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Abstract: Background and Objective: The current meta-analysis aims at evaluating whether the 
existing clinical evidence may ascertain the effects of growth hormone (GH) replacement therapy on 
cardiovascular risk, both in isolated GH deficiency (GHD) and in compensated panhypopituitarism 
including GH deficit. 

Methods: Original articles published from 1991 to 2015 were searched on Medline (Pubmed). 
Among an overall number of 181 potentially suitable studies, 24 fulfilled the selection criteria and 
were included in the analysis. Data aggregation was carried out through the calculation of the  
absolute risk reduction. The meta-analysis was then conducted by means of a fixed-effects model, 
according to the heterogeneity test (Chi-square statistic). 

Results: Fat-free mass (FFM) increase and fat mass (FM) reduction were found, together with a  
C-LDL reduction, a wide variation in glycaemia and a neutral effect on glycated haemoglobin 
(HbA1c) and blood pressure. These effects were valid both for isolated GHD patients and for those 
with compensated panhypopituitarism. The global outcome D showed a nonsignificant reduction of 
the overall cardiovascular risk (0.53; 95% C.I. -1.23, 2.85). 

Conclusion: Our meta-analysis shows no signnificatly positive trend in cardiovascular risk after 
both short and long-term GH supplementation therapy in adult GHD patients. However, a reduction 
of LDL cholesterol levels has been found. No differences were found between isolated GHD partici-
pants and those affected by panhypopituitarism well compensated since at least 3 months. 

Keywords: GH deficit, panhypopituitarism, GH supplementation, cardiovascular risk, body composition, cardiovascular risk 
factors. 

1. INTRODUCTION 

 In adults, the alteration of the growth hormone (GH)/ 
insulin-like growth factor 1 (IGF-1) axis is associated with 
an increased cardiovascular (CV) risk, both in GH deficit 
(GHD) and in GH excess (acromegaly). Physiologically GH/ 
IGF-I axis exerts relevant cardiovascular effects, regulating 
cardiac growth and myocardial contractility, and contributing 
to the maintenance of cardiac mass and function in normal 
adult [1]. In particular, isolated GHD subjects show a higher  
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cardiovascular risk due to an atherosclerosis development 
acceleration, caused by the fat mass (FM) increase, mainly at 
the trunk level, together with the fat free mass (FFM) de-
crease. Moreover, the GH deficiency leads to metabolic 
changes, such as high levels of total cholesterol (C-TOT) and 
low-density lipoprotein cholesterol (C-LDL), low levels of 
high-density lipoprotein cholesterol (C-HDL), together with 
insulin resistance, and serum C-reactive protein (CRP) in-
crease [2-4]. 

 The effects of GH replacement therapy on CV risk have 
been explored using several single parameters so far. Some 
studies focused on metabolic aspects such as blood glucose, 
glycated hemoglobin (HbA1c), insulinemia, insulin resis-
tance (IR), lipids levels, whereas other studies focused on 
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markers of organ damage such as endothelial dysfunction, 
carotid intima-media thickness (IMT), biochemical mecha-
nism of plaque formation, electric and mechanic heart func-
tionality [5, 6]. As a consequence of this lack of uniformity, 
the available data on the effects of GH supplementation are 
fairly uneven and meta-analyses on the same issue show 
inconclusive results, which are still debated [7-9]. For exam-
ple, GH substitution seems to reduce C-LDL levels, together 
with a worsening in the glucose homeostasis [2, 10]. In addi-
tion, the long-term effects (beyond 5 years) of the ultimate 
endpoints, demostrating the beneficial effects of GH sup-
plementation on mortality, cardiovascular risk and fractures’ 
rate without any increase in cancer incidence, are still to be 
proved [9, 11, 12]. A recent review of the cardiovascular 
alteration in GHD adults highlighted the GH replacement 
effect at increasing cardiac size, improving cardiac perform-
ance, positively affecting body composition and lipid profile, 
and reducing IMT at common carotid arteries [9]. However, 
despite this wide evidence on the GH beneficial effects in 
this setting, the GH-mediated improvements in prognostic 
outcomes remains unclear [9]. 

