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2. ABBREVIATIONS 

 

SDS Standard Deviation Score 

GH Growth Hormone 

RhGH Recombinant Human Growth Hormone 

GHD Growth hormone deficiency 

IGF-I Insulin-like growth factor I 

IGFBP-3 Insulin-like growth factor binding protein 3 

HOMA-IR Homeostatic Model Assessment for Insulin Resistance 

BMI Body Mass Index 

HDL-c High-density lipoprotein cholesterol 

LDL-c Low-density lipoprotein cholesterol 

TC Total cholesterol 

TG Triglycerides  

AST Aspartate aminotransferase  

ALT Alanine aminotransferase 

CIMT Carotid Intima Media Thickness 

HbA1c Glycosylated Haemoglobin 

PCOS Polycystic ovary syndrome  
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3. ABSTRACT 

 

Background Growth hormone (GH) deficient children treated with GH experience a gain in adult height 

prognosis. However, there are a number of patients who may advance their bone age more rapidly 

that their height gain, which may worsen their adult height prognosis. Moreover, GH treatment 

causes a secondary hyperinsulinemic state that could increase the cardiovascular risk in treated 

children in the long-term.  

Justification In non GH-deficient children, studies has shown that metformin causes an improvement in height 

in children treated with high doses and larger periods of time, especially those with insulin 

resistance at baseline. These effects may be mediated by metformin actions improving insulin 

sensitivity and inhibiting aromatase activity and the synthesis of oestrogen (the agent responsible 

for bone age advancement). On the basis, metformin could improve adult height prognosis and 

could also ameliorate the insulin resistance state caused by GH treatment in these patients.   

Main 

objective 

The goal of the present work is to determine if metformin use in combination with GH therapy, can 

potentiate its growth effects and improve adult height prognosis in GH-deficient children with poor 

adult height prognosis in comparison to GH plus placebo treatment.  

Design This protocol is for a multicentre, prospective, phase III/IV, randomized, double blind, placebo 

controlled, 4-year duration clinical trial in GH-deficient children treated with GH and poor adult 

height prognosis. 

Participants Prepubertal Caucasian isolated GH-deficient children aged 8-10 years treated with GH for at least 2 

years with average GH doses (between 0.025-0.035 mg/kg/day) who have poor adult height 

prognosis (between -1.0 SDS and -3.0 SDS) recruited at the Pediatric Endocrinology Unit at both 

Hospital Doctor Josep Trueta of Girona and Hospital Sant Joan de Déu of Barcelona. 

Main outcome 

variable 

Adult height prognosis at the start and the end of GH treatment (Bailey-Pinneau method).  

Methods 120 Isolated GH-deficient children treated with GH and poor adult height prognosis will be 

randomised into treatment or placebo group (1:1) and will be stratified by age, gender and BMI. As 

an intervention treatment, they will receive a single oral dose of metformin or placebo of 425 

mg/day for the first 2 years and a single oral dose of metformin or placebo of 850 mg/day for the 

last 2 years. Patients will be assessed every 6 months at regular visits scheduled for follow-up of 

their GH treatment until the study finishes.  

Data analysis Data analysis will be performed using SPSS version 22.0. Results for major variables will be 

performed using Mann-Whitney test (continuous variables) and Fisher exact test (categorical 

variables). The analysis of response to treatment for endpoints variables will be performed by 

general linear model (GLM) for repeated measures. A p value <0.05 will be considered statistically 

significant.  

Key Words Growth Hormone deficiency, adult height prognosis, metformin, children 
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4. INTRODUCTION 

 

4.1   GROWTH HORMONE DEFICIENCY 

 

Short stature is defined as height below -2 standard deviation score (SDS) for age and gender 

based on standards for reference population (1). In clinical practice we can divide short patients 

into 2 subgroups: those with normal variants of growth and those with pathological conditions. 

The latter can be further divided into proportional and non-proportional pathological 

conditions(1). 

 

Growth hormone deficiency (GHD) is a condition of postnatal proportional reduced growth 

which accounts for about 5% of all causes of short stature (1). It can be caused by: 

- Pituitary disorders (primary GHD) in which both spontaneous and pharmacological GH 

secretion are insufficient.  

- Supra pituitary disorders (secondary GHD) in which spontaneous GH secretion is 

abnormal but its response to growth-hormone-releasing hormone (GHRH) stimulus is 

preserved.  

- Peripheral unresponsiveness to GH or insulin-like growth factor type I (IGF-I) in which 

GH secretion is normal or even increased but the problem lies within the GH receptor, 

post receptor signals or responsiveness to IGF-I (1). 

 

The etiology of GHD (Table 1) includes several causes the most common being idiopathic GHD 

(for which the cause is still unknown).  

Table 1. GH deficiency etiology (1) 

Idiopathic Congenital Acquired 

  Genetics  

 Related to structural brain disorders 

(corpus callosum agenesis, septo 

optic dysplasia, holoprosencephaly, 

encephalocele) 

 Related to midline disorders 

(palatine fissure, leporine lip, septo 

optic dysplasia, holoprosencephaly, 

unique central incisive)  

 Trauma (perinatal or postnatal) 

 Infections (meningitis or encephalitis)  

 Central Nervous System tumours 

(craniopharyngioma, pituitary germinoma, 

pituitary adenoma, optic glioma)  

 Others (histiocytosis, granulomatous 

disease, cranial irradiation after 

chemotherapy, psychosocial deprivation, 

hypothyroidism) 
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GHD is suspected in children with moderate to severe postnatal growth failure who seek medical 

advice for short stature. There are some key facts of the medical history that may indicate the 

presence of GHD (Table 2).  Acquired GHD can occur at any age, and when it is of acute onset, 

height can be within the normal range.  

 

Table 2. Key clinical facts of medical history in GHD (1) 

Clinical features 

 Short Stature 

 Reduced Growth velocity (at least for a year) 

 Hypoglycaemia 

 Micropenis 

 Excessive subcutaneous adipose tissue 

 Delayed bone age 

 Delayed puberty 

 GH peak below 10.0 ng/mL in stimulation test 

(glucagon) 

 Other pituitary or hormonal deficits 

 

 

The diagnosis of Idiopathic GHD is based on clinical, auxological, radiological and biochemical 

criteria (1–3) including: 

 

a. Clinical criteria:  

- No other pathology that can explain the growth delay.  

- No clinical signs of malnutrition (especially low BMI values). 

- No restrictive eating behaviour disorders.  

- Normal thyroid, hepatic, renal and gastrointestinal function. 

b. Auxological criteria:  

- Height more than two SDS, below the mean (below 3rd centile in charts) for 

chronological age and gender. 

- Growth velocity over 1 year more than one SDS below the mean for chronological 

age and gender. 

c. Radiological criteria: 

- Bone age < 1 SDS below the mean. 
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d. Biochemical criteria:  

- A peak GH concentration below 7.4 ng/mL (in other places in Spain below 10.0 

ng/mL) in GH stimulation tests (glucagon or others). 

- A second stimulation test will be only required if clinical and auxological criteria 

are accomplished but GH response in the first stimulation test is equal or above 

7.4 ng/mL.  

- A strong clinical suspicion is important in establishing the diagnosis because 

laboratory measures of GH sufficiency lack specificity. Observation of low serum 

levels of IGF-I and the GH-dependent insulin-like growth factor binding protein 

type 3 (IGFBP-3) can be helpful, but IGF-I and IGFBP-3 levels should be matched 

for normal values for skeletal age rather than chronological age. Values in the 

upper part of the normal range for age effectively exclude GH deficiency (4). 

 

Definitive diagnosis of GHD therefore requires demonstration of absent or low levels of GH in 

response to stimulation test. A variety of provocative tests rapidly increase the level of GH in 

normal children. In most centres in Catalunya, the stimulation test used is the glucagon test (2). 

In addition to establishing the diagnosis of GHD, it is necessary to assess other pituitary 

hormones; levels of thyroid-stimulating hormone (TSH), thyroxine (T4), adrenocorticotropic 

hormone (ACTH), cortisol, gonadotropins and gonadal steroids might provide evidence of other 

pituitary hormonal deficiencies. For the same reason, at diagnose, a magnetic resonance 

imaging (MRI) should be performed to rule out organic causes (1,4).  

 

In summary, we can establish GHD diagnose after meeting these criteria and having performed 

a complete study of the short stature in order to exclude other possible causes. 

 

GHD is treated with recombinant human growth hormone (rhGH) which main objective is to 

normalise height during childhood in order to attain normal adult height closer to the target 

height and to avoid the negative psychological consequences as a result of short stature. It is 

indicated when GHD has been diagnosed with the abovementioned criteria (1).  
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4.2   GROWTH HORMONE TREATMENT 

 

4.2.1 SOMATOTROPIN, INDICATIONS AND CONTRAINDICATIONS 

 

Somatotropin (the name used to designate GH) is a powerful metabolic hormone which is 

important for lipid, carbohydrate and protein metabolism. It is synthesized and secreted by the 

somatotrophs cells of the anterior pituitary gland. Its secretion is pulsatile and primarily 

controlled by GHRH (stimulatory), by somatostatin (inhibitory) and, to a lesser degree, by ghrelin 

(stimulatory) (5). It stimulates insulin-like growth factor type I production and both are the most 

important stimulus of linear growth and therefore growth rate. Different actions have been 

reported (6) on: 

- Lipid metabolism: somatotropin acts on the liver low-density lipoprotein cholesterol 

(LDL-c) receptors and affect plasma lipids and lipoproteins. In patients with GHD, GH 

decreases total cholesterol (TC), LDL-c and B-apolipoprotein serum levels. 

- Carbohydrate metabolism: somatotropin increases insulin levels but does not change 

plasma fasting glucose.  

- Mineral metabolism: somatotropin, especially in adults, can cause sodium, potassium 

and phosphate retention as it expands extracellular tissue in GHD patients.  

- Bone metabolism: somatotropin stimulates skeletal bone mass. 

- Physical capacity: in the long-term, somatotropin can improve muscular strength and 

physical performance.  

 

rhGH is a protein that is manufactured to be nearly identical to the main form of the naturally 

occurring human growth hormone (7). 

 

In Spain, GH treatment is indicated mostly in six situations and has four main 

contraindications(6) (Table 3). 

 

Table 3. GH indications and contraindications (6) 

INDICATIONS CONTRAINDICATIONS 

 GHD. 

 Growth disorder related to chronic kidney 

failure.  

 Hypersensitivity to GH or any of the 

excipients. 

 Neoplasia. 

 Closed epiphysis.  
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 Growth disorder in children born small for 

gestational age who do not experience catch-

up growth. 

 Turner Syndrome. 

 Prader-Willy Syndrome. 

 Léri-Weill Syndrome. 

 Patients with severe acute diseases who 

suffer complications after heart or abdominal 

surgery, multiple trauma, acute respiratory 

insufficiency or similar conditions. 

 

GH treatment in its different indications is administered as a daily subcutaneous injection at 

night (as a preference, in order to reproduce the physiological circadian rhythm of GH pulse 

discharge) (1,6). 

 

4.2.2 DOSAGE AND RELATION TO ADULT HEIGHT 

 

GH increases height velocity and adult height in children with GHD but the optimal dose (the 

lowest dose which can normalize adult height) is unknown (8). Although a higher GH dose 

increases short-term height velocity more than a lower dose, no statistical differences has been 

shown in the long-term (8,9).  

 

A. CATALAN AND SPANISH RECOMMENDATIONS 

 

The “Generalitat de Catalunya” and Spanish Pediatric Association (AEPED) protocols for GHD 

recommend mean doses of GH between 0.025-0.035 mg/kg per day (1,2). 

 

B. DURING PUBERTY 

 

Total pubertal growth in adolescents with GHD treated with GH is determined by factors at 

puberty onset that are not different from those described in children with other short stature 

causes with no GHD suggesting that total pubertal growth depends mostly on the outcomes 

achieved at the end of prepubertal growth and less on the dose of GH (in GHD, it has been shown 

that the effect of the GH is greater in prepubertal years) (10). This observation is probably due 

to the fact that at the onset of puberty only about 20% of the growth left (10). The determining 

factors at puberty onset are: age, bone age related to chronological age (especially bone age 

delay because the expected therapeutic gain in height for a given age is higher in this case), 

height and mid-parental height and mean dose of GH during puberty. The effect on pubertal 

growth of these factors is not different between boys and girls. (10). 
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Although GH secretion and IGF-I levels rise during puberty, the quantitative relationship 

between these hormones and pubertal growth is unclear (10). 

