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Background: About one-third of caregivers of pediatric or adolescent growth hormone deficiency (pGHD) patients in Japan have 
reported poor treatment adherence. However, few studies have examined factors related to adherence for that group.
Objective: The aim of this study is to consider factors related to poor adherence to daily treatment among caregivers of pGHD 
patients in Japan.
Methods: A cross-sectional survey was conducted among caregivers of pGHD patients in Japan. Caregivers were asked about 
demographic and treatment characteristics, health literacy, treatment satisfaction, opinions about treatment, and treatment adherence. 
Health literacy was assessed using the 14-item health literacy scale (HLS-14). Adherence was assessed using the 8-item Morisky 
Medication Adherence Scale (MMAS-8). Statistical association with adherence was considered using Chi-square and Student’s t– 
testing. An exploratory factor analysis (EFA) and K-means cluster analysis was conducted to consider the influence of treatment 
satisfaction and opinions concerning treatment on adherence.
Results: Responses were collected from 112 caregivers. The caregiver’s age being 30–39 years old, the primary caregiver being male, 
the primary caregiver being employed, and low functional health literacy for the caregiver were associated with poor adherence. 
Patients being pre-elementary school age was also associated with poor adherence. Low satisfaction with drug treatment and/or their 
device and communication with healthcare professionals (HCPs), and lack of agreement with the importance of treatment management 
(eg, keeping injection records, getting informed about the disease/therapy, reporting non-adherence, and sticking to an administration 
schedule), were also associated with poor adherence.
Conclusion: Strategies to improve treatment adherence among caregivers of pGHD patients in Japan should consider the age, gender, 
and employment status of the caregiver – as well as their functional literacy. Improvement in satisfaction with the drug or device used, 
better communication with HCPs, and greater awareness of the importance of treatment management, may also lead to better 
adherence.
Keywords: growth hormone, adherence, determinants, satisfaction, communication, health literacy

Introduction
Growth hormone deficiency (GHD) is said to affect less than 1% of the pediatric population in Japan with about 2000 
new GHD patients per year.1–3 While GHD can also affect adults, GHD is typically diagnosed at a young age 
necessitating the involvement of parents in the management of treatment.4,5 Subcutaneous injections of recombinant 
human growth hormone (rhGH) have been available in Japan since 1988 and are recommended as treatment for GHD 
with many parents and patients involved in self-administration of treatment injections.2,5 The importance and benefits of 
regular treatment with rhGH has been well-documented and lack of adherence to hGH treatment has been shown to be 
associated with a number of negative outcomes, including poorer clinical outcomes, poorer QOL, and higher treatment 
costs.5–11
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Despite the potential benefit of hGH treatment and the positive relationship between adherence and treatment 
outcomes, adherence with treatment has been shown to be suboptimal. Adherence to treatment may be defined as the 
extent that recommendations from healthcare professionals (HCPs) concerning treatment administration are followed 
including the amount to be administered and the frequency of administrations, for example.12–17 A previous analysis of 
findings from this study reported that about one-third of caregivers of pediatric and adolescent GHD patients in Japan 
report poor adherence.18 An online study conducted in 2015 among Japanese persons that reported having been treated 
for GHD, or that had children that were treated for GHD, also found that nearly two-thirds (64.3%) had missed 
a treatment in the past.7 The same study showed that about 1 out of 4 caregivers of pGHD patients do not always 
follow the instructions of the physician concerning administration of treatment. In fact, 20% said that they follow the 
instructions of their physician only 70–89% of the time, and 3.5% said they follow the instructions of their physician less 
than 70% of the time overall. Other studies conducted in Japan have reported higher levels of adherence to hGH 
treatment but were conducted in a clinical trial setting where treatment adherence is expected to be higher.19,20

While previous studies have shown that adherence to GH treatment among pediatric and adolescent patients is poor 
for many patients in Japan, factors associated with poor adherence among caregivers of pediatric and adolescent GHD 
patients in Japan is less clear. Previous findings suggest that forgetfulness, going somewhere overnight, refusal/resistance 
by the patients to undergo treatment, concern about side effects / safety, and being busy with school activities are some 
more common reasons for skipping treatment.18 Among those, forgetfulness, concern about side effects, and concern 
about safety have been shown to be associated with poor adherence. Several recent systematic literature reviews were 
also identified that considered factors related to poor adherence to GH treatment.17,21,22 Together they point to 
a combination of patient, caregiver, and treatment characteristics that may influence adherence.

Patient and caregiver characteristics that have been shown to influence adherence include the age of the patient and 
their duration of treatment, the level of education of the caregiver, lack of knowledge and understanding about GHD and 
its treatment, the degree of forgetfulness of the caregiver, and being away from home.17,21,22 Treatment characteristics 
that have been shown to influence adherence include administration frequency, the design of their injection device, pain / 
discomfort associated with treatment, and the quality of their relationship with HCPs.17,21,22 While not explicitly 
mentioned in previous studies, aspects concerning treatment satisfaction and opinions concerning treatment management 
are also thought to influence treatment adherence among caregivers of pediatric and adolescent GHD patients in Japan. 
A closer examination of the factors related to adherence among caregivers in Japan may help inform treatment decisions 
and approaches to improve adherence.

For this study we examine patient, caregiver, and treatment characteristics associated with adherence among 
caregivers of pediatric and adolescent GHD patients in Japan. We also consider how health literacy among caregivers, 
the degree of satisfaction with different aspects of treatment and the opinions of caregivers concerning treatment can 
affect adherence to daily hGH treatment among caregivers of pGHD patients in Japan.

Methods
Study Design and Participants
A cross-sectional survey was conducted in September 2021 among caregivers of patients being treated for pGHD or for 
being small for gestational age (SGA), that had been treated with growth hormones for 3 months or more. The study 
inclusion criteria were those involved in the administration of daily hGH injections for at least the past 3 months or 
longer to children aged 3–14 years old with GHD or being SGA. All caregivers or their spouse/partner were the primary 
person administering rhGH to the patient.

