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Introduction

This study in Argentina evaluated the impact of the growzen™ buddy smartphone app on adherence to recombinant human growth hormone (r-hGH) treatment.





Methods

The adherence data, invitation dates with a link to the app, app activation dates, and height measurements entered were extracted from the growzen™ digital health ecosystem. Patients with 12 months of adherence data, aged ≥2 years at treatment start, and aged <19 years were selected both before and after app implementation. Mean adherence was classified as optimal (≥85%) versus suboptimal (<85%). Adherence before and after implementation and the pre–post effect on adherence were assessed.





Results

Data for 830 patients were available. Prior to app implementation, the proportion of patients with optimal adherence was 68% (n = 348/515). Following the app implementation, out of 315 patients, 302 (96%) received an invitation with a link to the app, 225 (71%) activated their account, and 127 (40%) entered height data in the first year. There was a significant early increase in the proportion of patients with optimal adherence following implementation: 82% (n = 258/315), p < 0.001. After implementation, the proportion of patients with optimal adherence included 80% (n = 78/98) of those with an active account who did not enter height measurements and 89% (n = 113/127) of those who did. There was a significant and positive pre–post app effect on adherence (p < 0.01) in patients with an active account.





Discussion

Our results show that using the growzen™ buddy app has a rapid and positive impact on adherence to r-hGH treatment, and patients who were more engaged with the app demonstrated better adherence.
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1 Introduction

Recombinant human growth hormone (r-hGH) therapy is an effective treatment for children with specific growth disorders (1). The treatment consists of daily subcutaneous injections, required from the time of diagnosis until cessation of linear growth, which can place a substantial burden on patients and caregivers (2, 3). As with any treatment for chronic disorders, suboptimal adherence to r-hGH therapy is common, and this has been well documented to substantially impair the growth response and other outcomes (4–7).

To facilitate improved adherence to this type of treatment, patients treated with r-hGH can benefit from a digital health ecosystem that supports them in their treatment journey (8). In 2006, the growzen™ digital health ecosystem (formerly easypod® connect ecosystem) was introduced by Merck and has evolved over the years based on learnings and advances in technology and digital health. The ecosystem currently includes the growzen™ connect platform and reporting system based on real-world adherence data from the connected injector/pen devices (easypod® (9) and Aluetta™ smartdot™ (10–12)), the TuiTek™ patient support program (PSP) based around nurses within Merck who have received specialized in-house training (5), and the growzen™ buddy smartphone application (app). The growzen™ buddy smartphone app was introduced to the ecosystem in 2017 as growlink™ (3). Between 2016 and 2021, a study was performed to better understand and map the pediatric growth hormone deficiency patient journey, one of the aims being to identify opportunities to incorporate effective digital health solutions to improve clinical- and patient-reported outcomes (13). This 5-year research fed the pipeline of features and improvements now implemented in the growzen™ buddy app. A study by Crane et al. used a similar approach to assess the effects of the patterns of engagement with digital self-monitoring tools during a weight loss maintenance program, concluding that tailored intervention approaches should target participants at key moments of risk for disengagement with self-monitoring tools (4).

The growzen™ buddy app alerts patients when it is time for an injection and allows patients and their caregivers to self-monitor growth and treatment progress, build a treatment routine, improve adherence, and ultimately, take ownership of their treatment outcomes, particularly as they transition from adolescence to adulthood. The app also contains a library of articles and educational resources (including a section on treatment initiation) designed to empower patients to take an active role in their treatment from the outset to optimize their adherence.

The PSP nurses now play an important role in the roll-out of the growzen™ buddy app by inviting patients to create an account and, after which, training those who have enrolled in the growzen™ buddy app program and have started their r-hGH treatment journey. In addition, the nurses liaise with healthcare professionals (HCPs) to explain the advantages and added value of the app in the treatment of their patients.

