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Abstract

Introduction and purpose

Recombinant human growth hormone (rhGH) therapy has been the standard treatment for

paediatric short stature for many years, and a therapeutic option for the replacement therapy

of growth hormone deficiency in the post-growth patient population. Each country providing

rhGH treatment has its own programms based on national recommendations and international

guidelines. The aim of this review was to discuss selected parameters used for assessment of

the response to rhGH treatment in the paediatric and the post-growth adult populations, using

the example of Poland.

Description of state of knowledge

The rhGH therapy requires thorough monitoring to minimize potential adverse effects and to

optimize treatment outcomes. Due to the differences in the final therapeutic effects of rhGH

between pediatric and adult cohorts, different parameters are used to assess treatment efficacy.

In children and adolescents, anthropometric measurements reflecting growth are primarily

utilized. Considering the systemic effects of the rhGH, metabolic parameters are evaluated in

both populations. In adults, additional assessments include quality of life, measured using

standardized questionnaires, and bone mineral density. Computer predictive models can also

be used to monitor the treatment.

Conclusion

Growth hormone therapy has been associated with a range of well-documented benefits both

paediatric and adult populations. However, its administration necessitates comprehensive

monitoring based on standardized parameters specific to each patient cohort.
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Introduction

Research into growth hormone (GH) and its clinical use in the treatment of growth disorders

spans more than 100 years. Initial treatment with the human-derived GH started between 1958

and 1985. Since 1985, with the advent of recombinant technology and genetic engineering,

recombinant human growth hormone has become the standard therapy for short stature in the

paediatric population1. Based on study results and its safety profile, adults with severe growth

hormone deficiency (GHD) have also been eligible for therapy for about 30 years, with

treatment being administered primarily for metabolic indications2. According to the latest

research, rhGH treatment is considered safe; however, close monitoring is always required

throughout therapy, both to optimise its beneficial effects and to detect potential side effects3,4.

In Poland, qualification for the Growth Hormone Treatment Drug Programme is handled by

(1) the Coordination Team for Growth Hormone Treatment, dedicated to the paediatric

population, and (2) the Coordination Team for the Use of Growth Hormone in Adult Patients

and Adolescents after Completion of Growth-promoting Therapy. Since 2000, attempts have

been made to introduce reimbursement for rhGH in adults and adolescents who have

completed growth-promoting therapy. The programme was finally launched in Poland in 2022.

Detailed eligibility and treatment guidelines are included in Drug Programmes dedicated to

specific patient groups and are available 5–10. Table 1 shows the groups covered by

reimbursement for rhGH therapy in Poland.
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Paediatric population Post-growth adolescents and adults

Growth hormone deficiency /

Multihormonal hypopituitarism

Adults not treated with rhGH in

childhood

with a diagnosis of hypopituitarism

Turner syndrome

Prader-Willi syndrome

Chronic kidney disease

Adolescents and adults previously

treated

with rhGH

Children born small for gestational

age and/or with foetal growth

restriction

Patients with multihormonal

hypopituitary (except prolactin) and

confirmation of

an organic or genetic cause of the

underlying condition

Table 1. Patient groups treated with growth hormone in Poland. (rhGH – recombinant human

growth hormone)

The positive effects of the GH on metabolism have been repeatedly demonstrated11. Among

these, its role in promoting growth by stimulating the proliferation of bone growth cartilage,

improving the lipid profile, lowering blood pressure (thereby reducing cardiovascular risk),

enhancing bone mineralisation and density, increasing muscle mass, and improving muscular

strength are particularly significant12.

When treating children, the primary benefit is improved growth, except in the case of the

Prader-Willi Syndrome group, for whom rhGH treatment is introduced to improve metabolic

profile and muscle tone13.

In addition to promoting growth, patients with severe growth hormone deficiency — most

commonly due to somatotropin hypopituitarism or multihormonal pituitary hypopituitarism

—seem to derive the greatest metabolic benefit. These patients lack endogenous GH or have
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insufficient pituitary synthesis, making it particularly important to continue rhGH treatment

beyond the growth phase14.

