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Abstract
Background: Despite the developments of recombinant 
growth hormone (rhGH) treatment and the benefits in long-
term clinical health outcomes, evidence has shown that 
many children with growth hormone deficiency (GHD) still 
fail to achieve their target adult height. Suboptimal out-
comes have been largely attributed to treatment non-adher-
ence. Methods: A search of 11 electronic databases was un-
dertaken to identify relevant articles, published in English, 
between 1985 and 2018. Additional search strategies includ-
ed hand-searching topic review articles to identify eligible 
studies. Articles were screened against the inclusion eligibil-
ity criteria and data on sample characteristics, study design, 
outcomes, and key findings was extracted. The results were 
narratively synthesised and categorised using the COM-B 
theoretical framework. Results: Twenty-one full-text articles 
were assessed for eligibility, of which 6 articles met the inclu-
sion criteria. The prevalence of non-adherence in the includ-
ed studies varied from 7 to 71%. Potentially modifiable fac-
tors associated with rhGH non-adherence were categorised 

within the COM-B framework; key factors included: a lack of 
knowledge and understanding of the condition and treat-
ment, discomfort and pain associated with injections, and 
the quality of the healthcare professional-patient relation-
ship. Conclusion: This review highlights the scope of the ad-
herence problem evident amongst the paediatric GHD pop-
ulation and in addition presents the wide range of poten-
tially modifiable factors that explain this health-related 
behaviour. © 2018 S. Karger AG, Basel

Introduction

Background
Despite the developments of recombinant growth hor-

mone (rhGH) treatment and the benefits in clinical health 
outcomes, several studies have shown that many children 
with growth hormone deficiency (GHD) still fail to 
achieve their target adult height [1–6]. Suboptimal out-
comes have been largely attributed to the failure of pa-
tients/caregivers to maximally adhere to the prescribed 
treatment with respect to initiation, implementation (i.e., 
dosage, frequency), and duration [7–10]. Several studies 
have observed marked variations in reported levels of ad-
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herence amongst children given rhGH treatment [4, 7, 11, 
12]. For example, the systematic review conducted by 
Fisher and Acerini [4] reported these to be between 5 and 
82% [4].

Medication adherence, specifically defined as “the ex-
tent to which a patient’s behaviour matches agreed rec-
ommendations from their health professional” [8, 13] is 
an essential requirement for achieving therapeutic goals. 
Non-adherence to treatment may vary from taking a 
smaller dose than prescribed to omitting a dose intermit-
tently or taking no dose of medication [14–16]. Subopti-
mal adherence to rhGH treatment compromises the 
long-term clinical effectiveness of the treatment, leading 
to delayed growth response and height velocity outcomes, 
reduced linear growth, and a minimised final adult height, 
[3, 17, 18]. As rhGH treatment remains costly, non-ad-
herence impacts substantively upon the healthcare sys-
tem in terms of economic costs [11, 19].

Many theories and concepts have been developed to 
explain non-adherence, and recently they have been in-
corporated into the COM-B (capability, opportunity, mo-
tivation – behaviour) framework. This proposes that the 
performance of a behaviour is caused by a dynamic inter-
action amongst 3 components: capability (psychological 
or physical ability to engage and perform the behaviour, 
e.g., knowledge and skills), opportunity (physical and so-
cial environment that enables or prevents the behaviour, 
e.g., quality of social support), and motivation (reflective 
or automatic brain processes that either activate or inhib-
it the behaviour, such as beliefs, habitual processes, and 
emotional responses). The COM-B framework provides a 
comprehensive explanation of the individual drivers of 
adherence, which can be used to facilitate the design and 
development of targeted interventions [20].

The aim of this systematic review is to identify the 
range of potentially modifiable factors associated with 
treatment non-adherence amongst the paediatric GHD 
population. This review has built on an existing system-
atic review on rhGH non-adherence by Fisher and  
Acerini [4]. Whilst the review of Fisher and Acerini [4] 
included all clinical indications for rhGH treatment, the 
current review uniquely examines the paediatric GHD 
population.

Methodology

This systematic review was conducted and reported in 
accordance with the method outlined in the Cochrane 
Handbook for Systematic Reviews [21] and Preferred Re-

porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines that evaluate healthcare interven-
tions [22]. It is registered in the PROSPERO Internation-
al Registry of Systematic Reviews (CRD-42017084238).

