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Abstract

Since 1994, we have been studying an extended kindred with 105 subjects (over 8 generations) residing in Itabaianinha County,
in the Brazilian state of Sergipe, who have severe isolated GH deficiency (IGHD) due to a homozygous inactivating mutation
(c.57+ 1G> A) in the GH releasing hormone (GHRH) receptor (GHRHR) gene. Most of these individuals have never received
GH replacement therapy. They have low GH, and very low and often undetectable levels of serum IGF-I. Their principal physical
findings are proportionate short stature, doll facies, high-pitched-voice, central obesity, wrinkled skin, and youthful hair with
delayed pigmentation, and virtual absence of graying. The newborns from this cohort are of normal size, indicating that GH is not
needed for intra-uterine growth. However, these IGHD individuals exhibit a myriad of phenotypic changes throughout the body,
with a greater number of beneficial than harmful consequences. This GHRH signal disruption syndrome has been a valuable
model to study the GH roles in body size and function. This reviews summarized the findings we have reported on this cohort.
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Growth hormone (GH) secretion by the pituitary is under
stimulatory (GHRH, and ghrelin) and inhibitory
(somatostatin and IGF-I) signals that regulate its nycthemeral
production, a landmark evolutionary achievement in verte-
brates. GH induces the production of the insulin like growth
factor type I (IGF-I) (previously called Somatomedin C), the
principal mediator of its actions, mainly in the liver, but also in
several peripheral tissues. Although the somatomedin hypoth-
esis is well established, the knowledge of the functioning of
the GH/IGFs system is still incomplete. For example, the role
of the insulin like growth factor type II (IGF-II) is still largely
unknown. IGF-II regulates fetal development and differentia-
tion, but its role in adults, in whom it circulates in a molar ratio
of 3:1 in relation to IGF-1, is less well-understood [1]. GH is
not only involved in attainment of normal body size (bone and
soft tissues growth), but also in the regulation of key body
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functions, including, among others, metabolism and cardio-
vascular function; musculoskeletal function and balance; sen-
sory perception; immune function; sleep, quality of life and
reproduction; DNA repair and cancer risk. These key func-
tions relate to general health or morbidity and ultimately to
longevity [2].

Studying GH deficiency (GHD) can be used to asses GH
functions, but this approach has its caveats. Idiopathic GHD,
important cause of short stature in childhood, can disappear in
adulthood, posing questions about its nature or relevance. On
other hand, acquired GHD is often caused by hypopituitarism
of different etiologies, mostly pituitary tumors and surgery or
irradiation, often associated with other pituitary hormones def-
icit, with lack or inadequacy of respective replacement thera-
pies. Genetic isolated GHD (IGHD) can be an alternative way
to assess the biological impacts of GH, but it is difficult to
have a number of affected individuals, particularly naive to
GH treatment.

Since 1994 we have been studying, an extended kindred
with 105 IGHD subjects (alive or dead) over eight genera-
tions, residing in Itabaianinha county, in the northeastern
Brazilian state of Sergipe. All the affected individuals are ho-
mozygous for the same null ¢.57 + 1G > A inactivating muta-
tion in the GH releasing hormone (GHRH) receptor
(GHRHR) gene (GHRHR. OMIM n. 612,781), with a founder
effect [3]. These subjects previously lived in the village of
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Carretéis and its rural outskirts, an area surrounded by moun-
tains. The geographical isolation, the high frequency of con-
sanguineous unions, their historical zero mobility and normal
longevity were the principal causes for the spreading of this
mutation in this particular area [4-6]. Presently, most of the
IGHD individuals have moved to the municipality of
Itabaianinha, while eleven of them moved to other cities.
The increased mobility of the affected IGHD subjects and of
the heterozygous and the increasing awareness of its genetic
cause attenuate the chance of the meeting of mutated alleles,
reducing the birth of the homozygous newborns. This, and the
current, albeit inconsistent, treatment of IGHD children makes
the thorough study of this cohort even more important, as it
will not last forever. Presently we are aware of 54 living IGHD
individuals in this cohort.