Using the app, patients, caregivers, and HCPs can visualize treatment adherence on a calendar and access consolidated statistics on the patients’ monthly adherence. The ability to track adherence even when injections are administered by more than one injector device was introduced to support the high number of families residing at separate addresses. Together with adherence, patients and caregivers can record their growth and weight and track their progression over time to boost engagement with the app and ensure long-term persistence to r-hGH treatment. Furthermore, via the app, patients and caregivers receive multiple communications—for example: injection reminders (the user can customize their frequency and delivery time), motivational messages triggered by specific events (e.g., a period of continuous and regular injections), and alerts triggered by specific events (e.g., injection of a dose different to the recorded prescribed dose).

The aim of this present study was to evaluate the impact of the current growzen™ buddy app on adherence to r-hGH treatment by presenting data on the effect that engagement with the app had on adherence in Argentinian patients with growth disorders.




2 Methods

This was a retrospective observational study. Adherence data in the first year of treatment, the dates patients received an invitation with a link to the growzen™ buddy app, activation dates of the app, and height measurements entered in the app were extracted from the growzen™ digital health ecosystem on August 17, 2023. Patients from Argentina who had 1 year of adherence data and who were aged between ≥2 and <19 years at treatment start were selected for analysis both from before (January 2018–September 2020) and after (October 2020–December 2022) implementation of the app (Figure 1). The patients from the period before implementation were divided into two groups—one comprising patients who started treatment between January and December 2018 and the other comprising patients who started between January and October 2019 and therefore ended their first year of treatment before October 2020 to investigate if their adherence remained stable.




Figure 1 | Timeline to demonstrate the implementation of the growzen™ buddy app.



During the app implementation stage, PSP nurses invited patients to access the app via email and validated device data into the ecosystem. The PSP nurses explained how to enter height data into the app and the benefits of using the app.

Overall and monthly mean adherence values in the first year were classified based on milligrams of r-hGH-injected versus milligrams of r-hGH prescribed as optimal (≥85%) (7) versus suboptimal (<85%). Chi-square tests (%) and Student’s t-test (mean) were performed to study the difference in sex, indication, and age at treatment start before and after implementation of the app. Logistic regression analyses were performed to test the difference between overall adherence before and after app implementation. After the implementation, the pre–post effect of activating the account on adherence was investigated using a mixed-effects logistic regression model with monthly adherence as the dependent variable and the main effects and interaction effect between time on treatment (in months) and account activated (yes/no each month) as independent variables.




3 Results



3.1 Data

In total, data for 830 patients were available, of whom 518 (62%) had growth hormone deficiency (Table 1). The proportion of patients with GHD was higher, and the mean age at treatment start was lower after compared with before implementation. Adherence data were available for 515 patients before app implementation and for 315 patients after app implementation.


Table 1 | Demographic and clinical characteristics of the study population.





3.1.1 Implementing the growzen™ buddy app

Following the implementation of the app, out of 315 patients, 302 (96%) patients received an invitation with a link to the app, 225 (71%) patients activated their account, and 127 (40%) patients entered height data in the app in the first year of treatment (Figure 2).




Figure 2 | Proportion of patients who interacted with the app following implementation.



The majority of patients (n = 250, 83%) received their invitation during the first month of treatment. Of the patients with an active account in the first year of treatment, 78% (n = 176) activated their account during the first month of treatment and 89% (n = 201) activated their account within 1 month after the invitation link was sent. The proportion of patients who activated their account was higher for patients with GHD [76% (167 out of 220)] compared with patients born SGA [61% (47 out of 77)] (p = 0.02). The proportion of patients who entered height data in the app was 44% (96 out of 220) of patients with GHD versus 32% (25 out of 77) of patients born SGA (p = 0.11).




3.1.2 Overall adherence before and after the implementation of the growzen™ buddy app

Before implementation of the app, the proportion of patients with optimal adherence during the first year of treatment was 68% (n = 348/515) and remained stable [n = 179/261 (69%) and n = 169/254 (67%) patients initiating treatment in 2018 and January–October 2019, respectively]. There was a statistically significant increase in the proportion of patients with optimal adherence following the implementation of the app: 82% (n = 258/315), p < 0.001, odds ratio (OR) = 1.47, 95% confidence interval (CI): 1.25–1.75, and OR adjusted for indication [GHD, SGA, and others (TS and unknown)] and age at treatment start = 1.48, 95% CI: 1.25–1.76. The proportion of patients with optimal adherence included 74% (n = 67/90) of those without an account, 80% (n = 78/98) of those with an active account but without height measurements in the app, and 89% (n = 113/127) of those who entered height measurements in the app (Figure 2). Moreover, there was a statistically significant and positive pre–post app effect of activating the account on adherence (adjusted OR = 1.19, 95% CI: 1.04–1.36, p = 0.01).