A detailed description of the recruitment process for caregivers is included in the initial analysis of treatment 
adherence described by Akazawa et al 2022.18 Caregivers were recruited from a registered panel of Japanese consumers 
maintained by INTAGE Inc. (Tokyo, Japan) and a separate consumer panel managed by Rakuten Insight, Inc. For this 
study, we aimed for a minimum of 100 responses from caregivers based on what was felt to be achievable using an online 
consumer panel. Data collection was completed between September 9, 2021 to September 16, 2021. An online survey 
comprising 29 questions was conducted. The survey instrument was developed by the authors after a targeted review of 
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existing literature on factors related to adherence to daily hGH treatment among pediatric and adolescent patients and 
caregivers. The draft survey instrument was reviewed by medical affairs specialists at Pfizer Japan Inc. (Tokyo, Japan) 
that specialize in GHD to improve its comprehension. Caregivers were contacted to answer an initial online screening 
questionnaire. Those meeting the study inclusion criteria were invited to participate in the main online survey.

Survey Content
The online survey was developed by the authors following a targeted literature review of previous studies that considered aspects 
associated with treatment adherence for GHD patients and their caregivers. In addition to questions concerning treatment 
adherence, the survey included various questions on the background of the caregiver respondents, the primary caregiver, and 
the patients that they care for. Caregivers were asked about their age, gender, the number of children under the age of 18 living at 
home, the gender of the primary caregiver (ie, the person primarily administering treatment), the employment status of the primary 
caregiver, the highest educational attainment of the primary caregiver, their annual household income, and their health literacy. 
Concerning the patients, the survey included questions about their gender and school age (ie, school year). Caregivers were also 
asked about various aspects concerning treatment for the GHD patient including the kind of facility they primarily visit, the 
department (specialty) of the physician primarily managing the patient’s treatment, their degree of satisfaction with various 
aspects of daily hGH treatment and their opinions about treatment. Some of these patient and caregiver characteristics were said to 
be associated with adherence to daily hGH treatment based on previous studies.6–10,14,15,17

For treatment satisfaction, respondents were asked to describe their satisfaction with various items related to 
treatment on a 5-point Likert scale, with 1 meaning that they are very dissatisfied and 5 meaning that they are very 
satisfied with the item. For their opinions concerning treatment, respondents were asked to indicate the degree that they 
agree or disagree with various statements concerning treatment on a 5-point Likert scale, with 1 meaning that they do not 
agree with the statement at all and 5 meaning that they agree with it a lot.

Health literacy was assessed using the 14-item health literacy scale (HLS-14). This 14-item scale was developed for 
Japan and has been used on a large-scale basis via cross-sectional mail and online surveys in Japan in the past.23–25 The 
HLS-14 consists of 14 items that assess three dimensions of health literacy: functional, communicative, and critical 
health literacy.26 Functional health literacy refers to the ability to understand and use health information to make 
informed decisions about health care. Communicative health literacy refers to the ability to communicate effectively 
with HCPs. Critical health literacy refers to the ability to evaluate health information critically and make informed 
decisions about health care. The items on the HLS-14 are rated on a 5-point scale, ranging from 1 (not at all) to 5 (very 
much). The total score on the HLS-14 ranges from 14 to 70, with higher scores indicating higher health literacy.

Adherence to daily hGH treatment was assessed using the 8-item Morisky Medication Adherence Scale (MMAS-8). 
The MMAS-8 instrument is a structured self-reported measure of medication-taking behavior that has been widely used 
in various countries for a number of different conditions.27–38 The highest attainable score on the MMAS-8 is eight 
points and a higher score indicates a higher degree of treatment adherence. A Japanese version of the MMAS-8 is 
available from the license holder. It has been used outside Japan among GHD and SGA patients and has been used in 
Japan among non-GHD patients / caregivers.15,27–38

Statistical Analyses
Quantitative data collected were analyzed by INTAGE Healthcare using Microsoft Excel (2016) and statistical analysis 
was conducted using R statistical software. A descriptive analysis of the data was performed using summary statistics for 
categorical and continuous data. For categorical data, frequencies and proportions are provided. Missing data was not an 
issue for this study because the online survey method involved rigorous review and testing of the survey program 
internally by INTAGE Healthcare and respondents could not continue to the next question without providing a response 
to each question sequentially presented to them.

For treatment satisfaction items and opinions concerning treatment, the top 2 responses (satisfied / very satisfied and 
agree / agree a lot) were calculated and frequencies and proportions for the top 2 responses are reported. Moreover, for 
health literacy mean scores and the standard deviation were calculated for the overall HLS-14 responses and for each 
sub-domain (functional, communicative, and critical health literacy). Moderate to good treatment adherence among 
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caregivers was defined as a score of 6 to 8 on the MMAS-8 scale. Conversely, those with a score of less than 6 were 
defined as having poor adherence. This categorization has been used to describe poor, moderate, and good adherence in 
previous studies that utilized the MMAS-8 instrument.27–32

Chi-square testing was used to assess the significance of the difference between those with poor adherence and those 
with moderate to good adherence for patient and caregiver characteristics, treatment characteristics, satisfaction with 
treatment, and opinions concerning treatment. A Student’s t–test was used to consider the significance of the difference 
between those with moderate to good adherence and those with poor adherence in terms of their health literacy. A p-value 
of 0.05 or lower was considered to be statistically significant.

Exploratory Factor Analysis and K-Means Clustering Analysis
An exploratory factor analysis (EFA) for satisfaction with treatment-related items and opinions concerning treatment was 
conducted in order to identify factors that best describe each of those areas. Factor analysis, including EFA, has been 
used in studies to examine factors that are associated with medication adherence and to consider factors for inclusion in 
scales that measure adherence.39–42 An EFA can be used to reduce data to a smaller set of summary variables.43 While 
numerous items related to treatment satisfaction and opinions about treatment were included in the survey questions, not 
all items may describe overall satisfaction and agreement as clearly. EFA was therefore used to refine the variables to 
those with the most explanatory value.

