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ABSTRACT
Background: Growth hormone (GH) replacement is advocated in adult Growth 
hormone deficient (GHD) patients to increase bone mass, to improve lipid profile 
and body composition, and Quality of  Life. However, data on the consequences of  
discontinuation of  GH replacement are scarce in adult GHD patients.

Design: Cohort study and a systematic literature search aimed at the evaluation of  
the metabolic effects of  GH discontinuation on anthropometry, glucose and lipid 
metabolism, and bone mass in adult GHD patients. 

Methods: We included 64 adult GHD patients who discontinued GH replacement for > 
12 months after a duration of  rhGH replacement of  8.7 years±4.6 years. AGE range! 
Data on anthropometry, lipids, glucose, and bone mass were assessed until 3 years after 
discontinuation of  therapy.  In addition, a systematic literature review was performed 
using the electronic databases Pubmed, Embase, and Web of  Science.

Results: Fat mass increased from 31.5±9.5% to 33.8 ± 9.0%(p<0.001) after 3 years of  
discontinuation. Total - and LDL-cholesterol levels decreased from 5.4±0.5 mmol/L to 
5.1±0.7 mmol/L (p=0.03), and 3.2±0.4 mmol/L to 2.9±0.6 mmol/L (p=0.016) after 
discontinuation in the presence of  an increase in the use of  lipid lowering medication.  
Fasting glucose levels and bone mass did not change. In patients aged > 60 years 
(n=34) no significant changes were observed in any of  the studied parameters. These 
observations, except for the changes in lipid profile, were in line with the results of  the 
systematic review, which included 7 studies with a maximum duration of  follow up of  
18 months.

Conclusions: We did not observe obvious adverse metabolic changes in the 3 yrs 
following discontinuation of  GH replacement for various reasons in adult patients with 
GHD. Further research is needed to determine optimal strategies for long-term GH 
reaplcement including the optimum time point for GH discontinuation.
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INTRODUCTION
Adult GHD is associated with an adverse metabolic profile, including abdominal 
obesity, dyslipidemia and an increased cardiovascular risk and mortality (1,2). Several 
studies have demonstrated that GHD patients have lower bone mass, increased fracture 
risk, and an impaired quality of  life (QoL) (3,4). Recombinant human growth hormone 
(rhGH) replacement therapy has shown to improve lipid profile, body composition, 
quality of  life, and to increase bone mass, and has become available for adult patients 
with GHD since 2 decades (5-10). However, long-term follow up studies have shown 
that the prevalence of  the metabolic syndrome does not ameliorate and BMI increases 
while on rhGH replacement. In addition, the metabolic profile of  long-term treated 
GHD patients remains significantly different from the general population (8, 11,12). 

At present, many issues regarding long-term treatment are not well established, for 
example the optimal duration of  rhGh replacement with advancing age, the long-
term efficacy and the consequences of  rhGH withdrawal in adulthood are not well 
established. Therefore, replacement is continued indefinitively in many cases. However, 
in case of  an active malignancy or lack of  subjective benefit it is advised to stop rhGH 
replacement. In addition, there are anecdotal data questioning the beneficial effects of  
rhGH replacement with advancing age, since GH secretion and IGF-1 levels decrease 
in healthy adults with advancing age, and low IGF-1 levels are even associated with 
increased longevity and decreased morbidity both in animal models and man (13,14). 
In addition, studies reporting on the efficacy of  rhGH replacement in elderly GHD 
patients are limited and show inconclusive results, and  data on rhGH discontinuation in 
adult GHD are scarce  (15). Therefore, we aimed to evaluate the long-term metabolic 
effects of  discontinuation of  rhGH replacement in our cohort of  adult GHD patients 
in general, and in the subset of  patients aged 60 years or older. At our center, the 
duration of  rhGH replacement is individualized and reasons for discontinuation of  
rhGH in case of  lack of  subjective benefit, malignancy, side effects, and at older age. 

Furthermore, we performed a systematic review of  studies reporting on the effects of  
discontinuing rhGH therapy in adults. 

