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Abstract

Objective: Patients with Turner Syndrome (TS) have an unfavorable
cardiometabolic profile. It is aimed to determine the cardiometabolic risk factors
and the effect of growth hormone therapy on cardiometabolic profile in a group
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Methods: A total of 37 TS patients were included in the study. All
data were collected from hospital files. Obesity, hypertension, glucose
metabolism impairments, insulin resistance and dyslipidemia were obtained as
cardiometabolic risk criteria. The effects of Growth Hormone (GH) treatment on
cardiometabolic profile were also investigated.
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Results: Metabolic impairments were detected in 48% of the studied girls
in this cohort. Twenty-one percent of the patients had Impaired Fasting Glucose
(IFG) and 20% of the patients had Impaired Glucose Tolerance (IGT). The
prevalence of Insulin Resistance (IR) was 20% by OGTT. Dyslipidemia was
detected in 27% patients. The Body Mass Index (BMI) in the patients treated
with GH over than 3 years and in the patients started GH treatment before
10-years-old was significantly lower (p=0.036, p=0.018, respectively). HDL-C
was significantly higher in patients treated with GH over than 3 years (p=0.041).

Conclusions: It is confirmed that cardiometabolic abnormalities are
frequent in TS patients and duration of GH treatment (over than 3 years) has
protective effect on lipid profile. Metabolic abnormalities should be carefully
evaluated during the follow-up of patients with TS.
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Fasting Plasma Glucose (FPG), insulin, Total Cholesterol (TC), Low-
Density Lipoprotein Cholesterol (LDL-C), High-Density Lipoprotein
Cholesterol (HDL-C) and Triglyceride (TG) levels were measured.
Dyslipidemia was evaluated according to the recommendations of
Integrated Guidelines for Cardiovascular Health and Risk Reduction
in Children and Adolescents [6]. According to this high TC was
defined as 2200 mg/dL, high LDL-C as 2130 mg/dL, high TG as >
150 mg/dL and low HDL-C as <40 mg/dL.

Introduction

Turner Syndrome (TS) is associated with dyslipidemia, Insulin
Resistance (IR), increased incidence of type 2 diabetes (T2DM),
Hypertension (HT) and abdominal obesity which all contributes
cardiovascular risk factors [1,2]. Epidemiological data indicates that
adults with TS have a 2-fold risk of developing coronary artery disease
and there is an associated 3-fold risk of mortality from Cardiovascular
Diseases (CVDs) in this population [3,4]. Therefore, it is suggested

that patients with TS should be followed up intermittently in terms of
cardiovascular risk factors because of the increased risk of metabolic
abnormalities mentioned above [5].

Since most of the data were collected from adult series, we aimed to
investigate the cardiometabolic risk factors such as dyslipidemia, IR,
T2DM, HT and obesity in a cohort of children and adolescents with
TS to define the modality of onset cardiometabolic co-morbidities.
We even investigated the effect of Growth Hormone (GH) treatment
on cardiometabolic profile in children with TS.

Methods

Patients and data collection

The files of the 37 patients followed-up with TS were
retrospectively scanned. Blood samples were taken following a 12-
hour night starvation in all patients to assess the metabolic findings.

Patients that were older than 10 years underwent a standard 75-g
Oral Glucose Tolerance Test (OGTT) to define glucose metabolism
impairments. Fasting glucose levels and 2h glucose levels were used
for the diagnosis of Diabetes Mellitus (DM), Impaired Glucose
Tolerance (IGT), and Impaired Fasting Glycemia (IFG) according to
the American Diabetes Association (ADA) criteria [7]. Peak insulin
levels above 150 yU/mL during OGTT and/or insulin levels more
than 75 pU/mL at 120 min of OGTT were assumed IR [8].

Systolic Blood Pressure (SBP) and Diastolic Blood Pressure
(DBP) were measured with appropriate protocol and HT defined as
blood pressure values above the 95" percentile for height, age, and
gender [9].

