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Introduction
Cardiovascular diseases (CVD) are the leading causes of death in 

the population. According to World Health Organization data from 
2016, of the 20.8million deaths from these diseases, 9.2million occur 
due to coronary artery disease (CAD).1,2 An estimated 6,000 adults 
are diagnosed with growth Hormone deficiency (AGHD) every year 
in the United States. AGHD has been estimated to affect 1 in 100,000 
people annually, whereas its incidence is approximately 2 cases per 
100,000 population when childhood-onsetGH deficiency patients are 
considered.3Some of the risk factors for atherosclerosis are currently 
well known, such as hypercholesterolemia, hypertension, smoking, 
diabetes mellitus, family history and sedentary lifestyle on a smaller 
scale. In recent years, research on atherosclerotic disease has focused 
mainly on changes in the lipid profile, since large studies have shown 
a correlation between dyslipidemia and coronary artery disease.4,5

The Framingham study, conducted with about 5,000 residents of 
this community in Massachusetts, showed a increased risk of higher 
levels of LDL cholesterol and lower HDL. Once this correlation 
has been demonstrated, several studies have succeeded, confirming 
the hypothesis that it is possible to control cardiovascular events 
by normalizing cholesterol levels.6 However, many patients with 
cardiovascular disease have normal cholesterol levels. It is estimated 
that they represent 30-35% of patients with CAD. Therefore, there 

is a search for new factors that may be involved in the genesis of 
coronary artery disease.6,7 There are a number of risk factors for 
cardiovascular disease, highlighted and described in the scientific 
literature. In particular, growth hormone (GH) has multiple roles 
in supporting human development and homeostasis.8 Its pulsatile 
secretion stimulates growth and contributes to a balance in a well-
regulated and coordinated process by many organs.6 Between 18 and 
25years there is an exponential decrease in the mean GH secretion, 
with drop in IGF-1 levels.6,8 By age 60, many people may experience 
a low rate of daily GH secretion.6 Its release in the body occurs mainly 
at night, in pulses, in the first hours of sleep, so it is not difficult to 
understand why a well-slept night would release a discharge of GH in 
the body. Another situation that stimulates the release of this hormone 
is the practice of physical activity, especially anaerobic, in which the 
release of lactic acid stimulates the release of this hormone, as well 
as testosterone.8

GHD is a important frequency medical condition that can affect all 
ages, with significant consequences on the patient’s health, including 
quality of life. However, the physiological decline of GH with age 
is not seen as an illness. This review brings together the different 
strategies used today with a look at future technologies to treat GHD. 
We present fundamental aspects for consideration when developing 
new methods to deliver GH, mimicking or replacing its pulsatile 
activity.9,10 The main information gap in the present study was the 
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Abstract

Significance: About 17.5million people die each year from cardiovascular disease 
(CVD). In Brazil, CVDs are leading causes of death. They represent 29.0% of the 
deaths and, in January 2017, they were responsible for more than 30 thousand deaths. 
In 2016, the Brazilian Society of Cardiology recorded 349,938 deaths. An estimated 
6,000 adults are diagnosed with growth Hormone deficiency (AGHD) every year in the 
United States, whereas its incidence is approximately 2 cases per 100,000 population 
when childhood-onsetGH deficiency patients are considered. Growth hormone (GH) 
may reduce cardiovascular risks. 

Information gaps: There is a lack of available scientific data on cardiac changes and 
cardiovascular risks observed in growth hormone deficiency (GHD). 

Objective: A meta-analysis was performed to evaluate clinical evidence on the effects 
of GH replacement therapy on cardiovascular risk. 

Methods: Followed the PRISMA guidelines. The descriptors IGF-1, GH/IGF-1, 
growth hormone, coronary diseases, cardiovascular risk were used. 

Results: Patients with GHD had a reduced aortic area and, after 1year of GH 
replacement, increased left ventricular mass index, increased non-fat mass and LDL 
reduction. 

Conclusion: GH deficiency is a major risk factor that causes various reactions in the 
body, leading to heart disease.

Keywords: IGF-1, GH/IGF-1, growth hormone, coronary diseases, GH decrease, 
risk factors for coronary disease
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still scarce literature, the interpretation of the GH decrease, as a risk 
factor for coronary diseases, the great bibliographic survey study, 
justifies our objectives. Thus, the present study aimed to describe the 
decrease in GH levels and its influence in patients with cardiovascular 
complications, which implies a risk factor for coronary diseases.

