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Abstract
Introduction: Growth hormone (GH) therapy is used to treat
a variety of growth disorders in childhood/adolescence. Its
efficacy is thought to be dependent on patients’ adherence
to their treatment regimen. Methods: PubMed was searched
using the keywords ‘growth hormone’, ‘child’[Mesh],
‘adolescent’[Mesh], and ‘patient compliance’[Mesh]. Results: Most studies of adherence to paediatric GH therapy
have used either issued/encashed GH prescriptions or questionnaires. Estimates of prevalence of non-adherence vary
from 5–82%, depending on the methods and definitions
used. Different studies have variously demonstrated an association (or lack thereof) between adherence and age, socioeconomic status, treatment duration, injection device
used and injection-giver. A number of interventions have
been proposed to improve adherence, including offering a
choice of injection device, but none are supported by trials.
Poor adherence is associated with reduced height velocity
and likely increased economic costs; evidence for other effects is circumstantial. Conclusion: Adherence to paediatric
GH therapy is suboptimal, which may partially explain why
the mean final height attained is below that of the general
population. Analysis of the causes of non-adherence is com-
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plicated by conflicting evidence from different studies. Multifactorial interventions are most likely to be successful in
improving adherence. We make recommendations for further research.
Copyright © 2013 S. Karger AG, Basel

Introduction

Growth hormone (GH) has been used for over 50 years
for the treatment of growth disorders [1], most recently
in the form of recombinant human growth hormone
(rhGH, somatropin) [2]. The objectives of GH therapy
during childhood and adolescence are to normalise height
velocity as quickly as possible and attain a final adult
height within the normal range, whilst minimising risks
and cost [3]. Licensed paediatric indications in Europe
include poor growth due to GH deficiency, Turner syndrome, Prader-Willi syndrome, chronic renal insufficiency and short stature homeobox-containing gene deficiency as well as children born small for gestational age
[3]; there is good evidence that GH therapy improves the
growth of these patients and, in children with PraderWilli syndrome, also their body composition [4, 5]. Additional paediatric indications in other countries include
achondroplasia, Noonan syndrome and idiopathic short
stature [2]. Following completion of linear growth, which
occurs around the time of transition to adult services [6],
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Methods
A search of the medical literature was undertaken in PubMed.
The following keywords were used: ‘growth hormone’, ‘human
growth hormone’[Mesh], ‘child’[Mesh], ‘child, preschool’[Mesh],
‘adolescent’[Mesh] and ‘patient compliance’[Mesh]. The reference
lists of identified articles were also searched for papers on the
topic.
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Results

Methods of Measuring Adherence to GH Therapy
Adherence to a given treatment regimen can be assessed using a wide variety of methods, each with their
own advantages and disadvantages [11]. There is no goldstandard method, and a combination of measures is recommended to maximise accuracy [11, 18]. A review of all
possible methods is beyond the scope of this article. However, the majority of studies examining adherence to paediatric GH therapy have used one of the following two
indirect methods:
(1) Issued, renewed or encashed rhGH prescriptions: this
method has been used in several studies of GH therapy
adherence [19–21] and has advantages in that it is relatively objective, unobtrusive and inexpensive, and
that data are easy to obtain [11, 18]. It also shows good
concordance with other adherence measures [22]. Its
disadvantages are that it provides only a gross measure
of adherence (it does not measure delays in the timing
of doses or inappropriate use with other medications)
and it does not take into account failure to encash prescriptions or indeed administer rhGH [11, 21].
(2) A questionnaire completed by patient and/or parents:
such self-report measures have moderate-to-strong
concordance with measures using prescription records [23], with the advantage that they are simple, inexpensive and practical [11]. Their main disadvantage
is poor sensitivity for non-adherence (often less than
50% [18]), which may be due to difficulty recalling details of medication administration, desire to avoid
confrontation, fear of disappointing clinicians or a
combination of reasons [24]. Another disadvantage is
time dependence, as patients have the best recall for
adherence in the preceding 24-hour period and a consequent susceptibility to the ‘white-coat adherence’ effect whereby they improve their medication-taking
behaviour in the 5 days before an appointment [11].
There is some evidence that biochemical measurements could also be used to directly assess adherence to
GH therapy:
(3) Urinary GH levels: Phillip et al. [25] and Skinner et al.
[26] demonstrated that 12-hour overnight urinary GH
levels are significantly higher in patients receiving
rhGH than in those who are off treatment, with a significant fall in urinary levels after just 2 missed doses.
However, to our knowledge no studies of GH therapy
adherence have used this method, presumably because
of difficulties with feasibility [18].
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GH therapy may be continued at adult doses in patients
with severe GH deficiency, on the basis that GH therapy
improves body composition, bone mineral density, cardiac function, lipid profile and quality of life [6].
The success of GH therapy, as in other chronic conditions, is thought to be dependent on the patient’s ability
to maximally adhere to their treatment regimen. Conceptualisations of adherence vary widely [7], but a commonly used definition is ‘the extent to which a person’s behaviour, with regard to taking medication, following a diet
and/or executing lifestyle changes, corresponds with
agreed recommendations from a health-care provider’
[8]. Some authors differentiate adherence from compliance, i.e. ‘the extent to which the patient’s behaviour...
coincides with clinical prescription’ [9] and concordance,
i.e. ‘participation of the patient in the decision-making
process’ [10], but the three terms are generally used interchangeably within research and clinical practice [7]. Similarly, definitions of non-adherence (or non-compliance)
also vary: some authors specify fixed cut-offs, such as an
adherence rate of less than 80 or 95% [11], whereas others
consider it to be ‘when the failure to comply is sufficient
to interfere appreciably with achieving the therapeutic
goal’ [12].
Drug adherence in paediatrics is unique because of the
involvement of a third party, i.e. the parent/guardian, and
because the child is often unaware of the purpose of the
medication and is reluctant to take it [13]. Whilst adherence rates in both adult and paediatric patients vary widely [14], adherence is generally best in adulthood and worst
in adolescence, with intermediate rates in childhood [14,
15]. Optimising adherence in paediatric patients is important, as non-adherence may lead to additional diagnostic tests or hospitalisation, unnecessary changes of the
drug dose or treatment course, increased health care costs
and poorer health outcomes [8, 16, 17].
This article adopts an evidence-based approach to assess various aspects of adherence to paediatric GH therapy: methods of measuring adherence, prevalence of nonadherence, factors affecting adherence, interventions to
improve adherence and the costs of non-adherence.