Biochemical analyses

Blood samples were analyzed for glucose, insulin, TC, TG, HDL-C
and LDL-C using the standard procedures of the biochemistry
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Table 1: Distribution of the patients according to karyotype (n: 37).
Numeric (N: 25,67%)  Structural (N: 5,14%)  Numeric/structural (N: 7,19%)

45X 46,X,1 (X) (q10) 45,X/146,i (X) (410)
45,X146, XX 46,X,del (X) (421.2) 45,X/46,X,1 (Xq)
45, XI4T XXX 46.XX.del (X) (P22 45 %146 X idic (X) (p22.3)

pter)

laboratory of our hospital.

Calculations

Body Mass Index (BMI) was calculated by dividing weight (kg)
by height squared (m?). Patients with a BMI between 85-95 percent
were defined as overweight and patients with a BMI over 95 percent
as obese [10].

Homeostasis Model Assessment of Insulin Resistance (HOMA-
IR) index was calculated as the formula [fasting insulin (uU/mL) x
fasting glucose (mg/dL)]/405. IR was assessed according to Turkish
standards. HOMA-IR cut-off values were calculated to be 2.22 in the
pre-pubertal period and 3.82 in the pubertal period [11].

Cardio metabolic risk criteria

Obesity, HT, IFG, IGT, DM, IR and dyslipidemia were obtained
as cardiometabolic risk criteria.

The effects of GH treatment on cardiometabolic profile

Patients received recombinant human GH therapy at a dose
of 0.047 mcg/kg per day. GH therapy was started as soon as
growth failure had demonstrated and continued until little growth
potential observed (growth velocity <2 cm/year) [12]. To compare
the relationship between duration of taking GH therapy and
cardiometabolic risk factors, patients were divided to two groups:
duration of taking GH therapy less than 3 years and over than 3 years.
Additionally, to compare the relationship between the age of onset
GH treatment and cardiometabolic risk factors, patients were also
divided to two groups: onset of GH treatment before 10 years-old and
after 10-years-old.

Ethical aspects

The study was approved by the local ethics committee of the
hospital and written informed consent was obtained from the
participants and/or their family (approval number: 2017/591).

Statistical analysis

In addition to descriptive statistics (mean, standard deviation),
Student’s t test was used for group comparisons of normally distributed
variables. Mann-Whitney U test was used for intergroup comparisons
of non-normally distributed variables. Pearson correlation coefficient
was used to measure the association between the variables. A P-value
of <0.05 was considered statistically significant. Statistical analysis
was performed using the program NCSS 2007 (Number Cruncher
Statistical System, Kaysville, Utah, USA).

Results

Clinical characteristics and auxological data

The study group consisted of 37 patients with TS, 57% (n:21) with
45, X monosomy, 11% (n:4) with mosaicism, and 32% (n:12) with
other karyotypes (Table 1). The mean age at the time of the study
was 14.6+4.8 (range was 4.2-23.6) years. Mean age at diagnosis was

Table 2: The effect of the duration of GH treatment on cardiometabolic risk
factors.

Duration of GH treatment <3 years (n) 23 years (n) P
BMI, kg/m? 24.3+3.71 21.245.3 0.036
Fasting glucose, mg/dL 96.6+£9.4 99.1+11.9 0,972
Fasting insulin, u/lU/mL 10.4+10.1 11.949.5 0.570
HOMA-IR 2.59+2.64 3.05+2.62 0.693
TC, mg/dL 175.8+33.1 161.6+31 0.495
TG, mg/dL 100.5+49.4 73.2+21.0 0.154
LDL-C, mg/dL 107.6+32.2 87+21.3 0.100
HDL-C, mg/dL 48.9+10.4 60.0+15.1 0.041
SBP, mmHg 110.36+13.11 11648.5 0.245
DBP, mmHg 72.45+£11.26 77.36+7.97 0.252

GH: Growth Hormone; BMI: Body Mass Index; HOMA-IR: Homeostasis Model
Assessment of Insulin Resistance; SBP: Systolic Blood Pressure; DBP: Diastolic
Blood Pressure; TC: Total Cholesterol; TG: Triglyceride; LDL-C: Low-Density
Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol.

