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A B S T R AC T

Background

Current guidelines state that the goals of Growth Hormone (GH) therapy in adults should be an 

appropriate clinical response, avoidance of side effects, and an IGF-1 value within the age-adjusted 

reference range. There are no published studies on the target level for IGF-1 that offer specific 

guidance in this regard. 

Objectives

To compare low-normal and high-normal target levels of IGF-1 on efficacy and safety of  

GH treatment.

Methods

A randomized, open-label, clinical trial including thirty-two adults from one university hospital 

receiving GH therapy for at least one year with a stable IGF-1 concentration between -1 and 1 SD 

score (SDS). Subjects were randomized to receive either a decrease (IGF-1 target level of -2 to -1 

SDS) or an increase of their daily GH dose (IGF-1 target level of 1 to 2 SDS) for a period of 24 weeks. 

The effect on cardiovascular risk factors and physical performance, next to tolerability, is compared. 

Results

Thirty subjects (65.6% men, mean age 46.6 (SD 9.9) years) could be analyzed. In subjects with  

a high-normal IGF-1 target level waist circumference decreased (p=0.05), and overall they felt better 

(p=0.04), compared to subjects with a low-normal IGF-1 target level. However, increasing IGF-1 level 

led to more myalgia, and decreasing IGF-1 level to more fatigue. There was a gender-dependent 

difference in effect on HDL cholesterol. 

Conclusion

Although increasing GH dose to IGF-1 levels between 1 and 2 SDS improved waist circumference and 

well-being, safety is not guaranteed with the demonstrated effect on HDL cholesterol in men, and 

reported myalgia.
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I N T R O D U C T I O N

In adults with growth hormone (GH) deficiency significant changes in cardiovascular risk factors, 

such as an adverse lipid profile, and an altered body composition with increased fat mass and body 

mass index, are found.1;2 Next to that, reduced muscle strength and physical performance, and an 

impaired quality of life (QoL) are reported.1;2 On the other hand, pathologically high levels of IGF-1, 

as seen in acromegaly, have also been associated with an adverse cardiovascular risk profile and  

a higher prevalence cardiovascular disease (CVD).3 Many studies have demonstrated positive effects 

of GH replacement therapy in adults with GH deficiency,4;5 and of normalization of IGF-1 levels in 

acromegaly,6 on several cardiovascular risk factors. Next to the relation of pathologically low and 

high levels of IGF-1 with cardiovascular risk factors and disease, in the general population this  

(U-shaped) association of IGF-1 within the normal range with cardiovascular risk factors and disease 

has also been described.7-12 In clinical practice it is still unclear how to dose GH and to choose 

the appropriate target level for IGF-1 in adult GH deficiency, with respect to efficacy and safety. 

Only a few studies in GH deficient adults on dose-effectiveness have been conducted.13-16 These 

earlier studies led to the advice to individualize GH dose instead of using a fixed dose, adopted 

from pediatric practice. The current guidelines state, next to individualized dosing, that the goals 

should be an appropriate clinical response, avoidance of side effects, and an IGF-1 value within the 

age-adjusted reference range. The target level commonly is the upper half of that range, although 

published studies do not offer specific guidance in this regard.17 Scientific evidence for clinical 

practice is warranted. Therefore, the aim of the present study is to compare the effect of de- and 

increasing GH dose to low-normal and high-normal target levels of IGF-1 on efficacy and safety 

measures in substituted GH deficient adults. We hypothesize a favorable effect on cardiovascular 

risk factors and physical performance after 24 weeks of increasing GH compared to decreasing GH 

dose, but tolerability could be an issue. 

M AT E R I A L S  A N D  M E T H O D S

Study design

This was a randomized, open-label, clinical trial conducted at one university hospital (VU University 

Medical Center, Amsterdam, The Netherlands). At entry subjects were receiving GH treatment 

according to general clinical practice (daily subcutaneous injections of somatropin using automated 

pen systems manufactured by Pfizer bv., Novo Nordisk bv., and Eli Lilly and Co.). Subjects were 

selected on having an IGF-1 concentration between -1 and 1 SDS during GH replacement therapy. 

