
Objective: Continuation of growth hormone (GH) treatment in adolescents with severe childhood onset idiopathic GH deficiency (IGHD) 
during the transition period, irrespective of achievement of final height, is still debatable. We aimed to prospectively investigate the 
metabolic profile, bone mineral density (BMD) and body composition of patients with IGHD in whom GH treatments were terminated 
after they had reached their final height, six months after the cessation of therapy.
Methods: Twelve patients, six of whom had peak GH levels <5 ng/mL [permanent GH deficiency (GHD), group 1], and six who had peak 
GH levels >5 ng/mL (transient GHD, group 2) after insulin stimulation test were evaluated for anthropometric and laboratory parameters 
including fasting blood glucose (FBG), fasting insulin, lipid profile, BMD, body composition measurements and 24-hour ambulatory blood 
pressure monitoring before (baseline) and at six months after discontinuation of GH.
Results: No differences were found in clinical, laboratory, BMD and body composition measures between groups 1 and 2 at baseline. 
All IGHD patients had significant increments of body weight (BW), body mass index (BMI), BMD, total body fat (TBF), TBF%, truncal fat 
(TF) and TF% after GH cessation. Six months later BW, BMI, BMD and TF% was increased significantly while FBG and lipids showed no 
change in group 1. In group 2, TBF% and TF% were increased, FBG, total cholesterol and high-density lipoprotein decreased after six 
months. Changes in these parameters in group 2 were not statistically different from group1.
Conclusion: TF% increase in both groups after cessation of therapy. We did not observe a clinical condition requiring GH treatment in 
any of the study subjects during the follow-up period.
Keywords: Growth hormone deficiency, transition, childhood

Introduction

Growth hormone (GH) treatment is generally applied 
to stimulate longitudinal skeletal growth in children 
with idiopathic GH deficiency (IGHD) and is terminated 
when final height is attained and epiphyseal closure has 
occurred. However, it has been reported that body mass 

(i.e. muscle and bone mass) of adult patients with severe 
childhood onset GHD who had been treated with GH until 
they achieved their final height, was significantly less 
than the body mass of young adults with adult onset GHD 
(1). Somatic development, including body composition, 
muscle mass maturation and skeletal mineralization is 
completed during the transition from late adolescence to 
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early adulthood and GH is believed to play a role in this 
process (2).

GHD adults receiving hormone replacement therapy were 
reported to have increased body fat, insulin resistance 
and dyslipidemia with low-density lipoprotein (LDL), high 
serum triglycerides (TG), and high-density lipoprotein (HDL) 
levels. Increased prevalence of hypertension, premature 
atherosclerosis, mortality from cardiovascular diseases and 
decreased quality of life are also observed in these patients 
(3). These observations suggest that GH may also play a role 
in the prevention of metabolic and cardiovascular diseases.

Initial small-scale trials reported between 1991-1994 have 
demonstrated a reduction in muscle mass and an increase 
in fat mass during the 3-12 months transition period after 
termination of GH therapy (3). Further studies evaluated 
the effects of discontinuation of GH on metabolic profile 
in the transition period. Some of these studies evaluated 
the effects of GH therapy on bone mineralization (4) 
and some on body composition (5) using different study 
protocols. These studies concluded that GH was necessary 
for better adult metabolic profile, peak bone mass and 
body composition in GH deficient adolescents after they 
had attained their final height. In contrast, a more recent 
study concluded that GH deficient patients properly 
treated during childhood could have normal bone mineral 
density (BMD), body composition, cardiac function, muscle 
strength, carbohydrate metabolism, lipid metabolism and a 
good quality of life when they reached their adult height (6). 
These authors also reported that continuation of GH therapy 
for an additional two years did not change any of these 
parameters when compared to placebo-treated or control 
subjects. Continuation of GH treatment in adolescents with 
severe GHD during the transition period, irrespective of 
achievement of final height, is therefore still debatable.

