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Abstract

The benefits of long-term effects of growth hormone (GH) substitution on carbohydrate and lipid metabolism in GH-deficient (GHD)
adults are still controversial. The purpose of this study was to evaluate the effects of 5 years of GH substitution on body composition, glucose
and lipid metabolism, and carotid artery intima-media thickness (IMT) in GHD adults. Fourteen patients were clinically assessed every 3
months for 5 years. Serum insulin-like growth factor 1 levels, lipid profile, oral glucose tolerance test, and ultrasonography of the carotid
arteries were performed at baseline, 6 months, and every year during replacement. Visceral fat was measured by computed tomographic scan
at baseline and at 6, 12, 24, and 60 months. The waist circumference was reduced after 6 months but increased during the next months toward
baseline values. Visceral fat decreased during the study. Fasting glucose and insulin levels did not change, as well as the homeostasis model
assessment of insulin resistance index. Despite an initial increase in frequency of abnormal glucose tolerance, mean 2-hour oral glucose
tolerance test glucose levels decreased during the last 2 years. There was an increase in apolipoprotein A-1 levels during the treatment.
Apolipoprotein B levels were reduced after 6 months and remained stable thereafter. A reduction in carotid artery IMT was observed during
replacement. We concluded that 5 years of GH replacement therapy promoted positive effects on visceral fat, lipid profile, and carotid artery
IMT in GHD adults. Long-term therapy improves insulin sensitivity through a reduction in visceral fat, and continuing monitoring is

mandatory in terms of glucose metabolism.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Hypopituitary adults have a reduced life expectancy, with
a 2-fold higher risk of death related to cardiovascular disease
compared with healthy controls [1]; and growth hormone
deficiency (GHD) has been considered the underlying factor
influencing this increased mortality. Growth hormone
deficiency produces negative effects on cardiovascular
function, directly on the heart and the endothelium and
indirectly via its impact on hypercoagulability, abdominal
obesity, insulin resistance (IR), unfavorable lipid profile
with an increase in low-density lipoprotein cholesterol
(LDL-C), apolipoprotein (apo) B, and triglycerides (TG) in
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association with decreased levels of high-density lipoprotein
cholesterol (HDL-C), atherosclerosis, decreased exercise
performance, and reduced pulmonary capacity [2-9]. These
alterations may contribute to an increase in premature
cardiovascular morbidity in patients with hypopituitarism
receiving conventional full pituitary hormone substitution
other than GH [3,10,11].

Several studies have indicated favorable effects of GH
replacement on all of these changes [12-18], with the
exception of glucose homeostasis. Few studies have
documented positive effects of GH therapy on glucose
metabolism and IR [12,14,19], whereas others have shown a
deterioration [15-17,20-22] or no change in insulin sensitiv-
ity during treatment [23-26], even in cases of favorable
changes in body composition [16,23]. Therefore, the effects
of GH substitution on carbohydrate metabolism in GHD
adults are still controversial and require further research.
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The purpose of this long-term prospective study was to
assess the effects of 5 years of GH substitution on body
composition, glucose metabolism, lipid profile, and carotid
artery intima-media thickness (IMT) in Brazilian adults
with GHD.

2. Materials and methods

2.1. Subjects

Fourteen GHD adults (4 men and 10 women; age range,
33-62 years; body mass index [BMI], 24.6 + 4.3 kg/m?)
(Table 1) were studied between 1998 and 2006. All patients
had multiple pituitary deficiencies and were undergoing
stable conventional replacement therapy for at least 6 months
before and during the study period. Prednisone (mean
dosage, 2.5-5 mg/d), levothyroxine (132.3 £+ 26.1 ug/d),
desmopressin (15-40 ug/d), and gonadal steroids were used
as necessary. All had severe GHD for at least 12 months
before replacement (maximum peak serum GH response to
insulin-induced hypoglycemia and glucagon test <3 ng/mL).

Exclusion criteria included the following: GH therapy in
the last 12 months, any acute severe illness during the
previous 6 months, pregnancy or lactation, chronic liver or
renal disease, diabetes mellitus, prior acromegaly, severe
hypertension, psychiatric disease, drug or alcohol abuse,
history of malignancy, and use of chronic medication (except
pituitary replacement therapy, contraceptives, and treatment
of mild hypertension). Individuals who developed clinical
asymptomatic diabetes during the trial remained in the study
and received dietary instructions.

The causes of hypopituitarism were Sheehan syndrome
(8 patients), nonfunctioning pituitary adenoma (2), idio-
pathic (2), histiocytosis X (1), and other pituitary pathologies

Table 1
Age, sex, BMI, and cause of hypopituitarism in the 14 GHD patients at
baseline

Number Age (y) Sex Cause of hypopituitarism BMI
(kg/m’)
1 39 Male Idiopathic 18.98
2 35 Female Sheehan syndrome 25.68
3 50 Male Histiocytosis X 27.16
4 58 Female Sheehan syndrome 22.68
5 46 Female Sheehan syndrome 25.61
6 37 Male Nonfunctioning pituitary 29.54
adenoma
7 38 Male Idiopathic 25.71
8 62 Female Sheehan syndrome 18.16
9 54 Female  Nonfunctioning 25.92
pituitary adenoma
20 45 Female Sheehan syndrome 26.10
11 33 Female Sheehan syndrome 30.62
12 36 Female Sheehan syndrome 17.21
13 61 Female Sheehan syndrome 21.97
14 48 Female Other pituitary pathology, 29.46

vascular lesion

(1) (Table 1). Three patients had family history of type 2
diabetes mellitus in first-degree relatives, and 4 had family
history of dyslipidemia.

2.2. Ethical considerations

Informed written consent was obtained from each patient;
and the study protocol was approved by the Human Research
Ethics Committee of Clementino Fraga Filho University
Hospital, Federal University of Rio de Janeiro, Brazil.