Specifically, the EFA was conducted using the following steps. First, the minimum residuals method was used to 
minimize the residuals of the model. Next, promax rotation was performed. The number of factors was set to three. This 
was done based on the Kaiser criterion, which states that factors with eigenvalues greater than 1 should be retained. For 
each factor, items with loadings of 0.5 or more were included. This was done to ensure that the items were loading on the 
factors in a meaningful way. Items with loadings of less than 0.5 for all factors were deleted in order to remove items that 
were not loading on any of the factors.

Graham et al and Orso et al reviewed studies related to adherence to daily hGH treatment and Gomez et al proposed 
a conceptual framework related to barriers to adherence.17,21,22 In addition to patient and caregiver characteristics such as age and 
education, factors such as satisfaction with treatment, communication with HCPs, and satisfaction with the device were also said 
to be important aspects. The variables used for the EFA for the present study were selected based on those studies with items 
related on treatment satisfaction, satisfaction related to communication, devices and medication included as variables.

After conducting an EFA of satisfaction with treatment-related items and opinions concerning treatment, a K-means 
clustering analysis was conducted for each area. The factor scores obtained from each EFA were used as the variables for 
the respective K-means clustering analysis. K-means clustering analysis is a type of non-hierarchical clustering that 
generates clusters by computing the Euclidean distance with K = 4.44 This analysis can be used to group similar data 
points together and discover underlying patterns. The relationship between adherence and each of satisfaction with 
treatment-related items and opinions concerning treatment is considered, based on the findings.

Ethical Consideration
This study was conducted in accordance with the Declaration of Helsinki and is consistent with Good 
Pharmacoepidemiology Practices and the applicable laws and regulations of Japan. This study also adhered to the 
European Pharmaceutical Market Research Association (EphMRA) Code of Conduct.45 Ethical approval for this study 
was obtained from the central ethical review committee maintained by the Saga Memorial Hospital based in Saga, Japan 
on November 2, 2021, prior to starting data collection. Informed consent to participate in the study was obtained from all 
respondents prior to start of the survey.

Results
Caregiver, Patient, and Treatment Characteristics
Table 1 shows the characteristics of the survey participants by level of treatment adherence based on the MMAS-8 
instrument where moderate to good treatment adherence is defined as a score 6 to 8 and poor adherence is defined as 
a score of less than 6. The survey was completed by 112 caregivers of patients being treated for pGHD or for being SGA 
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Table 1 Treatment Adherence and Caregiver, Patient, and Treatment Characteristics

n (%) All caregivers 
(n=112)

Poor adherence 
caregiversa(n=36)

Moderate to good adherence 
caregiversb(n=76)

p-value

Caregiver characteristics

Adherence level

Poor adherence 36 (32.1) 36 (100.0) - -

Moderate adherence 44 (39.3) - 44 (57.9) -

Good adherence 32 (28.6) - 32 (42.1) -

Caregiver gender

Male 51 (45.5) 17 (47.2) 34 (44.7) 0.805

Female 61 (54.5) 19 (52.8) 42 (55.3)

Caregiver age

20–29 3 (2.7) 2 (5.6) 1 (1.3) 0.194

30–39 49 (43.8) 23 (63.9) 26 (34.2) 0.003

40–49 47 (42.0) 8 (22.2) 39 (51.3) 0.004

50 or older 13 (11.6) 3 (8.3) 10 (13.2) 0.457

Number of children under age 18 living at home

1 child 22 (19.6) 8 (22.2) 14 (18.4) 0.636

2 children 61 (54.5) 18 (50.0) 43 (56.6) 0.514

3 or more children 29 (25.9) 10 (27.8) 19 (25.0) 0.754

Gender of primary caregiver

Male 34 (30.4) 16 (44.4) 18 (23.7) 0.026

Female 78 (69.6) 20 (55.6) 58 (76.3)

Employment status of primary caregiver

Full-time / part-time 86 (76.8) 32 (88.9) 54 (71.1) 0.037

Not currently working 26 (23.2) 4 (11.1) 22 (28.9)

Highest educational attainment of primary caregiver

Middle school 5 (4.5) 1 (2.8) 4 (5.3) 0.552

High school 15 (13.4) 5 (13.9) 10 (13.2) 0.916

Vocational / short-term college 28 (25.0) 6 (16.7) 22 (28.9) 0.161

University / college 43 (38.4) 12 (33.3) 31 (40.8) 0.449

Graduate school 19 (17.0) 10 (27.8) 9 (11.8) 0.036

Prefer not to answer 2 (1.8) 2 (5.6) 0 (0.0) 0.038

Annual household income

Less than 5 million JPY 22 (19.6) 5 (13.9) 17 (22.4) 0.292

5 million JPY to <10 million JPY 49 (43.8) 14 (38.9) 35 (46.1) 0.475

10 million JPY or more 31 (27.7) 14 (38.9) 17 (22.4) 0.068

Prefer not to answer 10 (8.9) 3 (8.3) 7 (9.2) 0.879

(Continued)
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that had been treated with growth hormones for 3 months or more. About two-thirds (67.9%) of caregivers reported 
having moderate to good adherence and about one-third (32.1%) reported poor adherence to rGH treatment based the 
MMAS-8 instrument. Over half of caregivers (54.5%) were female and most (85.8%) were aged 30 to 49 years old. 
About 1 out of 5 caregivers (19.6%) indicated that they had only one child under the age of 18 living at home, while most 
(75.0%) had 2 or more under the age of 18 living at home. About two-thirds (69.6%) reported that the primary caregiver - 
ie, the primary administrator of rGH treatment for the patient - is female. Most (76.8%) said that the primary caregiver 
for the patient worked full-time or part-time and most (80.4%) said that the primary caregiver for the patient has at least 
some post-secondary education. In fact, more than half (55.4%) of the primary caregivers for the patients had at least 
a 4-year college education. Most caregivers (71.4%) had an annual household income of 5 million JPY or higher and 
more than one-third (38.4%) had an annual household income of 10 million JPY or higher.