Methods
Study design

Following the criteria of literary search with the use of the 
MeSHterms that were mentioned in the item below in “Searchstrategy”. 
A total of 82 papers that were submitted to the eligibility analysis were 
collected and, after that, 37studies were selected, following the rules of 
the systematic review–Transparent Reporting of Systematic Reviews 
and Meta-analyses (PRISMA–http: //www.prisma-statement.org/).

Eligibility criteria and selection of studies

The inclusion criteria were as follows: none of the patients had 
received GH therapy and all patients received adequate replacement 
therapy from the other pituitary hormones. In all patients, the levels 
of all hormones, except GH, were kept within the normal reference 
range. The exclusion criteria for both groups were as follows: (1) 
current treatments with drugs that interfere with glucose metabolism, 
lipid metabolism or blood pressure; (2) presence of previous diagnosis 
of diabetes mellitus, hypertension or malignant tumor; (3) current 
treatment with GH; (4) functional disorders of the liver and kidney 
or mental disorder.

Sources of information

The review protocol was based on literary search criteria with the 
use of MeSH terms in the main databases such as PubMed, MEDLINE, 
Bireme, EBSCO, Sci ELO, etc. All references are recorded in End 
Note on the website http://www.myendnoteweb.com/EndNoteWeb.
html?cat=myrefs&.

Search strategy

In general, as an example, the research strategy in MEDLINE/
PubMed, Web of Science, Science Direct Journals (Elsevier), Scopus 
(Elsevier), OneFile (Gale) followed the following steps: (1) search for 
MeSHterms (coronary disease, IGF-1, GH/IGF-1, growth hormone, 
coronary diseases, GH decrease, GH index,risk factors for coronary 
heart disease, diabetes, obesity, hypertension, dyslipidemia and 
clinical trials);(2) use of the Boolean operators “and” between the 
terms and “or” between historical findings.

Statistical treatment of literary findings

Statistical analysis of the data was performed and interpreted by the 
author of the present study. For data analysis, a database was created 
in the Microsoft Excel spreadsheet that was exported to the Minitab 
17 statistical program. A common descriptive statistical analysis and 
Anderson-Darling normality test were performed for all variables and 
controls with reference p>0.10 as “normal”. As there were continuous 
and categorical predictors (GH deficiency parameters – test group) 
and predictors of response (parameters in the normal GH control 
group), linear regression and residual Durbin-Watson analysis were 
applied. For all linear regression tests, the alpha level of less than 
0.05 was adopted as significant. For the Durbin-Watson residue 
analysis, the significance level of reference was 0.05, adopting as 
acceptable independence tolerance 0.95<dw<1.54 (according to the 

Durbin-Watson standard table, dU<dw<4-dU), with two explanatory 
variables for the sample size of n=30.

Results and statistical approach
According to Table 1, the main parameters found in the literature 

on cardiovascular risk assessment in relation to GHD were 
summarized quantitatively. The parameters found were gender, age, 
current drinker, current smoker, exercise, BMI (body mass index), 
waist circumference, hip circumference, WHR (waist-hip ratio), SBP 
(systolic blood pressure) diastolic blood pressure, fasting glycemia, 
HOMA-IR (homeostasis model assessment of insulin resistance), 
TC (total cholesterol), TG (triglycerides), HDL and LDL. After 
regression analysis between continuous predictors (GH deficiency 
parameters – test group) and response (parameters in the normal GH 
control group), all analyses presented statistical difference (p>0.05), 
except waist circumference, WHR, SBP, fasting glycemia, TG and 
HDL, with p<0.05, that is, these last analyses showed similarities 
in dosed amounts, indicating that GH did not affect these measures. 
These findings confirm the p values shown in the previous paragraph.

Table 1 Main parameters and predictors of the relationship between GH and 
cardiovascular risk

  GHD Control p-value

Gender 40/51 71/69 p=0.254

Age 46.86±15.95 44.96±13.42 p=0.467

Current 
drinker,n(%)

70(76.1%) 55(23 %) p=0.734

Current 
smoker,n(%)