A distinct group of patients consists of children born small for gestational age (SGA). It has

been demonstrated that neonates with intrauterine growth restriction are at a higher risk of

both early and late complications15. In the context of growth hormone therapy, late

complications are of greater concern, encompassing a range of disorders, including growth

impairment, insulin resistance, adrenarche praecox, progressive puberty, subclinical

hypothyroidism, neurodevelopmental disorders, and progressive deterioration of renal

function16.

In this group, the metabolic effects of GH treatment are transient, observed only during the

course of therapy, with the sole lasting benefit being an improvement in final adult height17.

In the adult and adolescent population after completion of growth, the most serious long-term

consequences of GHD include an increased mortality rate due to cardiovascular complications,

a higher incidence of osteoporotic fractures, and a decline in quality of life—secondary to

persistent muscle weakness or pain associated with skeletal damage and/or sarcopenia. In this

patient group, the favourable metabolic profile of rhGH therapy is of the utmost importance18.

Currently, in Poland, treatment involves daily subcutaneous injections of rhGH. Since 2021, a

new formulation of rhGH — somapacitan — administered once weekly has been introduced

to the global market. In 2023, the use of somapacitan was approved in the United States and

Germany for both children over 2.5 years of age and adults. Two-year analyses and clinical

studies confirm the efficacy of somapacitan at a level comparable to that of somatotropin,

with a similar safety profile and risk of adverse effects, while significantly reducing the

frequency of injections19. In the coming months, approval for this preparation is expected in

additional European countries.

To monitor the effects of therapy, the use of standardised and harmonised parameters is

recommended20. In the paediatric population, growth-related parameters are most commonly

utilised, whereas in adults, quality of life and metabolic outcomes are assessed. Table 2

presents selected parameters used to evaluate the response to rhGH therapy.
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The aim of this review was to discuss selected parameters used to evaluate the response to

rhGH treatment in both the paediatric population and in adults and adolescents after the

completion of growth.

Paediatric population Post-growth adolescents and adults

Anthropometric measurements

Ht, weight Ht, weight, BMI

head circumference, chest

circumference
waist circumference, WHR

pubertal stage according to Tanner

scale

body composition assessment using

BIA

Metabolic measurements

serum ionogram analysis

(at minimum Na, Ca and K)

serum ionogram analysis

(at minimum Na, Ca and K)

fasting blood glucose and HbA1c HbA1c

IGF-1 IGF-1

TSH, FT4, FT3 TSH, FT4
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TG, TC, LDL-C, HDL-C TG, TC, LDL-C, HDL-C

Other

Psychological consultation with an

assessment of psychomotor and/or

intellectual development

QoL

BPM BPM

BA bone mineral density (DXA scan)

other examinations and

consultations as required

other examinations and consultations

as required

Table 2. Selected parameters used to evaluate the response to rhGH therapy in Children,

Adolescents and Adults (Ht - Height, BMI - Body Mass Index, WHR - Waist-Hip Ratio, BIA -

bioelectrical impedance analysis, TG - triglycerides, TC - total cholesterol, HDL-C - High-

Density Lipoprotein Cholesterol, LDL-C - Low-Density Lipoprotein Cholesterol, Ca -

Calcium, Na - Sodium, K - Potassium, HbA1c - glycated hemoglobin, IGF-1 - Insulin-like

Growth Factor 1, TSH- Thyroid-Stimulating Hormone, FT3- Free Triiodothyronine, FT4 -

Free Thyroxine, BPM - Blood Pressure Measurement, QoL - Quality of Life, BA - Bone Age,

DXA - Dual-energy X-ray Absorptiometry)
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Parameters Used to Evaluate the Response to Treatment in the Paediatric Population

Height and Growth Velocity

To evaluate the efficacy and outcomes of growth hormone therapy, objective anthropometric

parameters are assessed during follow-up visits. The most commonly used and literature-cited

as the most reliable measures are height (Ht) measurements and the assessment of growth

velocity (HV)21.

