0013-7227/02/$15.00/0
Printed in U.S.A.

The Journal of Clinical Endocrinology & Metabolism 87(5):2018-2023
Copyright © 2002 by The Endocrine Society

Familial Isolated Growth Hormone Deficiency Is
Associated with Increased Systolic Blood Pressure,
Central Obesity, and Dyslipidemia

JOSE AUGUSTO SOARES BARRETO-FILHO, MARTA REGINA S. ALCANTARA,

ROBERTO SALVATORI, MARTHA AZEVEDO BARRETO, ANTONIO CARLOS SOBRAL SOUSA,
VALQUIRIA BASTOS, ANITA HERMINIA SOUZA, ROSSANA MARIA C. PEREIRA,

PETER E. CLAYTON, MATTHEW S. GILL, axo MANUEL HERMINIO AGUIAR-OLIVEIRA

Endocrinology and Cardiology Divisions of the Federal University of Sergipe (J.A.S.B.-F., M.R.S.A., M.A.B., A.C.S.S., V.B,,
A.HO.S.,, RM.C.P., M.H.A.-O.), 49060-100 Aracaju, Brazil; Division of Endocrinology, The Johns Hopkins School of
Medicine (R.S.), Baltimore, Maryland 21287; and Endocrine Sciences Research Group, Department of Medicine,

University of Manchester (P.E.C., M.S.G.), Manchester, United Kingdom M13 9PT

To assess the metabolic and cardiovascular consequences of
GH deficiency (GHD) on cardiovascular risk factors, we stud-
ied ahomogeneous population with GHD due to a homozygous
defect in the GHRH receptor gene. Anthropometric, meta-
bolic, and cardiovascular measurements (at rest, during
treadmill exercise, and during orthostatic stress) and echo-
cardiographic data were obtained from 16 GH-naive, GH-
deficient (GHD) adults and 31 age-, sex-, and body mass index-
matched control (CO) subjects. The percentage of fat mass,
waist to hip ratio, and total and low density lipoprotein cho-
lesterol were higher in the GHD group. However, high density
lipoprotein cholesterol, triglyceride, and fasting glucose lev-
els were similar between groups, and fasting insulin and ho-
meostasis model assessment of insulin resistance (HOMA )
were lower in the GHD group. Systolic blood pressure (SBP)

was higher in the GHD group, but no difference in diastolic
blood pressure or heart rate (HR) existed. Blood pressure and
HR responses to exercise did not differ between groups. Dur-
ing passive orthostatic stress the decrease in SBP was higher
in the GHD than in the CO group, whereas an increase in
diastolic blood pressure was not observed in the GHD group.
Moreover, the increase in HR was blunted in the GHD com-
pared with the CO group. Left ventricular mass and mass
index were lower in the GHD group.

In conclusion, this genetically homogeneous isolated GHD
population presents a syndrome characterized by central obe-
sity, dyslipidemia, and elevated SBP but reduced cardiac di-
mensions compared with controls. (J Clin Endocrinol Metab
87: 2018-2023, 2002)

H AND ITS effector, IGF-I, not only regulate somatic
growth, but also help control a number of physiolog-
ical processes linked to various cardiovascular risk factors
(e.g. fat mass, fat-free mass, insulin sensitivity, and lipid
metabolism). It also has been reported that GH and IGF-I
directly or indirectly regulate arterial blood pressure (BP)
and contribute to the variability in left ventricular (LV) mass
associated with essential hypertension (1-4).

GH-deficient (GHD) adults have higher rates of cardio-
vascular morbidity (5-7) and mortality (8, 9) than age-
matched controls. This increase in mortality has been attrib-
uted to higher prevalence of risk factors for atherosclerosis,
such as dyslipidemia, decreased plasma fibrinolytic activity,
increased prevalence of hypertension, increased hip/waist
ratio, and insulin resistance (10). These observations have
been used to support the use of GH replacement therapy in
GH-deficient adults (10-12). However, such data have been
obtained from heterogeneous cohorts of patients with GH
deficiency (GHD) of varying etiologies, often in the setting of