 

Mauras et al. in 2000 published the results of a study in which the rhGH dose was increased 

during puberty. This yielded an increment in near adult height when compared with 

conventional dosage (11). In a new study, Coelho et al. found no statistically significant 

difference between adult heights of children with GHD treated with conventional dosage 

(between 0.025-0.050 mg/kg/day) when compared with children who received higher 

doses(11). When accepting higher doses it seems that the efficacy in adult height may be due to 

the supraphysiological rhGH therapy rather than to the need for hormone replacement (11).  

 

In studies where the rhGH dose-response effect on onset of puberty in children with GHD was 

evaluated, long-term rhGH treatment among the low, intermediate and high-dose groups did 

not increase the rate of initiation of puberty and did not show significant differences in adult 

height depending on puberty onset (9). Previous studies had found that spontaneous puberty 

started earlier in the higher-dose group than in the standard-dose group suggesting a synergistic 

effect of rhGH and sex steroids on bone age advancement but results were inconclusive (8,9). 

 

C. RELATION TO IGF-I  

 

GH dosage for children is traditionally based on weight, but this calculation does not account for 

the individual variation in the response to therapy. The rhGH therapy response can be assessed 

clinically (by growth response) and also by monitoring the rise in IGF-I levels, the recommended 

being to maintain them within the normal range during GH therapy (11). If growth velocity has 

not significantly increased despite a rise in serum IGF-I levels to the upper limits of the normal 

range further increases in dose may be futile and may increase the possibility of future side 

effects. On the other hand, if serum IGF-I levels does not rise during rhGH treatment, the growth 

failure may be due to nutritional deficiencies, GH resistance or poor compliance (11). 
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4.2.3 EFFICACY 

 

Many studies have shown significantly increases in growth velocity, height SDS and IGF-I and 

IGFBP-3 serum levels after rhGH treatment in GHD children in a dose-response relationship in 

comparison to healthy subjects or a control group (3,9,11). In addition, in GHD children, rhGH 

treatment is able to normalise adult height and is usually safe and well tolerate (9,12). 

 

In order to reach the best improvement in efficacy, as mentioned before, it is important to take 

into account that the change from baseline in height SDS is greater in prepubertal than in 

pubertal GHD patients and depends on characteristics at puberty onset (10). Furthermore, 

during the first 2 years of GH treatment there is a normalisation of IGF-I levels and also a major 

peak of growth velocity that stabilises to normal values according to children age, sex and 

pubertal development after the third year of treatment (1,2). 

 

 

4.2.4 EFFECTS ON BONE AGE 

 

The maturation of bones and their linear growth are due to a combination of two processes 

known as enchondroplasia and chondral osteogenesis, which occurs under the influence of 

several hormones and growth factors, with GH and IGF-I playing major roles in these 

processes(13). During childhood, there are differences in terms of maturation status between 

bones exhibiting enchondroplasia, such as the radius and ulna (long bones) and metacarpals and 

phalanges (short bones), and bones exhibiting chondral osteogenesis, such as the carpal 

bones(13).  

 

In GHD there is a greater delay in bone maturation for carpals than for long and short bones 

showing that the dominant effect of GH is on chondral osteogenesis with milder effect on 

enchondroplasia (13). Furthermore, in a study of GH-deficient children, this delay normalises 

during 2 years of GH treatment. During these 2 years significantly advanced maturation of the 

carpal cuboid bones was shown on data analysis confirming that separate carpal bone 

assessment in bone age reading is needed (13).  The strongest predictors of maturation for the 

carpal bones were age at start of treatment (faster maturation as older the children at start of 

treatment) and gender (girls seemed to mature faster than boys) (13,14). 
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In summary, skeletal maturation and linear growth are delayed in children with GHD and 

treatment with GH advances bone maturation as it improved linear growth. The maturation 

status of the carpal bones is an important variable for the status of other cuboid bones (mostly 

the vertebrae) that make an important contribution (approximately 40%) to adult height (13). 

For that reason, the more the bone age delay that children have at the beginning of GH 

treatment the major the benefit on adult height.  

 

If we go deeper into physiological processes, longitudinal bone growth is organised by complex 

networks of nutritional, cellular, paracrine, and endocrine factors. The most important ones are 

the close interplay between oestrogen and GH in the regulation of growth and development in 

puberty through their role at the growth plate (15). GH, circulating IGF-I, and more importantly, 

local IGF-I form the circulation and local synthesis at the growth plate –produced by 

chondrocytes- mediate the elongation of long bones by chondrogenesis. This process results in  

chondrocyte proliferation, hypertrophy, and extracellular matrix secretion (15). The effects of 

oestrogens on peripubertal bone growth is biphasic: at low levels they stimulates growth –it 

involves prepubertal and early pubertal stages-, whereas higher levels of oestrogen (reached at 

late pubertal stages) have potent inhibitory effects on longitudinal growth by accelerating 

epiphyseal closure and are therefore essential  for epiphyseal fusion (16).   

 

GH treatment increases insulin serum levels (see below) which has an influence on sex steroids 

production. Thus, by increasing oestrogen production GH may increase their serum levels 

concentrations and accelerate epiphyseal closure. In summary, GH deficient children that have 

bone age advancement are unlikely to reach a good response on GH treatment and therefore 

their target height. 

 

4.2.5 EFFECTS ON INSULIN AND METABOLIC PARAMETERS  

 

GH is a hyperglycaemic and lipolytic hormone and studies have shown that GH increases insulin 

serum levels, fasting glucose and homeostatic model assessment for insulin resistance (HOMA-

IR) index and may cause glucose intolerance and insulin resistance by decreasing insulin 

sensitivity (6,12,17). Adiponectin levels are inversely correlated to insulin resistance; as 

expected, low adiponectin values are frequently found in GH-deficient patients; however, men 

have lower adiponectin levels in comparison to women, suggesting a secondary influence of sex 

steroids hormones (17). When body fat is decreased, insulin sensitivity and adiponectin levels 
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rise (17). On the other hand, GH therapy in high doses has been related to an increase of 

neutrophil count suggesting that insulin resistance is a mechanism linking GH therapy to markers 

of inflammation (18). 

 

Ghrelin is a gastric peptide that increases appetite, glucose oxidation and lipogenesis and seems 

to be the strongest factor known today to up-regulate GH secretion. Long-term GH treatment 

produces a decrease in systemic ghrelin levels which may explain the reduction in food intake 

observed in GH treated children, which contribute to GH effects on body composition (body fat 

loss and decreased leptin levels) (17). In summary, GH-treated children have ghrelin and leptin 

reductions as a result of the negative effect of the GH/IGF-I axis on ghrelin secretion, suggesting 

an inversely dose-dependent relationship between GH and ghrelin (17). Reduced leptin levels 

have been associated to improvement in body fat loss, a secondary effect produced by GH (17). 

 

Some studies suggest that patients with childhood-onset GHD are at increased risk of developing 

early atherosclerosis due to intimal thickening; accelerated progression of atheromatous 

plaques have been found in the carotid arteries of these patients (3). Impaired lipid metabolism 

found in GHD children (increase levels of LDL-c and TC), higher carotid intima media thickness 

(CIMT) and decreased high-density lipoprotein cholesterol (HDL-c) levels may contribute to an 

increased risk of morbidity and mortality from cardiovascular disease (3). In different studies, it 

has been demonstrated that GH treatment at average doses (0.030 mg/kg/day) significantly 

improves lipid profile (it produces a decrease in TC and LDL-c and increase HDL-c) in these 

children, reducing the atherosclerotic risk (that may worsen when GH treatment is stopped) 

independently of the known improvement during puberty. Although CIMT showed some 

improvement, it did not result in a significant difference as compared to controls (3,17). 

 

Finally, regarding body mass index (BMI), no changes have been noticed in adults with GHD after 

GH treatment (17). However, it has been demonstrate that increases in GH doses can cause an 

increase in BMI SDS (9). 
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4.2.6 ADVERSE EFFECTS AND SAFETY 

 

Side effects in children with GHD treated with somatotropin are (6):  

 

 Very frequent (≥1/10): local injection reactions, headache (it is a frequent and 

nonspecific complaint, but it is hard to come to a definite conclusion of why it is 

produced) (19). 

 Uncommon (≥1/1000 to <1/100): arthralgia. 

 Unknown frequency (in adults more frequent than in children): diabetes mellitus type 

2, paraesthesia, myalgia, extracellular liquid and ion retention, decrease in peripheral 

cortisol and autoimmunity against rhGH. In this subgroup there are two side effects that 

should be discussed, although they are more common in organic GHD or other central 

nervous system disorders: 

 

o Idiopathic Intracraneal Hypertension: defined as intracranial hypertension in 

the absence of a space-occupying lesion which has been reported 

predominantly in patients with GHD and chronic renal insufficiency. It is 

characterised by increased cerebrospinal fluid (CSF) pressure with normal CSF 

composition, bilateral papilledema, visual changes such as diplopia, headaches, 

nausea and vomiting, strabismus and stiff neck (the last ones are more frequent 

in children). It had been related to several medications, such as L-thyroxine, 

glucocorticoids, vitamins A and D and tetracycline. Treatment consists of 

discontinuation of GH and reduction of CSF pressure, which may include 

administration of dexamethasone or acetazolamide or lumbar puncture (6,19). 

For that reason, annually eye fundus exams by a paediatric ophthalmologist are 

recommended.  

 

o Slipped Capital Femoral Epiphysis (SCFE): it is a disorder of the femoral head 

growth plate leading to a displacement of the femoral head epiphysis from its 

natural alignment that occurs frequently in the peripubertal period and it is 

more common in males. It is commonly associated with obesity and trauma. 

With GH treatment, a significant increase in the proliferative and hypertrophied 

cell zones occurs in rats. GH contributes to the widening of the weakest zone of 

the ephypyseal plate and thus may increase the risk of SCFE in GHD children 
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treated with GH (19). Pain in the hip or knee and a limb are the major symptoms 

of SCFE and X-ray of the hip is the best diagnostic tool. Treatment consists of 

correcting the displacement of the epiphysis with GH therapy being resumed 

after orthopaedic evaluation. 

 

Somatotropin can reduce insulin sensitivity and increase extratiroideal conversion of T4 to T3 

that can lead to hypotiroidism. For that reason, patients with glucose intolerance or diabetes 

need to be monitored and thyroid function has to be checked in every follow up (6). Related to 

somatotropin use it is important to be careful when it is combinated with glucocorticoids 

because it can interfere in its growth effects (6). 

 

Although all these side effects have been reported, many studies and clinical practise have 

shown that GH is a safety treatment (6,9,11,19).  
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4.3   METFORMIN 

 

4.3.1 CONCEPT AND INDICATIONS 

 

Metformin is a biguanide with antihyperglycaemic effects that reduce postprandial and basal 

glucose in plasma acting by means of at least 3 different mechanisms (20):  

 

 Reduction of glucose liver production by inhibiting two processes: gluconeogenesis and 

glycogenolysis.  

 Increasing insulin sensitivity (especially muscle) thereby improving peripheral use of 

glucose and its metabolism (it increases the capacity of transport of all glucose 

membrane transporters known nowadays and up-regulates anaerobic synthesis acting 

on glycogen synthase). 

 Delays glucose intestinal absorption.   

 

Metformin therapeutic indication in children is for Diabetes Mellitus type 2 treatment 

(especially those patients with overweight) in children aged above 10 years alone or in 

combination with insulin (it has been proved that improves metabolic profile in diabetic 

patients) (20). It is also approved in Polycystic Ovary Syndrome (PCOS). 

 

 

4.3.2 EFFECTS ON INSULIN RESISTANCE 
 

Metformin causes significant improvements in insulin sensitivity by decreasing insulin and IGF-I 

circulating concentrations as well as HOMA-IR index in those populations with predisposition or 

demonstrated insulin resistance (PCOS, low-birth-weight history, metabolic syndrome and 

glucose intolerance) (21–24) .  