Prevalence of Non-Adherence to GH Therapy
Various studies have attempted to assess the prevalence of non-adherence to paediatric GH therapy. Estimates vary from 5 to 82%, depending on the methods and
definitions used (table 1).

Understanding GH Therapy Adherence

Factors Affecting Adherence to GH Therapy
Barriers to GH therapy adherence in paediatric patients may include medication issues (e.g. apparent ineffectiveness, inadequate supply and side effects), scheduling issues (social convenience) and cognitive/emotional
issues (e.g. forgetfulness, preoccupation, lack of understanding of condition or instructions, lack of symptoms,
fear of needles, poor tolerability and inadequate family
support). Additional barriers in adolescence may include:
denial, peer pressure and reluctance to seek medical advice [16, 20, 42, 43].
Factors specifically associated with poor adherence to
GH therapy in observational studies are listed in table 2;
notably, several factors have been associated with poor
adherence in some studies but not in others.
Interventions to Improve Adherence to GH Therapy
It is evident from the above that there is a need for effective interventions to improve the adherence to GH
therapy in paediatric patients. To our knowledge, there is
only 1 published randomised controlled trial addressing
this issue, which found no difference in adherence between patients who had been allocated a needle-free injection device and those allocated a multi-dose injection
pen [44]. Based on injection-device acceptability studies,
observational studies of GH therapy adherence and studies of other paediatric diseases, a number of interventions
have been proposed to improve adherence to GH therapy
(table 3).
Patient choice of injection delivery device is of particular relevance to clinical practice in those health-care
settings where more than one type of product is potentially on offer to patients and families. GH therapy is usually administered as a daily subcutaneous injection of
rhGH [3] and to personalise therapy, the pharmaceutical
industry has developed a number of different injection
devices that vary in size, shape, injection product, dose
range and increments, storage, requirement for reconstitution, method of injection (manual, automatic or needle-free) and associated support services [45]. As of 2012,
seven manufacturers have marketing authorisations for
rhGH [5], and in some countries, a choice of up to twelve
different devices is offered at paediatric endocrinology
centres. Historically, injection devices were chosen on behalf of the patient by medical and nursing staff [46], but
in recent years many endocrinology centres have moved
away from this practice and offer some form of patient
choice upon initiation of GH therapy, with larger centres
generally offering a wider range of devices [47]. Indeed,
in countries such as the UK, national clinical guidelines
Horm Res Paediatr 2013;79:189–196
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(4) Serum insulin-like growth factor I (IGF-I) levels: GH
induces hepatic and local tissue production of IGF-I,
and serum total IGF-I levels have long been used to
guide rhGH dose adjustment in adults with GH deficiency [27]. Consensus statements on paediatric GH
therapy have advocated IGF-I monitoring for over a
decade, to avoid overtreatment, assess adherence and,
more recently, guide rhGH dosing [28–30]; however,
a 2009 study showed that many clinicians continue not
to routinely monitor IGF-I levels during GH therapy
[31]. There is now good evidence that titrating the
rhGH dose to achieve IGF-I targets at the upper limit
of normal significantly improves growth responses
compared with standard weight-based dosing [32].
However, to our knowledge no studies have validated
the other role of serum IGF-I measurement as a biomarker for adherence, despite its common use in routine clinical practice [30] and even as the gold standard
in a validation study of a self-report adherence questionnaire [33]. A strong dose-response effect of rhGH
on serum IGF-I levels in children has been demonstrated in at least 1 observational study [34] and in 3
randomised controlled trials [32, 35, 36], although 2
other observational studies have failed to find a correlation in children with GH deficiency [31, 37]. Furthermore, all of these studies assessed variation in the
daily dose of rhGH, rather than the frequency of injection. One adult crossover trial has indicated that the
same weekly dose of GH given as three injections per
week reduces serum IGF-I levels compared to daily administration [38], but 2 others have shown no difference in IGF-I levels [39, 40]. The above heterogeneity
in results is likely due to a combination of factors, including lack of IGF-I assay standardisation, variable
adherence and the wide diversity in IGF-I responsiveness to GH stimulation [31]: IGF-I response varies
with age, height, BMI, fat mass and underlying growth
disorder [34, 41]. Cohen et al. [32] demonstrated a
more than 15-fold variation in the GH doses required
to maintain IGF-I levels at +2 SDS (20–346 μg/kg/
day). For this reason, it is difficult to determine whether an individual low IGF-I level represents poor adherence, low sensitivity to rhGH and/or other factors.