Search Strategy
An extensive search was undertaken of electronic da-

tabases, which included the Cochrane Library, Embase, 
PsycINFO, Medline, International Pharmaceutical Ab-
stracts, Web of Science, CINAHL, and ASSIA, to identi- 
fy relevant published studies. OpenGrey, EThOS, and 
WorldCat theses and dissertations were used to identify 
any relevant unpublished and grey literature. The last on-
line search was conducted on January 8, 2018. Manual 
searches via journals, books chapters, and reference lists 
of relevant articles were also undertaken to identify any 
additional records. The search was limited to studies pub-
lished in the English language, between 1985 and 2018. 
The decision to use this search period was based on the 
approval of recombinant human growth hormone (so-
matropin) by the US Food and Drug Administration 
(FDA) for the treatment of GHD in 1985 [23]. 

Search Terms
The key search terms (alternatives and synonyms) were 

tailored to comprise the following 4 main conceptual em-
phases, identified from the specific research question: (1) 
population-related terms, i.e. “child*” and “paediatric”/ 
“pediatric,” (2) disease-related terms, i.e., “growth hor-
mone deficiency,” (3) medication-related terms, i.e., “so-
matropin” and “injection,” and (4) adherence-related 
terms, i.e., “adherence,” “persistence,” and “compliance” 
(online suppl. Tables 1, 2; for all online suppl. material,  
see www.karger.com/doi/10.1159/000493211). 

Inclusion/Exclusion Criteria
The inclusion/exclusion criteria were based on the 

Participants, Interventions, Comparator, Outcomes and 
Setting (PICOS) approach in accordance with PRISMA 
guidelines (online suppl. Table 3).

Studies were included if they met the following crite-
ria: (1) patients aged ≤18 years; (2) paediatric patients 
with a clinical diagnosis of GHD or parents/caregivers of 
paediatric patients with a diagnosis of GHD who were 
prescribed growth hormone treatment; (3) randomised 
controlled trials (RCT) and non-RCT (prospective cohort 
and retrospective cohort studies) or cross-sectional stud-
ies; (4) standardised measure of assessment of adherence 
(both validated/non-validated methods) explicitly identi-
fiable; (5) prevalence rate of adherence/non-adherence 



Treatment Non-Adherence in Paediatric 
GHD

223Horm Res Paediatr 2018;90:221–227
DOI: 10.1159/000493211

for GHD explicitly extractable; (6) psychosocial, clinical, 
or socio-demographic factors associated with adherence 
explicitly identifiable and measured; and (7) studies in 
English published between 1985 and 2018.

Data Collection and Extraction
Articles were manually screened by title and abstract 

to determine eligibility according to the PICOS inclusion 
criteria (online suppl. Table 3). Relevant full-text studies 
were collated and evaluated for eligibility for inclusion 
(online suppl. Table 4 [2, 3, 10, 12, 15, 17, 24–38]). Co-
authors (V.A. and J.W.) were presented with a selection 
of relevant articles in order to validate the screening pro-
cess; any reviewer uncertainties or disagreements were 
resolved by consensus. Four authors were contacted for 
further information and/or to retrieve access to full-text 
papers in which to determine eligibility. Studies that did 
not fulfil the criteria were omitted throughout the pro-
cess, with accompanying reasons for exclusion (online 
suppl. Table 5 [10, 15, 24–30, 33–38]). A PRISMA flow 
chart outlining the full study selection process is present-
ed in online supplementary Figure 1.

The Cochrane Consumers and Communication Re-
view Group Data Extraction Template was used to extract 
data in a standardized manner, relating to the: (1) study 
details, (2) sample population characteristics, (3) prima- 
ry outcome findings, and (4) key factor findings (online 
suppl. Table 6 [2, 3, 12, 17, 31, 32]). Key potentially mod-
ifiable factors were underlined and categorised according 
to the COM-B framework [39].

Quality Assessment 
The quality of the included studies was assessed using 

the 14-item National Institutes of Health (NIH) Quality 
Assessment Tool for Observational Cohort and Cross 
Sectional Studies [40]. Based on the overall rating out-
come across the question list, each included study was 
assessed to be of either “poor,” “fair,” or “good” quality. 
Following the initial reviewer evaluation (S.G.), 2 addi-
tional reviewers (J.W. and V.A.) independently assessed 
the quality and risk of bias of each study. Any discrepan-
cies in ratings were discussed and resolved by consensus 
(online suppl. Table 7 [2, 3, 12, 17, 31, 32]).

Results

Study Selection Process
Twenty-one full-text articles were assessed for eligibil-

ity, of which 6 were included in this review. The full study 

selection process is illustrated in online supplementary 
Figure 1 (full reasons for exclusion are detailed in online 
suppl. Table 5 [10, 15, 24–30, 33–38]).