In this study, we aimed to investigate prospectively, six 
months after the cessation of therapy, the metabolic 
profile, BMD and body composition of patients with 
isolated childhood onset GHD in whom GH treatment was 
terminated after they reached their final height.

Methods

This was a single center, prospective clinical study carried 
out in accordance with good clinical practice guidelines, 
with appropriate ethical approval and signed informed 
consent. Ethical approval was given by Ankara University 
Ethical Committee (approval number: 06-240-13).

We evaluated insulin tolerance tests (ITT) in a group of 
patients with childhood onset IGHD who were followed at 

Ankara University, Department of Pediatric Endocrinology, 
who had received GH treatment during their childhood 
and had been off GH when they reached their final height. 
Twelve patients who gave consent were included in the 
study and followed-up prospectively.

All of these twelve patients conformed to the clinical and 
diagnostic criteria for isolated IGHD and had GH peaks 
less than 10 ng/mL following two different provocative 
pharmacological stimuli (levodopa and ITT) prior to 
beginning treatment. None of these patients had any other 
pituitary hormone deficiencies. All patients had received 
subcutaneous recombinant human GH treatment at a dose 
of 0.2 mg/kg/week, over six days out of seven each week until 
they reached their final height. Final height achievement 
was defined as attainment of bone age (BA) ≥14 years for 
girls, ≥16 years for boys, closure of epiphyseal plaques and 
a decreased height velocity <2 cm/year (7). Diagnosis of 
organic GHD, GH neurosecretory dysfunction, multiple 
anterior pituitary hormone deficiencies and requirement for 
any additional treatment for a chronic disease or a complex 
syndrome constituted the criteria for exclusion. 

The study design is given in Figure 1. Twelve patients who 
achieved their final height were prospectively followed-
up. They underwent basal anthropometric and laboratory 
evaluation including measurement of body weight (BW), 
calculation of body mass index (BMI), calculation of BMI 
for height percentage (BMI %), measurement of serum 
insulin like growth factor 1 (IGF-1) level, estimation of IGF-
1 standard deviation score (SDS), measurement of IGF 
binding protein 3 (IGFBP-3) and estimation of IGFBP-3 
concentration SDS, measurement of fasting blood glucose 
(FBG), fasting insulin (FI), fasting total cholesterol (TC), LDL-
cholesterol (C), HDL-C, TG levels just before the cessation 
of GH therapy while they were still being administered GH. 
Besides, a 24-hour ambulatory blood pressure monitoring 
and a dual energy X-ray absorptiometry scan to asses BMD 
were performed in each patient. Z-scores for BMD, both for 
chronological age (CA) and BA were calculated according 
to BMD reference data for healthy Turkish children (8). 
Blood pressure monitoring was interpreted as systolic/
diastolic overload, which was defined as the percentage 
of high blood pressure measurements among all systolic/
diastolic measurements for night and day separately. Body 
composition measurements [total body fat (TBF) mass, 
TBF%, truncal fat (TF) mass, TF%, total body muscle 
(TBM) mass and TBM%] were performed via TANITA Body 
Composition Analyzer, BC-418 MA III. 

GH therapy was discontinued after the baseline evaluations 
in all subjects and six weeks later each patient was re-
evaluated for GHD by ITT and IGF-1, IGFBP-3 levels. A peak 
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serum GH level below 5 ng/mL was defined as GHD (9). 
Peak GH response <5 ng/mL was defined as permanent 
and peak GH response >5 ng/mL was defined as transient 
GHD. Patients were grouped as permanent (group 1, n=6) 
and transient (group 2, n=6) GHD, according to their peak 
GH response.

Six months after discontinuation of GH treatment 
anthropometric and laboratory evaluations similar to 
baseline evaluations were repeated in each patient. These 
parameters and baseline parameters in all patients were 
compared both within each group and between group 1 
(permanent GHD) and group 2 (transient GHD) (9).