Table 1. Prevalence of non-adherence to GH therapy in paediatric patients
Study

Patient population

Method of assessing adherence

Definition of non-adherence

Proportion of
patients, %

Smith
et al. [63]

188 patients attending the Middlesex
Hospital Endocrinology Clinic

questionnaire completed by person
responsible for administering rhGH

injections missed:
>5 since last clinic visit
injections missed:
>10 since last clinic visit

51
19

Stanhope
et al. [64]

107 patients attending Great Ormond
Street Hospital Endocrinology Clinic
and associated peripatetic clinics

interview in the presence of a
growth research nurse

injections missed: ≥3 per month

10

Smith
et al. [49]

177 patients attending the Middlesex
Hospital Endocrinology Clinic

questionnaire completed by person
responsible for administering rhGH

failure to comply with all aspects of
treatment

16 – 42

Rees [65]

29 patients with renal disease in a
multicentre UK study

questionnaire completed by patient
and/or parents

injections missed: ≥1 per month
injections missed: ≥6 per month

62
7

Oyarzabal
et al. [51]

473 patients attending 17 paediatric
endocrinology clinics in Spain

questionnaire administered by
nurse to patient and/or parents

injections missed: ≥5% since last
clinic visit

6

Postlethwaite
et al. [42]

17 patients with renal disease from 4
UK centres

interview of parents

injections missed: <1 per week
injections missed: ≥1 per week

35 – 82
6–9

Hunter
et al. [19]

Patients in Scotland

encashed rhGH prescriptions

injections missed: >20%

33

Desrosiers
et al. [54]

631 patients in North America

unknown

injections missed: ≥3 per month
injections missed: ≥15 per month

15 – 24
6 – 13

Wickramasuriya
et al. [46]

50 patients commencing GH through
the Children’s Hospital in Birmingham

ampoule counts

not specifically defined
median adherence rate was 88 – 95%

Haverkamp
et al. [20]

6,487 patients in Germany

renewed rhGH prescriptions

failure to renew prescription during
first year of therapy

Kapoor
et al. [21]

75 patients attending Addenbrooke’s
Hospital Endocrinology Clinic

issued rhGH prescriptions

injections missed: >1 per week
injections missed: >2 per week

39
23

Rosenfeld and
Bakker [66]

882 patients in California

questionnaire completed by patient
and/or parents

occasionally noncompliant or
noncompliant and sceptical

64 – 77

Cutfield
et al. [53]