9.3+4.1 years with 56% of patients diagnosed after 10 years of age. The
mean duration of follow-up in this cohort was 7.2 years. GH therapy
was administered in 33 out of 37 patients (89% of the study group).
GH treatment was initiated at various ages (between 2.32 and 15.48
years; mean 10.08+3.09 years), depending on the age at diagnosis.
Duration of GH treatment ranged between 0.7 and 10.2 years (mean
3.13+1.94).

Cardiometabolic risk factors

Carbohydrate metabolism and findings from OGTT: Among
37 patients evaluated for impaired carbohydrate metabolism, 8 (21%)
patients had IFG and only 3 (8%) patients were insulin resistant
according to HOMA-IR. A total of 25 patients underwent an OGTT.
In 7 (28%) patients IGT were detected. Four of them had also IFG.
All the other patients had Normal Glucose Tolerance (NGT). When
the results of OGTT were evaluated for IR, five (20%) patients were
insulin resistant according to OGTT.

Lipid metabolism: Among 37 patients evaluated for dyslipidemia
27% had the disease. Five (13%) patients had high TC, high TG, high
LDL-C and low HDL-C simultaneously. One (3%) patient had both
high TC and low HDL-C. Four (11%) patients had solely low HDL-C.

Hypertension
Hypertension was not detected in any patient.
Metabolic comorbidities

Metabolic impairments were detected in 48% of the studied girls
in this cohort. Four (11%) patients had obesity and 6 (16%) patients
were overweight. 5 (13%) patients had both dyslipidemia and IGT.
They were more overweight compared to those without metabolic
abnormalities.

The effect of the duration of GH
cardiometabolic risk factors

treatment on

Duration of taking GH therapy was 3.13+1.94 years (ranged from
0.7 to 10 years). Eighteen patients were receiving GH treatment for
3 years and over. The BMI in the patients treated with GH over than
three years was significantly lower than the patients treated with GH
less than three years (p=0.036). These patients also had higher HDL-C
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Table 3: The effect of the age at onset GH treatment on cardiometabolic risk
factors.

Age at Onset GH Treatment <l0years-old | 210 years-old P
BMI, kg/m? 21.845.7 23.614.7 0.018
Fasting glucose, mg/dL 97.8+14.1 96.0+£10.1 0.551
Fasting insulin, u/U/mL 10.1+12.4 10.8+9.2 0.496
HOMA-IR 3.12+3,24 2.34+1,88 0.491
TC, mg/dL 167.5+26.9 172.6+33 0.824
TG, mg/dL 82.3+45.8 88.1+40 0.394
LDL-C, mg/dL 98.5+27.3 103.2429.6 0.738
HDL-C, mg/dL 56.3+13.3 51.5+13.8 0.738
SBP, mmHg 106.0949.45 115.07+12.45 0.047
DBP, mmHg 67.82+10.15 78.47+6.45 0.003

GH: Growth Hormone; BMI: Body Mass Index; HOMA-IR: Homeostasis Model
Assessment of Insulin Resistance; SBP: Systolic Blood Pressure; DBP: Diastolic
Blood Pressure; TC: Total Cholesterol; TG: Triglyceride; LDL-C: Low-Density
Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol.

levels (Table 2). BMI was negatively correlated with the time of GH
treatment (r=0,470, p<0,05), SBP and DBP were positively correlated
with the time of GH treatment (r=0.422, r=0.461, p<0.05 for all,
respectively), and there was no correlation between the lipid profile
and the time of GH treatment in the entire cohort.