 

Metformin effects improving insulin resistance is thought to be related to an effect on 

inflammatory process apart from enhancing glucose homeostasis that could explain in part why 

it delays the onset of type 2 diabetes mellitus (21).  Gómez-Díaz et al. performed a study whose 

objective was to determine the effect of metformin on the concentrations of different markers 

of insulin resistance (especially resistin) or inflammation (C-reactive protein, cytokines, body 

weight, HbA1c among others) in children with glucose intolerance (21). Results showed that 
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metformin caused significant reductions of plasma resistin, HOMA-IR index, insulin and HbA1c 

levels independently of body weight and other covariates in comparison to placebo. Resistin is 

an adipokine that is predominantly expressed in peripheral blood mononuclear cells, 

macrophages and bone marrow cells in humans, all being molecules involved in inflammatory 

process. The decrease in resistin concentrations is thought to be an additional mechanism to 

improve glucose utilization, due to its association with inflammation (21). Furthermore, 

metformin has shown to reduce neutrophil count in patients small for gestational age who have 

insulin resistance (18). 

 

 

4.3.3 EFFECTS ON METABOLIC PARAMETERS 

 

Metformin reduces leptin serum levels as interacts with the AMPK system that regulate all these 

molecules (21). The reduction of leptin levels could minimise the gonadotropin-releasing 

hormone (GnRH) pulsatile discharge and enhance the luteinizing hormone (LH) negative 

feedback thereby causing a decrease in aromatase enzyme activity on ovarian granulose cells. 

Thus, it could decrease oestrogen serum levels decreasing its effect on growth plate that may 

allow more growth and better adult height (22). 

 

Metformin has demonstrated significant improvements in BMI and weight centiles in children 

as well as improvements in TC, LDL-c and non-HDL-c thus increasing its cardiovascular benefits 

(22,25). Furthermore, it reduces total, visceral and hepatic fat percentage leading to a further 

expansion of subcutaneous adipose tissue especially in girls with low-birth-weight (23,24).  

 

 

4.3.4 SAFETY IN CHILDREN 
 

Many studies with metformin have been performed in children without experiencing severe side 

effects, which demonstrates its safety in this population. Most frequent side effects found were 

gastrointestinal intolerance or headache (20). 
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4.4   LATEST OUTCOMES 

 

4.4.1 METFORMIN EFFECT ON AROMATASE 
 

Insulin enhances oestradiol production in granulosa cells from normal and polycystic ovaries. In 

PCOS girls, the hyperinsulinaemic state secondary to insulin resistance is the principal cause of 

abnormal steroidogenesis and defective follicle development which results in dysfunctional 

ovarian and menstrual cycles. For that reason, metformin –an insulin-sensitizing agent- was 

introduced in order to diminish PCOS symptoms (26). Metformin effects were attributed to the 

systemic anti-hyperglycaemic and insulin-sensitizing actions but it has been demonstrated that 

it is also able to exert direct effects on the ovary. This is due to metformin inhibition of basal and 

insulin-stimulated E2 prostaglandin (which induces aromatase activity) and progesterone 

production in ovarian granulosa cells by reducing the activity of several of the steroidogenic 

enzymes without reductions in circulating insulin (26,27).  

 

These findings were corroborated after demonstrating that metformin has a direct effect on 

ovarian granulosa cells as it has been shown that it significantly attenuates basal and insulin-

stimulated P450 aromatase mRNA expression and protein activity, by silencing some key 

promoters. This occurs via activation of MEK/ERK pathway which are negative regulators of 

aromatase synthesis (26). Furthermore, metformin is thought to act primarily upregulating 

AMPK (28). This mechanism of action is important because it support a possible therapeutic 

indication in oestrogen-dependent breast and endometrial cancers which is nowadays a matter 

of investigation (26,28). 

 

In addition to reducing insulin-induced aromatase concentrations and its activity, metformin 

decreases gonadal oestrogen production and serum levels decreasing its effect on the growth 

plate, which may allow more growth and a better adult height. 

 

Furthermore, metformin reduces leptin levels, which could exert an indirect effect on aromatase 

activity. Leptin down-regulation could minimise GnRH discharge and enhance LH negative 

feedback causing a decrease in aromatase enzyme activity on ovarian granulose cells (22). This 

is thought to be a synergic effect added to metformin direct effects on the ovary. 
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4.4.2 METFORMIN AND ITS RELATION TO HEIGHT 
 

Metformin studies in low-birth-weight girls with precocious puberty supports that insulin is a 

major co determinant of the pubertal chronology and pubertal height gain. They conclude that, 

in children, an early insulin-sensitizing intervention is important because it can delay the onset 

of puberty, attenuate body adiposity and normalise the age at menarche (causing a delay of 

about a year in these patients) resulting in more optimal postmenarcheal stature and endocrine-

metabolic state. All these conditions, especially higher total, visceral and hepatic adiposity 

caused by the hyperinsulinemic/insulin resistance state, are thought to be major factors of early 

maturation and thus can affect adult height (22–24). Ibañez et al suggested that the effect of 

metformin during puberty on adult height is expected to be slightly more pronounced as they 

found that metformin treated girls were still growing at a greater velocity than control groups, 

who seemed to have almost stopped growing. Furthermore, most non-treated girls ended 

attaining heights below their target mid-parental height (22,24). 

 

Biochemically, metformin also increases sex hormone binding globulin concentrations (22). 

Thus, an increase in sex hormone-binding globulin as a result of increased insulin sensitivity with 

metformin could lead to a lower fraction of circulating free steroids which in turn may be 

followed by a later closure of the epiphyses (22,29). 

 

In order to better understand the heterogeneous changes in BMI of children in response to 

metformin some authors performed a meta-analysis that took into account not only weight but 

also height changes. That is because BMI is calculated from both components and in youth linear 

growth is still preserved and may interfere as a confounding variable. Overall, results showed 

that metformin reduced BMI but did no significantly affect height or weight. However, when 

studies were divided into two subgroups based on cumulative metformin doses, those with 

higher metformin doses demonstrated a decrease in BMI and an increase in height (but no effect 

on weight) and those with low amounts of metformin did not exhibit changes in any of these 

variables (29). Thus, this meta-analysis suggests that metformin may increase height in children 

compared to control subjects, particularly when there is a combination of larger doses and 

longer treatment duration (29). 
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4.4.3 FRENCH ALERT ON GH USE  

 

In December 2010 the US Food and Drug Administration (FDA) warned of possible increased risk 

for death in somatotropin treated patients. This was derived from published results from a 

French study (Santé Adulte GH Enfant Study) that found that persons with idiopathic GHD and 

small-for-gestational age subjects treated with rhGH for a long-term during childhood had 

slightly higher risk for death in comparison to individuals from the general French population; 

specifically, a 30% increased risk(7). This risk for death appeared to be dose-related and was 

observed in individuals receiving higher doses than those that were commonly prescribed in 

paediatric GHD (7). A year later, the FDA published that this evidence regarding rhGH and 

increased risk of death was inconclusive as they identified some study design flaws that limited 

the interpretation of the study results (30).  

 

 

4.4.4 METFORMIN AND GH  

 

Metabolic syndrome has similarities to the condition observed in untreated GHD caused by 

pituitary or hypothalamic pathologies. The core findings in both are abdominal obesity and 

insulin resistance suggesting that reduced GH action may play a role in the pathogenesis of 

metabolic syndrome (31). Based on its effect on body mass, Herrmann et al studied if rhGH could 

have favourable effects on patients with metabolic syndrome receiving also metformin. 

Additionally, metformin could reduce the antagonistic effect of rhGH on insulin. The results of 

this study showed that apart from metformin, rhGH did not significantly improve glucose 

metabolism or insulin sensitivity. It is unclear if GH effect decreasing cardiovascular risk exists 

only in GHD patients or in patients with metabolic syndrome or others pathologies, or whether 

its effect is additional to those of metformin on metabolism (31). Main side effects observed in 

the metformin plus rhGH group were arthralgia and peripheral oedema at the beginning of 

treatment. These side effects improved after reducing treatment doses (31). However, the 

additional administration of rhGH to metformin in patients with metabolic syndrome has shown 

to increase adiponectin levels in comparison to controls treated with metformin alone. It seems 

that synergic reductions on body fat produced by both therapies can increase insulin 

sensitivity(32). 
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5. JUSTIFICATION 

 

rhGH treatment has demonstrated its efficacy improving adult height in children with GHD 

allowing them to reach final heights that are closer to their target height. However, several GH 

and non-GH dependent factors can influences growth and some children fail to reach adequate 

adult heights. In addition, it is known that rhGH improves growth velocity but it also can 

accelerate bone maturation as it increase insulin levels that may stimulates oestrogen 

production in gonadal cells, oestrogens being the principal stimulus for epiphyseal cartilage 

maturation on the growth plate (15,16). 

 

Metformin has demonstrated to exert an effect on aromatase enzyme (responsible for 

oestrogen synthesis) by directly inhibiting its production and activity in ovarian granulose cells 

and also by possible indirect effects reducing leptin levels that could minimise GnRH pulsatile 

secretion and enhance LH negative feedback, eventually causing decrease in enzyme activity. 

Thus, a reduction of aromatase activity means less gonadal oestrogen production which could 

decrease oestrogen serum levels and its effect on the growth plate and may allow for more 

growth and better adult height (22).  On the other hand, metformin has demonstrated to 

increase SHBG concentrations which could decreased free oestrogen concentrations minimising 

its effects on peripheral tissues (22).  

 

In girls with precocious puberty an early insulin-sensitizing intervention with metformin has 

proved to delay the onset of puberty, attenuate body adiposity and normalise the menarcheal 

timing as well as the postmenarcheal stature and endocrine-metabolic state. All these 

conditions, especially those on total, visceral and hepatic adiposity caused by hyperinsulinemic 

insulin resistance state, are thought to be major factors influencing early maturation and 

therefore can affect adult height (18). 

 

To the best of our knowledge, there are no studies that directly investigate the relationship 

between metformin and height if we search published papers and protocol databases (European 

and American). However, some studies using metformin as an interventional drug performed in 

girls with precocious puberty, polycystic ovarian syndrome or other conditions where BMI was 

studied, have shown that patients experienced height gains compared to control subjects. 

Furthermore, the combination of metformin and GH as a treatment has only been performed in 

order to analyse its effects on metabolic parameters but none on height or growth and more 
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importantly no study of such combination exist in children with GHD (there is only a protocol 

registered that is going to study the effects of a short-term combination of metformin and rhGH 

on metabolic parameters in children born small for gestational age; it can be available at the 

following webpage: https://www.clinicaltrialsregister.eu/ctr-search/trial/2009-016246-12/ES). 

 

Recently, a meta-analyses of different trials where metformin was used as an interventional 

drug in children and adolescents reported favourable effects on heights as a secondary end-

point. They concluded that metformin use may increase height in children compared to control 

subjects, particularly when there is a combination of larger doses and longer treatment 

duration(29). Moreover, they mentioned the need to perform further studies in children 

younger than 10 years and for longer periods of time because metformin effects could have 

been underestimated due to the short duration of studies - and the inclusion of older 

adolescents who potentially had epiphyseal growth plate closure (29). In addition, no studies 

have been performed in mixed populations of boys and girls so far. 

 

Last but not least, people may think that being one centimetre taller or shorter is not important 

but it is because this is thought from an adult mind’s perspective. For children, and especially 

adolescents, every stage in their lives is crucial and is the most important thing for them. Being 

shorter can cause a huge psychological problem in children and even more in those that suffer 

from GHD and in whom treatment does not seem to work, because they always feel different to 

their partners or friends. Adults can deal with their own problems or worries in their daily 

routine but children cannot and for them their worries and fear to not fit well dominate all 

aspects of their lives, and they can greatly affect their psychological well-being. Therefore, 

helping them to reach an adequate adult height even if it is only a few centimetres can make a 

huge difference in their lives.  

 

 

  

https://www.clinicaltrialsregister.eu/ctr-search/trial/2009-016246-12/ES
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6. HYPOTHESES 

 

6.1   MAIN HYPOTHESIS 

 

The addition of Metformin to GH treatment improves adult height prognosis in comparison to 

GH treatment alone in GH deficient children treated with GH and poor adult height prognosis. 

 

6.2   SECONDARY HYPOTHESES 

 

- The addition of Metformin decreases the hyperinsulinemic state secondary to GH 

treatment. 

- The addition of Metformin improves metabolic and cardiovascular risk markers in GH 

treated children. 