2.3. Study protocol

This was an open prospective study. Patients were
evaluated each month during the period of dose adjustment
and then every 3 months for 5 years. Growth hormone
(Norditropin; Novo-Nordisk, Denmark, 3 IU/mg) was
administered subcutaneously to the patient at bedtime. The
initial dose was 0.015 mg/(kg wk). The injection site was
either the abdomen or the anterior thigh, according to the
patient’s preference, but remained constant throughout the
study. Although the body weight was used to define the
initial dose of GH, the ideal dose was attained with a dose
titration regimen, which was based on the analysis of adverse
effects and serum insulin-like growth factor (IGF) 1 levels.
The maintenance dose of GH was the one that kept IGF-I
levels in the upper limit of the age-related reference range
(defined by the IGF-1 assay manufacturer’s instructions).
The mean dose at the end of the period of dose titration was
0.83 + 0.2 mg/d. Blood samples were drawn between 8:00
and 9:00 am after 12 hours of overnight fast. Serum IGF-1
was assessed at baseline—along with total cholesterol (TC),
TG, HDL-C, LDL-C, apo A and apo B, and lipoprotein (a)
(Lp[a])—and every 4 weeks until maintenance dose was
reached. Thereafter, lipid profile and serum IGF-1 levels
were performed at 6, 12, 24, 36, 48, and 60 months during
therapy. At baseline and after 6, 12, 24, 36, 48, and 60
months, the patients underwent an oral glucose tolerance test
(OGTT) and ultrasonography of the carotid arteries. The
visceral fat was measured by computed tomographic (CT)
scan at baseline and at 6, 12, 24, and 60 months after GH
replacement. Compliance was checked by vial count; and
initially, all patients were asked not to change their diet and
level of physical activity.

2.4. Body composition

Body weight was measured to the nearest 0.1 kg via
mechanical scales with subjects wearing light clothes. Body
height was assessed barefoot to the nearest 0.5 cm by
stadiometer. Body mass index was calculated as body weight
(in kilograms) divided by squared height (in square meters).
Waist to hip ratio (WHR) was calculated as the ratio of the
narrowest waist to the widest gluteal region circumference
by soft tape in the standing position. Abdominal adipose
tissue was measured by CT scan using a helicoidal scanner.
The technique has already been described in detail in our
previous study [20].
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2.5. Glucose metabolism

An OGTT was performed at 8:00 AM after a 12-hour
overnight fast with 75 g of glucose monohydrate in 300 mL of
water. Blood samples were collected at 0 minute for
measurement of plasma glucose and insulin levels and at
120 minutes for glucose levels.

The American Diabetes Association criteria [27] were
used for oral glucose tolerance classification. The IR in the
fasting state was estimated by the homeostasis model
assessment (HOMA) according to the formula described by
Matthews et al [28]: HOMA-IR = fasting insulin (in
microunits per milliliter) x fasting glucose (in millimoles
per liter)/22.5.

2.6. Carotid artery ultrasonography

The evaluation was performed using a high-resolution
echo-color Doppler system. This technique has previously
been described in our preceding study [29].

2.7. Biochemical assays

Serum IGF-I was measured by immunoradiometric
assay (DSL-5600 Active; Diagnostic Systems Laboratories,
Webster, TX) with an intraassay coefficient of variation
(CV) of 1.5% and interassay CV of 3.7% and reference
range of 80 to 500 ng/mL. The upper limit of the age-
related reference range was as follows: 30 to 40 years =
494 ng/mL, 40 to 50 years = 303 ng/mL, and 50 to 60
years = 258 ng/mL. Growth hormone was determined using
an immunometric chemiluminescent assay (IMMULITE;
DPC, Los Angeles, CA). The intraassay and interassay CVs
were 5.8% and 5.7%, respectively, at a mean GH
concentration of 3.1 ng/mL; the lowest detection limit
was 0.01 ng/mL. Plasma glucose was immediately
measured by the glucose oxidase method. Insulin was
measured by a 2-site immunometric assay (Auto-DELFIA;
Wallac, Turku, Finland) with an intraassay CV of 2.4%,
interassay CV of 2.5%, cross-reactivity with proinsulin
<1%, reference range of 2.34 to 26.40 upU/mL, and
detection limit of 0.5 pU/mL. The TC and TG were
measured by an enzymatic method (Colestat enzimatico,
Wiener Laboratory, Rosario, Argentina, and Ecoline 25,
Merck, Whitehouse Station, NJ, respectively). The inter-
assay CVs for TC and TG were 2.32% and 2.81%,
respectively. The cholesterol content of HDL was deter-
mined using an inhibition selective method (HDL LE;
Labtest Diagnostica, Minas Gerais, Brazil); the interassay
CV was 2.06%. Apolipoproteins A-1 and B were measured
by immunonephelometry (N antisera to human apo A-1 and
B; Dade Behring, Deerfield, IL). The apo A intraassay and
interassay CVs were 2.2% and 5.7% at mean levels of 158
and 145 mg/dL, respectively. The apo B intraassay and
interassay CVs were 1.9% and 2.4% at mean levels of 104
and 108 mg/dL, respectively. Expected values for apo A-1
and apo B were 110 to 215 mg/dL and 55 to 140 mg/dL,
respectively. Lipoprotein (a) was measured by immunone-

phelometry (LPA; Beckman, Galway, Ireland). The intraas-
say and interassay CVs were <5% and <8%, respectively.
The LDL-C concentrations were calculated using the
Friedewald equation [30].

Blood samples were immediately centrifuged and
stored at —20°C for analysis after a 6-month maximum
period. Overall, the same assay was used at baseline and
during follow-up.

2.8. Statistical analysis

Statistical analysis was performed with Stata software
(College Station, TX; version 7.0, 2001). Data were
expressed as mean = SD. We used analysis of variance
(ANOVA) for repeated measures to analyze changes over
time after log transformation, with Friedman as a comple-
mentary test when there was a high degree of non-normality
in the distribution. Student paired ¢ test was used to compare
each parameter in time. All statistical tests were conducted
based on 2-tailed alternatives. A P value less than .05 was
accepted as significant for all analysis in the study.