Randomization was done by a computer-generated random sequence and was stratified by gender. 

Subjects were randomized to receive either a decrease of their regular dose of GH treatment  

(IGF-1 target level of -2 to -1 SDS) (low dose=LD group), or an increase of their regular dose  

(IGF-1 target level of 1 to 2 SDS) (high dose=HD group), for 24 weeks. After four weeks the GH dose 

was adjusted when the target level of IGF-1 was not reached. At visit one (baseline) and visit two 

(after 24 weeks) measurements were performed to assess cardiovascular risk factors and physical 

performance. Also, information on tolerability was collected.  
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Patients

The study group consisted of 32 adult patients with documented severe GH deficiency and more 

than one year of GH treatment, with an IGF-1 level between -1 and 1 SD score (SDS), stable for at 

least six months. Other pituitary hormone deficiencies had to be substituted when indicated and 

be stable for at least six months and during follow up. Severe GH deficiency was diagnosed prior 

to the study and defined according to the consensus guidelines of the GH Research Society for 

the diagnosis and treatment of adults with GH deficiency.18 Patients were not eligible if they had  

a recent or current malignancy, craniopharyngioma as cause of hypopituitarism, were (planning on 

becoming) pregnant, or had a cardiovascular event within one year before recruitment. Patients with 

prior Cushing’s disease or acromegaly were not excluded since an earlier study did not demonstrate 

significant interaction with the effect of GH treatment on cardiovascular mortality in GH deficient 

adults in The Netherlands.19 Patients were included after oral and signed informed consent. The study 

protocol was approved by the Ethics Committee of the VU University Medical Center, Amsterdam. 

The study was performed according to Good Clinical Practice and the Declaration of Helsinki.  

This study is registered with ClinicalTrials.gov, number NCT01877512.

Cardiovascular risk factors

Cardiovascular risk factors included body composition, lipid profile, and glucose metabolism. 

Body composition was assessed by calculating BMI (weight in kg / squared length in m), waist 

and hip circumference in cm and waist/hip ratio, and sum of skinfolds in mm from four locations  

(triceps, biceps, subscapular, suprailiac). Blood samples were drawn after an overnight fast 

prior to every visit. Lipid profile included total cholesterol, HDL cholesterol, LDL cholesterol, 

and triglycerides (mmol/L). Glucose metabolism was assessed by fasting glucose (mmol/L)  

and HbA1c (mmol/mol). 

Biochemical methods

Total cholesterol, HDL cholesterol, LDL cholesterol (calculated according to Friedewald), 

and triglycerides were measured by enzymatic colorimetric test (Modular analytics, Roche 

diagnostics, Mannheim, Germany). Glucose was measured by a hexokinase method (Gluco-quant) 

(Modular  analytics, Roche  diagnostics) and HbA1c by high-performance liquid chromatography 

(HA 8160, Arkray Inc., Kyoto, Japan). Total IGF-1 was measured by a non-competitive (sandwich), 

chemiluminescence immunoassay (Liaison, DiaSorin S.p.A., Italy). 

Physical performance 

Physical performance was measured as muscle strength assessed by handgrip strength in kg 

(grip strength dynamometer: Takei TKK 5001, Takei Scientific Instruments Co. Ltd., Tokyo, Japan). 

Measurements were made in duplicate for both hands. The sum of the mean strengths of both hands 

was used. Physical function was assessed by a six-minute walk test (6MWT) in m, which measures the 

endurance and ability to walk over longer distances, on a hard, flat, indoor surface with standardized 

verbal encouragement. Physical activity in min/day was assessed by the LASA Physical Activity 

Questionnaire (LAPAQ). The following activities are addressed in the LAPAQ: walking outdoors, 

bicycling, light household, heavy household, and two sports activities. In general, the subjects were 

asked how often and for how long in the previous two weeks they had engaged in each activity. 
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Tolerability

At baseline subjects were prompted to report adverse events during follow up by e-mail or during 

telephone contacts. At visit two they were interviewed about experienced discomforts during 

follow up. Also, they were asked to give an opinion about how they felt overall after change of their 

treatment regime compared to baseline (neutral, better or worse). 