PATIENTS AND METHODS
Patients
Patients were identified from the database of  our cohort of  adult patients with GHD. 
This cohort comprised all patients starting rhGH since 1994, with standardized 
evaluation of  clinical and metabolic parameters annually at the outpatient clinic of  the 
Center for Endocrine Tumors (8, 11,12, 16-18). For the present analyses, we included all 
GHD patients treated coniniously for at least 12 months with rhGH during adulthood, 
and who discontinued rhGH replacement therapy for at least for 12 months for various 
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reasons. Patients with a baseline visit before discontinuation and at least one follow up 
visit after discontinuation were included. 

Treatment protocol
Severe GHD was documented prior to start of  rhGH replacement and defined 
as a GH peak response to the Insulin Tolerance Test (ITT) <3μg/l (glucose nadir 
<2.2mmol/l) according to current guidelines, or, in case of  contraindications for ITT, 
by combined Growth Hormone Releasing Hormone/Arginine-stimulation (GHRH/
Arg) with BMI-adjusted GH cut-offs, (19-24). According to protocol patients receiving 
rhGH replacement during childhood were retested at the time of  transition to the 
adult outpatient clinic, after treatment cessation for at least 3 months. Hormone 
deficiencies were diagnosed and treated as previously reported (8,25). Patients were 
treated with bisphosphonates, calcium and vitamin D replacement, lipid-lowering and 
antihypertensive medication according to the discretion of  their attending physicians, 
in accordance with national guidelines, which was continued after withdrawal of  rhGH 
replacement. Efficacy and safety parameters were assessed yearly, next to a routine 
assessment of  pituitary function. 

STUDY DESIGN AND METHODS
A)	 Cohort Study
We performed a cohort study, aimed at evaluation of  the metabolic effects of  rhGH 
discontinuation. The baseline visit was defined as the last visit prior to discontinuation 
of  rhGH replacement. Data were assessed at baseline, and at 1, 2, and 3 years after stop.

During the periodical visits, the following data were assessed: 

1.	 Anthropometric parameters: body weight was measured in kilograms with 1 decimal 
precision, and body height was measured barefoot to the nearest 0.1 cm. BMI was 
calculated as weight in kilograms divided by the square of  height in meters (kg/m2). 

2.	 Biochemical parameters: serum concentrations of  IGF-1, GH, TSH, fT4, LH, 
FSH, estradiol, testosterone, prolactin, bone turnover markers, PTH, vitamin D, 
glucose, parameters for renal and kidney function, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C) and triglycerides (TG) were collected after 
an overnight fast. Details on the different assays used were reported previously (8). 

3.	 Bone Mineral Density and Bodycomposition: Data on BMD, BMC and fatpercentage 
were collected. BMD was measured yearly at the lumbar spine (L1-L4) and femoral 
neck using dual energy X-ray absorptiometry (DXA) (Hologic QDR 1000 until 2008) 
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and Hologic QDR 4500 thereafter) (25). Fatpercentage was assessed by  calculateing 
the total mass of  fat divided by total body mass. 

4.	 Data on medication use and co-morbidity was obtained from electronic patient files.

B)	 Literature search
We composed a search strategy focusing on discontinuation of  long-term rhGH 
treatment, GHD adults, bone metabolism, Quality of  life, metabolic effects, and body 
composition. Only articles reporting original data were included, studied reporting 
duplication of  cohorts were excluded.  References of  relevant articles were checked for 
additional articles. The search in Pubmed, Web of  Science, and Embase was performed 
on 05/09/2014 in collaboration with a trained clinical librarian, using the following 
search string: “Human Growth Hormone”[Majr] OR “Growth Hormone”[ti] OR “GH”[ti]) 
AND (“discontinuing”[ti] OR “discontinuation”[ti] OR “discontinued”[ti] OR “withdrawal”[ti] 
OR “withdrawing”[ti] OR “cessation”[ti] OR ”deprivation”[ti])  AND (“therapy”[Subheading] 
OR “therapy”[ti] OR “treatment”[ti] OR “therapeutics”[Majr Terms] OR “therapeutics”[ti] OR  
“replacement”[ti] OR “Hormone Replacement Therapy”[Majr] OR “administration”[ti])

Studies were eligible when all of  the following criteria were met: (1) they investigated 
effects on biochemical, metabolic/anthropometric parameters, bone metabolism, QoL, 
muscle strength, mortality, or adverse events, (2) had a duration of  follow up > 1 month 
and included > 10 patients, (3) were performed in patients with confirmed GHD in 
adulthood, and (4) were written in English.