3. Results

Serum IGF-I concentration was significantly increased by
GH replacement throughout the study period (from 79.1 + 67
to 187.8 + 137 ng/mL after 60 months, P = .0001). At the
sixth month, mean GH dosage was 0.87 mg/d (range, 0.56-
1.2). The dose of GH was gradually lowered during the study
to keep IGF-I within normal levels adjusted for age. At the
fifth year, mean GH dosage was 0.64 mg/d (range, 0.35-1.0)
(Fig. 1). No major adverse effects were observed besides
edema and arthralgia at the beginning of the study.

3.1. Body composition

Despite an initial reduction in body weight, there was
an overall tendency of its increase throughout time (p =
.059). The waist circumference reduced after the first 6
months of treatment but had progressively increased during
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Fig. 1. The dose of GH during 5 years of GH replacement in 14 GHD adults.
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Table 2
Body composition in GHD adults at baseline and after 6, 12, 24, 36, 48, and 60 months of GH replacement (N = 14)
Baseline 6 mo 12 mo 24 mo 36 mo 48 mo 60 mo P

Visceral fat (cm?) 135+ 55 91 + 46 93 +45 95 £ 49 - - 88 +42 .001
Waist (cm) 79+9.9 76 £9.7 77 £ 8.2 78 +£8.2 80 +9.1 78 £9.0 80 £+ 10 .039
WHR 0.85 +0.08 0.80 = 0.09 0.83 = 0.07 0.82 + 0.06 0.83 = 0.08 0.81 £0.08 0.83 £ 0.08 878
Body weight 61 +13 60 = 12 60 + 13 61 +13 62+ 13 61 £13 63+ 13 .059
BMI (kg/m?) 24.6 +4.3 24.0+42 242 +4.0 244 +3.8 25.0+4.1 245+ 4.1 254 +4.1 .059

Values are expressed as mean + SEM. P values are based on ANOVA for repeated measurements (baseline vs 60 months). Boldfaced entries indicate levels of

statistical significance or a tendency.

the next months toward baseline values (P = .039). There
was no significant change in WHR. Visceral fat was
reduced progressively during the 5 years of GH substitu-
tion (P = .001) (Table 2).

3.2. Glucose metabolism

Fasting glucose levels and the HOMA-IR did not change
during the treatment period (P = .39 and 0.74, respectively)
(Table 2). A considerable but non-—statistically significant
reduction in fasting insulin levels was observed in the 60th
month (P = .64) (Table 3).

The prevalence of abnormal glucose tolerance increased
from 2 patients (14.3%) at baseline evaluation to 5 (35.7%)
after 6 months, 8 (57.1%) after 12 months, and 9 (64.3%) at
the 24th month. Afterward, this prevalence declined to 6
patients (42.9%) after 36 months, 7 (50%) at the 48th month,
and 4 (28.6%) after 60 months (Fig. 2). Therefore, regardless
of the initial increase in the frequency of abnormal glucose
tolerance (p = .04), mean 2-hour OGTT glucose levels
decreased during the last 2 years of GH replacement (p =
.031) (Table 3). Only one patient still had diabetes mellitus at
the end of the study: a 59-year-old woman (BMI 25.9 kg/m?)
with impaired glucose tolerance at baseline and positive
family history of diabetes.

3.3. Lipid profile and carotid artery IMT

There was a considerable increase in apo A-1 levels
during the study (p = .03). Apolipoprotein B levels were
reduced significantly after the first 6 months of treatment
(p < .001) and remained stable thereafter. An increase in
LDL-C levels occurred from 36 to 60 months (p = .044). No
significant changes were observed in TC, HDL-C, TG, or Lp
(a) levels after GH substitution (Table 4).

A progressive reduction in common carotid artery IMT
and in carotid artery bifurcation IMT (Table 5) was

observed during the 60 months of replacement (p = .015
and .002, respectively).

4. Discussion

In this open prospective study, 5 years of GH replacement
therapy induced a sustained reduction in visceral fat
measured by CT scan, which is in agreement with many
studies [11,13,25,31]. Moreover, the waist circumference
was reduced after the first months of treatment but showed a
progressive increase throughout time toward baseline values.
In addition, there was a tendency of an increase in body
weight during the study. These findings are supported by
another long-term study, in which continuous GH therapy
had no effect on BMI but prevented the age-related increase
in waist circumference [26].

Among numerous cardiovascular risk factors, abdominal
obesity is a well-known predictor of subsequent coronary
artery disease because centrally obese patients show
atherothrombotic and proinflammatory abnormalities and a
high risk of IR, diabetes mellitus, hypertension, and
dyslipidemia [32]. It is now well established that GH
replacement increases lean body mass by 2 to 5 kg while
reducing body fat mass by 30%, or approximately 3 to 6 kg
[31,33]. Improvement in body composition may be the
single most important factor in reducing vascular risk,
estimated by the Framingham model to correspond to a 3%
to 4% decrease in the incidence of coronary heart disease
over 10 years [25].