 

7. OBJECTIVES 

 

7.1   MAIN OBJECTIVE 

 

Determinate if metformin use in combination with GH improves adult height prognosis in GH-

deficient children with poor adult height prognosis in comparison to GH plus placebo treatment. 

 

7.2   SECONDARY OBJECTIVES 

 

- Determinate if metformin use in combination with GH treatment decreases the 

hyperinsulinemic state observed in GH treated children. 

- Determinate if metformin use in combination with GH treatment improves metabolic and 

cardiovascular risk markers, such as: 

o BMI 

o Waist circumference 

o CIMT 

o Blood Pressure 

o Serum lipids (HDL-c, LDL-c  and TG) 

o C-reactive protein  
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8. METHODOLOGY 

 

8.1   STUDY DESIGN  

 

This protocol is for a multicentre, prospective, phase III/IV, randomized, double blind, placebo 

controlled, 4-year duration clinical trial in GH-deficient children treated with GH and poor adult 

height prognosis. 

 

The study will be conducted at: 

 Hospital Universitari Dr. Josep Trueta of Girona. Av. de França, s/n 

17007 Girona. Telephone number: 972 94 02 00. Fax: 972 94 02 70.  

Email: hospital.girona.ics@gencat.cat 

- Principals investigators: Dr. Abel López Bermejo (Pediatric Endocrinology Department) and 

Ms. Mireia Català Besa.  

 Hospital Sant Joan de Déu of Barcelona. Passeig Sant Joan de Déu, 2 08950 Esplugues de 

Llobregat, Barcelona. Telephone number: 93 253 21 00. Fax: 93 203 39 59.  

Email: info@hsjdbcn.org.  

- Principal investigator: Dra. Lourdes Ibáñez (Pediatric Endocrinology Department). 

 

A Steering Trial Committee will be created by principals investigators in order to ensure and 

enhance communication between centres.  

 

8.2   STUDY POPULATION 

 

This is a multicentric study of GH deficient children aged 8-10 years who have been treated with 

GH for at least 2 years and have a poor adult height prognosis. The participating centres were 

consulted regarding the actual number of GH-deficient patients who accomplish inclusion and 

exclusion criteria in order to evaluate the viability of this protocol:  

 

- Dr. Josep Trueta Hospital: 60 

- Hospital Sant Joan de Déu: 100 

  

mailto:hospital.girona.ics@gencat.cat
mailto:info@hsjdbcn.org
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8.3   SAMPLE SELECTION 

 

Table 4. Inclusion and exclusion criteria. 

INCLUSION CRITERIA 

√ GH deficient children (at diagnosis: height below -2.0 SDS, growth velocity below 25th 

centile, GH peak in GH provocative tests below 7.4 ng/mL and normal pituitary MRI). 

√ Age between 8 and 10 years. 

√ Prepubertal patients (no breast development in girls and no testicular growth in boys).  

√ Previous GH treatment for at least 2 years.  

√ Current GH doses between 0.025-0.035 mg/kg/day.  

√ Adult height prognosis between -1.0 SDS and -3.0 SDS. 

√ BMI equal or above -1.5 SDS and equal or below +3.0 SDS.  

√ Birthweight equal or above -2.0 SDS and equal or below +2.0 SDS. 

√ Caucasian ethnicity. 

EXCLUSION CRITERIA 

ᵡ Chronic endocrine diseases other than GH deficiency (especially thyroid dysfunction). 

ᵡ Chronic non-endocrine diseases (especially celiac disease, Cystic Fibrosis, 

Inflammatory Bowel Disease, Malnutrition, Anaemia). 

ᵡ Genetic conditions associated with short stature (such as SHOX or AGGRECAN 

mutations, Turner, Prader-Willi, Silver-Russell or Noonan syndrome, other genetic 

defects, bone dysplasia). 

ᵡ Other causes of short stature: adoption or emotional deprivation.  

ᵡ Use of chronic medications. 

ᵡ Contraindications to metformin therapy. 

ᵡ Tobacco smoking or use of illicit drugs. 

ᵡ Non-Caucasian ethnicity. 

ᵡ Poor response to GH during the first two years of GH treatment prior to start of trial 

(increase in Growth Velocity (GV) below 3 cm/year during the first year or/and GV 

below 6 cm/year during the second year). 
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8.3.1 INCLUSION CRITERIA  

 

 GH deficient children (at diagnosis: height below -2.0 SDS, growth velocity below 25th 

centile, GH peak in GH provocative tests below 7.4 ng/mL and normal pituitary MRI).  

 

The study protocol is based on GH-deficient children and therefore diagnostic criteria from the 

Spanish Pediatric Association (Asociación Española de Pediatría, AEPED) will be used (1). 

However, GH peak value in GH provocative tests in Catalonia below 7.4 ng/mL instead of 10.0 

ng/mL is accepted as a criterium (2). Our clinical trial will be performed in two Catalan hospitals, 

thus the 7.4 ng/ml cut-off value for GH peak will be used in our patients. Furthermore, a normal 

brain MRI at diagnosis is needed in order to exclude organic pituitary causes or other cerebral 

disorders that could affect GHRH-GH axis (1,2,4). 

 

 Age between 8 and 10 years. 

 

Only subjects aged between 8 to 10 years will be included. Lower limit was selected because it 

is the lower age used in studies performed with metformin in children. These studies showed 

that metformin was both efficacious and safe similarly to metformin results in children above 

10 years of age (22,23,29). On the other hand, upper limit is established in order to avoid 

epiphyseal cartilage closure in patients before the study concludes as it lasts 4 years and that 

phenomenon is evidenced at a mean age of 14 years in girls and 16 years in boys (33). Thus, we 

can avoid confounding results of metformin effects on height as well as the possibility of being 

able to underestimate its effects just because those children are unable to keep growing. 

 

 Prepubertal patients (no breast development in girls and no testicular growth in boys). 

 

During puberty children experience a growth spurt due to the activation of gonadal function. By 

including children in all pubertal stages even if we do not change GH doses, we could cause 

confounding in the interventional drug effects analysed in the trial, so including only prepubertal 

patients establishes the same conditions for all subjects. Furthermore, as mentioned above, 

total pubertal growth is determined by factors at puberty onset depending mostly on the 

outcomes achieved at the end of prepubertal growth, allowing for a greater effect of GH in this 

period of steady growth (10).  
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 Previous GH treatment for at least 2 years.  

 

At the beginning of GH treatment, an increase in growth velocity is expected in order to confirm 

its efficacy; after the first year, an increase greater than 3 cm/year in growth velocity and after 

the second year, an increase equal or greater than 6 cm/year in growth velocity is expected on 

follow-up. From the third year of follow-up on, a normal growth velocity adjusted by age, gender 

and pubertal development is expected (2,11). We wish to evaluate metformin effects at a steady 

state of growth during GH treatment; by including children who have been treated for at least 2 

years instead of naïve ones, we are avoiding including subjects during the initial catch-up growth 

following GH treatment. 

 

 Current GH doses between 0.025-0.035 mg/kg/day. 

 

The Catalan Health Department and the Spanish Pediatric Association recommendations on 

doses of GH treatment in GH-deficient children are to use average doses between 0.025 to 0.035 

mg/kg/day (1,2). During the clinical trial, children will be treated with an average dose of 0.030 

mg/kg/day to standardise GH treatment in all groups. We will include children treated with these 

average doses in order to minimise changes in basal treatment. 

 

 Adult height prognosis between -1.0 SDS and -3.0 SDS. 

 

Adult height can be assessed once the epiphyseal cartilages are completely closed. Usually, this 

is observed at approximately 18 years of age this is why we need to use adult height prognosis 

instead of a precise adult height. Children with good or reasonable adult height prognosis will 

be not included in order to avoid the addition of a second drug to their treatment; only children 

with poor adult height prognosis will be included in order to determine if additional treatment 

with metformin [which has shown to cause an improvement in height as a secondary end-point 

in other studies (22,23,29)] can also improve heights in these children and allow them to attain 

final heights closer to their mid-parental height. This explains the upper limit of the criteria. On 

the other hand, the lower limit is selected to avoid the mistakenly inclusion of a child with other 

rare causes of short stature (2). 
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 BMI equal or above -1.5 SDS and equal or below +3.0 SDS. 

 

Higher BMI is related to bone age advancement and it can minimise rhGH effect by reducing its 

sensitivity (14). Furthermore, these patients have higher risk of metabolic syndrome and insulin 

resistance that could confound the results regarding metformin effects on metabolism. This 

explains the upper limit of the criteria. On the other hand, the lower limit is selected in order to 

exclude those patients extremely thin to avoid excessive fat or weight loss during metformin 

treatment.  

 

 Birthweight equal or above -2.0 SDS and equal or below +2.0 SDS. 

 

Low-birth weight has demonstrated to affect the initial growth response to GH treatment in 

GHD children by influencing the first year of auxological response. Furthermore, this influence 

seems to persist over time (34). In addition, low-birth-weight patients experience catch-up 

growth that has been associated with insulin resistance and higher risk for type 2 diabetes 

mellitus. For this reason, we need to exclude these patients in order to avoid different responses 

to GH treatment and the possible effect of the catch-up growth.  On the other hand, the higher 

limit is selected in order to avoid including patients with higher risk of metabolic syndrome and 

diabetes that could confound our results.  

 

 Caucasian ethnicity. 

 

Depending on the ethnicity, the most frequent causes of short stature vary and, most 

importantly, the growth charts and values to evaluate the main parameters of children (height, 

weight and BMI) are different (1). We include only Caucasian ethnicity in order to avoid a 

heterogeneous group and limit confounding variables.  
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8.3.2 WITHDRAWAL CRITERIA  

 

Subjects may be withdrawn from the study because of the following reasons:  

- Patient is not willing to comply with the protocol and instructions provided by the 

investigators.  

- For medical reasons, as assessed by the investigators: adverse event or sudden important 

disease or condition that could affect metformin effect. 

- Patient with BMI changes above or below 1 SDS during the study period.  

- Patient who has poor treatment adherence rate (adherence below 80%). 

- Participant declines consent to continue in the study. 

Subjects withdrawn from the trial will not be replaced.  

 

 

8.4   SAMPLE SIZE  

 

Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 55.0 subjects are needed 

in the first group (metformin plus GH treatment) and 55.0 in the second (placebo plus GH 

treatment) to be able to detect as statistically significant a difference greater than or equal to 

+0.6 units (+0.6 SDS) in the projected adult height. The common standard deviation has been 

computed as being 1 (about 5 cm in girls and 6 cm in boys) (See Annex 1: Height Charts). A drop-

out rate of 20% has been estimated. 

 

Considering the results of studies on metformin in girls with low-birth-weight aged 8-12 we 

expect to observe a minimum difference of +0.8 SDS in the projected adult height (23,29). 

However, as there are not studies performed in boys we wish to detect a difference of at least 

+0.6 SDS in this subjects. Therefore, a more conservative difference of +0.6 SDS (about 3 cm in 

girls and 3.5 cm in boys) has been selected for the purpose of this study.  

 

For randomization purposes, we will split the sample in three strata (age, gender and BMI; see 

below) in order to avoid having differences in these variables at baseline between groups. We 

therefore need 60 subjects in each group, which yields an estimated sample size of 120 patients. 

 

The following website was used to calculate the sample size; 

http://www.imim.cat/ofertadeserveis/software-public/granmo/ 

http://www.imim.cat/ofertadeserveis/software-public/granmo/
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8.5   ENROLLMENT AND PATIENT SELECTION 

 

We will perform a consecutive non-probabilistic sampling due to the fact that we will not have 

a census of possible candidates at the beginning of the study. Potential research subjects will be 

determined from the 2015/16 lists of GH treatment Approval at the two participating centres, 

based on inclusion and exclusion criteria retrieved from the clinical history.  After that, we will 

schedule a first visit with each possible candidate and their parents or legal tutors in which the 

investigator will provide detailed information about the study. If the patient and parents agree 

with the protocol procedure, a written informed consent will be signed (See Annex 4: 

Information for patient and Informed Consent).  

 

BMI is the principal covariate we will have during the study period because it may affect growth 

response to treatment. For that reason, we also need to determine that variable at the first visit 

in order to allocate each patient to the correct stratum.  