Study Characteristics 
A descriptive summary of the 6 studies included in this 

review is provided in online supplementary Table 8 [2, 3, 
12, 17, 31, 32]. The studies were conducted in Germany 
[12, 31], the UK [17], the USA [2], Turkey [32], and New 
Zealand [3]. Included in this review were 3 retrospective 
observational studies [2, 17, 31], 1 prospective observa-
tional study [12], 1 longitudinal observational study [32], 
and 1 cross-sectional survey study [3]. The total sample 
size across all of the included studies was 1,369 patients 
(mean = 228, range = 75–724). The sample groups con-
sisted of a range of clinical conditions, including GHD, 
Turner syndrome, SHOX deficiency, small for gestation-
al age, Prader-Willi syndrome, chronic renal failure, id-
iopathic short stature, neurosecretory dysfunction, intra-
uterine growth retardation, and bioinactive GH; the GHD 
patient group made up the majority in each of the 6 stud-
ies. The total sample size of GHD patients across the 6 
studies was 1,206 (mean = 201, range = 48–724). The 
mean age of the participants across 4 studies was 11.5 
years (SD = 0.93, range = 10.1–12.5). Two studies did not 
report the mean age of the participants: 1 study [17] re-
ported a median age of 12.3 years and 1 study [2] gave the 
age ranges of children (4–12 years) and adolescents (13–
17 years). Amongst 5 studies [3, 12, 17, 31, 32], 56% were 
male (range = 48–65); 1 study did not specify gender de-
tails [2].

Measurement of Adherence
The overall prevalence of rhGH non-adherence was 

found to range between 7 [32] – 71% [2]. Different meth-
ods were used to measure medication adherence (online 
suppl. Table 9 [2, 3, 12, 17, 31, 32]). Three studies [3, 17, 
31] used issued, renewed, or redeemed rhGH prescrip-
tions/vials as a means of measuring medication adher-
ence and 2 studies [2, 32] used self-report questionnaires 
to patient and/or parents, whilst one study [12] used an 
electronic monitoring device in conjunction with a clini-
cal kit software.

In the majority of studies, adherence was assessed on 
the basis of the number of missed injections of rhGH dur-
ing a specified period. Three studies [3, 12, 31] used the 
following cut-offs proposed by Cutfield et al. [3]: good/
high adherence, missed ≤1 dose per week (≥85% adher-
ence); medium adherence, missed > 1 but < 3 doses per 
week; and poor/low adherence, missed ≥3 doses per week 
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[3]. One study [17] used slightly different categories to 
classify adherence, i.e., > 1 injection missed per week, 1–2 
injections missed per week, or > 2 injections missed per 
week. One study [32] used the adherence criteria estab-
lished by Smith et al. [10] based on the percentage of dos-
es omitted in each evaluation period, with a classification 
of: 0%, excellent; 5%, good; 5–10%, fair; and > 10%, poor, 
while another study [2] defined compliance by categoris-
ing patients into “segments” based on individual respons-
es to potential reasons for missing doses; compliance seg-
ments were created on the basis of the number of “never” 
responses as follows: highly compliant, 8–9 “never” re-
sponses; occasionally non-compliant, 6–7 “never” re-
sponses; or non-compliant and skeptical, 5 or fewer “nev-
er” responses.

Quality Assessment
Five studies were rated as “good” quality [3, 12, 17, 31, 

32] and 1 study was rated as “fair” [2]. Methodological is-
sues were found within the reporting of sample size jus-
tifications, participation rates, and follow-up rates of eli-
gible persons, the definitions of valid, reliable measures, 
and the minimal time frames of adherence assessment 
(online suppl. Table 7 [2, 3, 12, 17, 31, 32]).

Factors Associated with Adherence to rhGH 
Treatment

The 6 studies reported 22 different factors associated with 
non-adherence to rhGH treatment. An overview of the 
range of key potentially modifiable factors associated 
with paediatric non-adherence to rhGH treatment is pre-
sented in online supplementary Table 10 [2, 17, 31, 32]. 

Two socio-demographic factors (i.e., age [2, 12, 31] 
and Maori ethnicity [3]) were not categorised, as both fac-
tors were considered non-modifiable constructs and dis-
cussed separately.

Capability
Psychological Capability Factors. In 1 study, lower ad-

herence was associated with a lack of awareness, under-
standing, and knowledge of the condition [2] as well as a 
lack of understanding of the treatment, particularly min-
imisation of the consequences and risks of missed rhGH 
doses [2]. The inability to maintain a necessary medica-
tion schedule due to forgetfulness or to maintain an ad-
equate supply of rhGH due to the failure to renew pre-
scriptions [32] also emerged as a key factor.