The selection of  studies was done by two reviewers (N.M.A-D. en M.R.). The two reviewers 
evaluated studies independently, and disagreements were resolved by consensus. Data 
extraction was based on data from each study provided at the population level. The 
following data were extracted: (1) study population (patient characteristics, population 
size, GHD assessment, control population); (2) exposure to rhGH (duration of  rhGH 
treatment, rhGH dose), (3) outcome (biochemical and anthropometric parameters, 
QoL, bone metabolism) (4) risk of  bias.  

STATISTICAL ANALYSIS
SPSS for Windows, version 20.0 (SPSS, Inc.) was used for statistical analysis. Data 
are presented as mean ± SD, unless stated otherwise. ANOVA accounting for 
repeated measurements with Bonferroni correction was used to compare parameters 
between baseline and T= 1, 2 and 3 years, SPSS Bonferroni adjusted p-values are 
given unless stated otherwise. A linear regression model was used, including age, sex, 
radiotherapy, hydrocortisone use, BMI, to identify factors influencing the metabolic 
effects of  discontinuing rhGH replacement therapy. In addition, we included the use 
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102 patients 
identified 

 n= 92  

4 diseased  
within 12 months 

n= 88 

  6 lost in follow up 
17 did not meet inclusion 

criteria 

64 patients studied 

10 restarted rhGh  
within 12 months 

n= 65  

1 re-classified as  
GH sufficient 

of  antihypertensive medication, use of  lipid-lowering medication, anti-diabetic agents, 
calcium and vitamin D supplementation, and the use of  bisphosphonates.  We also 
conducted a sub-analysis in elderly subjects (age >60, n=34). The age of  60 was chosen 
as cut-off, because the effects of  GH replacement therapy in GHD patients aged >60 
years is not well established (15). 

RESULTS
Clinical characteristics
A total of  102 patients who discontinued therapy were identified. Of  these, 4 patients 
died before the first annual visit after cessation of  rhGH replacement, 10 patients re-
initiated rhGH replacement within one year, 6 patients were lost to follow up, and 
18 patients did not meet the inclusion criteria. See Figure 1 for flow-chart of  patient 
inclusion.

A total of  64 patients, mean age 59.7± 15.7 years, were included in the study. Duration 
of  rhGH replacement was 8.7 years ± 4.6 years. Thirty-four patients (53% of  total) were 
60 years or older. Mean age in the subgroup of  elderly patients was 71.3 ± 7.0 years. 
Mean period of  discontinuation was 3.7 years (range 1-18 years). The main reasons 
for discontinuation were adverse events (n=25), or a lack of  subjective benefit (n=10). 
Table 1

FIGURE 1. 
Flow chart patient selection
rGH; recombinant human growth hormone, GH ; growth hormone
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TABLE 1 . Baseline characteristics (n=64)

Age at baseline (yr) 59 ±15 (21-88)

Sex (M/F) 34/30

Cause of  GHD (%)

     NFA 21 (33%)

     Prolactinoma 6 (9%)

     Acromegaly 10 (16%)

     Cushing’s disease 7 (11%)

     Craniopharyngioma 4 (6%)

     Other 16 (25%)

Onset (%)

     AO 55 (86%)

     CO 9 (14%)

Other deficiencies (n)

     Corticotropic 43 (67%)

     Thyreotropic 45 (69%)

     Gonadotropic 46 (72%)

     Diabetes insipidus 10 (16%)

     Isolated GHD 2 (5%)

Rh-GH duration (yr) 9 ± 5 (1-18) 

Cumulative Dose (mg) 22.6 ± 5,7

Radiation (%) 33 (51.6%)

Medication (%)

     Antidiabetic 6.3%

     Antihypertensive 43.8% 

     Lipid-lowering 39.1%

     Oral contraceptives 1.6%

     Bisphosphonates 9.4%

     Calcium supplements 40.6%

     Vitamin D supplements 46.9%

     Thyroxine replacement 70.3%

     Dosage (µg) 118.7 ± 41.4

AO = adult onset, CO = childhood onset, GHD = Growth hormone deficiency, n = number of  patients, NFA = non-

functioning pituitary adenoma, rhGH = recombinant human growth hormone, yr = years.
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Anthropometry and blood pressure
Both systolic and diastolic blood pressure did not change significantly after 
discontinuation of  growth hormone replacement therapy, 134±10.1 mmHg vs 134.9 
±13.1 mmHg and 81.1±6.7 vs 81.2±4.9 mmHg respectively.