 The present meta-analysis aims at evaluating whether the 
effect on body composition and on CV risk factors of GH 
supplementation leads to a beneficial effect on the global CV 
risk in adult men with GHD. Moreover, in order to assess 
confounding variables such as other pituitary defects, we 
evaluated GH supplementation either in isolated GHD and in 
compensated panhypopituitarism at different timing of re-
placement therapy. 

2. MATERIALS AND METHODS 

2.1. Data Collection 

 The meta-analysis was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement. Original articles, published 
from 1991 to 2015 inclusive, on the effects of GH supple-
mentation therapy in adult patients (>18 years) affected by 
GHD were searched on Medline (PubMed) through the fol-
lowing search key “((GH) AND body composition) AND 
cardiovascular risk”. 

 Selection criteria were set before the literature search and 
are listed in Table 1.

 The following variables were extracted independently by 
two investigators (MC and VAG): age, blood pressure (BP), 
IGF-1, FM, FFM, glycemia, HbA1c, insulinemia, triglyc-
erides, cholesterol (C-TOT; C-HDL; C-LDL) and IMT. 

3. STATISTICAL ANALYSIS 

 The results of the studies included in the analysis were 
first evaluated separately by identifying and extrapolating the 
relevant variables. The statistical significance of the mean 
differences calculated within each study was then verified 
through the t-test or Wilcoxon test as appropriate, according 
to the variables’ characteristics. 

 The variables included in the analysis were extremely 
inhomogeneous, both in terms of nature and of units of 
measurement. Moreover, a heterogeneity test was conducted 
in order to verify whether the percentage of variation across 
the studies was due to the degree of inconsistency between 
the studies or chance. Statistic heterogeneity was calculated 
by deriving the Chi-square, based on the following equation: 

�2 = � �j *(Ôj- Ô)2 

where, the null hypothesis of homogeneity showed to be 
satisfied, and the Chi-square statistic approximately distrib-
utes with m-1 degrees of freedom. In this formula, Ôj repre-
sents the estimate of the effect in the j-n study, Ô is the 
pooled effect and �j is the weight of the j-n studies. 

Table 1. Inclusion and exclusion criteria. 

Inclusion Criteria Exclusion Criteria

Studies involving adult patients (both genders)

Isolated GHD

GHD in concomitance with panhypopituitarism only if compensated by 
hormonal therapy since at least 3 months

Randomized-controlled clinical trials

Placebo-controlled studies

Open-label studies

Non interventional follow-up studies

Data from Registries (real world practice)

Systematic reviews and meta-analysis

Articles in language other than English

Studies involving patient aged less than 18

GHD associated with other diseases that may require GH supplementation as a 
support therapy

Uncompensated panhypopituitarism

Obesity

GHD in patients with previous acromegaly

Adult survival of Leukemia in pediatric age

Surveillance studies

Cross-sectional studies

GHD studies without data about replacement

Unavailability of data of interest
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 The meta-analysis was performed by means of a fixed-
effects model, which was the only possible model for our 
index made of different variables in such an heterogeneous 
context. The global outcome D representing the overall car-
diovascular risk following exposure to GH administration 
was estimated in terms of weighted mean, according to the 
following general formula [13]: 

D=� (�i*di)/ � �i.

 With the sum extended to n studies and � representing 
the weight of each study, data aggregation was carried out 
through the calculation of the absolute risk reduction 
(d=(Oi/Ni)-(Os-Ns), with O representing the observed 
events, N the number of subject included in each study, i the 
treatment investigated and s the control condition weighted 
by the reciprocal of the related sample size (Wi=1/Ni). For 
avoiding possible null entries within the tables, each avail-
able value was added with a 0.5 correction. The analysis 
population was stratified in three subgroups, namely isolated 
GHD, GHD in panhypopituitarism compensated by pharma-
cological (hormonal) therapy since less than 1 year (mini-
mum 3 months), and GHD in panhypopituitarism compen-
sated by pharmacological (hormonal) therapy since 1 year 
and over. Studies involving a mixed population, or with un-
known compensatory treatment period were excluded from 
our groups. In the absence of the relevant variable, studies 
were excluded from respective single analysis. 

