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Context:GHdeficiency(GHD)oftheadult isaclinicalconditioncharacterizedbythepresenceofseveral
traditional and emerging cardiovascular risk factors that can significantly increase cardiovascular mor-
bidity and mortality. It is still an open issue whether GH replacement is able not only to improve
cardiovascular risk factors but also to decrease cardiovascular morbidity and mortality.

Evidence Acquisition: The major source of data acquisition included PubMed research strategies.
Original articles, systematic reviews and meta-analyses, and included relevant citations were screened.

Evidence Synthesis: In untreated GHD, cardiovascular risk is increased due to abnormal lipid profile
(increased total and low-density lipoprotein cholesterol, increased triglycerides, and reduced high-
density lipoprotein cholesterol) and impaired glucose metabolism. Emerging cardiovascular risk
factors/markers such as proinflammatory cytokines, C-reactive protein, and adipokines are also
increased in GHD patients. Increased cardiovascular morbidity and mortality have also been re-
ported in GHD. GH treatment has been shown to improve both traditional and emerging cardio-
vascular risk factors and markers. However, evidence on the effects of GH replacement on cardio-
vascular events and mortality is limited.

Conclusion: The GHD population may be considered at high cardiovascular risk, and GH substitu-
tion may be expected to bring an added value to patients with hypopituitarism in terms of car-
diovascular protection. However, there is too limited evidence (rarely coming from randomized
and controlled studies) to recommend GH treatment based on the cardiovascular status of the
patients. (J Clin Endocrinol Metab 99: 18–29, 2014)

GH deficiency (GHD) of the adult is now recognized as a
well-defined clinical condition, characterized by sev-

eral signs and symptoms such as reduced quality of life (1–3)
and physical fitness (4), osteopenia, osteoporosis (5–8), and
increased cardiovascular risk (9), which are at least partially
reversible by GH substitution (1–10). It is still an open issue
whether GH replacement may be able not only to improve
cardiovascular risk factors but also to decrease cardiovascu-
lar morbidity and mortality. The aim of this review was to
update thecurrentknowledgeonthecardiovascularriskpro-
file in adults with GHD with or without GH replacement.

Traditional and emerging cardiovascular risk factors (Figure
1), as well as their impact on clinical endpoints, will be
evaluated.

Traditional Cardiovascular Risk Factors in
GHD Adults

Lipids
Adults with GHD often have significant changes in

their lipid profile (11). Indeed, increased low-density li-
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poprotein (LDL) and triglycerides have been documented
in both sexes, whereas decreased high-density lipoprotein
(HDL) has been observed only in women; the elevated
total cholesterol/HDL ratio regarded both men and
women (11). No differences in additional risk factors,
such as lipoprotein (a) (12, 13) and apolipoprotein B (14),
were found between GHD and controls (11).

GH replacement was able to positively affect lipid pro-
file in GHD patients: total cholesterol and LDL signifi-
cantly decreased, whereas HDL increased (15–18) (Table

1). GH replacement may also de-
crease triglycerides (17). However,
Florakis et al (19) showed that GH
treatment was able to decrease total
cholesterol and LDL and to slightly
increase HDL, but no change was
observed for triglycerides. A meta-
analysis including 37 trials con-
firmed the positive effects of GH
treatment on total and LDL choles-
terol but did not find any effect on
triglycerides (20). Also, in a recent
long-term prospective study, 15
years of GH replacement reduced
total cholesterol and LDL and in-
creased HDL, but no significant vari-
ations were observed for triglycer-
ides (21). Therefore, even if some
studies did not find an improvement
in lipid profile with long-term GH
replacement (22, 23), it can be sum-
marized that GHD adults have a high
cardiovascular risk lipid profile at
baseline and that in most of the stud-
ies, GH treatment tends to reverse to
normal the total and LDL/HDL cho-
lesterol levels.

