess of EUR125 billion in Europe and USD105 billion in the USA per year92,273-274 across 

long-term conditions, which clearly indicates the scale of the problem. 

 

2.6 Thesis aim and rationale  

Given the wide range of adverse consequences of treatment non-adherence on the patient, 

clinical practice and the healthcare system, treatment non-adherence has become an 

increasingly important public health issue, that warrants necessary attention273,275-276.    

 

Although the issue of non-adherence has long-been recognised, adherence to rhGH 

treatment is a complex and multifaceted issue that remains poorly understood by both 

research and clinical practice.  There have been a few but increasing number of studies 

exploring adherence to rhGH treatment amongst the paediatric population, however, there 

have been surprisingly limited studies exploring the explanatory factors of rhGH non-

adherence, particularly amongst the GHD population, and as a result, there is an 

unsatisfactory level of knowledge183,277. A detailed understanding and insight into the specific 

factors that influence treatment non-adherence, would in turn create the ability to design and 

develop targeted, adherence-focussed intervention solutions with the purpose to manage 

the current adherence issue134,139,141,153,278.  
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In light of this, the aim of the PhD research project is to investigate and identify the range of 

key potentially modifiable factors associated with treatment non-adherence in paediatric 

GHD and use this information to design and develop a novel, evidence-based and theory-

driven behaviour-change intervention.  This adherence-focussed intervention will provide 

HCPs with the tools and strategies needed to identify, address and manage treatment non-

adherence within their routine consultations and enable them to better support children with 

growth hormone deficiencies and their families to improve their adherence levels, gain the 

optimum clinical health benefits from their prescribed treatment and self-manage their long-

term endocrine condition more effectively. 
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Table 3.1   Summary Data Extraction Table 

Study Details Study Population 
Primary Outcome 

Key Findings Quality 
 

Author and 
Publication 
Year 

Study Design Sample 
Size 

Mean Age: 
y.m 

Clinical Indication of 
GH Therapy.   N (%) 

Method of 
assessing 
adherence 

Reported by 
whom 

Prevalence of Non-
adherence/Adherence 
for GHD 

Factors 
Associated with 
Non-Adherence 

Factors not 
Associated with 
Non-Adherence 

Quality  
Rating 

Lass et al. 
(2015)183  

Retrospective 103 
patients 

10.1 (range 
8.1-12.2) 

GHD = 74 (72)   
Turner Syndrome=  4 
(4)  
SHOX deficiency= 3 
(3)  
Small for gestational 
age= 21 (20) 
Prader-Willi-
syndrome= 1 (1)                                      

Prescription refill 
rates 

- Adherence rate of GHD 
children treated with 
rhGH (n=74) was good in 
53%, medium in 23% 
and poor in 24%.  

Treatment duration                                                
Puberty (age)                                                                                           
Self-administration 

Type of injection 
device 

Good 
 

Aydin et al. 
(2014)96  

Longitudinal  
observational 

217 GH-
naïve 
patients  

11.1±3.1 
years 

GHD = 185 (85.3)  
Turner Syndrome = 16 
(7.4)  
Neurosecretory 
Dysfunction = 6 (2.8)  
Intrauterine Growth 
Retardation = 5 (2.3)                                                
Bioinactive GH = 5 
(2.3)  

Patient Self report  
Questionnaire - 
evaluated at 
initiation, 3rd, 6th and 
12 months of 
therapy. 

Patient 
Parent/care-
giver 

3 months: adherence 
rate was excellent in 
87.0% of cases, good in 
8.1%, fair in 1.6% and 
poor in 3.2% of cases.                                                                           
6 months: adherence 
was excellent in 85.4%, 
good in 7.0%, fair in 
2.7% and poor in 4.9% of 
patients.                                                                    
12 months: adherence 
was excellent in 77.3%. 
good in 13.5%, fair in 
2.2% and poor in 7.0% of 
patients. 

Forgetting to 
administer GH  
Failure to renew 
the prescription  
Problems with the 
delivery service  
Illness  
Vacation/break   
Patient or person 
who administered 
the injection being 
away from home   

Cause of GH 
treatment 
Socioeconomic 
status of the family 
Person who 
administered the 
injections 
Type of injection 
device 
GH product used 

Good 

Hartman et 
al. (2013)170  

Prospective 
Observational  

75 
children 

12.5±3.5 
years 

GHD = 48 (64) 
Turner Syndrome=  6 
(8)   
Small for gestational 
age= 18 (24) 
Chronic Renal Failure 
= 3 (4) 

Easypod® 
administration device 
in conjunction with 
the clinical kit 
software - Easypod® 
Connect Software.  