4. STUDY QUALITY ASSESSMENT 

 The risk of bias of included studies was assessed inde-
pendently by both reviewers through the Cochrane Collabo-
ration's tool for assessing risk of bias for the following as-

pects: random sequence generation; allocation concealment; 
blinding of participants and personnel; blinding of outcome 
assessment; incomplete outcome data; selecting reporting. 
For other bias, funding and authorship were assessed. Each 
domain was assigned with low, unclear or high risk of bias 
(15). 

5. RESULTS 

 The search was carried out and cross-checked by two 
reviewers independently (MC and VAG). After removal of 3 
duplicates, 178 potentially suitable studies were identified. 
Following eligibility assessment, 154 papers were excluded 
(Fig. 1) and 24 studies were included in the analysis (Tables 
2 and 3). Overall meta-analysis results are summarized in 
Table 4.

 The age of participants ranged from 30.0 to 60.4 years, 
while GH administration was very different among the stud-
ies, varying both for dosage from 0.10 mg/day to 0.17 
mg/kg/week and duration from 3 months to 10 years. A sig-
nificant increase in FFM (around +3%) and decrease in FM 
levels (around -6%) was currently reported in most of the 
studies, both in GHD isolated patients and in panhypopitui-
tary ones with stable compensation. 

 A significant decrease in C-LDL levels (around -7%) was 
commonly reported in almost all the analyzed studies, both 
in GHD isolated patients and in panhypopituitary ones with 
stable compensation. The available data did not allow to de-
fine the trend of C-TOT, C-HDL and T, which were there-
fore indicated as neutral (Table 4). 

 GH supplementation seemed to be ineffective on glucose 
metabolism. Data on glucose levels were often discordant 

Fig. (1). Flow-chart of the study. 
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Table 2. Characteristics of studies included in the meta-analysis. 

Study Ref. Year Patients 

(n) 

Mean Age 

(Years) 

GH Dose Variables Considered Study 

Design 

Study 

Duration 

(Months) 

Elbornsson M et al. [16] 2013 156 50.5 0.40 mg/day IGF-1. C-LDL. C-HDL. G. T. BP OLS 120 

Filipsson Nyström H et al. [10] 2012 60 60.4 0.41 mg/day C-LDL. C-HDL. G. I. FM. FFM. BP RDB 4 

Beauregard C et al. [17] 2008 43 46.0 0.67 mg C-LDL. C-HDL. G. I. FM. FFM RCT 6 

Cenci MC et al. [49] 2008 32 48.0 0.20 mg/day C-LDL. C-HDL. G. T OLS 24 

Fideleff HL et al. [18] 2008 71 38.2 0.52 mg/day C-LDL. C-HDL. G. FM. FFM. T. BP RCT 48 

Joaquin C et al. [19] 2008 14 40.0 0.47 mg/day IGF-1. I. HbA1c. FM. FFM. T. BP OLS 12 

Setola E et al. [33] 2008 31 30.0 0.40 mg/day IGF-1. C-LDL. C-HDL. G. I. FM. 
FFM. HbA1c. BP 

OLS 6 

Oliveira JL et al. [14] 2007 20 46.0 0.35 mg/day IGF-1 . C-LDL. C-HDL.G. I. HbA1c. 
IMT. BP 

OLS 6 

Yuen KC et al. [50] 2006 16 49.5 a) 0.10 mg/day 

b) 0.50 mg/day 

IGF-1. G. I. FM. FFM FU 12 

Chihara K et al. [51] 2006 27 39.0 0.01 mg/kg/day IGF-1 . C-LDL. C-HDL. FM. FFM OLS 12 

Bollerslev J et al. [15] 2006 55 49.0 a) 0.60 mg/day 

b) 0.40 mg/day 

C-LDL. C-HDL. FM. FFM RDB 9 

Yuen KC et al. [52] 2005 25 47.0 a) 0.10 mg/day 

b) 0.48 mg/day 

IGF-1 . C-LDL. C-HDL. G. I. FM. 

FFM 

OLS 12 

Hana V et al. [53] 2004 17 40.9 0.31 mg/day IGF-1 . C-LDL. C-HDL. G. I. HbA1c OLS 12 

Smith JC et al. [54] 2002 32 43.0 a) 0.45 mg/day 

b) 0.47 mg/day 

C-LDL. C-HDL. G. I RCT 3 

Borson-Chazot F et al. [2] 1999 22 39.0 1 UI/day IGF-1 . C-LDL. C-HDL. G. I. FM. 