 

In order to accomplish the inclusion and exclusion criteria and especially ensure that there is no 

contraindication to metformin therapy, a complete history and physical examination –including 

Tanner stage - will be performed in a second visit 4 weeks before the study starts. At this visit 

the investigator will order baseline labs, including complete blood count, fasting glucose, HbA1c, 

creatinine, transaminases, B12 vitamin, serum albumin levels, serum lipids (LDL, HDL and 

triglycerides), C-reactive protein, anti-transglutaminase antibodies and hormone profile (fasting 

insulin, IGF-I and IGFBP-3 levels, HOMA-IR index, HMW-adiponectin, TSH, free T4, prolactin, 

cortisol, LH, FSH, testosterone and oestradiol). In addition, a left hand radiography and internal 

carotid ultrasonography will be scheduled for the next visit to assess bone age advancement and 

intima-media thickness, respectively.  

 

A week before the onset of the study, we will schedule a third visit where we will check 

laboratory results and assess weight, height, waist circumference, blood pressure,  growth 

velocity, bone age and adult height prognosis at the beginning of the study.   

 

The estimated time of recruitment will be of 6 months. Due to the fact that we divide our 

patients into three strata, the rate of inclusion may be slower for the last few subjects, therefore 

a period of time of 6 months is expected to be needed to complete the inclusion of all subjects.  
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8.6   RANDOMISATION  

 

Participants will be 1:1 randomized using block randomisation into metformin and placebo 

groups. The randomization will be made according to a randomization list generated by nQuery 

Advisor 7.0 (Statistical Solutions Ltd., Cork, Ireland), in which patients remain into 12 blocks of 

10 subjects balanced by age, gender, BMI and treatment (See Annex 3: Example of 

Randomisation). This will ensure the comparability of treatment groups by main covariates: 

 

- Age (a first group with age between 8 to 9 years and a second group with age between 9 to 

10 years). This stratification is important in order to avoid a disproportion of patients 

younger or older between study groups. This could produce a difference in mean bone age 

(14,33) –and indeed time to growth- and puberty onset between groups that could affect 

the study results.  

- Gender (male and female). This stratification is important in order to ensure that values of 

height are comparable between groups. That is because in terms of height male and females 

have different mean and SDS values for height (mean SDS for adult height indeed are: 5cm 

for female and 6cm for male subjects) (see Annex 1). In addition, the onset of puberty and 

possibly also the response to treatment vary between boys and girls. 

- BMI (a first group with BMI-SDS between -1.5 and 0.0 SDS, a second group with BMI-SDS 

between 0.0 and +1.5 SDS and a third group with BMI-SDS between +1.5 to and +3.0) (See 

BMI charts in Annex 2).  This stratification is important because differences in this variable 

can change bone age advancement (the higher BMI –or weight/height ratio- the more 

adipose tissue available. This allows for higher androgen conversion into oestrogens and 

possibly faster bone maturation) (14,35). Furthermore, increases in BMI could produce 

higher fat mass and serum leptins that may advance puberty onset (14). 
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8.7 VARIABLES AND INSTRUMENTATION 

 

Table 5. Variables and instrumentation. 

 VARIABLE TYPE INSTRUMENTATION UNITS 

Independent 

Variable 

Metformin or placebo 

as an additional 

treatment to GH 

DcQV None. mg/day 

Main 

Dependent 

variable 

Adult height prognosis 

at the end of study  
CQV Bailey-Pinneau method (36). cm  

Other 

Dependent 

Variables 

R
e

la
te

d
 t

o
 h

e
ig

h
t 

Height CQV Harpenden Stadiometer (Holtain Ltd, Crymych, UK). cm 

Height Gain CQV 

Harpenden Stadiometer (Holtain Ltd, Crymych, UK). 

Calculating the difference between final and initial height 

measured. 

cm 

Growth Velocity  CQV 

Harpenden Stadiometer (Holtain Ltd, Crymych, UK). 

Calculating the difference between final and initial height 

measured and dividing by 4 years of study duration. 

cm/year 

Bone age CQV 

Greulich and Pyle radiographic atlas (33). It will be 

determined by main investigators according to the same 

criteria.  

years 

R
e

la
te

d
 t

o
 m

e
ta

b
o

lic
 p

ro
fi

le
 

BMI CQV 

Height will be measured by Harpenden Stadiometer 

(Holtain Ltd, Crymych, UK) and weight by calibrated scale 

(SECA, Hamburg, Germany). 

Body weight divided by the square of the body height. 

kg/m2 

Waist 

circumference 
CQV 

Measuring tape. It will be measured at a level midway 

between the lowest rib and the iliac crest. 
cm 

Blood Pressure CQV 
Electronic sphygmomanometer (Dinamap Pro 100, GE 

Healthcare, Chalfont St Giles, United Kingdom).  
mmHg 

Carotid intima-

media thickness 
CQV 

High-resolution ultrasonography (MyLab25; Esaote, 

Firenze, Italy). As ultrasonography is observer-dependent, 

measurements will be read by the same investigator for 

both hospitals. 

mm 

C-reactive protein CQV 
Ultrasensitive latex immunoassay (CRP Vario; Sentinel 

Diagnostics, Abbot Diagnostics Europe, Milan, Italy). 
mg/L 

HDL-cholesterol, 

LDL-c and 

triglycerides 

CQV 

Cobas Integra 711 model (Roche Diagnostics, Indianapolis, 

IN, EE.UU). mg/dL 
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Fasting insulin CQV 
Insulin-automated assay IMMULITE 2000 System (Siemens, 

Healthcare Diagnostics, Deerfield, IL, USA). 
mlU/l 

HOMA-IR CQV Homeostasis model assessment for insulin resistance. mg/dL 

HbA1c CQV Siemens DCA Vantage Analyzer. % 

HMW-

adiponectin 
CQV 

Radioimmunoassay (RIA) (LincoResearch, Inc., St. Charles, 

Missouri, EE.UU.) 
mg/L 

R
e

la
te

d
 t

o
 b

as
al

 

tr
e

at
m

e
n

t IGF-I levels CQV 
Enzyme-amplified immunoassay (DIAsource 

ImmunoAssays, Belgium) (3). 
mg/dL 

IGFBP-3 levels CQV 
Enzyme-amplified immunoassay (DIAsource 

ImmunoAssays, Belgium) (3). 
mg/dL 

Safety Fasting glucose CQV Hexokinase method (AEROSET c8000). mlU/l 

Creatinine CQV 
 Synchron CX analyser (Beckman Systems, Fullerton 

CA)(21). 
mg/dL 

Liver function tests 

(AST, ALT) 
CQV 

 Synchron Cx analyser (Beckman Systems, Fullerton 

CA)(21). 
mg/dL 

B12 vitamin CQV Immunochemiluminiscence. pg/ml 

Haemoglobin CQV Immunochemiluminiscence. pg/ml 

Eye fundoscopy DcQV Normal or Abnormal - 

Covariates 

Mid-parental height CQV 

It will be measured by established formulas based on 

father’s and mother’s height: father's height+mother's 

height + 13 (boys) or -13 (girls) and the results is 

divided by 2. 

cm 

BMI CQV 

Body mass divided by the square of the body height. Height 

will be measured by Harpenden Stadiometer (Holtain Ltd, 

Crymych, UK) and weight by calibrated scale (SECA, 

Hamburg, Germany). 

kg/m2 

Gender DcQV Clinical examination: male/female. - 

Age CQV Clinical examination. years 

Pubertal stages NQV 

Tanner stages based on testicular volume in boys using an 

orchidometer and breast development in girls: Tanner I 

through to V. 

- 

*DQV: Discrete quantitative variable. *CQV: Continuous quantitative variable. *NQV: Nominal qualitative variable. 

*DcQV: Dichotomy qualitative variable 
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All measures will be done by the same observer at each centre (nurse or physician) in order to 

avoid interobserver variability. All laboratory samples from participating centres will be analysed 

at one single laboratory (Hospital Dr. Josep Trueta) by one analyst. Finally, all radiological tests 

will be also read at a single centre (Hospital Dr. Josep Trueta) by the same radiologist.  

 

Height, waist circumference and BMI will be measured in their appropriate units –cm and kg/m2 

respectively- and will be transformed into SDS values according to age and gender (See Annex 

1 and 2). At the beginning of the study all patients will be prepubertal (Tanner stage I). 

 

  



 

 
 36 

9. INTERVENTION 

 

9.1   STUDY TREATMENT  

 

9.1.1 INTERVENTION DRUG 

 

The selected experimental drug will be metformin 850 mg, produced by Kern Pharma (Terrassa, 

Barcelona), and with expertise preparing metformin and placebo pills in previous studies 

performed by both hospitals participating in this protocol.   

 

9.1.2 METFORMIN DOSAGE 

 

In Agencia Española del Medicamento y Productos Sanitarios in paediatric population it is 

recommended to give metformin as single dose because of its proved efficacy in previous studies 

and the lack of efficacy results for multiple doses (20). In order to improve gastrointestinal 

tolerability it is recommended to start with low doses and to reach a maximum dose after 10-

15 days (20) and to take metformin with or after meals. 

 

Several clinical trials have been performed with different metformin doses administration 

regimes (once or twice per day) in children with mean ages between 8 to 16 years. As mentioned 

above, in a Meta-analysis of Randomized Clinical Trials using metformin versus placebo, it was 

shown that there is greater increase of height and decrease in BMI with metformin when given 

at largest cumulative doses but not in those in which metformin was given at lowest doses as 

compared to the control group (in whom there were not statistically significant differences) 

suggesting a dose-response relationship (29). This increment seems to be more significant when 

there is a combination of larger doses and longer treatment duration (29). 

 

In order to achieve at least the same results of a 4-year clinical trial with largest cumulative 

metformin and avoid overdosing in children between 8 to 10 years (22), the study treatment will 

be divided into a single oral dose of 425 mg/day for the first 2 years and a single oral dose of 850 

mg/day for the last 2 years. Furthermore, metformin doses during the first 10-15 days at the 

beginning of treatment will be progressively up-scaled in order to minimise gastrointestinal 

adverse effects.  
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The maximum recommended dose of metformin hydrochloride is 2g/day administered twice or 

three times per day. This dose will not be achieved in the current protocol.  

 

9.1.3 TREATMENT DURATION 

 

As mentioned above, in the few metformin studies where height is taken into account as a 

secondary variable, it has been suggested that largest cumulative doses plus longer treatments 

durations are needed to achieve better outcomes in height and metabolic profile in comparison 

to a control group (29). Furthermore, when height has been studied with shorter metformin 

treatment durations, it did not show greater differences as compared to the control group, but 

significant differences were shown after a follow-up period in the metformin group (23). 

 

For that reason, the trial will be performed during 4 years in order to achieve at least the same 

height improvement as that described in published studies assessing metformin effects on 

height (22,23,29) and on metabolic outcomes (24). The study will not be extended over 4 years 

because of the lack of evidence of metformin treatment in children above this period of time 

and also because of the possibility that after that time some of the patients will have reached 

epiphyseal growth plate closure. In that condition we will not able to evaluate growth or height 

changes due to metformin which could lead to confounding results regarding metformin effects 

on height.  

 

9.1.4 DRUG CHARACTERISTICS  

 

CONTRAINDICATIONS (20) 

- Hypersensitivity to metformin or any of the excipients. 

- Diabetic ketoacidosis, diabetic precoma. 

- Kidney failure or dysfunction (estimated creatinine clearance < 60 ml/min). 

- Acute situations with the potential to produce kidney impairments such as dehydration, 

severe infection or shock. In these cases, metformin treatment will be discontinued to be 

resumed once the patient recovers from the disease.  

- Acute or chronic disease that could produce tissue hypoxia such as heart failure, respiratory 

failure or shock.  

- Liver failure, acute alcoholic intoxication or alcoholism.  
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INTERACTIONS  

 

Plasma protein binding is negligible since it is distributed in erythrocytes. For that reason, 

metformin has no known pharmacokinetic interactions (20).  The main interactions are:  

 

- Alcohol: acute alcoholic intoxication is associated with increasing risk of lactic acidosis, 

especially in case of fasting or malnutrition and liver failure. It can also be seen with drugs 

containing alcohol so it is better to avoid them.  

- Iodine contrast: intravascular administration of iodine contrast can produce kidney failure 

producing blood metformin accumulation and higher risk of lactic acidosis.  