In terms of patient characteristics, about two-thirds (66.1%) of the GHD patients cared for were male and more than 
half (56.2%) were in their 1st to 6th year of elementary school (as opposed to pre-elementary school or middle school). 
Nearly one-third of GHD patients (29.5%) were pre-elementary school-age patients. In terms of treatment characteristics, 
about two-thirds of caregivers (63.4%) reported that their child was primarily being treated at a hospital and 80.4% were 
primarily being treated by a pediatrician.

Table 1 (Continued). 

n (%) All caregivers 
(n=112)

Poor adherence 
caregiversa(n=36)

Moderate to good adherence 
caregiversb(n=76)

p-value

Patient characteristics

Patient gender

Male 74 (66.1) 23 (63.9) 51 (67.1) 0.737

Female 38 (33.9) 13 (36.1) 25 (32.9)

School age

Pre-elementary school 33 (29.5) 16 (44.4) 17 (22.4) 0.017

1st to 3rd year elementary school 36 (32.1) 8 (22.2) 28 (36.8) 0.122

4th to 6th year elementary school 27 (24.1) 8 (22.2) 19 (25) 0.748

Middle school 16 (14.3) 4 (11.1) 12 (15.8) 0.509

Treatment characteristics

Primary facility type

Hospital 71 (63.4) 19 (52.8) 52 (68.4) 0.109

Clinic 41 (36.6) 17 (47.2) 24 (31.6)

Primary department treated by

Pediatrics 90 (80.4) 32 (88.9) 58 (76.3) 0.118

Diabetes/metabolic/endocrinology 14 (12.5) 2 (5.6) 12 (15.8) 0.126

Internal medicine 5 (4.5) 2 (5.6) 3 (3.9) 0.700

Other 1 (0.9) 0 (0) 1 (1.3) 0.489

Do not know 2 (1.8) 0 (0) 2 (2.6) 0.326

Note: aPoor adherence is defined as an MMAS-8 score of < 6.0 points. bModerate to good adherence is defined as an MMAS-8 score of 6.0 to 8.0 points.
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Health Literacy
Table 2 shows the overall score for health literacy based on the HLS-14 instrument. The average overall healthcare 
literacy score was 50.1 points with a standard deviation of ±7.3 based on a maximum possible score of 70 points. The 
average score for functional health literacy was 17.6 points with a standard deviation of ±5.0 based on a maximum 
possible score of 25 points. The average score for communicative health literacy was 18.8 points with a standard 
deviation of ±3.5 based on a maximum possible score of 25 points. Lastly, the average score for critical health literacy 
was 13.7 points with a standard deviation of ±2.8 based on a maximum possible score of 20 points.

Satisfaction with Treatment
Table 3 shows the percent of caregivers that selected 4 or 5 on a 5-point Likert scale concerning their satisfaction with 
different aspects of treatment, with 4 meaning they are “Satisfied” and 5 meaning they are ‘Very satisfied’ with the item. 
Again, items related to satisfaction with treatment that were included in the present study were selected based on their 
inclusion in the aforementioned literature reviews which considered factors that may be related to treatment adherence. 
Caregivers generally reported a high degree of satisfaction with items related to treatment. Satisfaction was highest, on 
average, for the treatment options available to them (76.8%), communication with physicians (76.8%), their drug 

Table 3 Treatment Adherence and Satisfaction Concerning Treatment

Those that selected 4 (“Satisfied”) or 5 (“Very satisfied”) 
on a 5-point Likert scale, n (%)

All caregivers 
(n=112)

Poor adherence 
caregiversa(n=36)

Moderate to good adherence 
caregiversb(n=76)

p-value

Satisfaction concerning treatment

Consultation time 80 (71.4) 28 (77.8) 52 (68.4) 0.306

Treatment options 86 (76.8) 24 (66.7) 62 (81.6) 0.081

Drug treatment used 84 (75.0) 24 (66.7) 60 (78.9) 0.161

Device used (injection device) 83 (74.1) 27 (75.0) 56 (73.7) 0.882

Treatment efficacy (at improving stature) 77 (68.8) 26 (72.2) 51 (67.1) 0.585

Treatment safety (side effects and pain) 68 (60.7) 20 (55.6) 48 (63.2) 0.442

Communication with physicians 86 (76.8) 28 (77.8) 58 (76.3) 0.864

Communication with nurses and pharmacists 78 (69.6) 25 (69.4) 53 (69.7) 0.975

Physical and mental burden of patient related to treatment 60 (53.6) 17 (47.2) 43 (56.6) 0.354

Physical and mental burden of caregiver related to treatment 55 (49.1) 18 (50.0) 37 (48.7) 0.897

Cost of rhGH treatment 74 (66.1) 23 (63.9) 51 (67.1) 0.737

Note: aPoor adherence is defined as MMAS-8 score <6.0 points. bModerate to good adherence is defined as an MMAS-8 score of 6.0 to 8.0 points.

Table 2 Treatment Adherence and Health Literacy Among Caregivers Based on HLS-14

Mean (SD) All caregivers 
(n=112)

Poor adherence 
caregiversa(n=36)

Moderate to good adherence 
caregiversb(n=76)

p-value

Overall 50.1±7.3 49.3±6.5 50.5±7.7 0.421

Functional health literacy 17.6±5.0 15.6±5.3 18.6±4.7 0.003

Communicative health literacy 18.8±3.5 19.2±4.0 18.6±3.3 0.374

Critical health literacy 13.7±2.8 14.4±2.9 13.3±2.8 0.049

Note: aPoor adherence is defined as an MMAS-8 score of <6.0 points. bModerate to good adherence is defined as an MMAS-8 score of 6.0 to 8.0 points.
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treatment used (75.0%), and their device used (74.1%) based on a response of 4 or 5 on a 5-point Likert scale. On the 
other hand, satisfaction was lowest, on average, for physical and mental burden of the caregiver related to treatment 
(49.1%), physical and mental burden of the patient related to treatment (53.6%), and treatment safety (60.7%) based on 
a response of 4 or 5 on a 5-point Likert scale.