3.1.3 Monthly adherence before and after the implementation of the growzen™ buddy app

The increase in optimal adherence after implementation was evident in the early stages of treatment and remained higher than before implementation during the first year of treatment (Figure 3). The proportion of patients with optimal adherence in the first 3 months of treatment was 82% (n = 423/515) before implementation (patients initiating treatment during January 2018–October 2019), 86% (n = 77/90) after implementation in those with no account, 94% (n = 92/98) of those with an active account but without height measurements in the app, and 95% (n = 121/127) of those who entered height measurements in the app. Moreover, in patients with optimal adherence in the first 3 months of treatment, 77% (n = 327/423) remained optimal at 12 months of treatment before implementation, 73% (n = 56/77) after implementation in those with no account, 82% (n = 75/92) in those with an active account but without height measurements in the app, and 86% (n = 106/123) of those who entered height measurements in the app (Figure 3).




Figure 3 | The proportion of patients with optimal adherence during the first year of treatment stratified by time before and after implementation and degree of engagement to the app.






3.1.4 Comparison of the patients’ height measurements in the growzen™ buddy app and the HCPs’ measurements

In total, 127 patients entered 426 height measurements in the app during the first year of treatment. The mean (SD) number of height measurements per patient was 3.4 (2.5), ranging from 1 to 12. In addition, 59 height measurements were obtained from the HCP, of which 13 were also added by the patient in the app. Out of these 13 measurements, seven were the same as the HCP, three were rounded identically, and three differed by 0.8–1.7 cm. Out of 426 measurements, 40 from the patient and zero from the HCP were entered in meters instead of centimeters and were subsequently multiplied by 100. Figure 4 shows (A) the longitudinal growth curves for girls who entered height measurements in the app without HCP measurements available in the ecosystem, (B) those with HCP measurements available, and the same for boys without (C) and with (D) HCP measurements available. The Argentinian height references (P5, P10, P25, P50, P75, P90, and P95) (14) were also plotted in these figures. The majority of patients show consistent growth curves in line with the measurements from the HCP. Several patients show a very steep curve or an instant decrease or increase, which is most likely due to data entry error.




Figure 4 | (A) Height by age curves for girls who entered height measurements in the app [no healthcare professional (HCP) measurements]. (B) Height by age curves for girls who also had height data available from their HCP [black=patient, red=HCP]. (C) Height by age curves for boys who entered height measurements in the app [no HCP measurements]. (D) Height by age curves for boys who also had height data available from their HCP [black=patient, red=HCP].








4 Discussion

The application of digital health technologies is increasingly common in the management of a number of disease areas, such as asthma, diabetes, and in this case, growth disorders (15–18). However, accurate data on the effectiveness and added value of digital health interventions is relatively scarce, so we believe that our study on the effects of the growzen™ buddy app on adherence to r-hGH treatment is a useful contribution to the literature.

Children’s motivation to adhere to r-hGH treatment can decrease over time because the long-term benefits of their treatment are not obvious to them (4). Nonetheless, poor adherence to r-hGH treatment has negative effects on their long-term clinical and growth outcomes and can adversely affect costs and resource usage within healthcare systems (7, 19, 20).

Improving adherence to injectable therapy with r-hGH is consequently associated not only with clinical benefits, enhancing the effectiveness of treatment, but also avoiding costly medication and resource waste and reducing unnecessary diagnostic and therapeutic activities (7). Previous studies have shown the value and effectiveness of combining innovative digital adherence monitoring devices and targeted educational interventions by PSP nurses during the course of r-hGH treatment in children with growth disorders (4, 6). Accurate assessment of adherence using digitally enhanced injection devices can also help to differentiate between poor adherence and an inadequate physiologic response to the r-hGH administered (6).