Abbreviations: BMI, Body mass index; BP, blood pressure; CO, con-
trol; DBP, diastolic blood pressure; FM%, percentage of fat mass; GHD,
GH deficiency; GHRHR, GHRH receptor; HDL-C, high density lipopro-
tein cholesterol;, HOMA [z, homeostasis model assessment of insulin
resistance; HR, heart rate; LDL-C, low density lipoprotein cholesterol;
LV, left ventricular; SBP, systolic blood pressure.

panhypopituitarism requiring multiple pituitary hormone
replacement, which may itself affect metabolic and cardio-
vascular indexes (5-7, 13). Therefore, it remains unclear
whether the increased cardiovascular morbidity and mor-
tality rates associated with panhypopituitarism reflect GHD
itself or these confounding factors.

In Itabaianinha county in the northeastern Brazilian state
of Sergipe, we recently identified a large extended pedigree
with 105 affected individuals with autosomal recessive iso-
lated GHD due to a homozygous donor splice site mutation
in the GHRH receptor (GHRHR) gene (GHRHR) (14, 15). This
is the largest homogeneous cohort of patients with severe
GHD described to date. The adult patients are proportionate
dwarfs and have never undergone GH replacement therapy.
They constitute an ideal population to define precisely the
metabolic and cardiovascular consequences of life-long un-
treated isolated GHD in adults.

Subjects and Methods
Subjects

Sixteen GH-naive adult patients with a genotype-proven homozy-
gous mutation in the GHRHR gene (8 men and 8 women; GHD group)
and 31 healthy volunteers [12 men and 19 women; control (CO) group]
living in the same rural area as the affected group were studied. Patients
and families were recruited through the local dwarfs” association after
a detailed explanation of the protocol. Based on their medical history,
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all subjects were free of cardiovascular or other systemic diseases, and
none was receiving any medication. The appropriate institutional re-
view committees approved these studies, and all subjects gave informed
consent.

Study protocol

Metabolic data. All subjects were admitted to the clinical research center
at approximately 0800 h after an overnight fast. Blood samples to mea-
sure total cholesterol, low density lipoprotein cholesterol (LDL-C), high
density lipoprotein cholesterol (HDL-C), triglycerides, glucose, insulin,
and IGF-I were collected. The total cholesterol level was determined by
an enzymatic calorimetric method, and the LDL-C concentration was
calculated indirectly (Friedwald formula) (16). HDL-C was separated
using the phosphotungstic acid/magnesium chloride method (17). Glu-
cose and triglycerides were measured by an enzymatic colorimetric test.
Insulin was measured by RIA 1600 (Diagnostics Systems Laboratories,
Inc., Webster, TX); IGF-I was measured by immunoradiometric assay
5600, with double extraction and an assay sensitivity of 0.8 ng/ml
(Diagnostics Systems Laboratories, Inc.). Insulin resistance was esti-
mated in each subject using the homeostasis model assessment of
insulin resistance (HOMA ) with the following validated formula:
fasting serum insulin (uwU/ml) X fasting plasma glucose (mmol/
liter) /22.5 (18).

Anthropometric measurements. After the blood sampling, the subjects had
a light breakfast without coffee. Anthropometric and office BP mea-
surements were subsequently obtained at the clinical investigation lab-
oratory. Body mass index (BMI) was calculated by dividing body weight
(kilograms) by the square of the height (meters), the waist to hip ratio
was calculated by dividing the waist measurement by the hip measure-
ment as described previously (19), and the percentage of fat mass (FM%)
was measured using the near-infrared interactance method to quantify
fat mass The procedure involved placing a fiberoptic probe tangentially
to the belly of the subject’s biceps brachii and measuring the reflected
energy in the near-infrared region at two different frequencies. A mul-
tiple regression equation was employed to use the interactance infor-
mation in combination with other anthropometric data to predict body
composition (20).

BP measurements

Office blood pressure. The office BP was the average of three measure-
ments obtained in the left arm after 10 min of rest in the sitting position
by one of two pretrained physicians (M.R.S.A. and V.B.) using a mercury
sphygmomanometer with a cuff appropriate for the size of the arm of
a dwarf.