Opinions Concerning Treatment
Table 4 shows the percent of caregivers that selected 4 or 5 on a 5-point Likert scale concerning their agreement with 
statements related to treatment, with 4 meaning they “Agree” with the statement and 5 meaning they “Agree with it 
a lot”. Again, items related to opinions about treatment that were included in the present study were selected based on 
their inclusion in the aforementioned literature reviews which considered factors that may be related to treatment 
adherence. Agreement with statements concerning treatment varied. Agreement was highest, on average, for the notion 

Table 4 Treatment Adherence and Opinions Concerning Treatment

Those that selected 4 (“Agree”) or 5 (“Agree with a lot”)  
on a 5-point Likert scale, n (%)

All caregivers 
(n=112)

Poor adherence 
caregiversa(n=36)

Moderate to good adherence 
caregiversb(n=76)

p-value

Opinions concerning treatment

If growth hormone therapy is not administered as directed, then the 
desired effect cannot be achieved

50 (44.6) 16 (44.4) 34 (44.7) 0.977

Physicians should check for non-adherence  
(missed or unintentional injections) during consultations

49 (43.8) 17 (47.2) 32 (42.1) 0.610

Caregivers should report non-adherence  
(missed or unintentional injections) during consultations

62 (55.4) 18 (50.0) 44 (57.9) 0.433

Caregivers should keep records of growth hormone injections 65 (58.0) 22 (61.1) 43 (56.6) 0.650

Physicians should review caregiver’s record of growth hormone 
injections

54 (48.2) 20 (55.6) 34 (44.7) 0.285

Caregivers should decide in advance when to give growth hormone 
injections and adhere to it

67 (59.8) 21 (58.3) 46 (60.5) 0.825

Physicians should take the initiative in providing information about the 
disease and its treatment

66 (58.9) 23 (63.9) 43 (56.6) 0.463

Caregivers should get informed about the disease/therapy as needed 66 (58.9) 23 (63.9) 43 (56.6) 0.463

I gather information sufficiently about the disease and its treatment 48 (42.9) 16 (44.4) 32 (42.1) 0.815

I have sufficient understanding of the disease/therapy in practice 55 (49.1) 19 (52.8) 36 (47.4) 0.593

Drugs/devices (injectors) should be determined by the physician 53 (47.3) 19 (52.8) 34 (44.7) 0.426

Drugs/devices (injectors) should be selected by the caregiver 26 (23.2) 12 (33.3) 14 (18.4) 0.081

Doctors, pharmacists, or nurses should ask caregivers about any 
problems with the drug/device (injector) used

64 (57.1) 22 (61.1) 42 (55.3) 0.559

Caregivers should consult about any problems related to the drug/ 
device (injector) used

61 (54.5) 20 (55.6) 41 (53.9) 0.873

Physicians should ask caregivers about their desire to change the drug/ 
device (injector) used

48 (42.9) 19 (52.8) 29 (38.2) 0.144

Caregivers should consult with physicians about changing the drug/ 
device (injector) used

51 (45.5) 18 (50.0) 33 (43.4) 0.514

Missing an injection once or twice a month is not a problem 44 (39.3) 20 (55.6) 24 (31.6) 0.015

Intentionally skipping an injection once or twice a month is not 
a problem

22 (19.6) 12 (33.3) 10 (13.2) 0.012

Note: aPoor adherence is defined as MMAS-8 score <6.0 points. bModerate to good adherence is defined as an MMAS-8 score of 6.0 to 8.0 points.
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that caregivers should decide in advance when to give growth hormone injections and adhere to it (59.8%), that 
caregivers should get informed about the disease/therapy as needed (58.9%), that physicians should take the initiative 
in providing information about the disease and its treatment (58.9%), that physicians, pharmacists, or nurses should ask 
caregivers about any problems with the drug/device (injector) used (57.1%), and that caregivers should report non- 
adherence (missed or unintentional injections) during consultations (55.4%) based on a response of 4 or 5 on a 5-point 
Likert scale. On the other hand, agreement was lowest, on average, for the notion that intentionally skipping an injection 
once or twice a month is not a problem (19.6%), that drugs/devices (injectors) should be selected by the caregiver 
(23.2%), and that missing an injection once or twice a month is not a problem (39.3%) based on a response of 4 or 5 on 
a 5-point Likert scale.

Characteristics of Those with Poor Treatment Adherence
Table 1 also shows the characteristics of caregivers and patients and treatment characteristics for those with poor 
adherence (n=36, 32.1%) and those with moderate to good adherence (n=76, 67.9%) to daily rGH treatment. Adherence 
to daily rGH treatment was associated with some caregiver age ranges (30–39 and 40–49 years old), the gender of the 
primary caregiver, and the employment status of the primary caregiver based on a univariate analysis. Among those with 
moderate to good adherence, about one-third (34.2%) were aged 30–39 years old, compared to nearly two-thirds (63.9%) 
of those with poor adherence – suggesting that caregivers with poor adherence are more commonly aged 30–39 years old.

Among caregivers with moderate to good adherence, 76.3% reported that primary caregiver is female, compared to 
55.6% of those with poor adherence - suggesting that the primary caregiver being female may be associated with better 
adherence. Similarly, among caregivers with moderate to good adherence, 28.9% reported that the primary caregiver is 
not currently working, compared to 11.1% of those with poor adherence - suggesting that not currently working may be 
associated with better adherence. These differences were both statistically significant. Among caregivers with moderate 
to good adherence, about 22.4% cared for GHD patients that were pre-elementary school age, compared to 44.4% of 
those with poor adherence - suggesting that caring for pre-elementary school age children is associated with better 
adherence. That difference was also statistically significant.

While overall health literacy based on the HLS-14 instrument was not shown to be associated with adherence to daily 
rGH treatment, responses to the functional health literacy domain questions were shown to be associated with treatment 
adherence (Table 2). The functional health literacy domain includes questions on the ability to understand and use health 
information to make informed decisions about health. Specifically, it includes questions such as whether or not they feel 
confident with reading the Japanese characters in the literature / pamphlets provided by the hospital and/or pharmacy, 
whether or not they have found that material difficult to read, whether or not it takes them a good deal of time to read that 
material, or if they have had to have someone read it for them. Among the caregivers interviewed, those with moderate to 
good adherence reported 18.6 points on average, for the functional health literacy domain compared to only 15.6 points, 
on average, for those with poor adherence - suggesting that those with better functional literacy have better adherence.