FFM. HbA1c. IMT BP 

OLS 12 

O'Neal DN et al. [55] 1999 22 42.0 0.24 IU/kg/week IGF-1. C-LDL. C-HDL. G. I. FM. 

FFM. T 

OLS 24 

Rodriguez-Arnao J et al. [56] 1999 35 39.8 0.12 IU/kg FM. FFM. RCT 6 

Woodhouse LJ et al. [57] 1999 28 39.5 0.012 mg/kg FM. FFM. RCT 3 

Cuneo R et al. [58] 1998 163 40.5 4.00 IU/day IGF-1 . C-C-LDL. C-HDL. FM. 

FFM. HbA1c BP 

OLS 12 

Johansson JO et al. [59] 1996 17 52.5 0.53 mg/day IGF-1. C-HDL. G. I. FM. FFM. 

HbA1c 

OLS 24 

Nass R et al. [20] 1995 20 44.2 0.0125 mg/kg FM. FFM. RCT 6 

Weaver JU et al. [60] 1995 22 45.0 0.20 IU/kg/week IGF-1. FM. FFM. HbA1c RCT 6 

Jorgensen JO et al. [61] 1994 10 24.7 2.00 IU / m2 FM. FFM. BP. HbA1c OLS 36 

Whitehead HM et al. [62] 1992 14 29.4 0.50 IU/kg/week FM. FFM. HbA1c RCT 13 

Fat mass (FM). fat free mass (FFM). glycaemia (G).glycated haemoglobin (HbA1c). insulin-like growth factor 1 (IGF-1). insulinaemia (I). triglycerides (T). blood pressure (BP). 
intimal medial thickness (IMT). Open label study (OLS). randomized controlled trial (RCT). randomized double-blind controlled trial (RDB). follow-up study (FU).
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Table 3. Significant parameters of the analysis. 

Study Refs. �-FFM (%) �-FM (%) 
�-C-LDL 

(mmol/L) 

HbA1c 

(%) 

IGF-1 (�g/L) I (�IU/mL) T (mmol/L) 

Elbornsson M. et al. [16]  -  - -17.5%** - +226.59%** - -

Filipsson Nyström H. et al. [10]  - +0.25% -3.57% +0.21%* -33.46%   

Beauregard C. et al. [17] +0.03% -14.17%* -0.33% - - +10.30% -30.00% 

Cenci MC. et al. [49] - - - - - -46.86% -24.11% 

Fideleff HL. et al.[18] +2.49% -4.97% -5.97% - - - +6.39% 

Joaquin C. et al. [19] +1.35% -3.91%  - 0.00% +432.67%** +58.72%* +41.70% 

Setola E. et al.[33] +5.36%** -3.51% -10.21%** +8.16%* +117.34%** -21.11% +24.14% 

Oliveira JL. et al. [14]  -  - decrease*(a) -9.34% +270.00%** -10.69%* -18.35% 

Yuen KC. et al. [50]/ group 1 (Low GH dose) decrease(a) decrease*(a)  - - +229.70%** - -

Yuen KC. et al. [50]/ group 2 (Standard GH dose) increase*(a) decrease*(a)  - - +270.31%** - -

Chihara K. et al. [51] +4.30*% -7.85%* -12.60%** - +410.97%** - -

Bollerslev J. et al. [15] increase(a) decrease(a) -14.82%** - - - +22.70%* 

Yuen KC. et al. [52] / group 1 (GH treatment 12 

months) 
-0.68% -2.40% 0.00% 

- +127.60%** -0.20% -0.30% 

Yuen KC. et al. [52] / group 2  

(Discontinuation 6 months) 
0.51% -5.38% +6.67% 

- +253.90%** +0.10% -0.20% 

Hana V. et al. [53]  -  - +4.10% 0.00% +137.57%** 0.00% -11.25% 

Smith JC. et al. [54]  -  - -16.67%* - - - -

Borson-Chazot F. et al. [2]  - -12.04%* -5.20% - +118.31%** +17.35% +4.60% 

O'Neal DN. et al. [55]  - +3.08% -14.71%** -1.92% +163.26%** +38.61%* +15.38% 

Cuneo RC. et al. [58]/group 1 (GH 12 months) increase*(a) decrease*(a) -13.16%** - +191.00%** - 0.00% 