BMI decreased in in the first years after cessation of  rhGH therapy (Figure 2 A & B). 
In elderly subjects, BMI did not significantly decrease, mean difference 0.8 kg/m2, 95% 
CI -0.3- 1.8. Fat percentage increased from 31.5 ±9.5 % to 33.8 ± 9.0 % (p<0.001) after 
3 years. Subgroup analyses in patients > 60 years of  age did not show any significant 
change in fat percentage after 3 year, mean difference   -0.6% with 95%CI -2.3- 1.0. 

 
 

 

   * 

FIGURE 2A&B. Changes in BMI up to 3 years after discontinuation. 
BMI: Body Mass Index kg/m2; *p < 0,05 compared to baseline

Lipid and glucose profile Figure 3A & B. 
After 3 years of  discontinuation serum total- and LDL-cholesterol (TC), decreased 
significantly from 5.4±0.5 mmol/L to 5.1±0.7 mmol/L (p=0.03), and from 3.2±0.4 
mmol/L to 2.9±0.6 mmol/L (p=0.016). HDL-C concentration after 3 years did not 
change, 1.4±0.2 vs 1.5±0.2 mmol/L. 

A

B
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The percentage of  patients on lipid lowering agents, predominantly statins, was 39 %at 
baseline and increased during follow up to 44%. 

Glucose concentration and the number of  patients on glucose lowering therapy did 
not change after discontinuation, 4.9±0.5 mmol/L vs 5.4±1.7 mmol/L. In the elderly 
patients, no changes were observed.  

 
 
 
 

 

 
 
 
 

 

FIGURE 3A&B. Changes in total and LDL cholesterol levels up to 3 years after discontinuation
* = P < 0.05 compared to baseline

Bone metabolism
Lumbar spine BMD and femoral neck BMD remained stable, 1.0±0.1 g/cm2 vs 1.1±0.2 
g/cm2 and 0.8±0.1 g/cm2 vs 0.8±0.1 g/cm2 respectively. Bisphosphonate use increased 
from 9.4% at baseline to 12.1% after 3 years. In a small subgroup (n=17) bone markers 
were available at baseline and after 3 years. P1NP decreased from 42.2 ±8.8 ng/mL 
to 37 ±13.7 ng/mL (p=0.064).  Beta crosslaps decreased from 0.41 ±0.06 ng/mL to 
0.36±0.16 ng/mL (p= 0.056). 

SYSTEMATIC REVIEW
The initial search resulted in a total of  95 articles. Of  these, 26 publications were 
retrieved for full assessment, 17 papers were excluded since they reported on patients 

A

B
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< 18 years, 1 because of  duration of  follow up of  only 5 days and 1 because of  a low 
number of  patients. Seven articles (that included a total number of  166 patients) met 
the inclusion criteria. The number of  included patients per study ranged from 10 to 42. 
Table 2

Study characteristics
Details of  the included studies are summarized in Table 2. Included studies were 
published between 1992 and 2012. Six studies (n= 90 patients in total) were randomized 
controlled trials, of  which 3 had a crossover design, there was one retrospective cohort 
study. The mean duration of  withdrawal was 3-18 months in all studies except one. This 
was a cohort study including 42 patients with duration of  follow up between 0-21 Years 
(26). Two out of  7 studies did not clearly report the duration of  rhGH therapy at time 
of  discontinuation  (26,29). Overall quality of  the studies was fair with a low risk of  
bias since there were designed as RCT, although none of  the studies mention handling 
of  statins, bisphosphonates and glucose lowering medication or even excluded patients 
on these medications. In addition data reported in the studies are heterogeneous and 
therefore precluded a formal meta-analyses. 