Serum IGF-1, IGFBP-3, fasting insulin and growth hormone 
levels were measured using the radioimmunoassay 
method by gamma counter analyser using DSL kit. 
SDS were calculated for IGF-1, IGFBP-3 according to 
the reference data of the analyser. TC, HDL-C, TG and 
fasting glucose were measured by the enzymatic method 
using the “Beckman Coulter Unicel DxC 800” analyser. 
LDL-C was derived from other lipid measurements.
Atherogenesis index (AI) was calculated as TC/HDL-C (10). 
The homeostasis model assessment (HOMA) was used 
to evaluate insulin resistance and HOMA was calculated 
using the following formula: HOMA=[fasting insulin (µU/
mL) X glucose (mg/dL)] /22,5x18 (11). Serum cortisol (for 
insulin tolerance test) was assessed by immunoenzymatic 
method with the Roche E170 analyser.

Statistical Analysis

The data were analyzed using the SPSS software program 
for Windows, version 16.0 (SPSS, Inc., Chicago, IL, USA). 
Continuous variables were compared between groups using 
Mann-Whitney U test. For the repeated measures, we also 
used Mc Nemar or Wilcoxon matched-pair signed-rank test. 
The values for all parameters except for gender and blood 
pressure non-dipping ratio were expressed as mean ± SDS 
(median). P<0.05 was considered as statistically significant.

Results

Patients who had received GH treatment during their 
childhood for IGHD and had been off GH treatment when 
they reached their final height were retested with ITT in 
our pediatric endocrinology department and among them 
12 patients who agreed to participate in the study were 
followed-up prospectively.

All 12 patients demonstrated a significant increase in BW 
(p=0.033) but not in BMI and BMI% six months after 
GH cessation when compared to baseline. IGF-1 and IGF-
1 SDS decreased significantly (p=0.006 and p=0.007, 
respectively). FBG and HDL-C also decreased, while FI and 
other parameters of their lipid profiles did not change. 
Although BMD increased (p=0.01), BMD z-score for CA and 
BA were not different after 6 months. TBF mass, TBF%, TF 
mass and TF% increased significantly (p values respectively 
0.008; 0.028; 0.012; and 0.005). TBM mass decreased but 
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Figure 1. Study design

GH: growth hormone, GHD: growth hormone deficiency, SD: standard deviation, SDS: standard deviation score, BMI: body mass index, RBMI: relatif body 
mass index
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Table 1A. Clinical findings at baseline and after six months in the permanent growth hormone deficiency patients

Mean ± SD (median) Permanent GHD (group 1) n=6
p value

Baseline Six months later

Age (years) 16.10±2.05 (15.47) - -

Bone age (years) 14.83±1.75 (15.00) - -

Sex (female/male) 3/3 - -

Height (cm) 163.21±6.74 (163.50) - -

Height SDS -0.48±0.49 (-0.50) - -

Body weight (kg) 56.9±16.95 (53.85) 60.44±20.26 (56.30) <0.05

Body mass index (BMI) 21.6±7.80 (19.23) 22.76±9.48 (19.99) <0.05

BMI% 101.69±39.6 (90.53) 105.24±44.76 (92.08) NS

Blood pressure Day systolic overload (%) 6.2±8.45 (3.45) 6.02±7.92 (3.70) NS

Night systolic overload (%) 9.6±12.90 (5.55) 4.55±9.10 (0.00) NS

Day diastolic overload (%) 11.45±14.01 (8.6) 8.22±14.09 (1.85) NS

Night diastolic overload (%) 12.5±9.48 (13.90) 9.10±18.20 (0.00) NS

SD: standard deviation, GHD: growth hormone deficiency, SDS: standard deviation score, NS: not significant

Table 1B. Laboratory findings in the permanent growth hormone deficiency (group 1) at baseline and after six months