Cuneo RC. et al. [58]/group 2  
(Placebo 6-months + GH 6-months) 

increase*(a) decrease*(a) -7.69%* 
- +160.20%** - +5.00% 

Johansson JO. et al. [59] +5.61%* -2.07%  - - +274.01%** +38.55%** +6.25% 

Weaver JU. et al. [60] -3.99% +3.57%  - - - - -

* = p<0.05; ** = p<0.001; (a)= absolute values not available in the source data; information derived from a diagram. 

Fat mass (FM); fat free mass (FFM); glycated haemoglobin (HbA1c); insulin-like growth factor 1 (IGF-1); insulinaemia (I); triglycerides (T). 

Table 4. GH replacement therapy in GHD and cardiovascular risk: summary of main results. 

GHD
(a)

GHD<12m
(b)

 GHD>12m
(c)

  

Fat free mass increased increased increased p<0.05

Fat mass decreased decreased decreased p<0.05

Total cholesterol neutral neutral neutral

LDL cholesterol decreased decreased decreased p<0.05

HDL cholesterol neutral neutral neutral

Glycemia neutral neutral neutral

HbA1c neutral neutral neutral

(a) Isolated GHD; (b) GHD in panhypopituitarism in stable compensation therapy since less than 12 months; (c) GHD in panhypopituitarism in stable compensation therapy since 
more than 12 months.
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Fig. (2). Trends observed in glycaemia following GH replacement therapy. 

mainly in the GHD panhypopituitary group with compensa-
tory therapy for less than 12 months. Nevertheless, glycemic 
levels even when increased (around +4%, not statistically 
significant after meta-analysis), were always falling within 
the normal ranges and did never reach the diagnostic levels 
for impaired glucose tolerance (IGT) or diabetes (Fig. 2). 
Out of 10 studies including HbA1c, only 2 reported an in-
creased level of this parameter after 6 months of treatment. 
This observation was not confirmed by the majority of the 
studies, despite the higher number of included patients and 
the wider range variety. Generally, the observed HbA1c in-
crease was never pathological and was always found to be 
below 6% (Table 4). 

 No significant difference was found for BP (Supplemen-
tary Table 1) and insulin levels (Table 3). The eligible stud-
ies containing data on IMT were only two: Borson-Chazot et
al. [2] observed a significant decrease (around -10%); data 
extrapolated from diagrams provided by Oliveira et al. [14] 
showed a non-significant increase of the IMT. Information 
on IGF-1 reported in the analyzed studies was summarized in 
Table 3.

 The homogeneity hypothesis could be accepted by virtue 
of the following results:

�2 = � �i *(Ôj- Ô)2 = � �j (dj-D)2 = 0.038 < �2 0.05;29 = 
42.56 (significant for �2 <50) 

 Overall, the administration of GH resulted to be associ-
ated with a general reduction of the cardiovascular risk, ac-
cording to the following equation [13]: 

D=� (�i*di)/ � �i = 0. 53 

C.I (95 %) = D± (1.96/�� �i) = (-1.23; 2.85) 

 With D values close to or below zero identifying no im-
provement with respect of D values near or exceeding one 
show a probable relationship (Fig. 3). Considering each 
study individually, D value was very low for several studies 
[15, 16], and very high for others [10, 17-20]. 

 As described in Table 2, the treatment duration was ex-
tremely variable among studies included in the analysis. For 
this reason, in order to exclude potential influence of such 
difference, the analysis was repeated after having stratified 
the studies in 2 subgroups (short studies < 1 year; me-
dium/long studies > 1 year). The meta-analysis conducted 
according to the study duration did not provide any signifi-
cant difference as compared to the overall investigation. 

 Results of the meta-analysis were applied only to the 
Short Studies (Table 2). 

D=� (�i*di)/ � �i = 0.56 

C.I (95 %) = D± (1.96/�� �i) = (-2.28; 3 41) 

 Results of the meta-analysis applied only to the Me-
dium/Long Studies (Table 2). 