Physical Capability. Inaccurate injection technique 
and skill [2] of the individual responsible for rhGH ad-
ministration was reported to be associated with lower 

treatment adherence. Although one study found that self-
administration of medication [31] compared to parental 
administration negatively impacted on adherence, anoth-
er showed no effect [32].

Opportunity
Physical Opportunity. The discomfort or pain associ-

ated with daily injections [2] over a long duration [17, 31] 
was also found by several studies to be related to poor 
levels of adherence. Despite the increase in the choice of 
injection delivery devices [4, 41, 42], the association be-
tween patient choice and adherence was found to be in-
consistent. Whilst one study reported that the lack of 
choice of injection device [17] was associated with great-
er non-adherence, 4 studies found that the type of injec-
tion device was not associated with adherence [2, 17, 31, 
32] or with the type of rhGH product used [32]. Two 
studies demonstrated the negative impact of logistical dif-
ficulties on treatment adherence [17, 32]. Physical dis-
ruptions to the access of rhGH resources for patients/par-
ents, e.g., problems with the delivery service [32] or the 
short duration of rhGH prescriptions given by the health-
care professional (HCP) [17], were also found to be pre-
dictive factors of non-adherence.

Social Opportunity. Interpersonal influences and so-
cial 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 pa-
tient. One retrospective study showed that non-adher-
ence was influenced by the type of HCP (hospital/non-
hospital staff) providing the rhGH administration train-
ing at the initiation of treatment [17]. Inadequate contact 
with HCP [2] between consultations throughout the 
treatment pathway was also found to be associated with 
non-adherence. Another showed that the communica-
tive support of the HCP within consultations [2] also 
played an important role in overall adherence to treat-
ment. 

Motivation
Reflective Motivation. The lack of patient/parent con-

fidence and self-efficacy to administer the rhGH injec-
tion [31] was found by 1 study to negatively impact ad-
herence. Two retrospective studies found that disillu-
sionment and displeasure with the growth response and 
the perceived inefficacy of treatment results [2, 17] cor-
related with poor adherence levels. Non-acceptance of 
rhGH treatment [2] as a therapy for GHD, amongst pa-
tients/parents, was also found to be a key factor associ-
ated with lower adherence.
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Automatic Motivation. Lifestyle disruptions and 
scheduling issues, e.g., being away from home [32], vaca-
tion/breaks [32], or inter-current illness [32], were identi-
fied by 1 longitudinal study as being disruptive to the es-
tablished cues or stimuli for action, thereby affecting ad-
herence.

Demographic Variables 
Socio-demographic factors were not consistently re-

lated to adherence. Lower adherence was associated with 
increasing age (puberty/adolescence) by 3 studies [2, 12, 
31], but in others no association was found with age [3, 
17], gender [3], or clinical diagnosis/indication [2, 3, 12, 
32]. Cultural ethnicity [3] was identified as a significant 
predictor but no relationship was found between rhGH 
adherence and either the area of residence [3] or the so-
cio-economic status of individuals [32].

Discussion

In our review, up to 71% of GH-deficient paediatric 
patients were found to be non-adherent to their treat-
ment, confirming the current adherence issue [24]. Twen-
ty-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 associ-
ated with non-adherence were: the long duration of treat-
ment [17, 31] and dissatisfaction with growth response/
treatment results [2, 17]. Further key factors included: 
knowledge and understanding of the condition and treat-
ment [2], discomfort and pain associated with daily injec-
tions [2], a lack of understanding of the consequences of 
missed rhGH doses [2], a poor administration technique 
[2], and forgetting to administer the medication [32], in 
addition to the inadequate contact with HCP and the 
quality of the HCP-patient relationship [2] (online Suppl. 
Table 10 [2, 17, 31, 32]). 

Our findings concur with the wider rhGH literature, 
[10, 15, 24–26, 28, 29, 30, 33, 34, 36–38]. Factors unique 
to the wider literature included: fear of side effects/long-
term complications [15, 27, 35], the preference [36] and 
convenience of an injection device (ease of use, technical 
handling, and storage) [10, 24, 36], and accessibility of the 
rhGH distributing pharmacy [15] as well as sociodemo-
graphic factors (more specifically, the level of parental 
school education) [24, 29, 34, 38].