Mean ± SD (median) Permanent GHD (group 1) n=6
p value

Baseline Six months

IGF-1 (ng/mL) 896.36±285.60 (888.00) 431.76±148.87 (430.30) <0.05

IGF-1 SDS 1.83±1.78 (2.21) -1.44±1.40 (-1.28) <0.05

IGFBP3 (ng/mL) 4761.66±1387.87(4782. 50) 4116.00±1530.96 (3595.00) NS

IGFBP3, SDS -1.33±1.91 (-0.93) -1.85±1.78 (-2.7) NS

Fasting blood glucose (mg/dL) 82.50±6.05(84.50) 80.83±5.74 (80.50) NS

Fasting insulin (µU/mL) 12.61±5.39 (11.25) 11.90±4.43 (10.70) NS

Glucose/insulin ratio 7.46±2.93(7.35) 7.36±1.99 (7.71) NS

HOMA-IR 2.56±1.15 (2.30) 2.36±0.88 (2.19) NS

Total cholesterol (TC) (mg/dL) 148.40±34.06 (142.00) 138.50±25.12(146.00) NS

LDL cholesterol (mg/dL) 86.02±28.10 (83.00) 82.50±26.03 (80.50) NS

HDL cholesterol (mg/dL) 48.38±6.97 (50.60) 44.10±6.29 (44.00) NS

VLDL-cholesterol (mg/dL) 14.00±9.13 (10.00) 12.16±4.30 (11.50) NS

Triglyceride (mg/dL) 70.60±44.96 (52.00) 61.00±21.08 (58.00) NS

Atherogenic index (TC/HDL) 3.06±0.57 (3.25) 3.18±0.65 (3.33) NS

BMD (gr/cm2) 0.764±0.116 (0.797) 0.843±0.146 (0.825) <0.05

BMD z-score (Chronological age) -2.05±1.56 (-1.91) -1.04±1.48 (-1.20)  NS

BMD z-score (bone age) -0.83±0.93 (-0.90) -0.58±1.37 (-1.02)  NS

Body composition

Total body fat mass (kg) 7.98±2.45 (8.00) 9.12±3.17 (10.00) <0.05

Total body fat % 15.94±4.44 (18.40) 17.54±5.18 (18.60) NS

Truncal fat mass (kg) 3.46±1.53 (3.10) 4.48±1.61 (4.00) NS

Truncal fat % 12.04±3.76 (12.10) 13.82±4.52 (14.10) <0.05

Total muscle mass (kg) 40.7±7.96 (43.90) 40.72±7.30 (43.00) NS

Muscle mass % 80.32±4.53 (78.30) 78.30±4.18 (77.50) NS

IGF-1: insulin like growth factor 1, IGFBP3: insulin like growth factor binding protein 3, HOMA-IR: homeostasis model assessment-Insulin resistance, BMD: bone 
mineral density, NS: not significant, GHD: growth hormone deficiency, LDL: low-density lipoprotein, HDL: high-density lipoprotein, VLDL: very low-density lipoprotein
SDS: standard deviation score, SD: standard deviation



TBM% did not change. There were no significant changes 
with respect to blood pressure measurements.

Clinical and Laboratory Characteristics of Group 1 Patients at 
Baseline and Six Months Later

In group1 BW and BMI increased significantly after six 
months from discontinuation of GH (p=0.043 and p=0.043, 
respectively) however BMI% did not change (Table 1A). 
IGF-1 and IGF-1 SDS significantly decreased (p=0.028 and 
p=0.028, respectively) and changes in IGFBP-3 and IGFBP-3 
SDS were not statistically significant. FBG, FI, lipid profile and 
AI showed no change. BMD increased significantly (p=0.043), 
but BMD z-scores for CA and BA did not. TBF mass and TF% 
increased, while TBF%, TF mass, TBM mass and TBM% did 
not change significantly (p=0.043) (Table 1B).