- Drugs with intrinsic hyperglycaemic activity (corticoids, sympathomimetics): It is 

recommended to perform closer blood glucose controls, especially at the beginning of 

treatment. If necessary, metformin posology should be adjusted during therapy with the 

other drug and after it is discontinued. 

- Diuretics, especially loop ones: They can increase lactic acidosis risk as they can decrease 

kidney function.  

 

The use of any of these drugs will be a reason for excluding a subject from the current protocol. 

 

ADVERSE EFFECTS  

 

Frequencies of adverse reactions (20)are defined as: 

 

Very common (≥1/10) 

- Gastrointestinal disorders, such as nauseas, vomits, diarrhoea, abdominal pain and loss of 

appetite. These disorders tend to appear at the beginning of treatment and in most cases 

tend to disappear spontaneously. To avoid them it is recommended to take metformin with 

or after meals as well as to slowly increase metformin doses.  

Common (≥1/100 to <1/10) 

- Nervous system disorders especially taste disorder.  

Uncommon (≥1/1.000 to <1/100) 

Rare (≥1/10.000 to <1/1.000) 
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Very rare (<1/10,000) 

- Lactic acidosis. Metformin inhibits gluconeogenesis and its accumulation can lead to this 

rare metabolic complication that needs emergency treatment and metformin 

discontinuation. Most of described cases were observed in diabetic patients with severe 

kidney failure. 

- Megaloblastic anaemia. The use of large periods of metformin therapy reduces absorption 

and B12 vitamin serum levels.  

- Hepatobiliary disorders. Isolated cases of liver function disorders or hepatitis have been 

described and those disappear when metformin has been discontinued.  

- Skin and subcutaneous tissue disorders such as erythema, pruritus or urticarial.  

 

Metformin use in children is indicated in type 2 diabetes or PCOS (See Annex 7: Metformin 

Datasheet). Growth or pubertal negative effects of metformin use have not been described in 

clinical trials so far but the recommendations are to perform a carefully follow-up (especially in 

children between 10-12 years old even though metformin efficacy and safety have not 

significant differences from adults). Although the use of metformin is not indicated in children 

younger than 10 years there are several studies evaluating its efficacy in puberty onset and in 

BMI changes in children aged 8 years, showing the same safety characteristics (22–25,29) .  

 

However, it is important to report suspected adverse drug reactions after approval. This allows 

for continuous monitoring of the benefit/risk of the drug. If suspected new adverse reactions 

are detected, they ought to be reported through the Spanish Pharmacovigilance System for 

Medicinal Products for Human Use: www.notificaRAM.es 

 

OVERDOSE  

 

Metformin treatment should be discontinued when rare or very rare adverse effects appears, 

especially lactic acidosis (20). This condition is a medical emergency and should be treated in 

hospital by haemodialysis and haemodynamic support.  

 

Lactic acidosis is manifested with unspecific signs such as muscle cramps with digestive disorders 

(abdominal pain) and severe asthenia. Massive overdoses can lead to acidotic dyspnoea, 

abdominal pain, hypothermia and coma.   

http://www.notificaram.es/
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9.2   TREATMENT MONITORING 

 

Metformin overdose can be monitoring through safety variables related to metformin main 

adverse effects. At each 6-month follow-up visit fasting glucose, serum creatinine, 

transaminases, haemoglobin and B12 vitamin levels will be checked in order to rule out most 

severe side effects. Furthermore, the patient and their guardians will be informed about possible 

side effects before starting the trial and they will be asked at each visit for their presence 

(including possible new side effects). In positive cases, a side-effect report form will be filled 

notifying its presence (See Annex 6: Side-effects Report Form). If there are new side-effect they 

will be reported to an appropriate institution as mentioned above.  

 

 

9.3   MASKING 

 

The study will be double-blinded (patient and researchers) and the pharmacist will be the person 

responsible for masking the intervention and randomly dispensing the intervention according to 

the abovementioned list. Thus, neither the patient nor the researchers will be able to know the 

interventional drug assigned to any patient until the study concludes. It may be only be disclosed 

in case of emergency regarding the need for the patient’s treatment.  

 

9.3.1 PATIENT MASKING: PLACEBO 

 

Control group will receive placebo. Placebo looks like metformin pill and it has the same 

ingredients except from the active ingredient. Like the interventional drug it will be produced by 

Kern Pharma (Terrassa, Barcelona). 

 

9.3.2 INVESTIGATOR MASKING 

 

If, in follow-up measurements, insulin levels and metabolic parameters were assessed on a 

regular basis, it would become clear which subjects were receiving treatment and which were 

not. Therefore, serum samples will be frozen, in order to be analysed at the end of the study in 

Hospital Josep Trueta, to where all samples will be sent by means of a courier service. Variables 

to be analysed will be serum lipids, fasting glucose, fasting insulin, HOMA-IR index, HbA1c and 

HMW-adiponectin levels. This way, several advantages are gained. The most clear one being 
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blinding the investigators, but also, analysing serum in badges and in one single laboratory which 

will reduce variability produced by different lab techniques. 

 

 

9.4   BASAL TREATMENT  

 

Our study population are GH-deficient children treated with rhGH as a basal treatment. There 

are different GH brands with different devices for drug administration. Furthermore, as 

mentioned before rhGH can be prescribed at different doses although Spanish and Catalan 

recommended doses are average ones (between 0.025 to 0.035 mg/kg/day).  

 

In order to homogenise basal treatment in all participants, rhGH will be administered only using 

a Saizen easypod (a device from Merck-Serono used from GH administration) and using a mean 

dose of 0.030 mg/kg/day with weigh adjustments every six months at each visit. In those 

patients who do not use this brand and device, a replacement at the third pre-selection visit will 

be performed and rhGH dosage will be adjusted before starting the study.  The reason to select 

this brand is because the device allows to evaluate adherence to treatment by monitoring daily 

hormone administration and allows also to know whether a full dose or a partial has been given.  

 

This procedure will provide the same basal conditions in all patients and avoid that rhGH dose 

acts as a covariate confounding the results of the interventional drug.  

 

rhGH side effects are rare as mentioned before, but in order to monitor the severe ones annual  

eye fundus examination will be scheduled for each participant. Furthermore, all patients will be 

monitored by means of hormonal profiles and thyroid function at each follow-up visit as 

established on protocols (1,2,6) to detect hormonal disorders during treatment.  On the other 

hand, overdose can be monitored by means of two different variables included in the blood tests 

performed at each visit: IGF-I and IGFBP-3 serum levels. In case IGF-I levels are above 2 SDS (for 

age, gender and Tanner stage) or they are higher than 100 times the corresponding IGFBP-3 

values, the dose of GH will be adjusted. 
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9.5   ORGANISATION AND DATA COLLECTION 
 

The intervention visits will take place during the routine follow-up visits for GH-deficient children 

appointed every 6 months. By not adding new visits, the trial should not affect patients’ routine; 

therefore, fewer drop-outs are expected. 

 

In order to optimise study adherence, metformin or placebo will be taken at dinner time or 

before giving the GH injection. In addition, guardians and subjects will receive text message or 

e-mail reminders on a weekly basis to take the metformin/placebo during the treatment period. 

Also, 1 week in advance, guardians and subjects in both groups will receive text message or e-

mail reminders about their upcoming appointments. Counting the number of pills remaining at 

each visit will be performed by the pharmacist as an indicator of adherence. At each visit 

investigators will also monitor basal treatment adherence checking the Saizen easypod 

application of the device.  

 

At each visit, the follow-up measurements described below (Table 6) will be assessed:  

 

Table 6. Follow-up measurements 

Auxological 

 (every 6 months) 

Laboratory tests 

(every 6 months) 

Other parameters 

(yearly) 

- Height 

- Weight 

- BMI 

- Waist circumference 

- Blood pressure 

- Pubertal stage (Tanner 

scale) 

- Growth velocity  

- C-reactive protein 

- Serum lipids (HDL-c, LDL-c and 

triglycerides)  

- Fasting glucose 

- HbA1c 

- Fasting insulin 

- HOMA-IR 

- HMW-adiponectin 

- IGF-I and IGFBP-3 

- Creatinine 

- Liver function (AST and ALT) 

- B12 vitamin 

- Complete blood count (including 

haemoglobin) 

- Bone age  

- Adult height 

prognosis 

- CIMT  

- Eye fundus 
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The follow-up measurements should not be performed when the patient presents acute 

symptomatology (such as any pulmonary infection, very common in children). Acute 

symptomatology increases stress hormones needs such as cortisol and secondary increases 

insulin production; therefore it needs to be taken into account when collecting data. If this 

situation happens, follow-up visit will be rescheduled in within two weeks in order to collect 

follow-up measures and avoid to have missing data. 

 

As established by the protocol, venous blood sampling will be drawn with the child in the fasting 

state. All serum samples will be obtained between 8.00 a.m. and 10.00 a.m. in order to avoid 

variability produced by circadian hormones. Blood tests will be performed every 6 months in 

order to have safety parameters and those that allows us to adjust GH treatment dosage (IGF-I 

and IGFBP-3). Blood tests will be performed the same visit day and when results are available 

main investigators will contact families in order to inform from the results and any change in 

basal treatment.  

 

Measurements will be taken during follow up visits in all children and will be performed by the 

same observer who will be unaware of the subjects’ clinical and laboratory metformin 

parameters. All data will be collected in standard forms in order to ensure all parameters (See 

Annex 5: Case Report Form). 

 

- Height will be measured with the child wearing no shoes on a Harpenden stadiometer. It 

will be measured standing with the back and ankles touching the surface and the head in 

neutral position. Feet and legs must be straight and remain together. Three measures will 

be performed in order to avoid measurements mistakes that could lead to information bias. 

The average of two similar measurements will be used in the study. 

 

- Weight will be measured with the child wearing underwear on a calibrated scale. 

 

- BMI will be calculated as weight divided by the square of height in meters. Age and sex 

adjusted z-score values for current weight, height, and BMI will be calculated using regional 

normative data (See Annex 1 and 2). 

 

- Waist circumference will be measured at the umbilical level with the child standing with a 

measuring tape. It will be measured at a level midway between the lowest rib and the iliac 

crest. 
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- Blood pressure will be measured before venous blood sampling with the child supine on the 

right arm after a 10-minute rest, using an electronic sphygmomanometer with a cuff of 

appropriate size for the child’s arm circumference. 

 

- cIMT will be measured by high-resolution ultrasonography. For cIMT, diastolic images will 

be obtained using a linear 12-MHz transducer on the right side at the level of the distal 

common carotid artery, 1 cm away from its bifurcation. Averages of 5 cIMT measurements 

on the far wall of the artery will be used in the study. The intra-subject coefficient of 

variation for ultrasound measurements is <6%. It will be performed annually by a radiologist 

in each participating center under consensus criteria previously established in organisation 

meetings and images will be sent to Hospital Dr. Josep Trueta in order to be read by the 

same radiologist. 

 

- Bone age will be determined by a left hand radiography following Greulich and Pyle 

radiographic atlas (33). It will be determined by the main investigators according to the same 

criteria previously established in organisation meetings. Radiography will be scheduled 

annually at a follow up visit. Once we have the bone age we can predict adult height 

prognosis by Bailey-Pinneau method (36) so we will calculate it annually. Estimations of 

adult height prognosis will be done by one single investigator with ample expertise in 

reading bone age films. 

 

- Growth velocity will be calculated by the difference between final and initial height 

measured at each follow up visit and adjusted z-score values for age and sex (37).  

 

- Eye fundus will be scheduled annually in order to evaluate GH side effects. The presence of 

massive oedema or hypertension signs will be a reason to discontinue basal treatment and 

to withdraw the subject from the study. 
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10. FLOW CHART 
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11. STATISTICAL ANALYSIS  

 

UNIVARIATE DESCRIPTIVE ANALYSIS 

 

Results for categorical variables will be described as frequencies (n) and percentages for each 

category. Quantitative variables assuming a normal distribution will be summarized as mean ± 

standard deviation, and those for variables without a normal distribution will be expressed as 

median and interquartile range. Non-parametric variables will be mathematically transformed 

to improve symmetry.   

 

 

BIVARIATE ANALYSIS 

 

Results for main variables will be compared in order to ensure that comparable treatment 

groups were generated through the randomisation process. Categorical variables will be 

compared in a 2x2 contingency tables and evaluated by X2 test or Fisher’s exact test.  Continuous 

variables that assume a normal distribution will be compared by Student T test (to compare 2 

groups) or ANOVA’s test (to compare three groups). Mann-Whitney test will be used to compare 

continuous variables that dot not follow a normal distribution.  