Factors found within the current review concur with 
several qualitative studies which explored patient/paren-
tal views and experiences [43–45]. Patterns of self-report-
ed reasons for non-adherence to rhGH treatment amongst 
these studies centred around: anxiety and fear about the 
needle or the pain associated with administering the in-
jection [43–45], the lack of confidence/skill of the person 
administering the injection [43], ineffectiveness of treat-
ment [43, 45], the lack of freedom to choose the injection 
device [44], treatment interference issues, i.e., overnight 
sleepovers or travel activities [43], and poor HCP/patient 
communication [43, 45]. 

While the majority of key potentially modifiable fac-
tors could be categorised directly into a single sub-com-
ponent of the COM-B framework, 2 identified factors 
(self-administration [31] and lack of choice of the injec-
tion device [17]) were each mapped onto 2 sub-com-
ponents (online Suppl. Table 10 [2, 17, 31, 32]). The effect 
of “self-administration” on adherence could be explained 
by the practical ability of administering an injection 
(physical capability) as well as by the confidence and self-
efficacy of the individual to administer the injection (re-
flective motivation). Similarly, the effect of the lack of 
choice of injection device on adherence could be defined 
by the physical absence of injection devices (physical op-
portunity), with the device being chosen on behalf of the 
patient by the HCP. Alternatively, the lack of ownership 
over their treatment due to the lack of injection device 
choice could, in turn, influence the patients’/caregivers’ 
beliefs about their condition or treatment (reflective mo-
tivation).

Whilst 3 studies found an association between rhGH 
adherence and age [2, 12, 31], 2 did not [3, 17]. Similarly, 
in 1 study it was found that self-administration of medi-
cation [31] compared to parental administration nega-
tively impacted on adherence to treatment, yet in another 
study no association was found between the person who 
administered the injection [32] and rhGH adherence. It 
is uncertain whether the conflicting evidence is a result of 
heterogeneity between studies, the difference in methods 
and definitions used across studies, or the various sample 
sizes and populations being assessed. 

Limitations
Amongst the included studies, there was a variety of 

methods used to measure adherence, each with its own 
advantages and disadvantages [46]; these included: self-
report questionnaires; issued, renewed, or redeemed pre-
scriptions/vials; and electronic monitors. The variability 
amongst measures may explain some of the disparity 
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found in reported adherence rates. Interestingly, a defin-
itive pattern between the prevalence rate of adherence 
and the method employed for measurement was not 
identified. A large dissimilarity of prevalence was found 
across studies using subjective methods as a means to as-
sess adherence (i.e., 7% [32] and 71% [2]). Similarly, 
amongst studies using objective measures, the prevalence 
of non-adherence was also found to be relatively incon-
sistent (e.g., studies using issued, renewed, or redeemed 
rhGH prescriptions/vials reported rates of 62 [17], 66 [3], 
and 24% [31]), and the single study using the electronic 
device in conjunction with clinical kit software reported 
the lowest non-adherence rate (i.e., 22.9%) [12]. 

The range of adherence measures, in addition to the 
varied cut-off thresholds for adherence and the differing 
terminology used to define these threshold points – e.g.,  
“excellent” to “poor” [32] versus “highly compliant,”  
“occasionally non-compliant,” and “non-compliant and 
skeptical” [2] – consequently made synthesis of the study 
results and drawing of definitive, comparative conclu-
sions challenging. 

The aim of the current review was to examine the pae-
diatric GHD population exclusively with regard to the 
prevalence rate of treatment non-adherence and associ-
ated factors. The prevalence rate for the GHD sample 
group was able to be unequivocally extracted in each of 
the included studies. However, as the studies had not dis-
tinguished the factors associated with treatment non-ad-
herence per condition group, this was not able to be 
achieved in this review, although notably in the included 
studies the GHD population accounted for the majority 
of each sample group prescribed growth hormone treat-
ment.

Recommendations for Future Research
To facilitate meaningful interpretations and comparisons 
across studies, a more strategic and coordinated method-
ological approach is essential [47]. The heterogeneous na-
ture of studies presents a continual challenge for research 
and clinical practice. It is therefore recommended that, 
where possible, researchers work toward a level of stan-
dardisation across adherence measurement and definitions. 
The emergence of new electronic delivery devices (e.g., the 
easypod®) in recent years could facilitate this advancement. 

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 behav-
iour. Informed with the findings of the review, it is essen-
tial that future research begin to focus on designing,  
developing, and implementing new, targeted, and evi-
dence-based intervention strategies with the purpose of 
optimising treatment adherence, supporting clinical 
practice, and improving clinical health outcomes. 
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