Statistical analyses

Power calculations were based on previous studies using GH treatment,20;21 and based on clinical 

experience with the primary objectives in the study protocol; body composition and lipid profile. 

An absolute difference of the waist/hip ratio of 0.05 was regarded attainable and clinically relevant. 

In order to detect an absolute 0.05 difference from baseline (SD 0.04; α=0.05, β=0.10), 14 subjects 

in each group would be needed. An absolute difference of total cholesterol of 0.5 was regarded 

attainable and clinically relevant. In order to detect an absolute difference of 0.5 from baseline  

(SD 0.4; α=0.05, β=0.10), again 14 subjects in each group were to be included.

Categorical data are expressed as number (percentage) and continuous data as mean (SD), or 

as median (interquartile range (IQR)) for skewed variables. Parametric or non-parametric tests were 

used when appropriate. For between-group differences for change over time General Linear Model 

(GLM) for repeated measures was used. The interaction between gender and dosing regime was 

evaluated. Adjustment for baseline value was conducted to account for regression to the mean. 

Moreover, at baseline the LD and HD groups differed with respect to childhood onset (CO) and adult 

onset (AO) GH deficiency, and this variable was therefore also added as covariate to the final GLMs. 

Two-sided P values 0.05 or less were considered significant. Statistical analyses were performed by 

the Statistical Package for the Social Sciences, IBM SPSS statistics 20.0 (SPSS Inc., Chicago, IL). 

R E S U LT S

Baseline characteristics

Between May 31, 2013, and April 11, 2014, we enrolled 32 patients. An invitation was send to 92 

eligible patients. Reasons for not participating were lack of time, travel distance, or reluctance to 

risk deterioration. Table 1 shows the baseline characteristics of the groups. The LD group included 

more CO GH deficiency and consequently less performed pituitary surgeries. This corresponds with  

the underlying diagnosis of GH deficiency being 50% congenital in the LD group (compared to 19% 

in the HD group) and 50% (treatment of) pituitary tumor in the HD group (compared to 25% in 

the LD group). Off all 13 pituitary tumors, six were a non-secreting adenoma, five a prolactinoma, 

and two were an ACTH producing adenoma. The medical history (for CVD and diabetes mellitus), 

smoking habits and alcohol use was similar between the groups (data not shown). 

Follow up

After start of the study one subject withdrew due to personal reasons. One subject was excluded 

from the analyses due to the inability to reach the proper target level after 4 and 24 weeks. The 

final analyses were conducted with 15 subjects in each group. The IGF-1 concentration decreased 

from 21.40 (SD 4.87) at baseline to 12.43 (SD 2.25) nmol/L (p<0.001) after 24 weeks in the LD group, 

and increased from 18.53 (SD 2.77) to 28.13 (SD 5.15) nmol/L (p<0.001) in the HD group (figure 1 
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Table 1. Baseline characteristics of the low dose group in which the IGF-1 target level was between -2 and -1 SDS, and the 
high dose group in which the IGF-1 target level was between 1 and 2 SDS