In the current study, fasting glucose levels and the HOMA-
IR index did not change during the treatment period, whereas
a considerable but non—statistically significant reduction in
fasting insulin levels was observed in the 60th month.
Furthermore, regardless of the initial increase in frequency of
abnormal glucose tolerance, mean 2-hour OGTT glucose

Table 3
Glucose metabolism in GHD adults at baseline and after 6, 12, 24, 36, 48, and 60 months of GH replacement (N = 14)

Baseline 6 mo 12 mo 24 mo 36 mo 48 mo 60 mo P
Fasting glucose (mg/dL) 80+ 9 91 £26 81+ 10 87+ 14 85+ 11 82+ 8 83+9 .39
2-h OGTT glucose (mg/dL) 123 + 62° 128 + 39° 147 + 49° 163 + 69° 149 + 56° 173 = 61° 124 +53° .04* 03°
Fasting insulin (xU/mL) 14 £26 11+5 9+6 13+£9 9+6 14 £21 8+7 .64
HOMA-IR 27+5.0 3.6+4.6 20+1.5 28+2.1 1.8+ 1.1 29+4.6 1.7+1.6 74

Values are expressed as mean + SEM. P values are based on ANOVA for repeated measurements (baseline vs 60 months), except *Student paired ¢ test: baseline
vs 24 months and "Student paired ¢ test: 24 months vs 60 months. Boldfaced entries indicate levels of statistical significance or a tendency.
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Fig. 2. Prevalence of impaired glucose tolerance and diabetes mellitus at
baseline and after 6, 12, 24, 36, 48, and 60 months of GH replacement
(N = 14) according to the American Diabetes Association criteria (1997).

levels decreased during the last 2 years of GH replacement. In
our previous study, 24 months of GH substitution induced an
increase in the prevalence of abnormal glucose tolerance,
with a significant progressive increment in 2-hour OGTT
insulin levels at 3, 12, and 24 months. Fasting plasma glucose
levels, HOMA-IR index, and insulin sensitivity index
composite did not alter during the study. Visceral fat was
reduced at month 12 and remained decreased until the end of
the study [34].

Insulin resistance, as determined by a decreased insulin-
stimulated glucose uptake by fat and skeletal muscle, is a
central feature of the metabolic syndrome associated with
increased cardiovascular mortality. High levels of endogen-
ous GH or high doses of recombinant human GH may
antagonize the actions of insulin via an increase in hepatic
gluconeogenesis and glycogenolysis in association with
increased lipid oxidation as well a decrease in peripheral
glucose utilization, which appears to be related to a
postreceptor defect [35]. However, although this is a
consistent effect of GH therapy, it does not mean per se
that it leads to abnormal glucose tolerance and diabetes
mellitus [36].

Several methods for measuring insulin sensitivity can
be used in clinical research and routine clinical practice.

We chose HOMA-IR index because it is a simple, low-
cost method and correlates well with the glucose disposal
rate derived from the hyperinsulinemic euglycemic clamp,
being mostly useful for the evaluation of insulin
sensitivity in euglycemic individuals and in persons
with mild diabetes. Furthermore, the OGTT has still
been considered a practical method for epidemiological
studies, for population screening, and for large-scale
intervention trials [37].

During the initial months of GH treatment, there is an
initial deterioration of IR that could be restored to baseline
values after several months of treatment. A generally
accepted hypothesis for the return of insulin sensitivity in
the direction of baseline values after 3 to 12 months of GH
replacement is the favorable effects of GH on body
composition, such as an increase in muscle mass and a
sustained reduction in visceral fat [14], as well as improve-
ments in well-being and physical activity level. Christopher
et al [24] showed that insulin sensitivity appears to be
unchanged, compared with baseline, for up to 2 years of GH
substitution. In another 5-year prospective study [14], the
blood glucose concentration was increased throughout the
study period, whereas the serum insulin levels were
unaffected by GH treatment. At 5 years, the serum glycated
hemoglobin concentration was reduced compared with the
baseline value. A meta-analysis [31] of blinded, randomized,
placebo-controlled trials of GH in adults with GHD
published up to August 2003 showed that GH therapy
significantly increased plasma glucose and insulin levels and
does not support the proposal that IR falls during low-dose
and long-term GH treatment.

The doses of GH used in early studies were higher than
the dose recommended now [38], and this fact may have
impacted upon insulin sensitivity. Standard doses of GH
replacement (GH doses titrated to normalize serum IGF-1
levels according to sex and age) lead to consistent
reductions in truncal fat but have variable effects on
insulin sensitivity because these doses can probably induce
lipolysis. A recent open, prospective study has demon-
strated that, in contrast to the standard GH dose (mean
dose, 0.48 mg/d), administration of a fixed low dose of GH
(0.10 mg/d) enhances insulin sensitivity and decreases
fasting glucose levels with no apparent favorable effects on

Table 4
Lipid profile in GHD adults at baseline and after 6, 12, 24, 36, 48, and 60 months of GH replacement (N = 14)

Baseline 6 mo 12 mo 24 mo 36 mo 48 mo 60 mo P
TC (mg/dL) 197 + 38 184 £ 31 194 £+ 34 201 £ 31 205 £ 31 215+ 46 217 £ 36 .19
HDL-C (mg/dL) 49+ 14 50+ 16 54+18 57+17 55+19 55+18 54 +£21 .84
LDL-C (mg/dL) 120 + 33 109 £ 35 112 £33 118 £28 122 £ 317 135 £ 36% 141 + 26° .06 .04"
TG (mg/dL) 141 £ 70 124 + 67 125+ 46 132 £ 60 139 + 81 123 + 68 107 + 66 .85
Apo A (mg/dL) 152 + 46 161 £ 35 160 + 38 166 £ 53 162 £ 59 - 164 + 81 .03
Apo B (mg/dL) 111 +23° 93 + 16° 89 + 22 94 + 24 95 + 30 - 89 + 22 001" .11
Lp(a) (mg/dL) 34 +27 43 +£32 33 +27 35+ 31 39 +32 - 24 +£21 .80

Values are expressed as mean + SEM. P values are based on ANOVA for repeated measurements (baseline vs 60 months), except “Student paired ¢ test: 36

months vs 60 months and "Student paired  test: baseline vs 6 months. Boldfaced entries indicate levels of statistical significance or a tendency.
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Table 5
Carotid artery IMT in GHD adults at baseline and after 6, 12, 24, 36, 48, and 60 months of GH replacement (N = 14)