Our study utilized accurate adherence data obtained by the easypod® autoinjector device (9) and transmitted to and stored securely in the growzen™ digital health ecosystem. The easypod® is a digitally enhanced electromechanical injection device that records the exact dose, time, and date of the injections made for each individual patient (6). These reliable data enabled us to assess the effect of the growzen™ buddy app on adherence in patients with growth disorders in a real-world setting in Argentina. Our results clearly indicate the positive effects of the utilization and engagement with the app on adherence to r-hGH treatment. Furthermore, the number of patients in Argentina actively using the app is steadily increasing (from 225 in this study to 928 as of December 5, 2023), and in due course, this may enable a further analysis with a larger cohort for enhanced statistical power. This analysis could also include a survey to assess which aspects of the app the patients/caregivers most liked interacting with, as this could lead to further enhancement of the app.

Other modifiable factors that could influence adherence and improve growth and clinical outcomes include cost, accessibility, and levels of reimbursement, although lower cost is unlikely in itself to significantly improve adherence to such a demanding and prolonged medication regimen. Switching patients from standard syringes and needles to pens with smaller and/or hidden needles or to automated injection devices such as easypod® with adjustable injection settings is likely to have a positive effect on adherence (9, 21). Increasing the number of PSP nurses and the frequency of calls to patients/caregivers may also improve adherence.

The strengths of our study include the number of patients whose data could be assessed and the accuracy of the adherence data for these patients obtained through the growzen™ connect ecosystem. Furthermore, to the authors’ knowledge, this is the first study to show the benefit and direct effects of patient engagement on clinical outcomes in this therapy area. The limitations of the study include the lack of data on the regional and cultural characteristics of the active users and non-users of the growzen™ app and the treatment styles and attitudes to patient involvement of the prescribing physicians involved. Furthermore, since the study populations before and after the app implementation were not exactly the same, statistical differences alone cannot explain differences in adherence. In our study, we found a significant difference in the proportion of patients with GHD and age. However, after adjustment for these factors in the analysis, the effects remained the same. This study showed that 71% (225 out of 315) of patients used the app, and of these, 56% (127 out of 225) had high engagement as they entered height data in the app. Although the app was developed considering user needs and preferences (22), additional quantitative research and participatory studies are needed to assess factors affecting the adoption, acceptability, and engagement with the app among patients and caregivers, particularly over the long term and across different indications.

A final limitation is that we did not perform a randomized controlled trial to evaluate the impact of the growzen™ buddy app on adherence, which would likely strengthen causal inference and minimize bias. However, with this retrospective observational study, we were able to assess the impact of introducing the app within a real-world setting, considering the effect of its implementation. This approach allowed us to observe the app’s performance in a practical setting providing valuable insights into its real-world utility and potential challenges.




5 Conclusions

Our results show that using the growzen™ buddy app within the growzen™ connect ecosystem and PSP has a timely and rapid positive impact on adherence to r-hGH treatment in patients with growth disorders. In particular, patients (and their caregivers) who were more engaged with the app showed greater improvement in adherence.
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Characiensic [(AE:%10)] implementation (n = 515) implementation (n = 315) app implementation
Sex (1) =21,p=015
Female 326 (39) 192 (37) 134 (43) |
Male 504 (61) 323 (63) 181 (57)
Indication () = 13.7, p = 0.001°*
GHD 518 (62) 298 (58) 220 (70)
SGA 237 (29) 160 (31) 77 (24)
TS 50 (6) 37.(7) 13 (4)
Unknown 25 (3) 20 (4) 5(2)
Age at treatment start 9.6 (3.3) 99 (3.3) 9.3 (2.2) #(684) = 2.7, p = 0.008

(years), mean (SD)

All data presented as n (%) unless otherwise stated.
GHD, growth hormone deficiency; SD, standard deviation; SGA, small for gestational age; TS, Turner syndrome.
*T'S and unknown combined for the test.