Anthropometry and Body composition:
One study reported on BMI, waist and hip circumference: no statistically significant 
changes were observed after 6 months of  follow up (30). Body composition was 
measured in three studies, and all reported an increase in fat mass and decrease in lean 
body mass after a follow up of  3-18 months (27,29,30). 

Lipid metabolism:
Total Cholesterol and LDL increased in 3 studies but was did not change in another 
study (26,28,30). Two studies also reported an increase of  hsCRP after discontinuation 
of  rhGH therapy (27,28) 

Glucose metabolism:
Two studies reported on glucose metabolism and insulin sensitivity after discontinuation 
(27,30). Fasting glucose, insulin levels, c-peptide and HBA1c were lower in 2, however 
one study reported an increase of  glucose levels. 
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Bone metabolism:
Several parameters were reported. One study found an increase in BMC during the 
study period where a second study did not report any difference in BMC (29,30). Two 
studies with a duration of  follow up of  6 months and 18 months respectively, reported 
a stable or increase of  BMD at the hip and spine (29,30). No study reported on fracture 
prevalence or bone markers. 

Quality of Life:
Only 2 studies reported on quality of  life (30,31). After discontinuation of  rhGH for 
a period of  3-4 months patients reported worsened scores on emotional reactions 
and well being. Furthermore they reported an increase in tiredness. Noteworthy, these 
effects were more profound in younger male participants, and almost absent in older 
patients (31).

In conclusion most studies investigated the effects of  growth hormone discontinuation 
in the follow up course after short-term rhGH suppletion. Only 2 studies reported on 
patients treated for more than 5 years of  rhGH suppletion and their follow up was < 
6 months (30,31). Therefore firm conclusions on the effects of  discontinuation rhGH 
suppletion cannot be made. 

DISCUSSION
In this study we demonstrated that adult GHD patients who discontinued rhGH 
replacement for various reasons do not show important adverse metabolic changes in 
the long-term.  Fat mass increased without negatively affecting lipid profile, glucose 
metabolism, or bone mass. In addition, in older patients no changes were observed at all. 
It thus appears that rhGH replacement can be discontinued without negative metabolic 
effects in the long term, provided that routine cardiovascular clinical guidelines for the 
treatment of  lipid abnormalities and hypertension are properly followed. We found 
a decrease in LDL- and total cholesterol in the presence of  an increase in the use of  
lipid lowering medication after discontinuation. In the subgroup of  patients aged > 
60 years no significant metabolic changes after cessation of  therapy were observed at 
all.  Furthermore, we observed no changes in lumbar spine BMD or fasting glucose 
level. BMI even slightly decreased within the 3 year follow up period as did bone 
turnover markers, although the latter changes were not significant possibly due to the 
sample size. The only parameter that significantly deteriorated after discontinuation was 
fatpercentage as measured by DXA. 

It is questionable whether the observed statistically significant changes are clinically 
relevant. At all time points, lipid- and fasting glucose concentrations remained within the 
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normal range in both groups and BMI even decreased after discontinuation of  rhGH. 
In the general population, for every 1 mmol/L LDL-C reduction, the risk of  major 
vascular events decreases by 20%(33). Given the adverse lipid profile in adult GHD 
patients that is associated with increased cardiovascular risk, it might be beneficial to start 
lipid-lowering medication in all middle-aged GHD patients. The clinical implications of  
the average 0.4 mmol/L increase in fasting glucose levels after discontinuation are less 
clear since fasting glucose levels remained within the normal range at all time points. It 
has been shown that the hazard ratio for coronary heart disease does not differ between 
patients with fasting glucose concentrations ranging between 3.9 and 5.6 mmol/L and the 
incidence of  coronary heart disease increases with increasing BMI (34, 35). On average, 
all subjects would be classified as overweight at all time points, however since BMI 
might not be the best anthropometric predictor for cardiovascular events, the observed 
increase in fatpercentage might counteract the decrease in BMI after discontinuation 
(36). Treatment of  adult GHD is mainly indicated for improvement of  cardiovascular 
risk factors and quality of  life. Short- and long-term studies have demonstrated that 
rhGH replacement is associated with improvement of  cardiovascular risk factors like 
lipid profile, bone mass, and quality of  life (5,7,9,25, 32). However, data also show that 
the metabolic phenotype of  GHD patients remains abnormal compared to the general 
population despite long-term replacement. Therefore, it is very well possible that the 
classic GHD phenotype might not be completely attributable to growth deficiency and/
or that not all effects are reversible (11,12).  