Relationship Between Treatment Satisfaction and Adherence
Among the items considered for treatment satisfaction, none of items included were shown to be associated with 
adherence based on a univariate analysis. Among those with moderate to good adherence, 81.7% and 78.9% indicated 
that they are satisfied with the drug treatment used, respectively, compared to only 66.7% for those with poor adherence - 
suggesting that satisfaction with drug treatment may be associated with better adherence. However, the differences were 
not statistically significant and therefore, as a whole, these findings suggest that, aside from satisfaction with the drug 
treatment used, satisfaction with treatment may be a poor predictor of treatment adherence.

To further examine the relationship between satisfaction with treatment and adherence to daily rGH treatment, an 
EFA of treatment satisfaction items thought to be related to adherence was conducted. The results of that analysis are 
shown in Table 5. That analysis revealed three categories of factors that best describe overall satisfaction based on the 
items included: 1) satisfaction with the drug / device used, 2) satisfaction with the degree of physical and mental burden 
related to treatment, and 3) satisfaction with communication with HCPs. Other items such as satisfaction with treatment 
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efficacy and satisfaction with treatment safety, failed to yield factor loadings above the minimum threshold of 0.5 for any 
of the factors.

The three factors identified were then used as inputs for a K-mean clustering analysis. The results of that analysis are 
shown in Table 6. Four distinct clusters were identified. Names were assigned to each cluster identified to help 
understand their tendencies. Cluster 2 (“Satisfied”) had the highest level of adherence with 87.5% of caregivers included 
in that cluster reporting moderate to good adherence. Caregivers in Cluster 2 (“Satisfied”) showed a higher degree 
satisfaction with the drug / device used, the physical and mental burden of treatment, and communication with HCPs. 
Caregivers in Cluster 1 (“Burdened”) had the next highest level of treatment adherence with nearly three-fourths of 
caregivers (70.4%) in that cluster reporting moderate to good adherence. Caregivers in Cluster 1 (“Burdened”) reported 
a low degree of satisfaction with the physical and mental burden of treatment, but a moderate satisfaction with the drug/ 
device used and communication with HCPs.

Cluster 4 (“Communication focused”) had the next highest level of adherence with 69.0% reporting a moderate to 
good adherence. Caregivers in Cluster 4 (“Communication focused”) had a low degree of satisfaction with their 
communication with HCPs. This suggests that communication with HCPs may be important to maintaining and 
improving adherence. Lastly, caregivers in Cluster 3 (“Drug / device focused”) had the lowest level of adherence with 
only 50.0% of caregivers in that cluster reporting moderate to poor adherence. Cluster 3 (“Drug / device focused”) 
reported the lowest degree of satisfaction with the drug / device used. Overall, these findings suggest that satisfaction 
with the drug / device used may indeed be an important driver for adherence - and to some degree satisfaction with 
communication with HCPs and satisfaction with degree of physical and mental burden as well.

Table 5 Exploratory Factor Analysis: Treatment Satisfaction

Category Item Factor 1 Factor 2 Factor 3

Satisfaction with drug / device used Drug treatment used 0.90 0.13 0.32

Device used (injection device) 0.70 0.28 0.29

Satisfaction with degree of physical  

and mental burden related to 

treatment

Physical and mental burden of patient related to treatment 0.13 0.97 0.18

Physical and mental burden of caregiver related to 

treatment

0.28 0.58 0.34

Satisfaction with communication  

with healthcare professionals

Communication with physicians 0.29 0.23 0.80

Communication with nurses and pharmacists 0.39 0.28 0.72

Notes: Shaded boxes indicate items within each factor with loading factors greater than 0.5. Three factors were identified: Factor 1 which has a strong association with 
satisfaction with the drug / device used, Factor 2 which has a strong association with satisfaction with degree of physical and mental burden related to treatment, and Factor 
3 which has a strong association with satisfaction with communication with healthcare professionals. These three factors were used in the K-Means clustering analysis.

Table 6 K-Means Cluster Analysis: Treatment Satisfaction

Category Cluster 1 
“Burdened”  

(n=27)

Cluster 2 
“Satisfied”  

(n=24)

Cluster 3 “Drug /  
device focused” 

(n=32)

Cluster 4 “Communication 
focused” (n=29)

Satisfaction with drug / device used 0.465 0.813 −0.851 −0.167

Satisfaction with degree of physical and 
mental burden

−1.164 1.067 0.400 −0.243

Satisfaction with communication with 
healthcare professionals

0.611 0.490 0.281 −1.285

Moderate to good adherence, n (%)a 19 (70.4) 21 (87.5) 16 (50.0) 20 (69.0)

Note: aModerate to good adherence is defined as an MMAS-8 score of 6.0 to 8.0 points.
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Relationship Between Opinions Concerning Treatment and Adherence
Among the items considered for opinions concerning treatment, only agreement with the notion that intentionally 
skipping an injection once or twice a month is not a problem was associated with adherence based on a univariate 
analysis. Among those with moderate to good adherence, 13.2% indicated that intentionally skipping an injection once or 
twice a month is not a problem, compared to 33.3% for those with poor adherence. Overall, these findings suggest that, 
aside from holding more easy-going views on the idea of skipping treatment, opinions about treatment may be a poor 
predictor of treatment adherence.

To further examine the relationship between opinions about treatment and adherence to daily rGH treatment, an EFA 
of opinions about treatment thought to be related to adherence was conducted. The results of that analysis are shown in 
Table 7. That analysis revealed three categories of factors that best summarize opinions concerning treatment: 1) the 
importance of treatment management, 2) the importance of consultation concerning the drug / device used, and 3) the 
importance of treatment info gathering and understanding. Other items, such as agreement with the notion that not 
administering growth hormone therapy as directed can lead to not achieving the desired effect, failed to yield factor 
loadings above the minimum threshold of 0.5.