D=� (�i*di)/ � �i = 0.51 

C.I (95 %) = D± (1 96/�� �i) = (-1.72; 2.74) 

6. STUDY QUALITY ASSESSMENT 

 The risk of bias in the included studies is shown in Fig. (4)
and Table 5. Risk of bias across studies was found for “ran-
dom sequence generation”, “allocation concealment”, “blind-
ing of participants and personnel” and “other bias” domains. 
Fourteen studies were not randomized [2, 14, 16, 19, 33, 49, 
50-53, 55, 58, 59, 61]. A low risk of biased allocation was 
described only in five studies [10, 50, 52, 57, 58]. Twelve 
studies were open label [2, 14, 16, 18, 19, 33, 49, 50, 52, 53, 
55, 59]. Six studies were funded by pharmaceutical indus-
tries [10, 15, 18, 51, 55, 62]. 

7. DISCUSSION 

 This meta-analysis is focused on defining the GH sup-
plementation effect on cardiovascular risk in adult GHD. 
Despite the rigorous literature search process, studies in-
cluded in the analysis show a very high non-uniformity, 
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Fig. (3). Graphical representation of the meta-analysis results (forest plot).

Fig. (4). Risk of bias graph.
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Table 5. Risk of bias summary. 

  Random  

Sequence 

Generation 

(Selection 

Bias) 

Allocation 

Concealment 

(Selection 

Bias) 

Blinding of 

Participants 

and Personnel 

(Performance 

Bias) 

Blinding of Out-

come Assessment 

(Detection Bias) 

(Patient-Reported 

Outcomes) 

Incomplete 

Outcome Data  

Addressed 

(Attrition 

Bias) 

Selective 

Reporting 

(Reporting 

Bias) 

Other 

Bias 

Elbornsson M et al. [16] 

Filipsson Nyström H et al. [10] 

Beauregard C et al. [17] 

Cenci MC et al. [49] 

Fideleff HL et al. [18] 

Joaquin C et al. [19] 

Setola E et al. [33] 

Oliveira JL et al. [14] 

Yuen KC et al. [50] 

Chihara K et al. [51] 

Bollerslev J et al. [15] 

Yuen KC et al. [52] 

Hana V et al. [53] 

Smith JC et al. [54] 

Borson-Chazot F et al. [2] 

O'Neal DN et al. [55] 

Rodriguez-Arnao J et al. [56] 

Woodhouse LJ et al. [57] 

Cuneo R et al. [58] 

Johansson JO et al. [59] 

Nass R et al. [20] 

Weaver JU et al. [60] 

Jorgensen JO et al. [61] 

Whitehead HM et al. [62] 

not allowing us to perform at a quantitative analysis and lim-
iting the interpretation of aggregate data trend. The evalua-
tion of biases risk shows that this heterogeneity is mainly 
due to the patients’ characteristics, together with the small 
sample size. Thus, the subdivision in sub-group analyses 
does not reduce this non-homogeneity, as demonstrated in 
dividing studies according to treatment length. Future meta-
analyses should provide this heterogeneity and should be 

addressed to consider different population characteristics, 
such as the age of GHD onset or the GH dosage used. The 
identification of significant quantitative differences was im-
peded by this high heterogeneity and only a slight nonsig-
nificant reduction of parameters considered is found both in 
short-term and long-term studies. However, qualitative 
analyses of the studies included demonstrate: i) changes in 
body composition, with an increase of FFM and a reduction 
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of FM; ii) reduction of C-LDL; iii) stable HbA1c and BP. 
Thus, despite the aggregated data-analysis confirms a non-
significant reduction of overall cardiovascular risk, we could 
speculate that the GH administration could probably be ef-
fective in reducing cardiovascular adverse events, through a 
reduction of several parameters, such as C-LDL and not-
impairing glucose metabolism. However, proper-designed 
and powered longitudinal trials are still needed, such as re-
cently confirmed in a wide review of the literature [9]. 