Clinical and Laboratory Characteristics of Group 2 Patients, 
Baseline and Six Months Later

BW, BMI and BMI% did not change significantly from 
baseline in group 2 (Table 2A). IGF-1, IGF-1 SD, IGFBP-3 
and IGFBP-3 SD were not statistically different six months 
after discontinuation of GH therapy. FBG, TC and HDL-C 
decreased by six months after cessation of treatment (p 
values respectively 0.043; 0.046 and 0.046). FI, LDL-C, TG 
and AI, as well as BMD, BMD z-scores for CA and BA were 
statistically similar at baseline and at the six-month follow-
up (Table 2B). TF% increased significantly in this group, 
but other parameters of body composition did not change 
(Table 2B).

Differences Between Groups 1 and 2

At baseline and after six months, group 1 and group 2 were 
similar with respect to all study parameters.

Discussion

It has become clear that GH and GH therapy affect more than 
just linear growth and have additional effect on metabolism, 
bone maturation and body composition. Therefore, the 
consequences of GH discontinuation in childhood onset 
GHD, after achieving final height, have become a concern 
among endocrinologists. There are contradictory results 
concerning the effect of GH on various biochemical and 
anthropometric parameters after discontinuation of GH in 
the literature. Several studies have demonstrated metabolic 
changes, while some others have reported no change. Thus, 
the clinical implication of these changes, if there are any, is 
debatable.

We performed this prospective study in order to evaluate 
the need for continuation of GH during the transition period 
in this group of patients. There are only a small number of 
studies on this topic. Some of them have evaluated effects 
of GH discontinuation on a specific field such as metabolic 
profile, or bone mass, or body composition. Most of these 
studies are multicenter and are made up of a heterogeneous 
group of subjects which include GHD patients with different 
etiologies (3,4,5,12).

In our study, permanent GHD subjects (group 1) had 
significantly increased BW and BMI at six months after 
discontinuation of GH however their BMI% did not change 
at all. In addition, the increase in BW and BMI in group 
1 was not different from the increase observed in the 
transient GHD group, which is consistent with the literature 
(3,6). Johannsson et al (3) have evaluated 40 GHD patients 
(including organic GHD and multiple anterior pituitary 
hormone deficiencies) in 21 GH deficient, 19 GH sufficient 
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Table 2A. Clinical comparison of transient growth hormone deficiency (group 2) at baseline and after six months

Mean ± SD (median) Transient GHD (group 2) n=6
p value

Baseline Six months later

Age (years) 16.51±1.87 (16.55) - -

Bone age (years) 15.16±0.75 (15.00) - -

Sex (female/male) 2/4 - -

Height (cm) 159.93±9.80 (165.10) - -

Height SDS -1.23±0.82 (-1.33) - -

Body weight (kg) 58.21±20.14 (53.35) 59.92±18.36 (55.62) NS

Body mass index (BMI) (kg/m2) 22.3±5.77 (20.27) 22.61±5.04 (21.15) NS

%BMI 108.87±36.23 (94.60) 104.22±21.71 (96.65) NS

Blood pressure Day systolic overload (%) 11.4±8.6 (9.50) 27.90±29.24 (25.80) NS

Night systolic overload (%) 22.33±17.62 (21.45) 32.41±22.65 (34.50) NS

Day diastolic overload (%) 7.73±8.10 (3.65) 16.33±15.98 (9.80) NS

Night diastolic overload (%) 18.83±17.44 (19.85) 38.96±29.68 (43.90) NS

GHD: growth hormone deficiency, SD: standard deviation, SDS: standard deviation score, NS: not significant



and 16 healthy controls annually, after discontinuing GH 
treatment for a follow-up period of two years. They have 
reported increased BMI in both the transient GHD and 
control groups, however BMI did not differ between the 
groups. Also, the BMI did not change in their GH deficient 
group over the follow-up period. Mauras et al (6) studied 
58 childhood onset GHD with heterogeneous etiology after 
GH discontinuation. According to retest, 40 of their patients 
showed transient GHD while18 of their patients were GH 
sufficient. Twenty-five patients with transient GHD were 
treated with GH, 15 treated with placebo. No significant 
differences were found with respect to weight and BMI over 
two years among their study population. It is well known 
that GH itself has a lipolytic effect. Increase in BW in the 
permanent GHD group, and TF% both in the permanent 
and the transient group after cessation of GH therapy may 
be related to reduction of the GH dependent lipolytic effect.