- Children with GHD 
showed poor compliance 
22.9%, with 77.1% 
showing good 
compliance.                                                                                                                                      

 Age (increasing) Diagnosis Good 
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GH therapy                                                        
Discomfort with 
injections / Pain                            
Age - Adolescence                                    
Dissatisfaction with 
treatment results                                        
Doctor-patient 
relationship 
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3.3.5.1 Capability 

Psychological Capability Factors. In 1 study, lower adherence was associated with a lack of 

awareness, understanding, and knowledge of the condition138 as well as a lack of 

understanding of the treatment, particularly minimisation of the consequences and risks of 

missed rhGH doses138. The inability to maintain a necessary medication schedule due to 

forgetfulness or to maintain an adequate supply of rhGH due to the failure to renew 

prescriptions96 also emerged as a key factor. 

 

Physical Capability. Inaccurate injection technique and skill138 of the individual responsible 

for rhGH administration was reported to be associated with lower treatment adherence. 

Although one study found that self-administration of medication183 compared to parental 

administration negatively impacted on adherence, another showed no effect96. 

 

3.3.5.2 Opportunity 

Physical Opportunity. The discomfort or pain associated with daily injections138 over a long 

duration90,183 was also found by several studies to be related to poor levels of adherence. 

Despite the increase in the choice of injection delivery devices39,83,87, the association 

between patient choice and adherence was found to be inconsistent. Whilst one study 

reported that the lack of choice of injection device90 was associated with greater non-

adherence, 4 studies found that the type of injection device was not associated with 

adherence90,96,138,183 or with the type of rhGH product used96. Two studies demonstrated the 

negative impact of logistical difficulties on treatment adherence90,96. Physical disruptions to 

the access of rhGH resources for patients/parents, e.g., problems with the delivery service96 

or the short duration of rhGH prescriptions given by the healthcare professional (HCP)90, 

were also found to be predictive factors of non-adherence. 
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Social Opportunity. Interpersonal influences and social cues and norms were found to 

influence the levels of adherence to rhGH treatment, primarily focused on the quality of the 

interaction between the HCP and the patient. One retrospective study showed that non-

adherence was influenced by the type of HCP (hospital/non-hospital staff) providing the 

rhGH administration training at the initiation of treatment90. Inadequate contact with HCP138  

throughout the treatment pathway was also found to be associated with non-adherence. 

Another showed that the communicative support of the HCP within consultations138 also 

played an important role in overall adherence to treatment.  

 

3.3.5.3 Motivation 

Reflective Motivation. The lack of patient/parent confidence and self-efficacy to administer 

the rhGH injection183 was found by 1 study to negatively impact adherence. Two 

retrospective studies found that disillusionment and displeasure with the growth response 

and the perceived inefficacy of treatment results90,138 correlated with poor adherence levels. 

Non-acceptance of rhGH treatment138 as a therapy for GHD, amongst patients/parents, was 

also found to be a key factor associated with lower adherence. 

 

Automatic Motivation. Lifestyle disruptions and scheduling issues, e.g., being away from 

home96, vacation/breaks96, or inter-current illness96, were identified by 1 longitudinal study as 

being disruptive to the established cues or stimuli for action, thereby affecting adherence. 

 

3.3.5.4 Demographic Variables  

Socio-demographic factors were not consistently related to adherence. Lower adherence 

was associated with increasing age (puberty/adolescence) by 3 studies138,170,183, but in 

others no association was found with age90,100, gender100, or clinical 
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diagnosis/indication96,100,138,170. Cultural ethnicity100 was identified as a significant predictor 

but no relationship  was found between rhGH adherence and either the area of residence100 

or the socio-economic status of individuals96. 

 

3.4 Discussion 

In our review, up to 71% of GH-deficient paediatric patients were found to be nonadherent to 

their treatment, confirming the current adherence issue. Twenty-two different factors were 

found to be associated with non-adherence to rhGH. 