The effect of the age of onset GH treatment on
cardiometabolic risk factors

Comparison of the age of onset GH treatment before and after 10
years old and cardiometabolic risk factors presented in (Table 3). The
mean age of onset of GH therapy was 10.08+3.1 years. In 16 patients
GH treatment started before 10-years-old. The BMI in the patients
started GH treatment before 10-years-old was significantly lower
than the patients started GH treatment after 10-years-old (p=0.018).
Additionally SBP and DBP were significantly lower in patients started
GH treatment before 10-years-old (p=0.047, p=0.030 respectively).
In Spearman’s correlation analysis only HDL-C levels were positively
correlated with age of onset GH treatment (r=0.545, p=0.007).

Discussion

TS is associated with a number of abnormalities in glucose
metabolism including IR, IFG, IGT, and T2DM [2]. Although the
exact prevalence is unknown, the overall risk of developing T2DM
appears to be frequent [13]. In a recent study, Ibarra-Gasparini et
al. also confirmed the high prevalence of DM in adult TS patients
[14]. In our study, although two patients were diabetic according to
OGTT, patients were considered as having IGT because of the lack of
the symptoms of diabetes and having less than 6.5% of HbA1c. Thus,
in this present study, IGT prevalence was 28%, which is higher than
previous studies [14-15].

It is also described a higher occurrence of IR in patients with TS
than controls [16]. Although the molecular basis of IR in TS remains
incompletely understood, an impaired insulin secretion and a defect
of insulin action have been implicated in previous studies [13,17].
In our cohort, IR was 8% according to HOMA-IR, however when
patients were evaluated by OGTT, IR was detected in 20% of the
patients. Interestingly, those who have IR with HOMA-IR do not
have IR with OGTT. According to this result, we suggest that the use

of HOMA-IR to assess IR in TS patients may not be confidential, since
an early insufficient insulin secretion is considered in these patients.
But considerably more comprehensive studies are needed to highlight
the mechanism of insulin secretion and action in TS patients.

TS patients also have an abnormal lipid profile. But lipid profile
observed in TS patients noticeably varied between studies. While
elevated TC is the most common pattern, higher TG and LDL-C
were also described [18,19]. In the entire cohort, the prevalence
of dyslipidemia established as 27% based on the defined features
of dyslipidemia. Decreased HDL-C was the most the prevalent
component that levels assumed to play an essential role in
pathogenesis of atherosclerosis [20].

In the evaluation the effect of GH therapy on glucose tolerance in
TS patients, some studies have shown no effect [21], while others have
found increased insulin resistance in long-term GH therapy [22,23].
In our study, we found that duration of GH treatment and age at
onset GH treatment did not affect glucose, insulin and HOMA-IR.
Studies even demonstrated the beneficial effects of GH therapy on
BMI in patients with TS [23,24]. Our study confirms that GH therapy
reduces BMI (Table 2 and 3). We found that both receiving GH
treatment more than 3 years and the onset of GH therapy before the
age of 10 years have a mitigating effect on BMI. These observations
are consistent with the observation of Danda et al. in which displayed
a possible beneficial effect on BMI [24].

In a recent study Kohno demonstrated a favorable impact of
GH therapy on atherogenic risk in TS patients [25]. In this study the
increasing levels of TC with age in prepubertal TS girls were improved
during 3 year of GH therapy. Weibin et al. also showed an obvious
improvement on lipid metabolism of patients who underwent GH
therapy [26]. They detected significantly increased plasma HDL-C,
as shown in our study, and decreased plasma LDL-C as well. In our
study population, we showed a significant increase in plasma HDL-C
in the patients that received GH treatment more than 3 years.