Two other emerging issues de-
serve to be addressed. In fact, there is
recent evidence that small dense LDL
(sdLDL) may be independent cardio-
vascular risk factors (24). A small
study by Rizzo et al (25) found that
sdLDLs were common among pa-
tients with GHD and that GH re-
placement did not affect LDL size.
Conversely, Salman et al (26) did not
find any difference in sdLDLs be-
tween subjects with GHD and con-
trols. The second issue is whether
GH may have additive effects on
3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitor (statin)

treatment. Interestingly, a synergistic, rather than addi-
tive, and proportional to baseline cholesterol value effect
of this combination was reported (27). Therefore, in hy-
percholesterolemic GHD, clinicians should carefully bal-
ance relative risk/benefit profiles and eventually combine
the two treatments.

Glucose metabolism and insulin resistance
Adult patients with GHD have increased visceral fat

mass and often have an impaired glucose metabolism to-

Figure 1. The potential impact of GHD (A) and GH replacement (B) on the individual
cardiovascular risk.
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gether with insulin resistance (9, 10). The glycometabolic
effects of GH therapy in GHD are conflicting. Indeed,
some studies have documented an improvement in glucose
metabolism and insulin sensitivity (15, 28, 29), but other
investigations have observed no effect (30, 31) or at best
a marginal effect (32–35). These conflicting data seem to
be due to the duration of treatment. A short-term (up to
1 y) GH substitution seems to deteriorate glucose metab-
olism (32, 36, 37), whereas long-term treatment did not
lead to significant variations in glucose and insulin me-
tabolism (38); on the contrary, slightly lower fasting glu-
cose levels were observed (39). In most of the long-term
studies, an initial increase in glucose and insulin levels
with an impairment of insulin sensitivity could be ob-
served. This glycometabolic deterioration at the begin-
ning of GH substitution may be caused by a decline of
peripheral glucose utilization (40). After initial deteri-
oration, glucose tolerance can improve, with glucose
and insulin levels returning to baseline levels (15, 41).
Insulin resistance could be exacerbated acutely by GH
in GHD (42), whereas it has been shown that GH re-
placement decreasing visceral fat mass did not worsen
insulin resistance (43). Moreover, low-dose 24- to 48-
week GH treatment improved insulin sensitivity, pre-
served �-cell function, and improved glucose metabo-
lism without affecting body composition or inducing
lipolysis in a small group of six adults with severe GHD,
likely via an increased IGF-1 bioavailability (44).

In synthesis, glycometabolic effects of GH substitution
seem to be biphasic (mimicking what is observed for bone
effects), leading initially to deterioration of an already al-
tered glucose metabolism, but in the long-term, particu-
larly with low-dose GH, an improvement of glucose han-
dling is reported.

Metabolic syndrome (MetS)
The metabolic syndrome (MetS) is a cluster of risk fac-

tors (visceral obesity, impaired glucose metabolism, low
HDL, high triglycerides, and hypertension) mainly asso-
ciated with insulin resistance, inflammation, and endo-
thelial dysfunction (45). MetS predicts the development of
diabetes (41) and is strongly associated with cardiovascu-
lar diseases in the general population (45, 46) and in di-
abetic patients (47). The prevalence of MetS is increased in
GHD patients (48). van der Klaauw et al (48) documented
that GHD patients had a prevalence of MetS more than
2-fold higher when compared with the general popula-
tion, mainly due to an increased prevalence of hyperten-
sion, abdominal obesity, and triglyceride levels. Also, At-
tanasio et al (49) found that MetS prevalence was
increased in GHD patients. Interestingly, lean individuals
with GHD had larger waist circumference and more ab-
dominal adiposity with a proportional increase in sc and
visceral tissue with respect to control subjects. Also, adi-
pose tissue of obese GHD patients expressed many pro-
inflammatory markers (50).

Table 1. Summary of Studies of the Effects of GH Treatment on Lipid Profile

First Author
(Ref.)