175 patients in New Zealand

number of rhGH vials required each
month
number of used rhGH vials returned

injections missed: >1 per week

34

injections missed: >1 per week

66
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GBP 30,000 per quality-adjusted life-years gained [5], and
the marketed cost of rhGH can vary between manufacturers by up to 25% [47].
The effect on adherence of offering patients a choice of
injection device has been examined in 3 observational
studies. Smith et al. [49] compared 169 children who had
started GH therapy before (group 1) or after (group 2) a
change in policy offering patients ‘a choice of GH preparation appropriate to their needs and a hospital-based
clinical nurse specialist to train them in its use at home’.
Adherence over a 3-month period was assessed using a
self-completed questionnaire. In group 1, 58% of patients
adhered to all aspects of their treatment, compared with
84% in group 2 (p < 0.001). Similarly, Kapoor et al. [21]
Fisher /Acerini

Downloaded by:
69.38.213.250 - 9/6/2017 10:57:16 PM

state: ‘The choice of product should be made on an individual basis after informed discussion between the responsible clinician and the patient and/or their carer
about the advantages and disadvantages of the products
available, taking into consideration therapeutic need and
the likelihood of adherence to treatment’ [3]. This is in
accordance with more general national and international
guidelines, which also stress the importance of taking into
account patients’ preferences when deciding on treatment and care [8, 48]. There are no specific factors that
predict which rhGH injection device a patient will choose
[3, 46]. However, GH therapy is expensive: five of the six
licensed indications have an incremental cost-effectiveness ratio above the generally accepted cut-off of

5 – 10

Table 2. Factors associated with poor adherence to GH therapy in paediatric patients

Factors associated with poor adherence

Factors not associated with adherence

–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–

compared 75 children who had started GH therapy before
or after a change in policy offering patients a free choice
of devices, this time estimating adherence from the number of rhGH prescriptions issued by GPs over a 12-month
period. They too found a significant association between
choice of injection device and greater adherence. An observational study of 165 children by Wickramasuriya et
al. [46] reported that offering patients a choice of device
had no significant effect on adherence, but this may be
because adherence was already high (89%) in the group
who had not been given a choice [21].
It therefore seems likely that offering patients a choice
of injection device upon initiation of GH therapy improves adherence. This is in agreement with studies in
other paediatric populations showing a more general association between shared decision-making and adherence to therapy [43, 50]. An additional consideration is
that after starting GH therapy, patients may remain on
rhGH for many years [3], during which time new or updated injection devices and associated support services
may be introduced by pharmaceutical companies, and
the patient’s preference for injection devices and support
may change. Indeed, adherence to GH therapy has been
shown to decline with time in some studies [21, 51]. Preliminary results from a patient satisfaction questionnaire
administered to patients on GH therapy suggest that patients and parents/guardians would value the opportunity to review their GH treatment package after a period
Understanding GH Therapy Adherence

Whether injections are given by parent or child [65]
Level of understanding about treatment [65]
Socioeconomic status [51]
Age [21, 51, 53]
Difficulty with injections [65]
Whether offered choice of injection device [46]
Duration of treatment [69]
Type of injection device used [21, 46]
Concern regarding size or growth response [65]
Age at commencement of treatment [69]
Gender [51, 53, 69]
Underlying cause of short stature [53, 69]
Initial height standard deviation score [21]
Clinical diagnosis [53]

Table 3. Interventions that have been proposed to improve adher-

ence to GH therapy in paediatric patients
– Giving patients a choice of injection devices [21, 49, 64]
– Use of automatic injection devices [70, 71], injection pens
[72] or a conceptual electronic device [73]
– Early patient and parent education and training [60, 74], at
home [49] or with the involvement of dedicated clinical nurse
specialist [63, 64]
– An educational camp [75]
– Discussion of potential adverse effects [15]
– Mutual analysis of specific barriers to adherence by patient
and clinician [20]
– Self-monitoring [10]
– Home delivery with hospital tracking [68]
– Longer duration of GH prescriptions, i.e. less frequent
prescription collections and pharmacy visits [21]
– A token reinforcement system [11]
– Calendars and reminders [16]
– A ‘written contract’ defining specific responsibilities of each
individual in the care of the patient [16]
– Involvement of immediate and extended family and social
support [11, 16]
– Support groups [10]
– Long-acting rhGH preparations [76]

of time [52]. It is therefore possible that offering patients
a review of their GH treatment package several years after
starting GH therapy will improve adherence. In their observational study, Wickramasuriya et al. [46] found no
change in adherence in six children, initially offered a free
Horm Res Paediatr 2013;79:189–196
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–
–
–

Injections not given by child [51]
Poorer level of understanding about treatment [63]
Lower socio-economic status [67]
Adolescence [66]
Injections considered difficult [51]
Lack of choice of injection device [21, 49]
Longer duration of treatment [21, 51]
Use of conventional syringe rather than automatic pen injection
device [51]
Use of needle and syringe rather than needle-free device [54]
Dissatisfaction with treatment results [66]
Training by non-hospital staff or no training rather than training by
hospital staff [51]
Inadequate contact with health-care providers [66]
Shorter duration of rhGH prescriptions [21]
Discomfort with injections [66]
Misperceptions about the consequences of missed rhGH doses [66]
Lack of home delivery with hospital tracking [68]
Maori ethnicity [53]