There are some limitations of this current study that needs to be
addressed. Although, the majority of TS subjects took one or more
prescription medications, in our study, we only investigated the
cardio-metabolic variables of the TS patients, and did not take into
account the current use of medication such as Hormone Replacement
Therapy (HRT) and I-thyroxin, which may have additional modest
confounding effects on cardio-metabolic risk factors. In conclusion,
despite the limitations, our study suggests that metabolic alterations
appears very early in the natural history of TS. We report that the
majority of individuals with TS suffer from abnormal carbohydrate
and lipid metabolisms. This study reinforces the need for routine
screening of glucose and lipid metabolism over time in TS patients.

Acknowledgment

We would like to thank participants for their contributions to this
study.

References

1. Mavinkurve M, O’Gorman CS. Cardiometabolic and vascular risks in young
and adolescents girls with Turner syndrome. BBA Clin. 201; 3: 304-309.

2. Gravholt CH, Juul S, Naeraa RW, Hansen J. Morbidity in Turner syndrome. J
Clin Epidemiol. 1998; 51: 147-158.

3. Gravholt CH. Epidemiological, endocrine and metabolic features in Turner

Submit your Manuseript | www.austinpublishinggroup.com

J Pediatri Endocrinol 5(1): id1031 (2020) - Page - 03


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4661589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4661589/
https://www.ncbi.nlm.nih.gov/pubmed/9474075
https://www.ncbi.nlm.nih.gov/pubmed/9474075
https://www.ncbi.nlm.nih.gov/pubmed/15588233

Suna K

Austin Publishing Group

10.

11

12.

13.

14.

15.

syndrome. Eur J Endocrinol. 2004; 151: 657- 687.

Czyzyk A, Meczekalski B. Cardiovascular and metabolic problems in Turner’s
syndrome patients. Arch Perinat Med. 2012; 18: 47-52.

Gravholt CH, Andersen NH, Conway GS, Dekkers OM, Geffner ME, Klein
KO, et al. International Turner syndrome Consensus group. Clinical practice
guidelines for the care of girls and women with Turner syndrome: proceedings
from the 2016 Cincinnati International Turner Syndrome Meeting. Eur j
Endocrinol. 2017; 177: 1-70.

National Heart Lung and Blood Institute. Integrated Guidelines for
Cardiovascular Health and Risk Reduction in Children and Adolescents.
Report of the Expert Panel, December 2011.

American Diabetes Association. Diagnosis and Classification of Diabetes
Mellitus. Diabetes Care. 2010; 33: 62-69.

Ten S, Maclaren N. Insulin resistance syndrome in children. J Clin Endocrinol
Metab. 2004; 89: 2526-2539.

Rosner B, Prineas RJ, Loggie JM, Daniels SR. Blood pressure homograms
for children and adolescents, by height, sex, and age, in the United States. J
Pediatr. 1993; 123: 871-886.

Bundak R, Furman A, Gunoz H, Darendeliler F, Bas F, Neyzi O. Body mass
index references for Turkish children. Acta Paediatr. 2006; 95: 194-198.

Kurtogglu S, Hatipogglu N, Mazicioglu M, Kendirici M, Keskin M, Kondolat
M. Insulin resistance in obese children and adolescents: HOMA-IR cut-off
levels in the prepubertal and pubertal periods. J Clin Res Pediatr Endocrinol.
2010; 2: 100-106.

Bondy CA. Turner syndrome Study Group. Care of girls and women with
Turner syndrome: a guideline of Turner syndrome Study Group. J Clin
Endocrinol Metab. 2007; 92: 10-25.

Bakalov VK, Cooley MM, Quon MJ, Luo ML, Yanovski JA, Nelson LM,
et al. Impaired insulin secretion in the Turner metabolic syndrome. J Clin
Endocrinol Metab. 2004; 89: 3516-3520.

Ibarra-GD, Altieri P, Scarano E, Perri A, Morselli-Labote AM, Pagotto U, et al.
New insights on diabetes in Turner syndrome: results from an observational
study in adulthood. Endocrine. 2018; 59: 651-660.