No. of
patients Mean GH Dose

Duration of
Treatment, y Outcome

Chrisoulidou (22) 12 0.7 mg/d 7 TC, LDL, HDL, and TG unchanged
Florakis (19) 24 0.3 mg/d 1.5 TC2, LDL2, HDL1, TG

unchanged
Götherström (17) 118 Initially 0.98 mg/d, gradually

titrated to 0.48 mg/d
5 TC2, LDL2, HDL1, TG2

Svensson (15) 11 Initially 1.1 mg/d, gradually
titrated to 0.61 mg/d

7 LDL2, HDL1, TC and TG
unchanged

Arwert (34) 23 Initially 0.97 mg/d, gradually
titrated to 0.4 mg/d

10 TC2 (5th year), LDL2, HDL1, TG
unchanged

van der Klaauw
(16)

63 Initially 0.2 mg/d, gradually
titrated to 0.5 mg/d

7 TC2, LDL2, HDL1, TG
unchanged

Colson (18) 124 Initially 0.3 mg/d, gradually
titrated to 0.5 mg/d

5 TC2, LDL2, HDL and TG
unchanged

Monson (27) 61 0.32 mg/d 1 TC2, LDL2, HDL and TG
unchanged

Götherström (53) 87 Initially 0.98 mg/d, gradually
titrated to 0.47 mg/d

10 TC2, LDL2, HDL1, TG
unchanged

Colao (54) 22 6 �g/kg�d 5 TC2, HDL1, TG2
Spielhagen (23) 81 Initially 0.29 mg/d, gradually

titrated to 0.43 mg/d
10 TC and LDL unchanged

Elbornsson (21) 109 Initially 0.55 mg/d, gradually
titrated to 0.4 mg/d

15 TC2, LDL2, HDL1, TG
unchanged

TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides;2 significant decrease;1significant increase.
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In a large study, waist circumference decreased after 1
and 2 years of GH treatment, respectively, but remained
unchanged after 5 years of GH substitution when com-
pared with baseline (51, 52). Götherström et al (53) ob-
served that the reduction in body fat, after correction for
age and sex, was sustained during 10-year GH treatment.
In addition, there was a sustained improvement in serum
lipid profile and glycated hemoglobin (53). The response
to treatment of HDL and body composition were more
marked in men, whereas women had more marked reduc-
tion in glycated hemoglobin (53). Other studies suggested
that GH replacement did not affect the risk of type 2 di-
abetes in GHD with normal body mass index (BMI) (52).
However, in severe GHD with increased prevalence of
cardiovascular risk factors and surrogate markers of early
atherosclerosis (intima-media thickness), 5-year GH re-
placement improved all metabolic parameters, reducing
insulin resistance (54).

MetS is clinically an appropriate label for patients with
GHD who do not often have a prominently altered car-
diometabolic feature but show a cluster of mild altera-
tions. There has been a long debate on MetS being an
independent clinical entity (55, 56); in our opinion, GHD
patients are often good examples of MetS clinical expres-
sivity, and what could appear relatively modest changes in
cardiometabolic parameters determined by GH substitu-
tion should be read in the context of a global improvement
of MetS and of the added cardiovascular risk that MetS is
bearing.

Traditional Cardiovascular Risk Factors
During the Transition Period From
Adolescence to Adulthood

Discontinuation of GH during the transition phase in
GHD increased fat mass and diastolic blood pressure, with
significant worsening in total and LDL cholesterol (57,
58). Beneficial effects on fat mass and LDL/HDL ratio of
continuing GH replacement during the transition phase in
childhood onset-GHD patients was also reported (59).
Other authors, but not all (60, 61), showed a significant
increase in fat mass also in partial GHD after GH discon-
tinuation. Therefore, suspending GH during the transition
period may cause unfavorable changes in cardiometabolic
risk factors that may improve when GH treatment is re-
sumed. No data are available for emerging cardiovascular
risk factors in the GHD transition phase.

Emerging Cardiovascular Risk Factors

C-Reactive protein (CRP)
CRP is a marker of inflammation and is now considered

an independent cardiovascular risk factor (62). Elevated

CRP levels are associated with negative cardiovascular
prognosis (62, 63) and can predict the development of type
2 diabetes (64, 65), hypertension (66), and MetS (67).