IGF-1 and IGF-1 SDS significantly decreased after 
discontinuation of therapy taking all twelve patients as a 
whole while these values did not differ in the GH sufficient 
group. IGFBP-3 and IGFBP-3 SD did not change statistically 
in either group. Significant decrease in IGF-1 level in the 
permanent GHD group after discontinuation of GH is 
consistent with the literature (3,6,13). Decrease in IGF-1 
level in group 1 can be a representative factor for persisting 
GH deficiency. Probably due to the small sample size, no 
difference with respect to IGF-1 was observed between 
baseline and after six months of GH cessation in group 2.

We also evaluated the metabolic effects in our study 
population. FBG, FI and lipid profile parameters were all 
similar compared to baseline values after six months in the 
permanent GHD group. In group 2 decreases in FBG, TC, 
HDL-C after six months were found but their FI, LDL-C, TG 
and AI values did not change. All parameters were within 
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Table 2B. Comparison of laboratory findings at baseline and after six months in the transient growth hormone 
deficiency (group 2)

Mean ± SD (median) Transient GHD (group 2) n=6
p value

Baseline Six months

IGF-1 (ng/dL) 688.00±213.76 (699.00) 523.6±158.61 (514.20) NS

IGF-1 SDS 0.61±1.61 (0.95) -0.70±1.35 (-0.91) NS

IGFBP-3 (ng/dL) 4881.00±1182.78 (4550.50) 5107.50±1487.15 (4790.00) NS

IGFBP-3 SDS -0.64±1.43 (-0.84) -0.5±1.79 (0.89) NS

Fasting blood glucose (mg/dL) 91.33±10.91 (91.00) 80.66±4.17 (82.50) <0.05

Fasting insulin (mIU/mL) 14.00±6.92 (13.25) 10.46±3.39 (10.80) NS

Glucose/insulin ratio 7.59±2.86 (7.14) 8.33±2.72 (7.59) <0.05

HOMA-IR 3.15±1.67 (2.93) 2.07±0.70 (2.18) NS

Total cholesterol (TC) (mg/dL) 158.33±31.57 (163.50) 143.50±24.76 (145.00) <0.05

LDL-cholesterol (mg/dL) 93.03±20.92 (99.00) 83.83±22.99 (85.50) NS

HDL-cholesterol (mg/dL) 47.73±10.14 (45.45) 42.83±10.28 (37.50) <0.05

VLDL-cholesterol (mg/dL) 17.50±13.04 (12.00) 16.83±9.19 (19.50) NS

Triglyceride (mg/dL) 86.83±64.92 (59.50) 85.5± 46.21 (99.00) NS

Atherogenic index (TC/HDL) 3.41±0.95 (3.10) 3.47±0.95 (3.30) NS

BMD (gr/cm2) 0.804±0.047 (0.822) 0.839±0.044 (0.832) NS

BMD z-score (chronological age) -1.39±0.64 (-1.34) -0.92±0.70 (-0.70) NS

BMD z-score (bone age) -0.58±0.74 (-0.49) -0.25±1.14 (-0.34) NS

Body composition

Total body fat mass (kg) 10.00±6.60 (6.3) 12.16±6.44 (9.70) NS

Total body fat % 16.43±5.02 (15.80) 19.38±4.35 (20.00) NS

Truncal fat mass (kg) 4.13±3.34 (2.15) 6.06±3.54 (5.3) NS

Truncal fat % 11.33±6.67 (8.55) 15.54±6.37 (11.20) <0.05

Total muscle mass (kg) 45.21±13.80 (44.85) 46.32±14.26 (46.90) NS

Muscle mass % 79.80±4.84 (80.05) 76.94±4.31 (76.40) NS

GHD: growth hormone deficiency, SD: standard deviation, SDS: standard deviation score, IGF-1: insulin like growth factor 1, IGFBP-3: insulin like growth factor 
binding protein 3, HOMA-IR: homeostasis model assessment-Insulin resistance, BMD: bone mineral density, HDL: high-density lipoprotein, LDL: low-density 