Yesilkaya E, Bereket A, Darendeliler F, Bas F, Poyrazoglu S, Kucukemre

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

AB, et al. Turner syndrome and associated problems in Turkish children: a
multicenter study. J Clin Res Pediatr Endocrinol. 2015; 7: 27-36.

Salgin B, Amin R, Yuen K, Williams RM, Murgatroyd P, Dunger DB. Insulin
Resistance is an Intrinsic Defect Independent of Fat Mass in Women with
Turner's Syndrome. Horm Res. 2006; 65: 69-75.

Caprio S, Boulware S, Diamond M, Sherwin RS, Carpenter TO, Rubin K, et
al. Insulin resistance: an early metabolic defect of Turner’s syndrome. J Clin
Endocrinol Metab. 1991; 72: 832-836.

O’'Gorman CS, Syme C, Lang J, Bradley TJ, Wells GD, Hamilton JK. An
evaluation of early cardiometabolic risk factors in children and adolescents
with Turner syndrome. Clin Endocrinol (Oxf). 2013; 78: 907-913.

Ross JL, Feuillan P, Long LM, Kowal K, Kushner H, Cutler GB Jr. Lipid
abnormalities in Turner syndrome. J Pediatr. 1995; 126: 242-245.

Stangl V, Baumann G, Stangl K. Coronary atherogenic risk factors in women.
Eur Heart J. 2002; 23: 1738-1752.

Wilson DM, Frane JW, Sherman B, Johanson AJ, Hintz RL, Rosenfeld RG.
Carbohydrate and lipid metabolism in Turner syndrome: effect of therapy with
growth hormone, oxandrolone, and a combination of both. J Pediatr. 1988;
112: 210-217.

Saenger P. Metabolic consequences of growth hormone treatment in
paediatric practice. Horm Res. 2000; 53: 60-69.

Van Pareren YK, De Muinck Keizer-Schrama SM, Stijnen T, Sas TC, Drop
SL. Effect of discontinuation of long-term GH treatment on carbohydrate
metabolism and risk factors for cardiovascular disease in girls with Turner
syndrome. J Clin Endocrinol Metab. 2002; 87: 5442-5448.

Danda VSR, Sreedevi P, Arun G, Rao PS. Growth Hormone Treatment in
Turner's Syndrome: A Real World Experience. Indian J Endocrinol Metab.
2017; 21: 378-381.

Kohno H, Igarashi Y, Ozono K, Ohyama K, Ohyama K, Ogawa M, et al.
Favorable impact of growth hormone treatment on cholesterol levels in turner
syndrome. Clin Pediatr Endocrinol. 2012; 21: 29-34.

Qi W, Li S, Shen Q, Guo X, Ogawa M, Osada H, et al. Effects of recombinant
human growth hormone therapy on carbonhydrate, lipid and protein
metabolism of children with Turner syndrome. Pak L Med Sci. 2014; 30: 731-
734,