Both lean and obese subjects with GHD have an ap-
proximately 4- to 5-fold increase in CRP (50), suggesting
a proinflammatory state linked directly to GHD (68, 69).
Earlier studies had provided conflicting results on the ef-
fect of GH therapy on CRP. Bollerslev et al (70) showed
that GH replacement was associated with reduced CRP,
independently of weight or immune-modulating actions,
even greater than that observed in a previous controlled
study that enrolled only women (71). A significant nega-
tive correlation between CRP and IGF-1 at baseline and
between the changes in CRP and IGF-1 after GH therapy
was documented (71), whereas a decrease in body fat did
not predict changes in CRP during GH treatment. Finally,
Deepak et al (72) recently reported a significant GH-me-
diated reduction in CRP levels in GHD that was not af-
fected by changes in body composition. Therefore, GHD
is likely a proinflammatory state (see also below), and GH
treatment may interrupt the vicious circle linking endo-
crine abnormality, inflammation, and atherosclerosis.

Proinflammatory cytokines
Several proinflammatory factors may be involved in

pathophysiological mechanisms of GHD cardiovascular
complications. Among them, IL-6 and TNF-� may have a
major role in causing endothelial dysfunction (73, 74).

Increased IL-6 levels have been documented in patients
with GHD independently of BMI or obesity; in addition,
GH replacement was able to effectively reduce IL-6 pro-
duction from monocytes (75). Bollerslev et al (70) showed
that IL-6 was increased in GHD and that GH reduced IL-6
similarly to CRP in men.

Also, TNF-� was significantly higher in children with
GHD than in controls; in addition, long-term GH therapy
was able to effectively reduce its levels. These data sug-
gested that GH could play an inhibitory role on TNF-�
release in humans (76).

Adipokines
Adipose tissue produces a large variety of peptides with

endocrine, paracrine, or autocrine actions called adipo-
kines (72–74, 77, 78). The most abundant adipokine is
adiponectin (72–74), which is decreased in obese patients,
positively associated with insulin sensitivity, and inversely
associated with the risk of type 2 diabetes (79, 80), exert-
ing anti-inflammatory, antiatherogenic, and insulin-sen-
sitizing effects (78, 79). Leptin is another important adi-
pokine involved in the central control of energy
homeostasis (77, 78); its activity is modulated by the sol-
uble isoform of its receptor (78). Leptin is usually elevated
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in obese subjects and can play an atherogenic, prothrom-
botic, and angiogenic role by stimulating vascular inflam-
mation, oxidative stress, and smooth muscle hypertrophy
(78).

Recently, it was observed that GHD was associated
with an altered adipokine protein expression pattern and
an increased adipocyte diameter: this may predispose the
adipose tissue to hypoxia and chronic inflammation (50,
81). Conflicting data are available in the literature on lep-
tin levels in GHD patients. Some studies found that levels
were higher in GHD patients than in controls (81–84), but
others did not (85). One study in humans also failed to
detect any effect of GH on circulating leptin concentra-
tions (86). In children with GHD, adiponectin and soluble
leptin receptor levels were higher than in controls, whereas
no differences in other adipokines were observed (87). A
12-month trial of GH replacement caused a decrease in
leptin levels concomitantly with a restoration of normal
IGF-1 concentrations (87). After 1 year GH also an in-
crease in adiponectin levels was observed (83).

Pregnancy-associated plasma protein A (PAPP-A)
PAPP-A is a high-molecular-weight metalloproteinase

produced by human artery vascular smooth muscle cells,
which degrades IGF binding protein-4, increasing the lev-
els of local unbound IGF-1 (88). PAPP-A is expressed in
eroded and ruptured atherosclerotic plaques and has been
proposed as a marker of increased risk of atherothrom-
botic events (88). Elevated PAPP-A levels were observed in
acute coronary syndrome (89) and ischemic stroke (90).

PAPP-A levels were higher in GHD patients than in
controls, and GH replacement lowered PAPP-A levels
(91), which correlated positively with BMI and waist-hip
ratio before and after treatment (91). Li et al (92) recently
confirmed that in GHD patients, PAPP-A and CRP sig-
nificantly increased with respect to matched controls with-
out correlation between their levels. The study by Li et al
suggested, but did not prove, that the rise of serum PAPP-A
was a direct response to decreased systemic IGF-1 and
hypothesized that PAPP-A could play a role in the devel-
opment of atherosclerosis in GHD (10, 92).