 Our analysis provided a papers’ research that was ex-
tended over a 25-year interval. Inclusion and exclusion crite-
ria were defined prior to the literature search in order to 
avoid confounding factors such as uncompensated panhy-
popituitarism [21], obesity [22], metabolic syndrome and 
other factors commonly associated with acquired GHD (i.e.
radiotherapy, craniopharyngioma, adrenal crisis, etc.) [23, 
24]. Similarly, the population was subdivided into three 
groups: isolated GHD, GHD in panhypopituitarism pharma-
cologically compensated since at least 3 months, and GHD 
in panhypopituitarism pharmacologically compensated since 
at least one year. The results of the meta-analysis were ho-
mogeneous among the three study subgroups. Thus, these 
data suggest that a supplementation therapy lasting more 
than 3 months could be considered stable. 

 Despite the wide heterogeneity of this clinical condition, 
the qualitative evaluation of studies included well demon-
strate that the GH supplementation effect in adult GHD pa-
tients mainly leads to FM decrease and FFM increase [25-
27]. This effect is more evident in male rather than in female 
patients [28]. Moreover, GH replacement seems to reduce C-
LDL levels, as well as demonstrated also by biochemical and 
in vitro studies. Indeed, GH acts on cholesterol regulating 
genes (such as the C-LDL receptor gene) by means of the 
sterol sensitive binding cis-element (sre-1). This effect is not 
depending on RNA expression, but it relates to the phos-
phorylation of SREBP-1a protein in human cultured hepato-
cytes [29]. Our data support the hypothesis that GH induces 
C-LDL reduction, representing one of the main reasons to 
use GH in GHD subjects. On the contrary, GH administra-
tion seems to not influence C-HDL levels. High doses of GH 
(aimed at maintaining serum IGF-1 levels between the me-
dian and upper reference limit) result in a significant C-HDL 
increase when compared to lower levels of replacement ther-
apy [30]. It is worth noting that this could be influenced by 
the genotype of the patient, in particular by the 629C>A cho-
lesterol ester transfer protein (CETP) promoter polymor-
phism [31]. Considering glucose metabolism, our qualitative 
analysis did not find a GH effect. However, it is well known 
that GH directly antagonizes insulin mediated glucose uptake 
in skeletal muscle. Its metabolic effects are either chronic 
diabetogenic or acute insulin-like effects, mediated by the 
cytosolic tyrosine kinase Janus kinase 2 (JAK2) upon GH-
GH receptor interaction, resulting in insulin receptor sub-
strate-1 (IRS-1) and IRS-2 activation via phosphatidylinosi-
tol-3 kinase (PI3-k)/Akt activation of glucose transporters 
(GLUT4) and increased glucose uptake. Simultaneously, 
JAK2 phosphorylates and activates the STAT-family tran-
scription factors responsible for the diabetogenic effects of 
GH and blocking the IRS-proteins phosphorylation, which 
induces insulin-like effects of GH [32]. These mechanisms 
explain insulin-resistance, impaired glucose tolerance, im-

paired fasting glucose and diabetes development in GH ex-
cess, and are invoked by some authors for similar worsening 
of metabolic characteristics in GHD patients undergoing 
replacement therapy [11, 33]. According to the results of this 
extensive meta-analysis, neither plasma glucose levels nor 
HbA1c was significantly affected by GH supplementation 
even in the long term therapy. Hypopituitarism patients with 
GHD in stable compensatory treatment for less than 1 year 
showed very discordant results in terms of glycaemic levels. 
This may be linked to the effects of other pituitary hormones 
on glucose metabolism. On the contrary, data on the isolated 
GHD were more homogeneous. However, all the three sub-
groups showed a neutral effect of GH supplementation on 
glycemic levels, which constantly remain within the normal 
range. However, the results of our meta-analysis are in 
agreement with recent data from two population-based co-
hort studies consisting of 5100 children with idiopathic iso-
lated GHD and above 104 subjects affected by Turner syn-
drome treated with GH therapy for many years. These results 
showed no difference in the risk of diabetes between GH 
treated patients compared with the reference population [34, 
35]. Finally, blood pressure seems to be not affected by GH 
administration, either in the short and long term observation. 