lipoprotein, VLDL: very low-density lipoprotein, NS: not significant



the normal ranges. Decrease in FBG in the transient group 
after six months, although not observed in group 1, may 
be due to the weaning effect of GH on glucose metabolism. 
In our opinion, no significant negative effects on glucose 
metabolism were observed in either group at six months 
after discontinuation of GH. There are contradictory results 
related to these parameters in the literature. Johannsson et 
al (3) in their study of 21 GHD, 19 GHS patients and 16 
healthy controls reported that TC, LDL-C and apolipoprotein 
B were all higher in the permanent GHD group than the 
other two groups before GH discontinuation. TC and LDL-C 
increased in both GH deficient and GH sufficient groups but 
not in healthy controls at two years after discontinuation 
of GH. After two years the serum levels of these lipids were 
therefore still higher in the GH deficient group than the 
other groups (3). HDL-C increased in healthy controls after 
two years. The permanent GHD group had statistically lower 
HDL-C compared to the GH sufficient group after 2 years 
(3). In the study of Mauras et al (6) there was no significant 
difference with respect to either FG or homeostatic model 
assessment insulin resistance in GH deficient (n=40; 25 
received further GH and 15 placebo) and sufficient (n=18) 
groups at baseline or throughout the 24-month study period. 
Their study also demonstrated no significant difference 
across the groups with respect to TC, LDL-C, HDL-C, TC/HDL 
ratio and TG at baseline, at baseline vs. month 12 and at 
baseline vs. month 24 (6). Carroll et al (13) reported similar 
lipoprotein profiles in GH continuation and discontinuation 
groups at 12 months. 

We observed that BMD increased significantly in GH deficient 
subjects at six months after discontinuation of GH therapy 
whereas BMD Z-scores for CA and BA did not change. Group 
2 demonstrated no change in BMD and BMD z-scores for 
CA and BA after six months. Limited previous studies have 
reported an increase in BMD of GH deficient patients after 
discontinuation of GH treatment at final height (4,12). 
Fors et al (12) reported similar BMD values at baseline and 
after two years among three groups (40 childhood onset 
GHD retested of whom 21 were GH deficient and 19 GH 
sufficient in comparison with 16 healthy controls), after 
discontinuation of GH therapy at or near final height. They 
concluded that bone mass measured by DXA continued 
to rise for two years, but bone markers showed that bone 
formation decreased during the same period. This study 
does not rule out the possibility of slow long-term loss of 
bone in adults with GHD (12). Some studies showed bone 
loss in longitudinal measurements in the same population 
(4,13,14,15). Kaufman et al (14) showed that in childhood-
onset GHD in a group of full-grown men treated with GH, 
they had low adult bone mass, despite prior GH substitution. 