These recent studies interestingly updated our knowl-
edge on the interaction between GH and cytokines. In fact,
they somewhat upgraded the role of the latter from simple
markers of altered body composition and increased fat cell
activity to a possible causative link between the lack of
GH/IGF-1 and cardiovascular disease.

Oxidative stress
Oxidative stress seems to play a major role in the gen-

esis and development of atherosclerosis (73, 74). The ac-

tion of oxidative stress on atherosclerosis is mediated by
lipid peroxidation, in particular of LDL (74).

Conflicting data are available on oxidative stress in pa-
tients with GHD. Smith et al (93) found that oxidative
stress did not play a significant role in the proatherogenic
state of patients with GHD, but González-Duarte et al (94)
recently observed an important increase in oxidated LDL
in these subjects. Some studies showed that short-term GH
administration reduced lipid peroxidation in GHD (95,
96).

Coagulation system
Thrombosis plays a major role in the development of

cardiovascular events due to an excess of procoagulative
factors or impaired fibrinolysis (97). Therefore, coagula-
tion abnormalities can be risk factors for cardiovascular
morbidity and mortality (98). In patients with GHD, a
reduced protein S activity that was normalized after GH
replacement was recently documented (99). Data regard-
ing the association between GHD and impaired fibrino-
lysis are conflicting. Some, but not all, studies found an
impaired fibrinolytic activity (due to an excess of plasmin-
ogen activator inhibitor 1 and fibrinogen) that did im-
prove after GH replacement (100–103).

Endothelial dysfunction
Endothelial dysfunction is crucial in the development of

atherothrombosis and progression to cardiovascular dis-
eases (104). Asymmetrical dimethylarginine (ADMA) is
an endogenous inhibitor of endothelial nitric oxide syn-
thase, an enzyme involved in correct endothelial function
(105), considered a marker of endothelial dysfunction and
potential risk factor for atherothrombosis (105). In GHD,
an increase in ADMA was documented (106), and GH
replacement reduced ADMA and improved endothelial
function (107).

Cardiac function and morphology
Impaired cardiac functional reserve (108, 109) associ-

ated with chronotropic incompetence and impaired pres-
sure-generating capacity was reported in severe GHD
(110). Earlier investigations also documented reduced left
ventricular (LV) mass, abnormalities in contractility and
stroke volume index, reduced ejection fraction, and dia-
stolic dysfunction (9, 111). A meta-analysis showed that
GH replacement was associated with positive effects on
LV mass, intraventricular septum, diastolic function, and
stroke volume index, whereas no effects were observed on
systolic parameters (9, 112). In a 5-year follow-up study,
Cenci et al (113) documented a post-GH improvement in
exercise capacity and maximum oxygen uptake. In addi-
tion, in that study LV mass increased progressively during
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GH replacement, with no significant changes in other pa-
rameters (113). However, a magnetic resonance imaging
study showed that untreated GHD was not associated
with impaired systolic function or reduced LV mass, and
that 1 year only of GH replacement at physiological doses
did not affect cardiac mass or function (114). Similar re-
sults were obtained in another investigation, even if a sig-
nificant decrease in amino-terminal pro-brain natriuretic
peptide, a marker of heart failure, was observed after GH
replacement (115). Two recent studies did not observe
significant improvement in cardiac function or morphol-
ogy with different dose regimens of GH (low, moderate, or
high dose) during a quite short period of treatment (1 y)
(116, 117).

Mortality and Cardiovascular Events in
Adult GHD

Retrospective studies suggested that hypopituitarism may
be associated with significant increased mortality, espe-
cially in women (118–123). These studies showed a high
prevalence of untreated GHD, whereas other hormone
deficiencies were conventionally replaced. This increased
mortality seemed to be particularly associated with car-
diovascular and cerebrovascular disease (118–123).
These findings suggested that a GHD state may expose to
and worsen the risk for cardiovascular disease, even if
other factors, including GHD etiology (especially cranio-
pharyngioma) and untreated estrogen deficiency could
have been additional independent risk factors.