21(19.5%) 24(11.5%) p=0.247

Exercise, n(%) 14(15.4%) 32(22.9) p=0.342

BMI, kg cm2 24.22±4.08 23.95±2.92 p=0.487

Waist 
circumference, cm 84(76-90) 82(73-86) p=0.001

Hip 
circumference, cm 95(89-99) 93(91-97) p=0.568

WHR 0.90±0.63 0.84±0.09 p<0.001

SBP, mmHg 120(106.5-130) 122(112.25-134) p=0.045

DBP, mmHg 73(65-82) 76(67-82 p=0.523

Fasting blood 
glucose, mmol/l

5.2(5.03-5.8) 4.8(4.6-5.6) p=0.003

HOMA-IR 0.99(0-2.52) 1.40(0.8-2.01) p=0.083

TC, mmol/l 4.50(3.77-5.64) 4.60(4.11-5.42) p=0.639

TG, mmol/l 1.52(0.92-2.6) 1.01(0.79-1.79) p=0.002

HDL, mmol/l 1.02(0.87-1.54) 1.55(1.25-1.73) p<0.001

LDL, mmol/l 2.80±1.25 2.50±0.88 p=0.735

In addition, to further deepen the statistical correlation between the 
parameters, a residual Durbin-Watson analysis was performed. This 
analysis revealed that, in fact, there was no relation of dependence 
(significance) between the analysed data. Thus, the results were 
confirmed by Figure 1, where the residues appeared to follow a straight 
line. There was no evidence of discrepant or unidentified variables; 
the waste appears to be randomly scattered around zero. There was 

https://doi.org/10.15406/emij.2018.06.00193


Major predictors of growth hormone and cardiovascular risk: systematic review and meta-analysis 304
Copyright:

©2018 Ramirez et al.

Citation: Ramirez AVG, Filho DR, Cunha LBP, et al. Major predictors of growth hormone and cardiovascular risk: systematic review and meta-analysis. 
Endocrinol Metab Int J. 2018;6(4):302‒306. DOI: 10.15406/emij.2018.06.00193

no evidence of non-constant variance, absent terms, discrepant points 
or influential points; the histogram did not follow a normal curve; the 
residues appeared to be randomly scattered around zero. There was no 
evidence that the error correlates with one another.

Figure 1 Representative durbin-watson residual analysis among the 
predictors of Table 1.

Development–literary review
Growth hormone is the most abundant in the anterior pituitary, 

synthesized and secreted by somato trophs, 50.0% of pituitary 
hormone-secreting cells.11–15 Based on studies of heterogeneous 
groups of patients with GHD, increased cardiovascular mortality 
was associated with this disorder in adults,16,17 due to several factors, 
such as: atherosclerotic changes, abdominal adiposity, dyslipidemias 
(cholesterol) and elevation of high-sensitivity C-reactive protein 
(hsCRP).18 Patients with isolated GHD reduced insulin-like growth 
factor 1 (IGF-1) have an adverse cardiovascular profile, including 
obesity, small amounts of lean mass, increased fat percentage, 
increased systolic blood pressure, and high level of hsCRP, in addition 
to total cholesterol and LDL increase.3,13,19

In this context, a meta-analysis aimed to assess whether existing 
clinical evidence can determine the effects of growth hormone 
replacement therapy on cardiovascular risk, both in GH deficiency 
alone and in compensated hypopituitarism, including GH deficiency.20 
Increased fat-free mass and fat mass (FM) reduction were found, 
along with a reduction in LDL-C, a large variation in glycemia and 
a neutral effect on glycated hemoglobin (HbA1c) and blood pressure. 
These effects were valid for both patients with GHD. The overall 
score showed a non-significant reduction in overall cardiovascular 
risk (0.53; 95.0% CI: –1.23, 2.85).20 Meta-analysis did not show a 
significantly positive trend in cardiovascular risk following short- and 
long-term GH supplementation therapy in adult patients with GHD. 
However, a reduction in LDL cholesterol levels was found.21

Many previous studies have observed that current consumption 
of tobacco and alcohol is associated with cardiometabolic risk and 
mortality.22 However, there was no significant difference between 
GHD and the control group in their state of consumption, smoking 
or exercise. There are several cross-sectional and prospective 
studies suggesting a positive association between IGF-1 and 
atherosclerosis.23,24 Some studies have found that low IGF-1 index 
is a predictor of ischemic heart disease and mortality, due to its 
antiapoptotic, antioxidant and IGF-1 plateau stabilization actions.25 

The results of two studies showed an association between low IGF-
1 and carotid risk and coronary artery disease, suggesting that the 
increase in GH/IGF-1 hormones is associated with the risk of lower 
atherosclerosis and consequently lower cardiovascular mortality.23–26