Baseline 6 mo 12 mo 24 mo 36 mo 48 mo 60 mo P
Cca IMT (cm) 0.076 + 0.02 0.077 £ 0.01 0.074 £ 0.01 0.07 £ 0.01 0.076 = 0.03 0.067 £ 0.01 0.065 + 0.02 015
CaB IMT (cm) 0.084 +0.02 0.079 + 0.02 0.079 0.02 0.077 £ 0.01 0.080 + 0.02 0.068 + 0.01 0.069 + 0.01 .002

Values are expressed as mean + SEM. P values are based on ANOVA for repeated measurements (baseline vs 60 months). Cca indicates common carotid artery;

CaB, carotid artery bifurcation.

body composition, nonesterified fatty acid levels, and other
surrogate cardiovascular risk markers in GHD patients [39].
Another study comparing 2 different GH doses (mean daily
GH dose of 0.55 and 0.45 mg, respectively) has shown
similar response to GH treatment in terms of body
composition, glucose homeostasis, Lp(a) levels, and blood
pressure [40]. Boguszewski et al [41] have demonstrated a
decrease in waist circumference and total body fat in
association with an increase in muscle mass with a fixed
low dose of 0.2 mg GH per day administered for 1 year,
independent of achieving normal serum IGF-1 levels.
However, there were no changes in truncal fat; and
HOMA-IR worsened with therapy because of elevations
in insulin levels. A retrospective examination of GH dosing
practices over a 5-year period included 102 GHD patients
and recommended that mean GH doses seldom exceed 0.6
and 1.0 mg/d in adult men and women, respectively, or
2.0 mg/d in transition patients [42]. In the present study, the
weight-based dose regimen was abandoned after 1 to 2 years
of treatment. This gradual lowering and individualization of
the GH dose could contribute to an amelioration of glucose
homeostasis in the last years of therapy.

Patients with GHD have increased blood vessel IMT,
which represents one of the earliest morphological
changes in the arterial wall in the developmental process
of atherogenesis. Growth hormone substitution for 6 to
120 months has been associated with reduced IMT at the
common carotid artery [12,43-45]. Ultrasound Doppler
techniques can be used to determine the severity of
atherosclerotic changes present in a vessel, and carotid
IMT provides a direct measure of risk of myocardial
infarction and stroke [46]. In our study, a progressive
reduction in carotid artery IMT was demonstrated.

In the current study, the patients showed a considerable
increase in apo A-1 levels; apo B levels were reduced
significantly after the first 6 months and remained stable
subsequently. Moreover, an increase in LDL-C levels
occurred from 36 to 60 months. No significant changes
were observed in TC, HDL-C, TG, or Lp(a) levels after
treatment. In our preceding 2-year study with 29 GHD
patients [29], the apo B levels decreased significantly after
the first 3 months of GH treatment and remained stable until
the end of the study. In addition, the female subjects
presented an increase in HDL-C levels; and no differences
were observed in the other lipid measurements.

Growth hormone enhances the available intrahepatic lipid
substrate through its lipolytic action on fat tissue, stimulating

very low-density lipoprotein (VLDL) apo B secretion.
Nevertheless, GH also up-regulates the hepatic LDL receptor
[47], which increases the clearance of LDL-C as well as the
hepatic uptake of partially de-lipidated VLDL particles,
thereby reducing the conversion rate from VLDL cholesterol
to LDL-C [48].

Many studies showed that GH substitution in GHD
patients can induce a sustained reduction in TC and LDL-C
[14,16,40,49,50], whereas others revealed no change in these
parameters throughout the therapy [26,51]. In a different
way, our study has demonstrated a significant increase in
LDL-C in the last 2 years of treatment regardless of a
progressive reduction in abdominal fat and carotid IMT.
Besides, there were no changes in diet habits, physical
activity, or medications taken by all patients during
treatment. It is important to emphasize that LDL-C is usually
calculated indirectly from measurements of TC, TG, and
HDL-C using the Friedewald formula, which is valid only in
fasting samples and if TG values are <4.5 mmol/L. Besides,
the errors of that method are >5% to 20% [52,53].

Results are also variable regarding other lipid measure-
ments: HDL-C levels have increased after GH therapy in
some studies [12,14,23,47] but not in others
[14,16,26,48,49], whereas mean serum TG concentration
was reduced [14,50] or unchanged [12,16,23,26,48,49,51]
after GH treatment. Lastly, Lp(a) levels increased in most
studies [49-51] but not in all [54-56].

The highly atherogenic apo B, the principal protein
component of LDL-C, has so far only been under-
investigated in GHD patients receiving GH substitution,
as well as apo A-1 levels, the major constituent of HDL-C.
A recent placebo-controlled study [55] has shown
improvement in apo B and no effect on apo A-1 during
treatment. Other authors [16,20,49] have found no changes
in apo A-1 and apo B levels after long-term GH
replacement. Some studies [15,56-58] of 6 to 12 months’
duration had shown a reduction in apo B and no change in
apo A-1 levels after GH treatment. In contrast, we have
found a favorable apolipoprotein profile characterized by a
significant increase in protective apo A-1 levels and a
substantial reduction in apo B levels. Studies in cultured
liver cell lines support the proposal that apo B secretion is
improved by increased fatty acid uptake [59,60]. Thus, the
decrease in visceral fat observed in this study may result in
less fatty acids to stimulate apo B formation. The ratio of
apo B to apo A-1 has repeatedly been suggested to be a
simple and more accurate predictor of the severity of
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coronary artery disease than the ratio of corresponding
HDL to LDL levels [61-63]. Direct methods for determin-
ing apo B and apo A-1 are internationally standardized,
and the errors of the techniques are <5% [52,53]. A large
prospective study [64] has linked the apo B/apo A-I ratio
to the risk of fatal stroke in a similar fashion as for
myocardial infarction and other ischemic events. Further-
more, a recent study has shown that the apo B/apo A-I
ratio is strongly associated with the presence of individual
metabolic syndrome components, with the metabolic
syndrome itself, and with IR, providing an additional
mechanism to explain the increased cardiovascular risk in
subjects with this syndrome [65].