In a large multi-center prospective study of 149 young 
adults with childhood-onset GHD who had completed linear 
growth and who were randomized to receive 12.5 µg/kg/d; 
25 µg/kg/d or no treatment for two years the following 
was reported; over two years, total bone mineral content 
(BMC) and BMD were significantly increased in the control 
group, but increases in both treatment groups were greater 
than that of the controls and that there was no significant 
dose effect (4). The authors suggested that GH treatment 
after attainment of final height should not be discontinued 
for optimal progress to peak bone mass. However, in this 
study BMD z-scores were not evaluated and it was not 
shown whether the increase of BMD in the control group 
was enough for a normal BMD z-score. In our study, BMD 
z-scores did not decrease after six months in either group. 
Moreover, a statistically significant increase was detected in 
the permanent GHD group, this may be due to either small 
number of cases in this group, or the lasting effect of GH on 
bone metabolism. Baroncelli et al (15) showed in16 GHD 
adolescents that lumbar BMD area was <-2 SD in 70% and 
lumbar BMD volume was between 0 and -2 SD of normal 
at final height. They showed that after discontinuation 
of GH the timing of lumbar peak BMD area and volume 
were delayed in GHD patients and that lumbar BMD area 
and volume were increased until peak, then significantly 
decreased two years after peak compared with controls (15). 

We have demonstrated that TF% increased significantly but 
that TBF mass, TBF%, TF mass, TBM mass and TBM% did 
not change in the permanent GHD group six months after 
GH discontinuation. We have also shown that, TF% and TBF 
mass increased significantly but TBF%, TF mass, TBM mass 
and TBM% did not change in the transient GHD group. The 
amount of increase of TF% was not different in the transient 
GHD and permanent GHD groups. In an earlier study, Ogle 
et al (16) compared eight adolescent GHD patients (whose 
GH treatment had ceased) with seven age matched healthy 
subjects for 12 months. They observed that lean body 
mass (LBM) decreased significantly in patients with GHD 
at 12 months whereas there was a non-significant increase 
in LBM in the control group. The percentage of body fat 
increased in all patients with GHD at six and 12 months 
with no significant increase in the control group. The mean 
android (trunk)/gynoid (legs) fat ratio increased, though 
non-significantly, in patients with GHD at 12 months while 
no change was observed in the control group. Vahl et al (17) 
showed that TBF increased and resumption of GH increased 
LBM after discontinuation of GH for 1 year. 

Johannsson et al (3) evaluated 40 GHD patients annually, 
after discontinuing GH treatment for two years. They 
showed that the amount of total body and abdominal fat 
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mass throughout the study and increase in these masses 
were more marked in permanent GHD patients than in the 
transient GHD and control subjects (3). Attanasio et al (5) 
randomized 149 GHD patients who received GH until final 
height as GH treated (58 pediatric dose, 59 adult dose) and 
not treated groups. GH treated patients gained a significant 
amount of LBM and lost significant fat mass compared to 
the no treatment group during two years. There was no dose 
effect (5). A multi-centered study reported similar results for 
one year, with respect to continuation or discontinuation 
GH treatment (18).

The strengths of our study are its prospective design and 
the simultaneous evaluation of many metabolic parameters. 
In addition, our study group consisted of only idiopathic 
isolated GHD patients. This enables us to rule out the effects 
of other hormone deficiencies, probable inappropriate/
non-homogenous replacement therapies and the effects 
of other organic pathologies and their treatments such as 
chemotherapy or radiotherapy.

Study Limitations

The limitations of our study are the short follow-up period 
and small sample size. Thus, in our opinion this study can 
be accepted as a well-designed pilot study which should be 
extended in terms of numbers of subjects and duration of 
follow-up for further and more robust information.

Conclusion 

BW, BMI and truncal adiposity increased after cessation 
of GH if GHD was permanent. However, these increases 
were not significant compared to the transient GHD group. 
Despite discontinuation of GH, the pubertal increase in 
BMD continued in GHD patients. Although FBG was not 
high during GH therapy, it decreased to a safer range after 
cessation of therapy while FI showed no change. Although we 
did not observe a clinical condition requiring GH treatment 
in any of the study subjects during the follow-up period, 
which coincided with the transition period, longer follow-
up is needed to assess the need for treatment during the 
transition period. In our opinion, until sufficient evidence 
accumulates, patient follow-up in terms of the above-
mentioned parameters and treatment only of patients with 
a clinical need, instead of routine continuation of GH during 
the transition period, might be a safe and feasible option.
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