  Low Dose High Dose P value

No. of patients 16   16  

Age, year 47.4 (10.8) 46.4 (9.3) 0.80

Sex, no. of females (%) 6 (37.5) 5 (31.2) 0.71

Onset of GHD, CO (%) 10 (62.5) 3 (18.8) 0.01

Cranial radiotherapy (%) 1 (6.2) 2 (12.5) 1.00

Pituitary surgery (%) 2 (12.5) 8 (50.0) 0.02

Isolated GHD (%) 4 (25) 4 (25) 1.00

TSH deficiency (%) 8 (50) 11 (68.8) 0.28

LH/FSH deficiency (%) 10 (62.5) 7 (43.8) 0.29

ACTH deficiency (%) 10 (62.5) 10 (62.5) 1.00

ADH deficiency (%) 0 (0)  4 (25) 0.10

GH dose, mg/day * 0.23 (0.36) 0.28 (0.30) 0.93

Duration GH treatment, year * 15.1 (17.9) 12.6 (12.7) 0.09

All values are mean (SD) except were noted
* Value is median (IQR)
GHD=growth hormone deficiency, CO=childhood onset

shows the IGF-1 levels in SDS adjusted for age and gender). One subject in the LD group and four 

subjects in the HD group did not fully reach the target level of IGF-1 at week 24. They were included  

in the final analysis due to a substantial rise in GH dose, combined with a fulfilled target level at week 

4, or a significant increase in IGF-1 level compared to baseline. A sensitivity analysis excluding these 

five subjects did not significantly influence the presented outcomes. Table 2 shows the different GH 

doses stratified by gender before and after follow up. 

Figure 1. Mean serum total IGF-1 level in SD score at baseline, after four weeks of adjusted GH treatment and at end of 

follow up in the low dose (dashed line) and high dose (solid line) group.
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Cardiovascular risk factors

Table 3 shows the between-group analyses for change over time between the LD and HD group.  

A significant (p<0.10) interaction for gender with dosing regime was found for waist circumference, 

total and HDL cholesterol. These analyses were repeated after stratification for gender. A significant 

difference in effect on waist circumference between the LD and HD group was observed in women, 

and for HDL cholesterol in men. The results are presented in figure 2. 

Physical performance

There was no significant difference between the groups in effect on muscle strength and 

physical performance (table 3). The LAPAQ questionnaire was analyzed for the subjects who 

reported representative data (9 vs. 8 subjects). Data sometimes were not representative due 

to external factors affecting the activities of the subjects two weeks before the study visit  

(e.g. holidays or injuries). An interaction for gender and dosing regime was not found.

Tolerability

Both groups reported the same number of adverse events (table 4). Subjects in the LD group 

reported more fatigue (80% of the women and 10% of the men). Subjects in the HD group reported 

more myalgia (equally distributed for women and men). None of the reported events led to  

a change of the GH dose. When asking the subject how they felt overall after 24 weeks, significantly 

more subjects answered to feel better in the HD group (7 vs. 1) and to feel worse in the LD group  

(4 vs. 2) (p=0.04).

D I S C U S S I O N  A N D  C O N C L U S I O N S

De- or increasing the regular GH dose for 24 weeks to low-normal or high-normal IGF-1 levels leads 

to differences in effect on waist circumference, subjective well-being, adverse events, and gender-

dependent differences in effect on lipids. 

Current guidelines on the use of GH treatment in adult patients with GH deficiency state 

that the weight- and surface area-based dosing strategies used initially were more often related 

to important adverse events (arthralgia and peripheral oedema), and tailored dose-titration 

strategies with lower starting doses are nowadays recommended.17;18;22;23 Total IGF-1 is recognised 

as the most useful serum marker for GH dose titration in adults. However, in the guidelines for 

clinical practice, a recommendation for a target level of IGF-1 is not given or only supposed with no 

Table 2. Different GH doses stratified by gender at baseline and after follow up.

    Low Dose High Dose

GH dose at baseline (mg/day) male 0.20 (0.25) 0.13 (0.23)

female 0.38 (0.39) 0.50 (0.30)

GH dose at week 24 (mg/day) male 0.08 (0.06) 0.40 (0.28)

female 0.15 (0.21) 1.00 (0.83)

Values are median (IQR)
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Table 3. Changes in cardiovascular risk factors and physical performance during GH treatment in the low and high 
dose group 

 