The three factors identified were then used as inputs for a K-mean clustering analysis. The results of that analysis are 
shown in Table 8. Four distinct clusters were identified. Again, names were assigned to each cluster identified to help 
understand their tendencies. Caregivers in Cluster 4 (“Uninvolved”) had the highest level of adherence with 73.3% of 
caregivers in that cluster reporting moderate to good adherence. Caregivers in Cluster 4 (“Uninvolved”) showed a low 
degree of agreement with all three factor categories, especially the importance of consultation concerning drug / device 
used. Next, caregivers in Cluster 2 (“Managed”) had the next highest level of adherence with 71.9% caregivers in that 
cluster reporting moderate to good adherence. Caregivers in Cluster 2 (“Managed”) showed a high degree of agreement 
with the importance of treatment management, and a moderate degree of disagreement with the importance of consulta
tion concerning the drug / device used.

Caregivers in Cluster 1 (“Involved”) had the next highest level of adherence with around two-thirds of caregivers in 
that cluster (63.9%) reporting moderate to good adherence. Caregiver in Cluster 1 (“Involved”) had a moderate to high 
degree of agreement with the importance of all three factor categories, especially the importance of treatment info 
gathering and understanding. Lastly, caregivers in Cluster 3 (“Mismanaged”) had the lowest degree of adherence with 
only 57.1% of caregivers included in that cluster reporting moderate to good adherence. Caregivers in Cluster 3 

Table 7 Exploratory Factor Analysis: Opinions Related to Treatment

Category Item Factor1 Factor2 Factor3

Importance of treatment 
management

Caregivers should keep records of growth hormone injections 0.86 0.20 0.22

Caregivers should get informed about the disease/therapy as needed 0.73 0.30 0.35

Caregivers should report non-adherence (missed or unintentional injections) 
during consultations

0.72 0.18 0.28

Caregivers should decide in advance when to give growth hormone injections and 
adhere to it

0.65 0.23 0.33

Importance of consultation  
concerning drug / device used

Caregivers should consult about any problems related to the drug/device 
(injector) used

0.21 0.82 0.29

Caregivers should consult with physicians about changing the drug/device 
(injector) used

0.24 0.76 0.11

Importance of treatment info  
gathering and understanding

I gather information sufficiently about the disease and its treatment 0.33 0.18 0.80

I have sufficient understanding of the disease/therapy in practice 0.40 0.29 0.68

Notes: Shaded boxes indicate items within each factor with loading factors greater than 0.5. Three factors were identified: Factor 1 which has a strong association with 
items related to importance of treatment management, Factor 2 which has a strong association with items related to importance of consultation cornering their drug / 
device, and Factor 3 which has a strong association with items relates to the importance of info gathering and understanding. These three factors were used in the K-Means 
clustering analysis.
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(“Mismanaged”) showed a low degree of agreement with the importance of treatment management, and a high degree of 
agreement with the importance of consultation regarding the drug / device used. This suggests that agreement with the 
importance of proactively managing treatment such as keeping records of growth hormone injections, getting informed 
about the disease/therapy as needed, reporting non-adherence (missed or unintentional injections) during consultations, 
and deciding in advance when to give growth hormone injections and adhering to it; may be important for achieving 
adherence, and perhaps more importantly, that the lack of emphasis on the importance of such treatment management 
may lead to poor adherence.

Discussion
Findings from this study suggest that adherence to daily rhGH treatment among caregivers of pGHD patients in Japan is 
associated with a mix of caregiver and patient characteristics as well as certain aspects related to treatment satisfaction and 
opinions concerning treatment. First, in terms of the characteristics of caregivers and the patients that they care for, the 
caregiver’s age, gender, employment status, and functional literacy are important factors. Caregivers with poor adherence are 
more commonly aged 30–39 compared those with good adherence. Moreover, among those with moderate to good adherence, 
the primary caregivers are more commonly female and not currently employed. Caregivers with moderate to good adherence 
tended to have a higher functional health literacy compared to those with poor adherence. The age of the patient is also 
important. The patients of caregivers with poor adherence were more commonly pre-elementary school age children 
compared to those with moderate to good adherence. These differences were all statistically significant.

Next, this study has shown that among items related to treatment satisfaction, low satisfaction with drug / device used, and 
to some extent low satisfaction with communication with HCPs, are associated with poorer adherence. Moreover, among 
items related to opinions concerning treatment, agreement with the notion that intentionally skipping an injection once or twice 
a month is not a problem, is associated with poorer adherence based on a univariate analysis. These relationships were, to 
a large extent, confirmed based on the EFA and K-means cluster analyses.

These findings are to our knowledge, the first to assess how caregiver, patient, and treatment characteristics can 
influence adherence to daily rhGH treatment among caregivers of pGHD patients in Japan, using statistical analysis. 
While previous studies for Japan have considered the level of adherence to treatment among caregivers and their 
preferences concerning treatment, none have examined how caregiver, patient and treatment characteristics are associated 
with treatment adherence using statistical analysis.5,7,18

Although no previous studies were identified that considered the age of the caregiver, some previous studies have 
examined barriers to adherence based on the age of the patient.34,46–48 Similar to the present study, a study by Maggio 
et al 2018 found lower adherence among younger pediatric patients aged 9 or younger in Italy, compared those that aged 
10–13 years old. Other studies, however, have shown an inverse association between the age of the patient and treatment 
adherence with adherence declining over time.48 The association between patient age and treatment adherence may, 
therefore, be complex with poor adherence in younger and older patient groups and better adherence among those in the 
middle age groups.