Measurements should be performed using the same a stadiometer with an accuracy of one

millimetre at each follow-up visit, certified by the relevant authority (in Poland, the Central

Office of Measures). Three measurements are taken, and the arithmetic mean is calculated,

converted into standard deviation scores (SDS), and analysed. The obtained values are plotted

on percentile charts for the corresponding sex, enabling the observation of growth trends and

demonstrating improvements in height.

A good response to treatment is defined as a height difference expressed as SDS of at least 0.3

(ΔHt SDS ≥ 0.3) and/or an increase in growth velocity of at least 3 cm per year

(ΔHV ≥ 3 cm/year)22.

Studies by Bang et al. and Straetemans et al. have shown that HV is the best parameter for

assessing treatment response, although it is also associated with the highest potential

measurement error. Regardless of the parameter chosen, the response in the first year of

treatment is considered one of the most important prognostic factors20,22.

In order to accurately assess HV in the first year of treatment, it is essential to ascertain the

patient's growth velocity prior to the initiation of therapy. In Poland, every patient eligible for

the rhGH therapy undergoes a series of precise anthropometric measurements and

examinations, which form the basis for final qualification. These data are recorded both in the

patient’s medical documentation and in the Therapeutic Programmes Monitoring System,

significantly facilitating the monitoring and management of therapy.

In some cases, patients are qualified for rhGH treatment during adolescence or at an advanced

stage of puberty. To expedite the diagnostic process and optimise treatment outcomes in such
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instances, the physician responsible for qualification relies on the patient’s medical history,

often obtained during routine preventive visits within primary healthcare. The regular

measurement of anthropometric parameters in the offices of other medical specialists, and the

consistent documentation of these values in the patient's medical records, appear to be

beneficial for ensuring accurate assessment and effective treatment planning.

Concentration of Insulin-Like Growth Factor Type 1 (IGF-1)

The assessment of IGF-1 concentration is listed as one of the mandatory and most important

tests performed during routine follow-up visits for patients treated with rhGH. IGF-1 is a

metabolically active molecule at target sites (e.g. growth plates in bones, muscles) and is

synthesised in the liver in response to stimulation by GH23. Consequently, it serves as a direct

reflection of the bioavailability of GH within the body24. Numerous studies have

demonstrated a positive correlation between increased IGF-1 concentrations and favourable

treatment responses25.

However, concentrations of IGF-1 that significantly exceed the established reference range

have been demonstrated to be associated with an elevated risk of atherosclerosis and the

development of malignant cancers. The modification of rhGH dosage is dependent on IGF-1

values26. Persistently elevated IGF-1 levels, exceeding the age- and sex-specific reference

ranges, necessitate a temporary suspension or discontinuation of rhGH therapy.

To ensure accuracy, it is recommended that IGF-1 concentration be measured in serum

collected in the morning, with the sample delivered to the laboratory within 60 minutes of

collection. IGF-1 concentration is subject to fluctuations over time and is influenced by

numerous factors, including gender, age, pubertal stage, liver function, nutritional status, and

medications taken by the patient25. The immunoenzymatic method is the most common

technique for measuring IGF-1 levels. The values thus obtained are then compared with the

laboratory norms provided by the manufacturer of the tests used in the laboratory

collaborating with the centre managing GH therapy.

The variability of this parameter was discussed by Glińska et al., who noted that depending on

the laboratory norms used for monitoring, a significantly different proportion of patients with

elevated IGF-1 levels and thus requiring a reduction in GH dose were distinguished27. The
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standards employed by laboratories are derived from large groups of healthy individuals.

However, no standards or centile grids have been developed to date for rhGH-treated patients.

The existing literature suggests that transiently sustained IGF-1 elevation is safe and has no

long-term consequences, whereas a reduction of the GH dose secondary to elevated IGF-1

concentrations can significantly affect the final effects of GH treatment28.