In summary, 5 years of GH replacement promoted
positive effects on visceral fat and carotid artery IMT in
GHD adults. Although a significant increase in LDL-C in the
last 2 years of treatment was observed, there was a sustained
increase in apo A-1 levels and a decrease in apo B levels
throughout the study. In relation to glucose homeostasis,
there was an initial deterioration followed by a decrease in
mean 2-hour OGTT glucose levels during the last 2 years of
replacement in association with a noteworthy but not
statistically significant reduction in fasting insulin levels in
the last year of treatment. We conclude that long-term GH
replacement improves insulin sensitivity through a reduction
in visceral fat, and our recommendation is that continuing
monitoring is mandatory in terms of glucose metabolism.
Furthermore, the GH dose should be individualized and
adjusted to serum IGF-1 levels and the clinical response to
avoid over-replacement and an increase in IR. Long-term
individual patient follow-up will be required to determine
whether GH prolongs life in hypopituitary patients.

Acknowledgment

The authors thank Novo-Nordisk Brazil for supplying
Norditropin and Dr Sergio Franco’s laboratory for the IGF-1,
insulin, and lipoprotein analyses.

References

[1] Beshyah SA, Johnston DG. Cardiovascular disease and risk factors in
adults with hypopituitarism. Clin Endocrinol 1995;50:1-15.

[2] Cuneo RC, Salomon F, Magauley GA, Sonksen PH. The growth
hormone deficiency syndrome in adults. Clin Endocrinol 1992;37:
387-97.

[3] Hew FL, O’Neal D, Kamarudin N, et al. Growth hormone deficiency
and cardiovascular risk. Baillieres Clin Endocrinol Metab 1998;12:
199-216.

[4] Rosén T, Edén S, Larson G, Wilhelmsen L, Bengtsson B-A.
Cardiovascular risk factors in adult patients with growth hormone
deficiency. Acta Endocrinol 1993;129:195-200.

[S] Markussis V, Beshyam AS, Fisher C, Sharp P, Nicolaides NA, Johnson

DG. Detection of premature atherosclerosis by high-resolution

ultrasonography in symptom-free hypopituitary adults. Lancet

1992;340:1188-92.

Johansson J-O, Fowelin J, Landin K, Larger I, Bengtsson B-A. Growth

hormone deficient adults are insulin-resistant. Metabolism 1995;44:

1126-9.

[6

—_

[7] Johansson J-O, Landin K, Tengborn L, Rosén T, Bengtsson B-A. High
fibrinogen and plasminogen activator inhibitor activity in growth
hormone—deficient adults. Arterioscler Thromb 1994;14:434-7.

[8] Cuneo RC, Salomon F, Wiles CM, Hesp R, Sonksen PH. Growth
hormone treatment in growth hormone deficient adults. II. Effects on
exercise performance. J Appl Physiol 1991;70:695-700.

[9] Concei¢do FL, Borjensen A, Jorgensen JOL, Christiansen JS.
Growth hormone therapy in adults. Front Neuroendocrinol 2001;22:
213-46.

[10] Biillow B, Hagmar L, Mikoczy Z, Nordstrom CH, Erfurth EM.
Increased cerebrovascular mortality in patients with hypopituitarism.
Clin Endocrinol 1997;46:75-81.

[11] Rosén T, Bengtsson B-A. Premature mortality due to cardiovascular
disease in hypopituitarism. Lancet 1990;336:285-8.

[12] Gibney J, Wallace JD, Spinks T, et al. The effects of 10 years of
recombinant human growth hormone (GH) in adult GH-deficient
patients. J Clin Endocrinol Metab 1999;84:2596-602.

[13] Cuneo RC, Judd S, Wallace JD, et al. The Australian multicenter trial
of growth hormone (GH) treatment in GH-deficient adults. J Clin
Endocrinol Metab 1998;83:108-16.

[14] Gotherstrom G, Svensson J, Koranyi J, et al. A prospective study of 5
years of GH replacement therapy in GH-deficient adults: sustained
effects on body composition, bone mass and metabolic indices. J Clin
Endocrinol Metab 2001;86:4657-65.

[15] Weaver JU, Monson JP, Noonan K, et al. The effect of low dose
recombinant human growth hormone replacement on regional fat
distribution, insulin sensitivity, and cardiovascular risk factors in
hypopituitary adults. J Clin Endocrinol Metab 1995;80:153-9.

[16] Al-Shoumer KAS, Gray R, Anyaoku V, et al. Effects of four years’
treatment with biosynthetic human growth hormone (GH) on glucose
homeostasis, insulin secretion and lipid metabolism in GH-deficient
adults. Clin Endocrinol 1998;48:795-802.

[17] Spina LDC, Soares DV, Brasil RRLO, Silva EMC, Lobo PM,

Conceicao FL, et al. Glucose metabolism and visceral fat in GH

deficient adults: 1 year of GH replacement. Growth Horm IGF Res

2004;14:45-51.

Johansson J-O, Landin K, Johannsson G, Tengborn L, Bengtsson B-A.

Long-term treatment with growth hormone decreases plasminogen

activator inhibitor—1 and tissue plasminogen activator in growth

hormone—deficient adults. ] Thromb Haemost 1996;76:422-8.

[19] Hwu CM, Kwok C, Lai TY, et al. Growth hormone (GH) replacement

reduces total body fat and normalizes insulin sensitivity in GH-

deficient adults: a report of one-year clinical experience. J Clin

Endocrinol Metab 1997;82:3285-92.

Beshyah SA, Henderson A, Niththyananthan R, et al. The effects of

short and long term growth hormone replacement therapy in

hypopituitary adults on lipid metabolism and carbohydrate tolerance.