Table 8 K-Means Cluster Analysis: Opinions Related to Treatment

Cluster 1  
“Involved” 

(n=36)

Cluster 2  
“Managed” 

(n=32)

Cluster 3 
“Mismanaged”  

(n=14)

Cluster 4 
“Uninvolved”  

(n=30)

Importance of treatment management 0.463 0.760 −1.564 −0.636

Importance of consultation concerning  

drug / device used

0.186 0.380 0.890 −1.044

Importance of treatment info gathering and 

understanding

0.967 −0.513 −0.098 −0.567

Moderate to good adherence, n (%)a 23 (63.9) 23 (71.9) 8 (57.1) 22 (73.3)

Note: aModerate to good adherence is defined as an MMAS-8 score of 6.0 to 8.0 points.
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The gender and employment status of the caregiver has also not typically been examined in previous studies that considered 
barriers to treatment adherence among caregivers of pGHD patients. However, some studies have suggested that a busier 
injection schedule (eg, 7 injections per week instead of 6 injections or a single injection) may be associated with poor 
adherence.18,34,49 The combination of a busy injection schedule and a busy lifestyle due to employment may affect adherence. 
Specifically, to the extent that being employed full-time or part-time can lead to a busier lifestyle, making an injection schedule 
more difficult to manage, caregivers that are employed may have a more difficult time achieving moderate / good treatment 
adherence. While the impact of once-weekly injections on treatment adherence among caregivers in Japan is still unclear, 
caregivers have reported a strong preference for fewer treatment injections.5 Based on this, less frequent treatment injections, 
such as the recently introduced once-weekly rhGH injection product, may improve adherence for employed persons.47

While no similar studies were found that examined the relationship between health literacy and treatment adherence 
for pGHD, several previous studies have suggested that lack of treatment understanding is associated with poorer 
adherence for pGHD treatment.46,50,51 For example, in their survey that included the parents of children with pGHD, 
Rosenfeld et al 2008 found that misperception about the consequences of missing doses is associated with poorer 
adherence.50 Moreover, in their survey of patients and caregivers involved in the administration of rhGH treatment for 
pGHD, Bagnasco et al 2017, showed that adherent patients were more likely to have a parent that had completed a high 
level of education, and that lack of family education / awareness is related to poorer adherence.51 Other studies have 
reported cases of low adherence due to poor initial injection instruction and training, but improved adherence as a result 
of adequate and appropriate instruction during subsequent visits to the clinic.52 While there was no statistical difference 
in treatment adherence based on educational attainment observed for the present study, functional health literacy is 
clearly an important factor associated with treatment adherence in Japan.

Some previous studies have also suggested that satisfaction with the drug and device used is related to treatment 
adherence.50,51 Satisfaction with the drug and device can in turn be driven by the frequency of injections required, the 
pain associated with injections, the perceived safety of the product, etc.18,50 Japanese caregivers that administer daily 
rhGH treatment have described a preference for fewer injections and easier dosing time / set up.5 Caregivers have also 
expressed some concern about the safety of pGHD treatment.18,53,54 Studies have found that 67% of caregivers report 
concern about the side effects associated with treatment and that concern has been linked to refusal to adhere.53,54 

Continual efforts to improve satisfaction with drug and device used are likely to help improve adherence. Moreover, 
more dialogue between physicians and parents about the safety of treatment may be needed.

Lastly, while no previous study was found that examined the opinions of caregivers concerning treatment and 
treatment adherence, the present study found that lack of agreement with the importance of treatment management - 
eg, keeping records of growth hormone injections, getting informed about the disease/therapy as needed, reporting non- 
adherence (missed or unintentional injections) during consultations, and deciding in advance when to give growth 
hormone injections and adhering to it - is associated with poorer treatment adherence for caregivers of pGHD patients. 
While not explicitly related to concern about treatment management, several previous studies have suggested that 
forgetfulness is associated with poorer adherence.15,18,49 To the extent that forgetfulness concerning treatment adminis
tration is associated with lack of agreement with the importance of treatment management, the findings may be related.

Based on the findings from this study, interventions that specifically target those aged 30–39, caregivers that are male, 
caregivers that are working, and caregivers that are caring for pre-elementary school age children may lead to an overall 
improvement in treatment. Instructions and communications concerning the administration of rhGH treatment could be 
designed specifically for those groups. Moreover, interventions geared towards those with lower functional literacy such 
as visual aids, treatment-management support programs and more incorporation of digital technologies may lead to an 
improvement in treatment.55,56 Specific drug and device use by caregivers, their level of communication with HCPs and 
the importance they place on treatment management are clearly important.

It has also been reported that there is a gap in the perceived level of adherence between caregivers of pGHD and 
physicians.18 While many factors influence treatment adherence and clinical outcomes, the importance of shared decision 
making (SDM) in shaping these decisions is becoming increasingly clear.57 SDM is an approach where clinicians and 
patients share the best available evidence when faced with the task of making decisions, and where patients are supported 
to consider their options to achieve informed preferences. We believe that this concept also could be an intervention tool 
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to optimize adherence. While physicians in Japan tend to see a lot of patients per day, more active communication with 
caregivers about the importance of treatment management and sharing information about the best treatment option 
available may lead to an improvement in adherence. For example, the availability of a newly medical treatment option 
may improve satisfaction with drug treatment and improve treatment management.

Study Limitations
While this study offers as unprecedented review of the factors related to treatment adherence among caregivers of pGHD 
patients in Japan, it has a number of limitations. Several limitations inherent to the survey method are highlighted in the 
initial analysis presented.18 However, there are some limitations that are unique to the study analysis. First, while the 
number of caregivers included is thought to be sufficient to gauge overall adherence, healthcare literacy, treatment 
satisfaction, etc., findings from the EFA and K-means cluster analyses may be limited due to small sample sizes for the 
subgroups. A larger study population may have revealed more or stronger associations for adherence. Moreover, this 
survey was conducted prior to the recent introduction of a once weekly rhGH treatment option in Japan.

Conclusion
Strategies to improve treatment adherence among caregivers of pGHD patients in Japan could target specific groups of 
caregivers and patients such as caregivers aged 30–39, male caregivers, employed caregivers, and those caring for pre- 
elementary school age patients. Moreover, efforts to improve the functional health literacy of caregivers and to identify and 
provide support to those low functional health literacy, may lead to an improvement in treatment adherence. Finally, 
improvement in satisfaction with the drug and/or device used, communication between patients and HCPs, and education 
about the importance of proactive treatment management may also lead to an improvement in treatment adherence.
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