Costs of Non-Adherence to GH Therapy
Poor adherence to GH therapy is associated with reduced height velocity [21, 53, 54], reflecting the correlation between injection frequency and growth response
(i.e. height velocity and height standard deviation scores)
[4]. Non-adherence may also feasibly lead to later cardiovascular and metabolic consequences in patients with GH
deficiency [6], although we found no direct evidence for
this. There are no studies assessing the effect of non-adherence on health-related quality of life (HRQOL), defined as ‘a patient’s perceptions of the impact of disease
and treatment, functioning in a variety of dimensions including physical, mental, and social domains’ [55]. However, a trial by Bannink et al. [56] demonstrated that GHpromoted height gain is associated with improvements in
HRQOL in children born small for gestational age, and
that after attainment of final height, GH therapy is associated with increased HRQOL in GH-deficient patients
[57] probably as a result of its metabolic effects [58]. It is
therefore feasible that non-adherence may adversely affect HRQOL in these patient groups.
There are also economic costs to non-adherence. Direct costs include those due to additional diagnostic procedures, wasted medicines, increased rhGH dosage (with
the concomitant increased risk of adverse effects), increased hospitalisation and/or additional drugs or other
therapeutic interventions [16, 17, 20, 48]. Studies of other
chronic diseases have consistently found significant reductions in health care costs associated with interventions for improving adherence; for example, savings produced by optimal control of severe asthma have been estimated to be around 45% of the total medical costs [8].
Indirect costs include those due to the possible effects of
non-adherence on the HRQOL, social roles and vocational productivity of the patient [8]. For example, Persico et
al. [59] found that variation in teen height accounts for
disparities in wages in later life of similar magnitude to
those due to race and gender.

Conclusion

Adherence to paediatric GH therapy has been repeatedly demonstrated to be suboptimal, regardless of the assessment method used. Up to 82% of patients miss at least
some rhGH doses. Poor adherence may be one of several
194
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reasons why the mean final height attained with GH therapy continues to be below that of the general population
[60]. Analysis of the causes of non-adherence is complicated by conflicting evidence from different studies which
variously demonstrate: an association or lack thereof between adherence and age, socioeconomic status, duration
of treatment, level of understanding, injection giver, difficulty with injections, type of device used and choice of
device. The reasons for these discrepancies are unclear,
but may include differences in methodology, sample size
and the population which is assessed.
Various interventions have been proposed to improve
adherence to GH therapy, but none are supported by evidence from randomised controlled trials. It therefore
falls to individual clinicians to decide which strategies to
employ, based on the best available evidence. We feel
strongly, for example, that offering patients a choice of
rhGH injection device is important, and that attempts to
restrict this choice for financial reasons may have detrimental effects on patient outcomes and potentially undermine longer-term health-economic benefits. The latter may be particularly relevant to those developed healthcare systems where patient choice is not an option because
of the restrictions imposed by third-party payers (health
insurers). It should also be borne in mind that ‘no specific intervention can be recommended for all patients’
[48], and that the most effective interventions for improving adherence (in adults, at least) are multi-factorial rather than single-focus [8, 61].
Based on the above, the following recommendations
can be made:
(1) That future studies of adherence use a combination of
measures of adherence to maximise accuracy.
(2) That research be undertaken to further assess:
a. The validity of serum IGF-I measurement in the assessment of adherence to GH therapy.
b. The factors associated with poor adherence, so that
patients likely to struggle with adherence can be identified early on by clinicians and targeted appropriately.
c. The effects of poor adherence on final height,
HRQOL and body composition.
d. The effects of offering patients a choice of rhGH injection device, both upon initiation and after a defined
period of GH therapy. Important outcomes to be examined would include adherence, final height, HRQOL,
body composition and the health-economic implications.
It would also be useful to test the hypothesis that there
may be an interaction between offering the patient a
choice of devices and the patient’s desire to be given such
a choice [62].
Fisher /Acerini
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choice of rhGH injection device, who subsequently elected to switch device; however, to our knowledge, there are
no other studies to date which address this issue.

e. The effects of other interventions on the above outcomes, such as training patients in rhGH injection at
home, token reinforcement systems, ‘written contracts’,
long-acting rhGH preparations and involvement of the
extended family in GH therapy.

Disclosure Statement
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