Stochholm et al (124) found significantly increased
morbidity in GHD patients. This increased morbidity was
due to several risk factors, including unfavorable meta-
bolic profile, leading to cardiovascular diseases in both
genders (124). However, at present there are no data on
the real incidence of cardiovascular events in large cohorts
of GHD patients. Assessment of coronary calcium depos-
its by computed tomography has been recently validated
as a reliable tool to estimate the risk for the development
of coronary artery disease (125). Recently, coronary cal-
cium deposits were associated with low IGF-1 levels in
patients with untreated GHD, and this was observed also
in subjects with low Framingham score and independently
of hypertension or insulin resistance (126).

By using the Framingham and European Society of Car-
diology scoring systems, Schneider et al (127) observed
that GH replacement could reduce the cardiovascular risk
by one-half within 2 years with high cholesterol, elevated
systolic blood pressure, male sex, and low IGF-1 levels
being potential predictors of positive response (127). In-
terestingly, the cardiovascular risk remained significantly

higher in controls than in treated patients after 4 years of
follow-up; this suggested a sustained effect of GH therapy.
Another study showed that GH replacement could pro-
vide protection from fatal myocardial infarctions with
rapid time course (121). Data from the KIMS database
indicated that mortality rates for GH-replaced patients
were similar to those of the background population (128).
Furthermore, a meta-analysis of blinded, randomized,
placebo-controlled trials showed that GH replacement
may have beneficial effects on cardiovascular risk, show-
ing improvement in lean and fat mass, total and LDL cho-
lesterol, and diastolic pressure (20). However, long-term
controlled trials on global mortality and the impact of GH
treatment on cardiovascular morbidity and mortality are
lacking.

Recently, van Bunderen et al (129) demonstrated an
increased mortality rate for all-cause mortality in adult
GHD treated with GH; in particular, an elevated mortality
due to cardiovascular events was observed in women. On
the contrary, mortality due to malignancies was not in-
creased in adults receiving GH treatment (129). Gaillard
et al (130) analyzed the cause-specific mortality in GHD
adults on GH replacement and found that malignancies
and cardiovascular and cerebrovascular disease were the
most common causes of death. Nevertheless, mortality
from cardiovascular diseases was lower in this study than
in previous studies (130). It is not clear whether the ob-
served difference in cardiovascular mortality between
these studies may be the result of GH replacement only or
of improved medical care and adequate control of hyper-
tension and hyperlipidemia. Cerebrovascular mortality
remained elevated in GH-treated patients.

Summary of Recent Findings, Open Issues,
and Conclusions

Recent findings
The recent meta-analysis by Elbornsson et al (21) con-

firmed the positive effect of GH treatment on total cho-
lesterol, LDL, and HDL, whereas no positive effects were
observed on triglycerides. In addition, it was observed that
in patients treated with GH, statin therapy could have a
synergistic rather than additive effect on cholesterol levels
(27). Long-term treatment with GH was shown to im-
prove the constellation of metabolic parameters of MetS
and to have positive effects on body composition (38–40,
43, 44, 48, 49). It has also recently emerged that GH re-
placement can improve inflammation, as documented by
a reduction in CRP (70, 72), TNF-� (76), and IL-6 (70).
Positive effects of GH replacement were also observed for
several adipokines, such as adiponectin, leptin, and
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PAPP-A (81), which may represent not only a marker but
also the possible link between GHD, inflammation, and
atherosclerosis (10, 92). Conversely, the most recent in-
terventional studies failed to consistently show GH-me-
diated improvement in cardiac and prognostic outcomes
(114–117, 125–127).