Submit your Manuseript | www.austinpublishinggroup.com

J Pediatri Endocrinol 5(1): id1031 (2020) - Page - 04


https://www.ncbi.nlm.nih.gov/pubmed/15588233
https://www.researchgate.net/publication/279893786_Cardiovascular_and_metabolic_problems_in_Turner's_syndrome_patients
https://www.researchgate.net/publication/279893786_Cardiovascular_and_metabolic_problems_in_Turner's_syndrome_patients
https://www.ncbi.nlm.nih.gov/pubmed/28705803
https://www.ncbi.nlm.nih.gov/pubmed/28705803
https://www.ncbi.nlm.nih.gov/pubmed/28705803
https://www.ncbi.nlm.nih.gov/pubmed/28705803
https://www.ncbi.nlm.nih.gov/pubmed/28705803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797383/
https://www.ncbi.nlm.nih.gov/pubmed/15181020
https://www.ncbi.nlm.nih.gov/pubmed/15181020
https://www.ncbi.nlm.nih.gov/pubmed/8229519
https://www.ncbi.nlm.nih.gov/pubmed/8229519
https://www.ncbi.nlm.nih.gov/pubmed/8229519
https://www.ncbi.nlm.nih.gov/pubmed/16449026
https://www.ncbi.nlm.nih.gov/pubmed/16449026
https://www.ncbi.nlm.nih.gov/pubmed/21274322
https://www.ncbi.nlm.nih.gov/pubmed/21274322
https://www.ncbi.nlm.nih.gov/pubmed/21274322
https://www.ncbi.nlm.nih.gov/pubmed/21274322
https://www.ncbi.nlm.nih.gov/pubmed/17047017
https://www.ncbi.nlm.nih.gov/pubmed/17047017
https://www.ncbi.nlm.nih.gov/pubmed/17047017
https://www.ncbi.nlm.nih.gov/pubmed/15240640
https://www.ncbi.nlm.nih.gov/pubmed/15240640
https://www.ncbi.nlm.nih.gov/pubmed/15240640
https://www.ncbi.nlm.nih.gov/pubmed/28593616
https://www.ncbi.nlm.nih.gov/pubmed/28593616
https://www.ncbi.nlm.nih.gov/pubmed/28593616
https://www.ncbi.nlm.nih.gov/pubmed/25800473
https://www.ncbi.nlm.nih.gov/pubmed/25800473
https://www.ncbi.nlm.nih.gov/pubmed/25800473
https://www.karger.com/Article/Fulltext/90907
https://www.karger.com/Article/Fulltext/90907
https://www.karger.com/Article/Fulltext/90907
https://www.karger.com/Article/Fulltext/90907
https://www.karger.com/Article/Fulltext/90907
https://www.karger.com/Article/Fulltext/90907
https://www.ncbi.nlm.nih.gov/pubmed/23106295
https://www.ncbi.nlm.nih.gov/pubmed/23106295
https://www.ncbi.nlm.nih.gov/pubmed/23106295
https://www.ncbi.nlm.nih.gov/pubmed/7844670
https://www.ncbi.nlm.nih.gov/pubmed/7844670
https://www.ncbi.nlm.nih.gov/pubmed/12419293
https://www.ncbi.nlm.nih.gov/pubmed/12419293
https://www.ncbi.nlm.nih.gov/pubmed/3276862
https://www.ncbi.nlm.nih.gov/pubmed/3276862
https://www.ncbi.nlm.nih.gov/pubmed/3276862
https://www.ncbi.nlm.nih.gov/pubmed/3276862
https://www.ncbi.nlm.nih.gov/pubmed/10895045
https://www.ncbi.nlm.nih.gov/pubmed/10895045
https://www.ncbi.nlm.nih.gov/pubmed/12466334
https://www.ncbi.nlm.nih.gov/pubmed/12466334
https://www.ncbi.nlm.nih.gov/pubmed/12466334
https://www.ncbi.nlm.nih.gov/pubmed/12466334
https://www.ncbi.nlm.nih.gov/pubmed/28553590
https://www.ncbi.nlm.nih.gov/pubmed/28553590
https://www.ncbi.nlm.nih.gov/pubmed/28553590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3698903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3698903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3698903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4121687/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4121687/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4121687/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4121687/

	Title
	Abstract
	Introduction
	Methods
	Patients and data collection
	Biochemical analyses
	Calculations
	Cardio metabolic risk criteria
	The effects of GH treatment on cardiometabolic profile
	Ethical aspects
	Statistical analysis

	Results
	Clinical characteristics and auxological data
	Cardiometabolic risk factors
	Hypertension
	Metabolic comorbidities 
	The effect of the duration of GH treatment on cardiometabolic risk factors
	The effect of the age of onset GH treatment on cardiometabolic risk factors

	Discussion
	Acknowledgment
	References
	Table 1
	Table 2
	Table 3