 Results concerning the effects of GH supplementation on 
IMT in the literature are discordant [14, 36]. Several studies 
show an anti-atherogenic activity of GH itself and its deriva-
tives [37], which is usually connected to the simultaneous 
decrease of the plasma cholesterol ester transfer protein 
(CETP) and C-LDL concentrations itself [38]. A second 
mechanism could be the reduction in asymmetric dimethyl 
arginine (ADMA), a key protein in atherosclerotic plaque 
formation, which has been described after 6 months of GH 
supplementation [33]. Some authors indicated IMT reduction 
as one of the main factors responsible for cardiovascular risk 
reduction after GH supplementation in GH deficient adult 
patients [39-42]. 

 The result of our work are partially consistent with two 
previous meta-analyses. Maison et al. found that GH treat-
ment in GHD significantly reduced C-LDL [-0.5 (SD 0.3) 
mmol/liter], C-TOT [-0.3 (SD 0.3) mmol/liter], fat mass [-
3.1 (SD 3.3) kg], diastolic BP [-1.8 (SD 3.8) mmHg] and 
significantly increased FFM [+2.8 (SD 2.7) kg], fasting 
plasma glucose [+ 0.2 (SD 0.1) mM/L], and insulin [+8.7 
(SD 7.0) pM/L] [7]. No variation was described on T, C-
HDL, and systolic BP. Our meta-analysis failed in demon-
strating a reduction in C-TOT which was expected because 
of reduced C-LDL with a neutral effect on C-HDL and T. 
This could probably be linked to the small number of studies 
included in the analysis. Another difference is represented by 
the effect on glucose metabolism since in Maison’s work 
only 6 out of 37 included studies had a duration of at least 12 
months, while 6 out of 37 of no more than 3 months. Moreo-
ver, the author stated that the insulin-antagonistic effect was 
not maintained at 12 and 18 months follow-up and that mean 
blood glucose remained in the normal range [7]. Newman  
et al. pointed out that GH replacement therapy in GHD may 
induce increase in FFM [+2.61 (SD 6.8) kg], decrease in FM 
[-2.2 (SD 13.5) kg], C-TOT [-0.4 (1.1) mM/L], and C-LDL 
[-0.4 (1.8) mM/L] [43]. Furthermore, no difference was 
found in C-HDL and T levels [43]. 
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 Considering that GH replacement therapy can induce a 
reduction in CV risk manly through C-LDL, it could be sug-
gested using statin treatment instead of GH substitution in 
GHD patients in order to reach the same goal. However, the 
use of GH is effective to improve body composition, well-
being [44], cognitive performance [45], bone mineral density 
[46, 47], and cardiac function [7], and to reduce cancer risk 
[48]. Moreover, GH supplementation enhance the quality of 
life of GHD patients. Finally, considering the long-term (be-
yond 5 years) effects, despite some encouraging preliminary 
reports, the ultimate endpoint demonstrating beneficial ef-
fects of GH supplementation treatment on mortality, cardio-
vascular risk and fractures’ rate without any increase in can-
cer incidence is still to be demonstrated [9, 12]. 

CONCLUSION 

 This work supports the hypothesis that GH replacement 
therapy in GHD is safe and could probably lead to a signifi-
cant cardiovascular risk reduction, although a quantitative 
demonstration has not been possible so far. However, the 
beneficial effect of GH substitution should stem from mainly 
the reduction in C-LDL levels, as well as from the absence 
of impairment of glucose metabolism and blood pressure. 
These results remain after long-term treatment, irrespective 
of the cause of GHD, both in panhypopituitaric and idio-
pathic forms. Nevertheless, it is worthy to underline that 
further studies, with a proper prospective design and with a 
large appropriate number of subjects, are needed to obtain 
conclusive evidence of GH beneficial effect on cardiovascu-
lar parameters in this setting, especially considering IMT and 
BP. 

LIST OF ABBREVIATIONS 

BP = Blood pressure 
C-TOT; C-HDL; = Cholesterol 
C-LDL 
CV = Cardiovascular 
FFM = Fat-free mass 
FM = Fat mass 
FU = Follow-up study 
GHD = GH deficiency 
HbA1c = Glycated hemoglobin 
IGF-1 = Insulin-like growth factor 1 
IMT = Intima-media thickness 
OLS = Open label study 
R = Retrospective study 
RCT = Randomized controlled trial 
RDB = Randomized double-blind controlled 

trial 
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