 

 

MULTIVARIATE ANALYSIS 

 

General linear model (GLM) for repeated measures will be applied in order to perform the 

analysis of response to treatment for endpoint variables (see below) between independent 

treatment and control groups (main and secondary objectives of the proposal). The interaction 

term among the intervention variable and the endpoint variables of the study will be applied in 

order to highlight differences in 4-years changes across intervention groups. Models will be 

adjusted for potential confounders (see "covariates” in Table 5). For adult height prognosis, 

covariates will be age, gender, BMI-SDS, mid-parental height, height SDS at baseline, GH 

treatment duration, current GH dose, pubertal stage, change in HOMA-IR, change in HMW-

adiponectin and treatment (metformin or placebo). For HOMA-IR and HMW-adiponectin, 

covariates will be age, gender, BMI-SDS, waist circumference SDS, GH dose, pubertal stage, 

treatment (metformin or placebo) and HOMA-IR/HMW-adiponectin in each one. For other 
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endpoints (changes in BMI-SDS, waist-SDS, CIMT, blood pressure, serum lipids and C-reactive 

protein), covariates will be age, gender, GH dose, pubertal stage, change in HOMA-IR (and when 

applicable also, changes in BMI-SDS and waist-SDS), change in HMW-adiponectin, treatment 

(metformin or placebo) and the corresponding value of the parameter to be tested at baseline. 

 

“Intention-to-treat” (ITT), “as treated” and “per protocol” analyses will be applied, in case of:  

 

- Protocol violations. 

- Losses to follow up. 

- Withdrawals from the study.  

- Non-compliance.  

- Refusal of the allocated treatment. 

- Other deviations from established protocol.  

 

Imputation of missing values for endpoints variables will be performed using the latest observed 

values for each variable and subject.  

 

A p value <0.05 will be considered statistically significant.  
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12. ETHICAL CONSIDERATIONS 

The clinical trial will be conducted in accordance with the medical ethics requirements defined 

on the Declaration of Helsinki involving Ethical Principles for Medical Research Involving Human 

subjects (last update October 2013) (See Annex 8: Helsinki Declaration). 

 

All patients and guardians, as all will be under 18 years of age, will be properly informed about 

the trial. Written informed consent (See Annex 4) will be provided to their guardians and must 

be signed before taking part in the project. However, we will obtain informed assent from all 

children, in order to enrol them in the study.  On the other hand, every investigator will have to 

declare no conflict of interest.  

 

The research project will be performed in accordance with the legal framework related to clinical 

trials: “Real Decreto Legislativo 1/2015, de 24 de julio, por el que se aprueba el texto refundido 

de la Ley de garantías y uso racional de los medicamentos y productos sanitarios”, “Ley 14/2007, 

de 3 de julio, de investigación biomédica” and “Reglamento (UE) n°536/2014 del Parlamento 

Europeo y del Consejo, de 16 de abril de 2014, sobre los ensayos clínicos de medicamentos de 

uso humano”. 

 

All patient data obtained during the trial will be confidential and the anonymity of the patients 

will be guaranteed according to: “Ley orgánica 15/1999, de 13 de diciembre, de Protección de 

Datos de Carácter Personal”. 

 

The clinical trial will be submitted to a European database of clinical trials 

(http://www.clinicaltrialregister.eu). As postulated by current recommendations, the trial will 

also be registered with an International Standard Randomized Controlled Trial Number 

(http://www.controlled-trials.com). 

 

The trial will be submitted to the “Comité de Ética de Investigación Clínica (CEIC)” of Hospital Dr. 

Josep Trueta of Girona following the guidelines subscribed, in order to be reviewed and 

approved before any further procedure. Then, we will apply for the approval of the responsible 

person at each centre participating in the trial.  As a final step, the protocol must be approved 

by the European Medical Agency (EMA) and “Asociación Española de Medicamentos y Productos 

Sanitarios (AEMPS)” before final approval of the clinical trial.   

http://www.clinicaltrialregister.eu/
http://www.controlled-trials.com/
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13. LIMITATIONS 

 

- Regarding the patient selection, a consecutive non-probabilistic method will be applied. An 

appointment will be scheduled instead of waiting for the follow-up visit to describe the study 

to patients. It is expected to reach about 75% of selected patients. Therefore, a non-

response rate should be taken into account. However, this would not be a limitation because 

if we cannot reach all sample size with the two participating centres, a third centre will be 

added to the trial. Contact with Hospital Vall Hebron of Barcelona has been established and 

they accept to participate if this situation happens. 

 

- BMI is our main covariate in the study as children are constantly changing their weight as 

well as their height. As mentioned before, small BMI changes influence growth. Although 

randomisation usually distributes variables equally in both groups we have stratified sample 

into three BMI groups in order to avoid this confounding effect. Moreover, all participants 

will be informed about the importance of maintain a stable weight during the study which 

will be of help not only for the study results but also for their growth. The same measure of 

stratification has been performed for those unmodifiable covariates: gender and age.   

 

- Regarding follow up measurements, as this is a multicentre study, there always will exist 

variability between main investigators and selected personnel when collecting data. 

Furthermore, there are some examinations that are observer-dependent like Tanner stage, 

bone age and CIMT measured by ultrasonography. To minimise this interobservator 

variability, all personnel involved in collecting data will be trained in the same way to 

perform examinations and they will perform meetings in order to put in common all 

procedures. On the other hand, CIMT will be read by the same radiologist of Hospital Dr. 

Josep Trueta in all study patients. Appointments will be scheduled and recalled to patients.  

 

- Differences between measurements techniques could cause lack of comparability between 

the different centres participating in the study. For that reason, as mentioned in masking 

section, frozen serum analyses will be performed only in Hospital Josep Trueta of Girona.  

 

- All participants have a basal treatment inherent to its pathological condition. Different 

methods in rhGH treatment application and dosage can confound the results of the effects 

of the interventional drug on height. Therefore, all patients will change their devices to 
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Saizen easypot in order to avoid variability between rhGH devices and a mean dose will be 

established in all patients at each follow up visit based on weight.  

 

- The study lasts 4 years so there is a risk of drop-out or non-compliance of the treatment. 

This has been taken into account when calculating the sample size.  

 

- Inherent to the study design which have strict inclusion and exclusion criteria that do not 

represents all GH-deficient population, we will not be able to extrapolate the study results 

to the general population. Therefore, further studies will be needed with greater sample 

sizes and other study populations in order to increase the external validity of our results. It 

would be convenient that other researchers performed similar studies in order to confirm 

the results of our study. 

 

- According to the current literature, it is possible that larger doses and longer periods of study 

would be necessary in order to reach better results in endpoint variables, especially in height 

gain and adult height. However, we have selected our criteria based on previous experience 

with metformin and we expect to have statistically significant results. 

 

- Regarding the budget, as this is a clinical trial, it is a high cost study although metformin has 

a low cost. However, if we want to answer our hypothesis this is the best study design to be 

performed. 
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14. WORK PLAN 

 

Personnel: 

- Investigators: as discussed previously, a principal investigator will be assigned at each of the 

participating centres: Hospital Universitari Dr. Josep Trueta de Girona and Hospital Sant Joan 

de Déu de Barcelona. They will constitute the Trial Steering Committee (TSC). TSC is 

responsible for trial overall supervision. Research associates (RA) will be selected at each 

centre. 

- Collaborators: statistician (ST), pharmacist (PH), laboratory (LA), radiologist (RAD), 

ophthalmologist (OP), nursey staff (NU) and data manager (DA). 

 

The trial has been designed in 5 phases:  

 

PHASE 1 – Coordination phase. Development of theoretical framework (6 months): TSC and 

RA centre will be involved in this phase. 

 

1. PROTOCOL ELABORATION (Accomplished): first objectives have been established in order to 

answer a formulated hypothesis. A comprehensive and exhaustive literature search have 

been conducted, followed by a detailed definition of study variables and study design. 

Theoretical methodology of data collection have been elaborated.  

 

2. ORGANISATIONAL MEETING will be performed in order to further delineated the study 

chronogram and establish a timeline. Data collection circuits and communication systems 

between the involved centres will be set up.  

 

3. PILOT TEST will be performed in order to evaluate the protocol. It will help to identification 

of problems and allow us to apply corrections in order to solve them.  

 

4. AUTHORISATIONS: administrative and ethical authorisations will be obtained before any 

further activity.  
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PHASE 2 - Field research (54 months): All the study staff from each centre will be involved. 

 

1. RECRUITMENT PERIOD (6 months): sample selection will be made in a non-consecutive 

way, based on inclusion and exclusion criteria. All preselection visits with their respective 

tests will be performed to help in the process. A member in charge of patient flow analysis 

evaluates the recruitment time in order to prove that the rate of inclusion of patients is 

being fulfilled. Guardians and subjects must have access to information documents 

regarding the study and informed consent must be signed before any further activity in 

the trial.  

 

2. GROUP ASSIGNMENT: randomisation procedure, masking method and allocation type will 

be performed.  

 

3. INTERVENTION (48 months): study variables will be recorded in a shared database by the 

involved centres. At each follow-up visit, all follow-up measurements will be taken and 

serum samples of the patients will be frozen. Critical parameters that can unmask the 

treatment arm will be assessed at the end of the trial.  

 

PHASE 3 – Database processing and statistical analysis (4 months): TSC and RA from each 

centre along with DA will be involved. 

 

1. DATABASE PROCESSING (4 months): results will be screened for possible errors during 

data collection.  

 

PHASE 4 – Analysis of the results (4 months): TSC and RA from each centre along with ST will 

be involved. 

 

1. INTERIM ANALYSIS: at the middle of the intervention process (at the end of 24 month), 

an interim analysis of the results by an external agent will be performed in order to 

ensure that there are not huge differences in benefits between interventional and 

control groups. However, we expect not to find significant differences because in growth 

studies two years is a short period of time in order to elicit significant results.  
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2. STATISTICAL ANALYSIS (2 months): appropriate statistical tests will be applied for all 

collected data. As previously described, descriptive and bivariate analyses will be 

performed followed by the multivariate analyses.  

3. INTERPRETATION OF THE RESULTS (2 months): The outcomes of the trials will be 

interpreted and conclusions will be derived thereof, written and discussed. TSC will be 

involved. 

 

PHASE 5 – Finalisation and publication of results (3 months): TSC will be involved. 

 

A report with the final results of the study will be elaborated. Whether results support or not 

initial hypothesis will not affect their publication. Dissemination strategy consists on an open 

access online publication and study results presentation in Conferences from Sociedad Española 

de Endocrinología Pediatrica and European Society for Paediatric Endocrinology.  
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15. TIMELINE 
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16. BUDGET 

 

Table 7. Budget 

1. STAFF COSTS 

 Cost Nº persons Time Total 

- Statistical  consultant 

- Data manager 

- Meetings organisation 

35 €/h 

20 €/h 

50 €/h  

1 

1 

2 

100 h 

80 h 

20 h 

3500 € 

1600 € 

2000 € 

 7100 € 

2. IMPLEMENTATION COSTS 

 Cost Nº patients Quantity Total 

Inventory material costs 

- Saizen easypot device  

Services and disposable items costs 

- Laboratory parameters: 

o Complete Blood Count (Serum) 

o IGF-I (Serum) 

o IGFBP3 (Serum) 

o Fasting glucose (Serum) 

o Fasting insulin (Serum) 

o HOMA-IR index  

o HMW-adiponectin (Serum) 

o HbA1c (Serum) 

o Lipid profile (Serum) 

o C-reactive protein (Serum) 

o Creatinine (Serum) 

o ALT/AST (Serum) 

o B12 vitamin (Serum) 

o Albumin (Serum) 

o TSH (Serum) 

o Free T4 (Serum) 

o Prolactin (Serum) 

o LH (Serum) 

o FSH (Serum) 

 

0 € 

 

 

3,54 €/u 

0 € 

0 € 

1,27 €/u 

6,98 €/u 

- 

850 €/80 u 

6,35 €/u 

10,43 €/u 

6,59 €/u 

1,27 €/u 

7,84 €/u 

6,98 €/u 

2,23 €/u 

0 € 

0 € 

0 € 

0 € 

0 € 

 

120 

 

 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

 

1 

 

 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

 

0 € 

 

 

3823,2 € 

0 € 

0 € 

1371,6 € 

7538,4 € 

- 

11475 € 

6858 € 

11264,4 € 

7117,2 € 

1371,6 € 

8467,2 € 

7538,4 € 

2408,4 € 

0 € 

0 € 

0 € 

0 € 

0 € 
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o Cortisol (Serum) 

o Anti-transglutaminase antibodies 

(Serum) 

- Left hand radiography 

Liability insurance 

Drug purchase  

- Metformin 850 mg 50 pills/box 

- Placebo 50 pills/box 

- Basal rhGH treatment 

Administrative permits (AGEMED) 

MRW courierr to shp serum samples to 

Hospital Dr.Josep Trueta (Girona) 

0 € 

0 € 

 

0 € 

- 

 

1,52 €/box 

7,35 €/box 

0 € 

3948,1 € 

-  

120 

120 

 

120 

120 

 

120 

120 

120 

120 

- 

9 

1 

 

5 

1 

 

22 

22 

- 

- 

- 

 

0 € 

0 € 

 

0 € 

17000 € 

 

4012,8 € 

19404 € 

0 € 

3948,1 € 

500 € 

 

 114098,3 € 

3. DISSEMINATION OF THE RESULTS 

 Cost Quantity Total 

Congress of the Spanish Society of Paediatric Endocrinology: 

Congress of the European Society of Paediatric 

Endocrinology: 

Publication fees 

- Translation services 

- Open access 

Software and bibliography 

800 €/pers. 