J Clin Endocrinol Metab 1995;80:356-63.

Rosenfalck AM, Maghsoudi S, Fisker S, et al. The effect of

30 months of low-dose replacement therapy with recombinant

human growth hormone (thGH) on insulin and C-peptide kinetics,

insulin secretion, insulin sensitivity, glucose effectiveness, and body

composition in GH-deficient adults. J Clin Endocrinol Metab 2000;

85:4173-81.

[22] Rosenfalck AM, Fisker S, Hilsted J, Dinesen B, Volund A, Jorgensen
JO, et al. The effect of the deterioration of insulin sensitivity on beta-
cell function in growth-hormone—deficient adults following 4-month
growth hormone replacement therapy. Growth Horm IGF Res
1999;9:96-105.

[23] Svensson J, Fowelin J, Landin K, Bengtsson B-A, Johansson J-O.

Effects of seven years of GH-replacement therapy on insulin sensitivity

in GH-deficient adults. J Clin Endocrinol Metab 2002;87:2121-7.

Christopher M, Hew FL, Oakley M, Rantzau C, Alford F. Defects of

insulin action and skeletal muscle glucose metabolism in growth

hormone—deficient adults persist after 24 months of recombinant

human growth hormone therapy. J Clin Endocrinol Metab 1998;83:

1668-81.

[18

fhutr

[20

[}

21

—

[24

=



128 M.C.P. Cenci et al. / Metabolism Clinical and Experimental 57 (2008) 121-129

[25] Bulow B, Erfurth EM. A low individualized GH dose in young patients
with childhood onset GH deficiency normalized serum IGF-I without
significant deterioration in glucose tolerance. Clin Endocrinol
1999;50:45-55.

[26] Chrisoulidou A, Beshyah SA, Rutherford O, et al. Effects of 7 years of
growth hormone replacement therapy in hypopituitary adults. J Clin
Endocrinol Metab 2000;85:3762-9.

[27] The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Report of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus. Diabetes Care 1997;20:
1183-97.

[28] Mathews DR, Hosker JP, Rudenski AS, et al. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

[29] Soares DV, Spina LDC, Brasil RRLO, Silva EMC, Lobo PM, Salles E,
et al. Carotid artery intima-media thickness and lipid profile in adults
with growth hormone deficiency after long-term growth hormone
replacement. Metab Clin Exp 2005;54:321-9.

[30] Friedewald WT, Levy RI, Friedrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma without
the use of the preparative ultracentrifuge. Clin Chem 1972;18:
499-502.

[31] Maison P, Griffin S, Nicoue-Beglah M, Haddad N, Balkau B,
Chanson P. Impact of growth-hormone (GH) treatment on cardiovas-
cular risk factors in GH-deficient adults: a metaanalysis of blinded,
randomized, placebo-controlled trials. J Clin Endocrinol Metab
2004;89:2192-9.

[32] Despres J-P, Lemieux I, Prud’homme D. Treatment of obesity: need
to focus on high risk abdominally obese patients. BMJ 2001;322:
716-20.

[33] Bengtsson B-A, Eden S, Lonn L, et al. Treatment of adults with growth
hormone (GH) deficiency with recombinant human GH. J Clin
Endocrinol Metab 1993;76:309-17.

[34] Spina LD, Soares DV, Brasil RRLO, Lobo PM, Conceig¢do FL,
Vaisman M. Glucose metabolism and visceral fat in GH deficient
adults: two years of GH-replacement. Pituitary 2004;7:1-7.

[35] Rizza RA, Mandarino LJ, Gerich JE. Effects of growth hormone on
insulin action in man. Mechanisms of insulin resistance, impaired
suppression of glucose production, and impaired stimulation of
glucose utilization. Diabetes 1982;31:663-9.

[36] Groop L, Segerlantz M, Bramnert M. Insulin sensitivity in adults with
growth hormone deficiency and effect of growth hormone treatment.
Horm Res 2005;64(Suppl 3):45-50.

[37] Monzillo LU, Hamdy O. Evaluation of insulin sensitivity in clinical
practice and in research settings. Nutr Rev 2003;61:397-412.

[38] Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Shalet SM,
Vance ML. Evaluation and treatment of adult growth hormone
deficiency: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 2006;91:1621-34.

[39] Yuen KC, Frystyk J, White DK, et al. Improvements in insulin
sensitivity without concomitant changes in body composition and
cardiovascular risk markers following fixed administration of a very
low growth hormone dose in adults with severe GH deficiency. Clin
Endocrinol 2005;63:428-36.

[40] Johannsson G, Rosen T, Bergtsson B-A. Individualized dose titration
of growth hormone (GH) during GH replacement in hypopituitary
adults. Clin Endocrinol 1997;47:571-81.

[41] Boguszewski CL, Meister LH, Zaninelli DC, Radominski RB. One
year of GH replacement therapy with a fixed low-dose regimen
improves body composition, bone mineral density and lipid profile of
GH-deficient adults. Eur J Endocrinol 2005;152:67-75.

[42] Cook DM, Yuen KCJ. Growth hormone dosing variables in
growth hormone—deficient adults. Growth Horm IGF Res 2006;16:
49-54.

[43] Pfeifer M, Verhovec R, Zizek B, Prezelj J, Poredos P, Clayton RN.
Growth (GH) hormone treatment reverses early atherosclerotic

changes in GH-deficient adults. J Clin Endocrinol Metab 1999;84:
453-7.

[44] Borson-Chazot F, Serusclat A, Kalfallah Y, et al. Decrease in carotid
intima-media thickness after one year growth hormone (GH) treatment
in adults with GH deficiency. J Clin Endocrinol Metab 1999:;84:
1329-33.

[45] Colao A, Di Somma C, Rota F, et al. Short-term effect of growth
hormone (GH) treatment or deprivation on cardiovascular risk
parameters and intima-media thickness at carotid arteries in patients
with severe GH deficiency. J Clin Endocrinol Metab 2005;90:
2056-62.