Blood pressure during exercise treadmill

All participants were studied during a two-stage (3 min each) exercise
treadmill test according to the Bruce protocol (21). Systolic and diastolic
blood pressure (SBP and DBP, respectively) values were recorded by cuff
in standing subjects immediately before testing (preexercise) and during
the last half minute of each 3-min exercise stage. A three-lead electro-
cardiogram was used to determine heart rate (HR) and analyze the ST
segment during exercise. The SBP, DBP, and HR responses to the ex-
ercise treadmill test were calculated by subtracting the preexercise val-
ues from measurements obtained during the sixth minute (peak exercise
values).

BP during passive orthostatic stress

After 15 min of supine rest on a tilt table, baseline measurements for
BP (mercury sphygmomanometer method) and HR (electrocardiogram)
were obtained. Then, the tilt table was elevated to 80°, and SBP, DBP,
and HR were measured at the end of the first and third minutes of
orthostatic stress. The SBP, DBP, and HR responses to orthostatic stress
were calculated by subtracting supine baseline values from measure-
ments obtained at the end of the third minute.
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Echocardiography

Echocardiographic studies were performed with a commercial
machine (HP-Sonos 5500, Hewlett-Packard Co., Andover, ME) ac-
cording to standard procedures. The M-mode echocardiography of
the LV was performed according to American Society of Echocardi-
ography recommendations (22). Only frames with optimal visual-
ization of interfaces and simultaneously visible septum, LV internal
diameters, and posterior wall were used for calculations. LV mass
was calculated according to the method of Devereux et al. (23) and
normalized according to body surface area and height. Relative wall
thickness was calculated as (2 X posterior wall thickness) /LV internal
radius.

Statistical analysis

Statistical analysis was performed using the statistical software
SPSS/PC 10.0 (SPSS, Inc., Chicago, IL). Values for continuous variables
are expressed as the mean * sp. Categorical variables were compared
with the x? test. Insulin and HOMA  data were transformed into dec-
imal logarithm before analyses. Nonparametric Mann-Whitney test was
used to compare groups. Stepwise multiple linear regression was used
to examine relationships between variables. P value of 0.05 or less was
considered statistically significant.

Results
Subject characteristics

As shown in Table 1, age, sex, and BMI did not differ
between groups. As expected, height, weight (Table 1), and
IGFE-I levels were significantly lower in the GHD group
(Table 2).

Anthropometric and biochemical data

The percentage of fat mass and the waist to hip ratio were
higher in the GHD group, indicative of abdominal obesity
(Table 1). Total cholesterol and LDL-C levels were also higher
in the GHD group than in the CO group, but HDL-C and
triglyceride levels did not differ between groups. Mean fast-
ing glucose levels were not different between the two groups,

TABLE 1. Anthropometric data (mean *= DP) in 16 GHD
individuals and 31 controls

Characteristic (n (::OSI) (nGi-HIDG) P
Age (yr) 44 + 12 49 + 14 0.164
Sex distribution, men/women 12M/19W 8M/8W 0.463
Height (m) 1.21 = 0.06 1.55 = 0.09 0.000
Weight (kg) 33.3+5.6 59.1 + 11.6  0.000
BMI (kg/m?) 244 + 3.8 229 + 4.1 0.252
% of fat mass 21 +1 34 +17 0.000
Waist/hip ratio 0.9 +0.08 0.97 = 0.08 0.018

TABLE 2. Biochemical data (mean * DP) in 16 GHD individuals
and 31 controls

CcO GHD

Variable (0 = 31) (0 = 16) P
IGF-I (nmol/liter) 0.35 + 0.13 20.15 = 10.60 0.000
Total cholesterol (mmol/liter) 5.02 + 0.99 6.10 = 1.36  0.003
LDL cholesterol (mmol/liter)  3.43 + 0.82 4.26 = 1.22  0.005
HDL cholesterol (mmol/liter) 0.98 += 0.18 1.03 = 0.22 0.387
Triglycerides (mmol/liter) 1.30 = 0.70 1.77+131 04
Fasting glucose (mmol/liter) 48 +1.16 4.7+ 0.6 0.813
Fasting insulin (uwU/ml) 4.6 =34 2.94 +235 0.038
HOMAx 1+09 0.62 =+ 0.52 0.039
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