 

1000 €/pers. 

 

30 €/h 

1500 € 

1000 € 

2 pers.  

 

2 pers. 

 

50 h 

- 

- 

1600 € 

 

2000 € 

 

1500 € 

1500 € 

1000 € 

 7600 € 

4. SUBCONTRACTING OF PROFESSIONAL SERVICES 

- Contracting of nursing services 

- Contracting of echography services 

20 €/ subject 

25 € / subject 

2 

2 

4800 € 

6000 € 

 10800 € 

5. INDIRECT COSTS  27919,7 € 

TOTAL COSTS 167518 € 
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No budget will be needed for CEIC and the pharmacy department because the promoter of the 

study will be IDIBGI. IDIBGI research centre receives a 20% of the total expenses, in order to 

cover the account management services at the research institute and for the use of research 

offices, examination rooms and laboratory. 

 

BUDGET SPECIFIC ASPECTS 

 

- Implementation costs: 

 

All devices, laboratory parameters and radiography evaluated by protocol during the follow up 

of GH-deficient children due to its basal treatment with rhGH will be free cost for the trial 

because they are inherent to the basal condition of the patients and are therefore paid by the 

hospital. The measurements included are: IGF-I and IGFBP3 levels, TSH, free T4, prolactin, 

cortisol, LH, FSH and anti-transglutaminase antibodies. Saizen easypot devices will be provided 

by the company with free cost.  

 

MRW courier will ship serum samples to Hospital Josep Trueta when the study concludes in 

order to be analysed by the same laboratory.  

 

- Subcontracting of personal services: 

 

Two nurses will be hired during the trial in order to help main investigators to perform follow up 

measurements. A radiologist at each centre will perform carotid echography to determine CIMT 

after previous consensus criteria agreed upon in organisation meetings. However, images all will 

be sent to Hospital Josep Trueta to be read by one single radiologist.  
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17. HEALTH IMPACT OF THE PROJECT 

 

As discussed previously, not all GH-deficient children treated with rhGH achieve a full 

improvement in adult height prognosis that may allow them reach their target height. 

Metformin studies in non GH-deficient children have shown an improvement in height gain and 

adult height. The objective of this study is determine if metformin in GH-deficient children has 

also these effects on height and may help those children with poor adult height prognosis to 

reach an adequate adult height. By reaching this goal, we would not only establish a new 

therapeutic option for these children but will also avoid all the psychological consequences that 

can affect important aspects of their lives, which could mean a major health impact on these 

subjects.  

 

Furthermore, we will also analyse metabolic parameters and insulin resistance improvements 

during the interventional period as a secondary objective. These results will set the basis for 

further studies in order to establish if the addition of metformin in GH-children not only 

improves growth but also decreases the cardiovascular risk in long-term.  
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ANNEX 1: HEIGHT CHARTS 
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ANNEX 2: BMI TABLES 

 

 



 

 
 69 

 

 

 

 



 

 
 70 

ANNEX 3: EXAMPLE OF RANDOMISATION 

Table Example of the randomisation process. 

PATIENT GENDER AGE BMI TREATMENT 

10001 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10002 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10003 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10004 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10005 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10006 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10007 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10008 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10009 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

10010 Male ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

20001 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20002 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20003 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20004 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20005 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20006 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20007 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20008 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20009 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

20010 Male ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

30001 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30002 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30003 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30004 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30005 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30006 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30007 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30008 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30009 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

30010 Male ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 
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40001 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40002 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS  ? 

40003 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS  ? 

40004 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40005 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40006 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40007 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40008 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40009 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

40010 Male ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

50001 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50002 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50003 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50004 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50005 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50006 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50007 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50008 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50009 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

50010 Male ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

60001 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60002 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60003 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60004 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60005 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60006 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60007 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60008 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60009 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

60010 Male ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

70001 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70002 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 
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70003 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70004 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70005 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70006 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70007 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70008 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70009 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

70010 Female ≥8 and < 9 years ≥-1.5 SDS and ≤0 SDS ? 

80001 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80002 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80003 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80004 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80005 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80006 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80007 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80008 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80009 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

80010 Female ≥8 and < 9 years >0 SDS and ≤+1.5 SDS ? 

90001 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90002 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90003 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90004 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90005 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90006 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90007 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90008 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90009 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

90010 Female ≥8 and < 9 years >+1.5 SDS and ≤+3.00 SD ? 

100001 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100002 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100003 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100004 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100005 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 
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100006 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100007 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100008 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100009 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

100010 Female ≥9 and ≤10 years ≥-1.5 SDS and ≤0 SDS ? 

110001 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110002 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110003 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110004 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110005 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110006 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110007 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110008 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110009 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

110010 Female ≥9 and ≤10 years >0 SDS and ≤+1.5 SDS ? 

120001 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120002 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120003 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120004 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120005 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120006 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120007 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120008 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120009 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

120010 Female ≥9 and ≤10 years >+1.5 SDS and ≤+3.00 SD ? 

 

 

 

 

 

 

 

 



 

 
 74 

ANNEX 4: INFORMATION FOR PATIENT AND INFORMED CONSENT 
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ANNEX 5: CASE REPORT FORM 

Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Período Basal (0 m) 

Edad cronológica                                                                            Día                               Mes                      Año 

a m Años  Fecha nacimiento        

 
       Edad ósea                                        Peso actual                        Talla actual                 Velocidad crecimiento 

a m Años      cm     cm   cm/año 

 
Predicción talla adulta                                                          IMC                                                     Cintura 

   cm     ,   Kg/m2    cm 
 
 

Talla padre    cm  Laboratorio Valores Unidades 

Talla madre    cm  Hemoglobina   

Talla media parental    cm   Glucosa   

      HbA1c   

Estadio puberal Tanner     Creatinina   

S (seno)      AST   

P (pubis)      ALT   

      Vitamina B12   

Hospital que realizará el seguimiento:   Albumina   

HC 1 (HUJT)     Proteína C reactiva   

HC 2 (HSJD)     Insulina   

     IGF-I   

     IGFBP3   

CIMT  mm     HOMA-IR   

     TSH   

Presión Arterial           / mmHg    T4 libre   

      Prolactina   

Peso en nacer  kg  Anticuerpos anti-
transglutaminasa 

  

    HMW-adiponectina   

 

Peso actual (SDS)  Talla actual (SDS)  IMC actual (SDS)  
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Antecedentes familiares: 

Antecedentes personales: 

Medicamentos: 

 

Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Visita 6 meses 

Edad cronológica                             Peso actual                                 Talla actual             Velocidad crecimiento 

a m Años      cm      cm   cm/año 

 
                         IMC                                                        Cintura                            Presión arterial 

  ,    Kg/m2    cm  /  mmHg 

 
 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 
 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HMW-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Período 12 meses 

Edad cronológica                                           Presión arterial 

a m Años      / mmHg  CIMT  mm 

 
       Edad ósea                                        Peso actual                        Talla actual                 Velocidad crecimiento 

a m Años      cm     cm   cm/año 

 
Predicción talla adulta                                           IMC                                                     Cintura 

   cm    ,   Kg/m2    cm 

 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Visita 18 meses 

Edad cronológica                             Peso actual                                 Talla actual             Velocidad crecimiento 

a m Años      cm      cm   cm/año 

 
                         IMC                                                        Cintura                            Presión arterial 

  ,    Kg/m2    cm  /  mmHg 

 
 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 
 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Período 24 meses 

Edad cronológica                                           Presión arterial 

a m Años      / mmHg  CIMT  mm 

 
       Edad ósea                                        Peso actual                        Talla actual                 Velocidad crecimiento 

a m Años      cm     cm   cm/año 

 
Predicción talla adulta                                           IMC                                                     Cintura 

   cm    ,   Kg/m2    cm 

 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Visita 30 meses 

Edad cronológica                             Peso actual                                 Talla actual             Velocidad crecimiento 

a m Años      cm      cm   cm/año 

 
                         IMC                                                        Cintura                            Presión arterial 

  ,    Kg/m2    cm  /  mmHg 

 
 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 
 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Período 36 meses 

Edad cronológica                                           Presión arterial 

a m Años      / mmHg  CIMT  mm 

 
       Edad ósea                                        Peso actual                        Talla actual                 Velocidad crecimiento 

a m Años      cm     cm   cm/año 

 
Predicción talla adulta                                           IMC                                                     Cintura 

   cm    ,   Kg/m2    cm 

 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Visita 42 meses 

Edad cronológica                             Peso actual                                 Talla actual             Velocidad crecimiento 

a m Años      cm      cm   cm/año 

 
                         IMC                                                        Cintura                            Presión arterial 

  ,    Kg/m2    cm  /  mmHg 

 
 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 
 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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Código paciente Fecha 

/__ /__ /__ /__ /__ / /__ /__ /     /__ /__ /     /__ /__ /__ /__ / 
               Día                 Mes                  Año 

 

Período 48 meses 

Edad cronológica                                           Presión arterial 

a m Años      / mmHg  CIMT  mm 

 
       Edad ósea                                        Peso actual                        Talla actual                 Velocidad crecimiento 

a m Años      cm     cm   cm/año 

 
Predicción talla adulta                                           IMC                                                     Cintura 

   cm    ,   Kg/m2    cm 

 

Peso (SDS)  Talla (SDS)  IMC (SDS)  Cintura (SDS)  

 

Laboratorio Valores Unidades  Estadio puberal 
Tanner 

Hemoglobina    S (seno)    

Glucosa    P (pubis)   

HbA1c    

Creatinina    

AST    

ALT    

Vitamina B12    

Proteína C reactiva    

HDL-c    

LDL-c    

Triglicéridos    

Insulina    

IGF-I    

IGFBP3    

HOMA-IR    

HWM-adiponectina    

 

Medicamentos: 

Observaciones: 
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ANNEX 6: SIDE-EFFECTS DATASHEET 

 

Responsable de la recogida de datos:     Firma: 

Nombre: __________________  

Apellidos: 

_______________________________________________ 

 

Señale con una cruz si la paciente ha sufrido alguno de los 

siguientes signos/síntomas, relacionados con posibles efectos adversos debidos al tratamiento 

en estudio metformina: 

SIGNO / SINTOMA  

Náuseas  

Vómitos  

Diarreas  

Dolor abdominal  

Pérdida de apetito  

Alteración del sabor  

Eritema  

Prurito  

Urticaria  

Disnea  

Hipotermia  

Coma  

Otros  

 

Descripción detallada del evento: 

 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 
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ANNEX 7: METFORMIN DATASHEET 
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ANNEX 8: HELSINKI DECLARATION 

 



 

 
 102 

 



 

 
 103 

 



 

 
 104 

 



 

 
 105 

 



 

 
 106 

 



 

 
 107 

 



 

 
 108 

  