 

Potentially modifiable factors found to be associated with rhGH non-adherence were 

categorised within the COM-B framework. The factors most commonly associated with 

nonadherence were: the long duration of treatment90,183  and dissatisfaction with growth 

response/treatment results90,138. Further key factors included: knowledge and understanding 

of the condition and treatment138, discomfort and pain associated with daily injections138, a 

lack of understanding of the consequences of missed rhGH doses138, a poor administration 

technique138, and forgetting to administer the medication96 , in addition to the inadequate 

contact with HCP and the quality of the HCP-patient relationship138 (Table 3.2).  

 

Our findings concur with the wider rhGH literature183,277,309,311,320,323,327,419,421-424. Factors 

unique to the wider literature included: fear of side effects/long-term complications318,320,420, 

the preference323 and convenience of an injection device (ease of use, technical handling, 

and storage)103,323,327, and accessibility of the rhGH distributing pharmacy320 as well as 

sociodemographic factors (more specifically, the level of parental school education)277,309,424. 
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notably in the included studies the GHD population accounted for the majority of each 

sample group prescribed growth hormone treatment. 

 

To facilitate meaningful interpretations and comparisons across studies, a more strategic 

and coordinated methodological approach is essential426. The heterogeneous nature of 

studies presents a continual challenge for research and clinical practice. It is therefore 

recommended that, where possible, researchers work toward a level of standardisation 

across adherence measurement and definitions. The emergence of new electronic delivery 

devices (e.g., the easypod®) in recent years could facilitate this advancement.  

 

Furthermore, a limitation was presented with regards to lack of adherence reporting (parent 

or parent/caregiver) within several relevant studies2,32; this information was not always made 

clear, yet is critical to our understanding of treatment adherence.  It is therefore 

recommended that the reporting of adherence is clarified within future studies, to ensure 

transparency and to facilitate a more clear-cut comparison of studies.   

 

Lastly. although the main objective of the systematic review was to identify the relevant 

evidence on the prevalence and determinants of treatment non-adherence within this 

particular population group, using a structured and systematic method, it is necessary to 

acknowledge that due to this selected evidence synthesis approach, all sources of evidence, 

such as case studies or qualitative studies were not accounted for.  To further contribute 

towards the work in understanding treatment non-adherence to rhGH treatment,  it is 

recommended that future studies, where possible, conduct a broader approach to evidence 

synthesis, for example via a scoping review, with the aim to provide a richer coverage of the 

body of available literature and develop a greater understanding of the potential diversity of 

influences395. 
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3.5 Conclusion 

This review highlights the scope of the adherence problem evident amongst the paediatric 

GHD population and in addition presents the wide range of potentially modifiable factors that 

explain this health-related behaviour. Informed with the findings of the review, it is essential 

that future research begins to focus on designing, developing, and implementing new, 

targeted, and evidence-based intervention strategies with the purpose of optimising 

treatment adherence, supporting clinical practice, and improving clinical health outcomes.  
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Supplementary Material 
 
 
Supplementary Table 3.1   Search Term Strategy - Keyword alternatives and synonyms 
 

 
 
 
 
 
 
 
 
 
 
 

Concept group 1 
 
Population-related 
terms 
 

Concept group 2 
 
Disease-related terms 
 

Concept group 3 
 
Medication-related  
terms  

Concept group 4 
 
Adherence-
related terms 

 
child* 
p?diatric  
infant 
minor 
juvenile 
youth 
dependent 
human 
 
female 
male 
girl 
boy  
 
prepubertal 
pre-pubertal 
preadolescen*  
pre-adolescen* 
preteen* 
pre-teen*  
preschool* 
pre-school* 
 
patient* 
 
parent*  
mother 
father 
guardian 
carer 
caregiver 
care-giver 
 
 

 

 
growth  
growth hormone 
growth-hormone 
GH 
human growth hormone 
HGH 
 
somatotro?in  
somatotro?ic 
pituitary 
 
growth hormone deficiency 
growth hormone disorder 
growth hormone disease 
growth hormone condition 
growth hormone insufficiency 
GHD 
 

 
treatment 
therapy 
replacement  
 
medic*  
synthetic  
recombinant   
rGH 
rhGH 
 
somatropin 
Genotropin 
Saizen 
Zomacton 
NutropinAq 
Norditropin 
Omnitrope 
Humatrope 
 
regim* 
adminst*  
inject*  
dos*  
needle 
device 
syringe 
pen 
delivery  
 

 
adheren* 
 
nonadheren* 
non-adheren* 
non adheren* 
 
complian* 
noncomplian* 
non-complian* 
non complian* 
 
persistence  
nonpersisten* 
non-persisten* 
non persisten* 
 
concordan* 
discordan* 
 
continu* 
discontinu* 
dis-continu* 
 
duration 
cessation 

 

http://www.thesaurus.com/browse/dependent


http://www.thesaurus.com/browse/dependent
http://www.thesaurus.com/browse/dependent
http://www.thesaurus.com/browse/dependent


http://www.thesaurus.com/browse/dependent
http://www.thesaurus.com/browse/dependent
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Aydin et al.96 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Bozzola et 
al.169 2014 Yes Yes Yes No No No No Yes Yes Exclude 