Bone Age

Another parameter that is specific to the paediatric population is the assessment of bone age

(BA). This examination involves the radiographic imaging of the wrist of the non-dominant

hand, followed by a thorough evaluation of the ossification nuclei29. The images obtained are

then compared with data from atlases to ensure accuracy. In Poland, the evaluation according

to the Greulich-Pyle method is mandatory30. A discrepancy of up to 12 months between bone

age and calendar age is considered within the normal range. Prior to the introduction of rhGH,

a more delayed BA relative to CA was associated with greater growth potential and a more

favourable response to treatment. This parameter is mentioned as mandatory during the course

of therapy and is also one of the indications for termination of treatment (complete

ossification of the nuclei is equivalent to termination of the growth process). However, the

assessment of BA is subject to error, as it is based on the experience of the radiologist and is

difficult to standardise. Furthermore, radiological atlases were created in the 1930s and

included radiographs of Caucasian patients from a good socio-economic background. In an

attempt to address this limitation, a comparative analysis was conducted between the

radiological assessment of bone age based on radiographs and ultrasound of the metacarpal

bones. The results of this study were comparable to those obtained during standard BA

assessment31.

Prediction Models

Some authors propose the implementation of computer-based growth prediction models,

emphasizing their potential to enhance therapy personalization for individual patients, achieve

better therapeutic outcomes, and optimize treatment costs. Over the years, numerous

predictive models have been developed, with the most widely described being the KIGS

System of Growth Prediction, the Cologne Model, and the Gothenburg Prediction Models32–34.

These models are primarily designed for patients with severe GH deficiency. Additionally,
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efforts have been made to introduce a new parameter—index of responsiveness (IoR), which

compares the observed growth velocity during the first year of treatment to the predicted

growth velocity estimated using predictive models20. More recently, models predicting final

height after the first year of treatment have also been proposed.

Currently, no predictive model has been specifically developed for the Polish population.

Moreover, as the exact reliability of the proposed predictive models has not been fully

established, precise anthropometric measurements remain the most reliable method for

assessing treatment outcomes to date.

Parameters Used to Evaluate the Response to Treatment in Adults and Adolescents After

Growth Completion

Due to the completion of the growth process and the distinct therapeutic goals of rhGH

substitution, the parameters used to evaluate treatment in the adult population differ (Table 2).

The assessment of treatment response should primarily include biochemical and

anthropometric measurements, body composition analysis, bone mineral density assessment,

and a patient interview focused on quality of life18,35.

Biochemical Parameters

One of the key therapeutic effects of rhGH treatment in adults and adolescents after growth

completion is the correction of metabolic disturbances associated with GHD. It has been

demonstrated that GHD contributes to the development of atherogenic dyslipidaemia, while

substitution therapy helps to correct these abnormalities36. The metabolic effects of treatment

are monitored by measuring the lipid profile (including triglycerides, total cholesterol,

HDL-cholesterol, and LDL-cholesterol), glycemia, and glycated hemoglobin (HbA1c) at

designated time points. Furthermore, numerous studies have indicated a beneficial effect of

GH in reducing cardiovascular risk by inhibiting pro-inflammatory cytokines, coagulation-

promoting factors, and oxidative stress35,37.

The assessment of carbohydrate metabolism parameters is of significance due to the

prevalence of insulin resistance and the increased risk of developing diabetes mellitus in

patients with GHD. GH, acting directly on carbohydrate metabolism, has a hyperglycaemic

effect, while acting indirectly via IGF-1, it has an insulin-like effect. The initial phase of
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rhGH therapy may have a transient adverse effect on carbohydrate metabolism, leading to

reduced tissue glucose utilisation and elevated blood glucose and insulin levels. However, in

long-term therapy, apart from slightly elevated fasting blood glucose, no significant negative

metabolic effects were observed38. Furthermore, the beneficial effects of long-term rhGH

therapy on body composition and the reduction of visceral adipose tissue promote improved

carbohydrate metabolism and reduced insulin resistance14. Given the complex mechanism of

action of GH and the time-dependent metabolic effects, regular laboratory monitoring of

carbohydrate metabolism parameters is necessary, including fasting glucose and HbA1C39.

It is important to acknowledge that despite the beneficial effects of GH replacement therapy

in reducing cardiovascular risk, hormone therapy alone does not resolve all cardiometabolic

abnormalities linked to the condition12. Therefore, an individualised approach to each patient,

encouraging the implementation of a healthy lifestyle based on general principles and

meticulous monitoring of metabolic parameters are essential.