Since this is an observational study it obvious has limitations. There are no guidelines 
for discontinuation of  rhGH replacement; consequently the observed group was clearly 
pre-selected by the treating physician. Also, in this study we did not evaluate the effects 
on quality of  life, another important indication for rhGH replacement. However, since 
this was an observational study, patients who might have benefitted most from rhGH 
replacement were less likely to have discontinued therapy for a prolonged period, and 
patients were also always asked for their physical and psychological well being during 
the visits. In case of  severe deterioration of  quality of  life after discontinuation rhGH 
would have been re-initiated, as was reflected by the 10 patients that were identified 
prior to inclusion that re-initiated treatment within the first year. 

In order to put our observations in the best perspective, we additionally performed 
a systematic literature search on studies reporting on discontinuation of  rhGH 
replacement in adults. A total of  144 patients were reported, of  whom 84 were included 
in randomized controlled studies. The duration of  follow up was limited and ranged 
between 3 to 18 months. Overall, most studies reported that a parameter did not change 
without mentioning the outcome. This makes it hard to interpret these literature results 
since this implies that there was no change at all whereas the study only can report 
that there is no evidence of  a difference (37). The majority of  included patients had 
been on rhGH replacement for only 6-12 months prior to discontinuation whereas 
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some studies did not report the duration of  therapy. This makes it difficult to interpret 
the results since the effects of  rhGH are time dependent. For instance, a decrease 
in BMD might be observed within the first year affecting the effects of  withdrawal 
when this occurs within the first year (7,9,18). Nevertheless, all studies reporting on 
body composition, including ours, have consistently shown an increase in fat percentage 
after discontinuation (27,20,30). Data on lipid profile after discontinuation were not 
conclusive, also because data on the use of  lipid-lowering medication could not be 
extracted or subjects on lipid lowering agents were excluded. Biller et al. reported an 
ongoing increase of  BMD after 18 months of  discontinuation, although data on bone 
modifying agents including calcium and vitamin D were not available in this study (29). 
One study reported on patients (n=29) who used rhGH during a longer period of  time 
(30). In the follow up period of  4 months in this study BMC and fatmass increased, lipid 
profile and quality of  life scores however worsened and glucose level remained grossly 
unchanged. From all studies selected this study resembled our patient population at 
most and the reported results are comparable with ours although handling of  statins 
and bisphosphonates were not mentioned.  

The rationale for being restrictive with GH replacement in elderly patients is based 
upon the following. The GH/IGF-1 axis declines physiologically with ageing and 
smaller individuals within a species usually live longer (38). Additionally, the GH/IGF-
1 axis has been linked with cancer risk and improved longevity (14), and functional 
mutations of  the IGF-1R gene resulting in altered IGF-1 signalling appear to be more 
common in centenarians than in younger controls. Life span is also extended in mice 
lacking GHR, resulting in lower IGF-1 levels. Although these mutant mice lack other 
hormones, restoration of  GH levels reverted their longevity to that of  non-mutants (39, 
40). Collectively, these results suggest that optimizing the GH/IGF-1 axis to promote 
healthy ageing in humans is more complex than originally appreciated, requires a greater 
understanding of  its array of  interactions and tissue specificity.  

In conclusion, the results of  this study indicate that discontinuation of  rhGH 
replacement in routine clinical practice does not result in apparent negative effects 
on overall metabolic profile. Since long-term replacement with rhGH generally will 
not normalize the metabolic profile and the beneficial effects of  unrestricted GH 
replacement therapy especially in elderly GHD are yet inconclusive, we advise to 
reconsider the need to continue rhGH treatment of  long-term treated GHD patients, 
and also explore alternative treatment strategies in patients, like a more stringent 
treatment of  dyslipidaemia and hypertension, especially in those aged > 60 years. 
We advocate the initiation of  further studies evaluating the effects of  discontinuing 
GH replacement in the long-term enabling to determinate the optimal time point for 
withdrawal of  growth hormone replacement.
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