Low Dose High Dose

P value for between-
group difference *

Change from 
baseline

Change from 
baseline

Cardiovascular risk factors      

BMI, kg/m2 0 (0.8) -0.3 (1.7) 0.47

Waist circumference, cm 2 (5) -3 (6) 0.05

Waist/Hip ratio -0.02 (0.06) -0.02 (0.04) 0.44

Sum of skinfolds, mm 3 (15) 1 (19) 0.57

Total cholesterol, mmol/L -0.16 (0.66) -0.17 (0.88) 0.90

HDL cholesterol, mmol/L 0.03 (0.15) 0.03 (0.22) 0.63

LDL cholesterol, mmol/L -0.19 (0.53) -0.18 (0.71) 0.93

Triglycerides, mmol/L 0 (0.29) 0.06 (0.47) 0.65

Fasting glucose, mmol/L 0.2 (1.0) 0.4 (0.7) 0.65

HbA1c, mmol/mol -0.7 (2.8) 0.1 (1.1) 0.12

Physical performance      

Hand grip strength, kg 0.2 (1.8) -0.1 (3.0) 0.94

Physical activity, min/day -7 (52) -27 (79) 0.80

6-min walk test, m 0.5 (45) 25.5 (29.7) 0.34

All values are mean (SD)
* Adjusted for baseline value and onset of GH deficiency

Figure 2. Change in waist circumference, total, and HDL cholesterol after 24 weeks in the low dose (grey bars) and high 

dose group (black bars) stratified for gender. 

supporting scientific evidence. Earlier dose comparison studies have been conducted comparing 

the effect of GH therapy with low and high doses compared to GH deficiency at baseline.13;24 Positive 

effects of GH treatment were demonstrated in both treatment regimens but with no significant 

difference between the treatment groups. IGF-1 was never used as a treatment target but indirectly, 

correlations of IGF-1 level with several outcome measures were investigated and were not found. 

To our knowledge, this is the first prospective, open-label, randomized clinical trial to compare 

low-normal and high-normal IGF-1 target levels on various clinical endpoints during GH treatment. 
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In our study a favorable effect of increasing IGF-1 level on waist circumference was demonstrated, 

especially in women, with an increase of the IGF-1 level leading to a decrease in waist circumference, 

which was significantly different from decreasing IGF-1 level. Other measures of body composition 

were not affected by a change in IGF-1 level after 24 weeks. Waist circumference is seen as an 

indicator of abdominal and visceral fat. The amount of visceral fat is associated with cardiovascular 

risk.25 Randomized placebo-controlled trials (study duration range 2–18 months) investigating  

the effect of GH treatment in GH deficient adults have demonstrated positive effects on lean body 

mass and fat mass (and mostly with a larger effect in men than women), while BMI was not affected.4 

The effect of GH treatment on body composition is more obvious in the studies with a follow up of 

more than six months.26 In our study, due to the relative small rise in IGF-1 level, and follow up limited 

to 24 weeks, the effect on body composition measurements might have been less apparent in men. 

Women seemed to respond better when GH dose was increased than men, in contrary to previous 

studies, which may be due to the fact that in other studies mostly fixed doses were used. Women 

are known to be less sensitive to GH treatment and therefore need higher doses of GH than men to 

reach the same IGF-1 target level,27 which is also seen in the present study. The same argument could 

be used for the lack of a demonstrated effect on the lipid profile. However, stratification for gender 

did demonstrate a significant difference in effect between de- and increasing GH dose for men 

and women. The gender difference is striking and merits further research. The trend for a  positive 

relationship between GH dose and total cholesterol in women is of special interest in relation to  

the higher number of cardiovascular deaths found in GH treated women.19 

A difference between the LD and HD group in change in physical performance was not 

demonstrated in the present study. In the literature the evidence for a short term beneficial effect of 

GH treatment on physical performance is contradictory. A meta-analysis including eight randomized 

placebo-controlled trials with an average duration of 6.7 months failed to support the positive 

effect on muscle strength and exercise performance which was seen in (open-label) studies with 

longer follow up.28;29 However, an association of GH dose with the degree of improvement in these 