IGF-1 has an anti atherogenic effect related to the reduction of 
oxidative stress in the vasculature.26–29 Therefore, an imbalance 
in redox regulation is associated with aging, leading to elevated 
vascular oxidative stress, predisposing to atherogenesis.30,31 The 
antioxidant effect of IGF-1 may represent an anti aging mechanism 
that contributes to the prevention of atherosclerosis. There is evidence 
that IGF-1 is able to preserve endothelial function.3 GH deficiency in 
the body impairs flow-mediated arterial dilatation and vasodilatation-
dependent endothelial NO, leading to increased cardiovascular 
morbidity and mortality.32

The GHD tests should be extended from hypothalamus-pituitary 
and cranial irradiation to include traumatic brain injury. The test may 
indicate GHD alone; however, idiopathic isolated GHD occurring 
again in the adult is not an entity. A low IGF-I is a reliable diagnostic 
indicator of GHD in the presence of hypopituitarism, but a normal 
IGF-I does not rule out GHD. The GH status should be reevaluated 
at the transition age for continued treatment to complete somatic 
development. The GH interaction with other axes can influence the 
requirements of thyroid, glucocorticoids and sexual hormone. The 
response should be assessed clinically by monitoring biochemistry, 
body composition and quality of life. There is no evidence that 
GH replacement increases the risk of recurrence of tumor or de 
novomalignancy.33,34

In addition, GHD may persist from childhood or be newly 
acquired.35,36 Confirmation by pacing tests is generally required unless 
there is a proven genetic/structural lesion persistent since childhood.37 
GH therapy offers benefits in body composition, exercise capacity, 
skeletal integrity and quality of life measures and is more likely to 
benefit those patients who have more severe GHD. The risks of GH 
treatment are low. GH dosing regimens should be individualized. The 
final decision to treat adults with GHD requires a clinical assessment 
with timely judgment with a careful assessment of the benefits and 
risks specific to the individual.38

Recent work has shown the evaluation of the effect after four 
years of GH on glucose homeostasis and evaluation factors affecting 
HbA1c in adults with GHD. The mean standard deviation (HbA1c) 
was 5 to 13 (0-65)% and remained at the same level at four years. 
Age and BMI had a significant impact on ΔHbA1c. At four years, 
85.0% of patients with HbA1c<5-7.0% (normal levels) at the baseline 
and 55.0% of patients with HbA1c 5.7-6.5% (glucose tolerance 
altered) at the baseline remained in the same category of glycemic 
health. Nineteen patients improved from impaired glucose tolerance 
to normal HbA1c. Seven patients developed diabetes. These data 
demonstrate that 4-year GH replacement did not adversely affect 
glucose homeostasis in most adults with GHD.34

Another study, after using an evidence-based approach, has 
pointed to guidelines that address important clinical issues related to 
the assessment and management of adult hypopituitarism, including 
appropriate biochemical assessments, specific therapeutic decisions 
to reduce the risk of comorbidities due to hormone over- or sub-
replacement, and management of hypopituitarism during pregnancy, 
pituitary surgery and other types of surgeries.35 Thus, without 
regulation, GHD is associated with insulin efficiency and obesity.35 
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Lower levels of leptin, despite a higher percentage of body fat, suggest 
that obesity-associated leptin resistance is GH-dependent. Elevated 
levels of adiponectin uncorrelated with body fat percentage indicate 
that GH signaling is required for its typical obesity suppression.36

GH deficiency from onset to adulthood is a rare disease that most 
commonly results from pituitary tumors, and this may result in changes 
in body composition, carbohydrate and lipid metabolism, bone mineral 
density, cardiovascular risk profile and quality of life, which may 
contribute to greater morbidity and mortality.37,38 Since recombinant 
human GH (rhGH) became available in 1985, several studies have 
provided evidence of its beneficial effects despite the potential risk 
of developing adverse effects and much clinical experience has been 
accumulated. However, in adults, the precise therapeutic role of GH 
replacement therapy and the individual response to GH remains 
highly variable and is still a matter of debate.38

Conclusion
The growth hormone GH and its IGF-1 axis are responsible not 

only for the growth of the human body, but also for the regularization 
of several factors that can lead to cardiovascular diseases. GH/IGF-
1 deficiency has been shown to accelerate atherosclerosis, causing 
endothelial dysfunction, reducing insulin, producing an increase 
in fat mass and also in systemic inflammatory activity. The drop in 
untreated GH can be a major risk factor, causing various reactions in 
the body and leading to heart disease.
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