Open issues
GHD is associated with an unfavorable pattern of tra-

ditional cardiovascular risk factors. Moreover, nontradi-
tional and emerging markers of cardiovascular risk are
also altered in adult GHD patients. As a consequence,
GHD is characterized by increased cardiovascular mor-
tality and morbidity. GH replacement is expected to im-
prove cardiovascular outcomes of GHD patients. In fact,
it was reported by many authors to positively affect both
traditional and emerging cardiovascular risk factors. Al-
though initial evidence suggested that these results were
linked to a reduced global cardiovascular mortality and
morbidity in GHD patients, specific, long-term, and large
trials are lacking. However, with our current knowledge
about positive effects of GH, albeit on surrogate cardio-
vascular markers, it might be difficult to get acceptance/
approval for (placebo) controlled long-term studies that
may be considered unethical. Moreover, interpretation of
available studies on hard cardiovascular endpoints is af-
fected by several factors. First, the doses used for GH re-
placement and the cutoff for interpreting normalization of
IGF-1 have been significantly lowered over time (131–
134). In fact, from early weight-based dosing derived from
pediatric care up to 0.07–0.1 IU/kg daily (135–137),
mainly due to side effects (related to fluid retention), adult
practice shifted to individualized starting low doses, gen-
erally less than 1 IU (200–300 �g) per day (131), gradually
titrated until obtaining target IGF-1 in the normal range
for age (131, 134). The use of very low doses of GH min-
imized side effects while producing similar or even better
(44) metabolic effects than high doses previously used. In
fact, for all metabolic targets, possibly a U-shaped curve
may be envisaged with excessively high GH doses leading
to an acromegaly-like effect (138–142). Therefore, for pa-
tients with longer follow-up, beneficial effects of current
low-dose GH regimens may be counterbalanced by po-
tentially harmful effects of initially used high-dose GH.
Second, cardiovascular events remain quite a rare occur-
rence in GHD, which in turn is a rare condition (9), and
therefore it is difficult to design studies with these end-
points. On the other hand, this is not a big issue for sur-
rogate markers, the changes of which may well occur, as
reported in our review, very early or after relatively short-
term trials of GH treatment. In this regard, studies with
very long follow-up published in the last few years are

reassuring, showing a consistency of the effects of GH on
cardiovascular markers/risk factors between positive
short-time and long-time responses, and even (as happens
for bone effects) (138, 143) a change from negative effects
in the short term to positive effects in the long term (glu-
cose metabolism). Third, age of onset of GHD (144) as
well as age per se of the patients may be relevant to the
definition of a population at high cardiovascular risk, as
well as to the expected vs observed events, particularly in
terms of length of necessary follow-up (clearly more pro-
longed for young patients) and in terms of concomitant/
coexistent risk factors with high prevalence in the general
population (hypertension, diabetes, and obesity) not nec-
essarily linked to GHD. Unfortunately, due to the relative
rarity of the disease, mixed populations are involved in the
studies in terms of age of onset, sex (females require higher
GH doses than males to achieve the same biological ef-
fects) (9), etiology (post-Cushing, acromegaly, or cranio-
pharyngioma are subgroups of patients at pre-existing
high cardiovascular risk), and additional pituitary defects
(eg, cortisol deficiency may often be over-replaced, and
this may represent an additional cardiovascular risk fac-
tor) (145). Therefore, due to this inhomogeneous compo-
sition of the group of GHD adults and awaiting subgroup-
specific guidelines, every patient should be evaluated at the
individual level. Fourth, the types of studies available on
the effects of GH on cardiovascular risk factors/markers
but especially on cardiovascular events are also of mixed
quality and generally characterized by open, uncontrolled,
and observational features. Therefore, selection bias as
well as causality of the reported observations can rarely be
ruled out. Finally, do we have enough evidence to consider
reduction of cardiovascular risk an indication for pre-
scribing GH to GHD patients (146)? This issue is still very
sensitive because of the cost of treatment and its potential
side effects. Unfortunately, 8 years after our previous re-
view on the topic (9) and despite many further studies
having been published, there is still no definitive answer to
this question, and therefore cardiovascular effects of GH
therapy in GHD should still be considered an expected
benefit of treatment but not an indication to it.

Conclusions
Therefore, in conclusion, the GHD population may be

considered at high cardiovascular risk, and GH substitu-
tion may be expected to bring an added value to patients
with hypopituitarism in terms of cardiovascular protec-
tion. However, due to limitations of the available data
there is too limited evidence (rarely coming from random-
ized/controlled studies) to recommend GH treatment
based on the cardiovascular status of the patients.
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