Table 4. Reported adverse events during GH treatment in the low and high dose group

  Low Dose High Dose P value

Total no. of adverse events 25   25    

 Myalgia 1 (7) 6 (40) 0.04

 Headache 2 (14) 2 (13) 0.94

 Dizziness 3 (21) 0 (0)  0.06

 Arthralgia 0 (0)  3 (20) 0.08

 Fatigue 5 (36) 1 (7) 0.05

 Sleeping problems 0 (0)  3 (20) 0.08

 Infections 4 (29) 3 (20) 0.59

 Peripheral edema 0 (0)  3 (20) 0.08

 Mood changes 2 (14) 0 (0) 0.15

 Paresthesia 2 (14) 1 (7) 0.50

 Other * 6 (40) 3 (20) 0.23

Values are number (percentage)
* Other includes skin abnormalities, trauma, gastrointestinal complaints and one hospitalisation for hyponatriemia
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latter studies was not demonstrated.29 Additionally, a study in untreated acromegaly patients found 

impairment of physical function and capacity, which improved after reduction of IGF-1 level.30 These 

authors suggest that the window for GH/IGF-1 levels required to maintain optimal physical function 

is narrow since a compromised physical function is encountered in both untreated acromegaly 

and GH deficient adults. This hypothesis of a U-shaped association could be extrapolated to more 

efficacy measures of GH treatment in adult GH deficiency. One might state that the IGF-1 target 

level should be chosen more individually, taking into account patient-specific efficacy and safety 

measures. Also, gender and patient satisfaction should be considered. 

GH deficiency is associated with reduction in psychological well-being and a beneficial effect of 

GH treatment has been demonstrated in (mainly long duration) studies reviewed by Hazem et al.31 

A different meta-analysis demonstrated the largest effect size on QoL in the first three months of 

GH treatment.32 In our study, increasing IGF-1 level leads to better reported well-being measured 

subjectively. Also, lowering IGF-1 levels led to more complaints of fatigue. Nevertheless, we have to 

emphasize the open-label design of our study. Still, patient satisfaction has to be taken into account 

when choosing an appropriate GH dose for each individual patient, but it has to be balanced against 

the safety issues. Subjects in our study in the HD group patients reported significantly more myalgia, 

a well-known side effect of GH treatment. Nonetheless, the myalgia did not persist during follow up 

and did not lead to dose reduction. 

Whether total IGF-1 level is a good marker for GH response in GH deficient adults has been  

a matter of debate.24;33;34 However, the strength of the present study is that the study design is based 

on clinical practice. Measurements conducted are easy to use, and not relying on sophisticated 

measurements which are only used in research settings. In line with this we used total IGF-1 as target 

level and not fixed GH doses. However, the study design included a relative rapid increment of  

the GH dose which might have led to more adverse events than one might experience when GH 

dose in increased more gradually. Next to the sample size, an important limitation is the open-label 

design, in particular when investigating patient satisfaction. Future prospective studies should take 

this into account if possible. Unfortunately, due to the proven benefit of GH replacement therapy 

in adults, placebo-controlled study designs are usually considered unethical. Another factor to 

take into account when interpreting the presented results is the total number of statistical tests 

performed in a relatively small sample size. Some of the findings could have been due to chance 

alone. However, most changes were in the expected direction and a larger sample size or prolonged 

duration of the intervention with proper adjustments for multiple testing could be expected to 

demonstrate similar results.  

The outcome of the present study is of interest for current clinical practice and pharma-

economy because strict individualized dosing may prevent over- or undertreatment. Although 

increasing GH dose in our study to IGF-1 levels between 1 and 2 SDS improved waist circumference 

and the overall better feeling, safety is not guaranteed with the demonstrated (gender-dependent) 

effects on total and HDL cholesterol, and reported myalgia. An IGF-1 target level between -1 and 

1 SDS seems advisable; however, more scientific evidence is still warranted for use in current  

clinical practice.  
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