[46] O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson Jr SK. Carotid-artery intima media thickness as a risk factor
for myocardial infarction and stroke in older adults. Cardiovascular
Health Study Collaborative Research Group. N Engl J Med 1999;340:
14-22.

[47] Rudling M, Norstedt G, Olivecrona H, Reihnér E, Gustafsson J-A,
Angelin Bo. Importance of growth hormone for the induction of
hepatic low density lipoprotein receptors. Proc Natl Acad Sci U S A
1992;89:6983-7.

[48] Christ ER, Cummings MH, Russel-Jones DL. Dyslipidaemia in adult
growth hormone (GH) deficiency and the effect of GH replacement
therapy: a review. Trends Endocrinol Metab 1998;9:200-6.

[49] Attanasio AF, Bates PC, Ho KKY, et al. Human growth hormone
replacement in adult hypopituitary patients: long-term effects on body
composition and lipid status—3-year results from the HypoCCS
Database. J Clin Endocrinol Metab 2002;87:1600-6.

[50] O’Neal DN, Hew FL, Best JD, Alford F. The effect of 24 months
recombinant human growth hormone (rh-GH) on LDL cholesterol,
triglyceride-rich lipoproteins and apo[a] in hypopituitary adults
previously treated with conventional replacement therapy. Growth
Horm IGF Res 1999;9:165-73.

[51] Garry P, Collins P, Devlin JD. An open 36-month study of lipid
changes with growth hormone in adults: lipid changes following
replacement of growth hormone in adults acquired growth hormone
deficiency. Eur J Endocrinol 1996;134:61-6.

[52] Scharnagl H, Nauck M, Wieland H, Marz W. The Friedewald formula
underestimates LDL cholesterol at low concentrations. Clin Chem Lab
Med 2001;39:426-31.

[53] Walldius G, Jungner I. Apolipoprotein B and apolipoprotein A-I: risk
indicators of coronary heart disease and targets for lipid-modifying
therapy. J Intern Med 2004;255:188-205.

[54] Webster JM, Stewart M, Al-Maskari M, et al. The effect of growth
hormone replacement therapy for up to 12 months on lipoprotein
composition and lipoprotein (a) in growth hormone—deficient adults.
Atherosclerosis 1997;133:115-21.

[55] Sesmilo G, Biller BMK, Llvadot J, Hayden D, Hanson G, Rifai N, et al.
Effects of growth hormone administration on inflammatory and other
cardiovascular risk markers in men with growth hormone deficiency: a
randomized, controlled clinical trial. Ann Intern Med 2000;133:
111-22.

[56] Johannsson G, Oscarsson J, Rosén T, et al. Effects of 1 year of growth
hormone therapy on serum lipoprotein levels in growth hormone—
deficient adults. Influence of gender and apo(a) and apoE phenotypes.
Arterioscler Thromb Vasc Biol 1995;15:2142-50.

[57] Cuneo RC, Salomon F, Watts GF, Hesp R, Sonksen PH. Growth
hormone treatment improves serum lipids and lipoproteins in adults
with growth hormone deficiency. Metabolism 1993;42:1519-23.

[58] Modigliani E, Kerchouni R, Uzzan B, Valensi P, Chanson P, Caron J.
Modification of blood lipids and lipoproteins after human growth
hormone treatment in adults with growth hormone deficiency: a
preliminary report. Endocrinol Metab 1994;1(Suppl A):31-5.

[59] White AL, Graham DL, LeGros J, Pease RJ, Scott J. Oleate-mediated
stimulation of apolipoprotein B secretion from rat hepatoma cells. A
function of the ability of apolipoprotein B to direct lipoprotein
assembly and escape presecretory degradation. J Biol Chem 1992;267:
15657-64.



[60]

[61]

[62]

M.C.P. Cenci et al. / Metabolism Clinical and Experimental 57 (2008) 121-129 129

Zhang YL, Hernandez-Ono A, Ko C, Yasunaga K, Huang LS,
Ginsberg HN. Regulation of hepatic apolipoprotein B-lipoprotein
assembly and secretion by the availability of fatty acids. 1. Differential
response to the delivery of fatty acids via albumin or remnant-like
emulsion particles. J Biol Chem 2004;279:19362-74.

Sedlis SP, Shechtman KB, Ludbrook PA, Sobel BE, Schonfeld G.
Plasma apoproteins and the severity of coronary artery disease.
Circulation 1986;73:978-86.

Sniderman AD, Furberg CD, Keech A, et al. Apolipoproteins versus
lipids as indices of coronary risk and as targets for statin treatment.
Lancet 2003;361:777-80.

[63] Thompson A, Danesh J. Associations between apolipoprotein B,
apolipoprotein Al, the apolipoprotein B/AI ratio and coronary heart
disease: a literature-based meta-analysis of prospective studies. J Intern
Med 2006;259:481-92.

[64] Walldius G, Aastveit AH, Jugner 1. Stroke mortality and the apoB/
apoA-I ratio: results of the AMORIS prospective study. J Intern Med
2006;259:259-66.

[65] Sierra-Johnson J, Somers VK, Kuniyoshi FH, Garza CA, Isley WL,
Gami AS, et al. Comparison of apolipoprotein-B/apolipoprotein-Al in
subjects with versus without the metabolic syndrome. Am J Cardiol
2006;98:1369-73.



	Impact of 5 years of growth hormone replacement therapy on cardiovascular risk factors in growt.....
	Introduction
	Materials and methods
	Subjects
	Ethical considerations
	Study protocol
	Body composition
	Glucose metabolism
	Carotid artery ultrasonography
	Biochemical assays
	Statistical analysis

	Results
	Body composition
	Glucose metabolism
	Lipid profile and carotid artery IMT

	Discussion
	Acknowledgment
	References