Drosatou et 
al.424 

2014 Yes Not specified Yes Yes Yes No Yes Yes No Exclude 

Miller et al. 
318 2014 Yes Yes Yes No Yes Yes Yes Yes Yes Exclude 

Hartman et 
al.170 2013 Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Cutfield et 
al.100 2011 Yes Yes Yes Yes Yes No Yes Yes Yes Include 

Kapoor et al. 
90 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Rosenfeld & 
Bakker138 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Oyarzabel et 
al.323 1998 No Not specified Yes Yes Yes No Yes Yes Yes Exclude 

Smith et 
al.327  1993 Not specified Not specified Yes Yes Yes No Yes Yes Yes Exclude 

Leiberman et 
al.421 

1993 Yes Yes Yes Yes No No No Yes Yes Exclude 

Gacs et al.277 1991 Yes Yes Yes No Yes Yes Yes Yes Yes Exclude 
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b) Study Details and Key Findings  

Study Details 
Primary Outcome Findings 

Key Factor Findings Quality  

Author Year Country Study Design 

Method      
of 
assessing 
adherence 

Reported 
by whom 

Observation 
Time Period 

Definition of non-
adherence 

Prevalence of Non-
adherence/ 
Adherence for GHD 

Factors 
Associated with 
Non-Adherence 

Factors not 
Associated with 
Non-Adherence 

Quality 
Rating 

Lass et 
al.183  

2015 Germany Retrospective Prescription 
refill rates 

- 1 year Calculated as 
percentage based on 
the prescription refill 
rates according to the 
literature (Osterberg 
2005): Prescribed 
dosage was divided by 
required dosage and 
multiplied by 100.                                                  
Adherence data were 
evaluated in 
accordance with the 
cut-offs as proposed by 
Cutfield et al (2011) 
{good adherence: <1 
missed dose per week 
(>85% adherence); 
medium adherence : 1-
3 missed doses per 
week (57.1-85.7% 
adherence); poor 
adherence: >3 missed 
doses per week 
(<57.1% adherence)].                                     

Adherence rate of 
GHD children treated 
with rhGH (n=74) was 
good in 53%, medium 
in 23% and poor in 
24%.  

Treatment 
duration                                                
Puberty (age)                                                                                           
Self-
administration 

Type of injection 
device 

Good 

Aydin et 
al.96 

2014 Turkey Longitudinal  
observational 

Patient Self 
report  
Questionnair
e - evaluated 
at initiation, 
3rd, 6th and 
12 months of 
therapy. 

Patient 
Parent/care
-giver 

1 year (3, 6, 
12 month 
time-points) 

Adherence categories 
were established 
following the criteria of 
Smith (1993) and 
patients categorized 
into 4 adherence 
segments based on 
percentage of doses 
omitted at each 
evaluation period. 
Classified as excellent 
if 0%, good if 5%, fair if 
5-10%, and poor if 
>10%. 

3 months: adherence 
rate was excellent in 
87.0% of cases, good 
in 8.1%, fair in 1.6% 
and poor in 3.2% of 
cases.                                                                           
6 months: adherence 
was excellent in 
85.4%, good in 7.0%, 
fair in 2.7% and poor 
in 4.9% of patients.                                                                    
12 months: 
adherence was 
excellent in 77.3%. 
good in 13.5%, fair in 

Forgetting to 
administer GH  
Failure to renew 
the prescription  
Problems with the 
delivery service  
Illness  
Vacation/break   
Patient or person 
who administered 
the injection being 
away from home   

Cause of GH 
treatment 
Socioeconomic 
status of the 
family 
Person who 
administered the 
injections 
Type of injection 
device 
GH product used 

Good 
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Adolescence                                    
Dissatisfaction 
with treatment 
results                                 
Doctor-patient 
relationship  

 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