An additional significant biochemical parameter, analogous to the pediatric population, is the

serum IGF-1 concentration, recognized as a key indicator of both the efficacy and safety

of therapy. During the initial phase of treatment, IGF-1 measurements should be performed

every 1–2 months and interpreted in relation to age- and sex-specific reference ranges. The

rhGH dose is adjusted based on IGF-1 levels, the presence of adverse effects, and therapy

tolerance. In the later stages of treatment, measurements are recommended on a quarterly

basis. Similar to the pediatric population, there are no standardized IGF-1 reference ranges

specifically established for adults undergoing GH therapy, highlighting the need for further

research in this area18.

Anthropometric Measurements and Body Composition Analysis

Obesity and abnormal fat distribution are common chronic conditions observed in

patients with GHD. The literature highlights the important role of GH and IGF-1 in the

development and function of adipose tissue, particularly visceral fat, which is associated with

metabolic syndrome40. Therefore, a key component in evaluating the effects of rhGH therapy

includes anthropometric measurements, such as height, body weight, and waist circumference,

as well as the calculation of body mass index (BMI) and waist-hip ratio (WHR). Additionally,

according to clinical guidelines, body composition assessment using bioelectrical impedance
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analysis (BIA) or dual-energy X-ray absorptiometry (DXA) is recommended to monitor fat

distribution and changes in body composition.

Studies conducted at the end of the twentieth century showed that adults with GHD have an

average of 7% higher body fat compared to expected values11,14. The GH therapy leads to an

increase in lean body mass and a reduction in body fat. In addition, GH promotes anabolic

processes by stimulating protein synthesis in skeletal muscle and the heart. In adults with

growth hormone deficiency, replacement therapy contributes to increased muscle mass and

strength.

Bone Mineral Density

GHD is associated with a decrease in bone mineral density (BMD), which can result in the

development of osteoporosis and an increased risk of fractures. A meta-analysis by Barake et

al. demonstrated a favourable impact of GH therapy on BMD, with treatment response

varying based on patient age, sex, and therapy duration41.

Polish guidelines, drawn up by a group of experts, suggest regular monitoring of BMD by

densitometry (DXA), performed every 18-24 months. This recommendation is supported by

the literature, which has demonstrated that therapy shorter than 12 months may not result in

the expected improvement and, in some cases, may even result in lower BMD values in DXA

measurement42. Conversely, long-term therapy lasting at least 18–24 months has been shown

to increase BMD by up to 4%43.

Recent studies have indicated that patients with GHD who have experienced onset in

childhood have lower BMD compared to those who develop the disease in adulthood. This

finding further underscores the importance of rhGH replacement therapy in this patient

population44.

Quality of Life

Patients with GHD frequently report symptoms such as muscle weakness and bone pain,

which contribute to a reduced quality of life. Therefore, assessing the quality of life using

standardized questionnaires is a mandatory component of GH therapy monitoring45.

In 2008, Karbownik-Lewińska et al, introduced the Polish version of ‘The Quality of Life

Assessment of Growth Hormone Deficiency in Adults (QoL-AGHDA)’, based on the
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European versions46. This tool includes questions covering various aspects of life, such as

well-being, energy levels and fatigue, physical and cognitive functioning, and social

relationships. Studies have demonstrated significant enhancements in quality of life in most of

these domains already in the first year of rhGH therapy, as well as long-term persistence of

positive treatment effects47.

Conclusions

Growth hormone therapy offers numerous benefits both in the pediatric population and in

individuals who have completed their growth. The most significant metabolic benefits appear

to be observed in patients with severe GHD. In Poland, several patient groups qualify for

reimbursed GH treatment under specific indications.

Each patient requires thorough monitoring, utilizing standardized parameters that differ

between children and adults. These proposed parameters are supported by various scientific

studies and aim to facilitate the selection of the most effective rhGH dose while minimizing

potential adverse effects. Due to the limited number of studies describing the effects and

safety of GH therapy in the Polish population, further research is necessary.
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