This IGHD cohort presents low but detectable GH secre-
tion, with values of serum GH peak lower than 1 ng/ml in both
clonidine and insulin tolerance tests, and no response to
GHRH [7]. This is combined with life-long severe reduction
of circulating IGF-I, and considerable IGF-II up-regulation,
proven by an increase in the IGF-II/IGFBP-3 ratio, a measure
of its bioavailability [2, 5, 8]. We hypothesize that this IGF-II
up-regulation may have physiological implications, contribut-
ing to the IGF bioavailability to some vital tissues like the
brain and the eye, in which growth seems to be less dependent
from pituitary GH and circulating IGF-I [5]. These subjects
also have higher serum cortisol concentrations (likely due to
the increased activity of the enzyme 11 beta-hydroxysteroid
dehydrogenase, which converts cortisone to cortisol) [9].
Other hormonal findings includes a moderate increase in se-
rum TSH levels (likely due to a reduced effect of IGF-1 on
hypothalamic somatostatin) [ 10], a reduction in serum total T3
and an increase of serum free T4 (likely due to a reduction in
the function of the GH-dependent deiodinase system) [11]. A
mild increase of total testosterone (due to an increase in
SHBG) was also observed in males [12]. Table 1 summarizes
the hormonal findings of this GHRH disruption syndrome.

The principal physical findings of these adult subjects are
proportionate short stature, doll facies, high-pitched-voice,

Table 1 Principal
hormonal findings in * Very low GH response to provocative

isolated GH deficiency tests
due to a GHRH « Almost undetectable IGF-I levels

disruption * Increased cortisol/cortisone ratio
* Moderate increase in serum TSH levels
* Reduction in serum total T3
* Increase of serum free T4

* Increase of total testosterone and SHBG
in males

» Normal prolactin
» Normal gonadotropins

central obesity, wrinkled skin, and youthful hair with delayed
pigmentation in children and teenagers, and virtual absence of
graying, even in old age (Table 2). However, these IGHD
individuals exhibit a myriad of phenotypic variants through-
out the body, with a greater number of beneficial than harmful
consequences to their overall health, and with positive conse-
quences on quality of life [13], and possibly longevity [6]. In
this review, we describe this particular disruption of the
GHRH signaling and its impact in children and adults and
its consequences on body size (Table 3) and function
(Table 4).

1 Body size in IGHD
1.1 Bone growth

It is intuitive that an adequate body size and composition
provides an evolutionary advantage in terms of obtaining food
and reproducing. However, normal growth involves some
costs in terms of aging and longevity [2]. Therefore, a small
body size can make these two aspects compatible. We will
analyze this assumption in our IGHD model due to GHRH
disruption (Fig. 1).

Differently from newborns with Laron syndrome (due to
GH resistance caused by mutations in the GH receptor), who
have mildly reduced birth length and birth weight [14], new-
borns from this IGHD cohort are of normal size, suggesting
that the GH resistance has a greater impact on birth size than
GHRH resistance. In the Itabaianinha cohort postnatal growth
failure becomes evident at about 1.5 years of age, with height
standard deviation scores (SDS) of —3.2 and it is progressive,
with adult stature SDS range from —5.1 to —9.6 [12]. Adult
height in untreated individuals is 128.7+5.9 cm in males
(range 117-137 c¢cm), and 117.6+5.7 cm in females (range
107-126 cm) [15]. We speculate that birth size in our IGHD
model is kept normal by IGF-II, insulin, or placental factors
(placental GH, and or placental lactogens) [16], as previously
suggested in men [17] or in mice [18]. These data indicate that
GH is not truly a perennial growth hormone, but a potent post-
natal elongation factor.

Table 2 Principal Physical findings in isolated GH deficiency due to a
GHRH disruption

* Proportionate severe short stature

* Doll facies

* High-pitched voice

* Central obesity

* Wrinkled and thin skin

* Youthful hair with delayed pigmentation in children and teenagers
* Virtual absence of graying, even in old age
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Table 3 Impact of disruption of the GHRHR on body size. SDS:
standard deviation scores which normal range from —1 to +1

* Normal sized newborns

* Post-natal cumulative stature reduction

* Final adult stature in males: 128.7+5.9 cm

* Final adult stature in females: 117.6+5.7 cm

* Mean SDS: stature (—7.0), maxillary length (—6.5), anterior facial height
(-4.3)

* Mean SDS: head perimeter (—2.7)

* Small bones and muscles

* Reduction of pituitary, thyroid, heart, uterus, and spleen sizes corrected
for body surface

* Increase of pancreas, liver and kidney sizes corrected for body surface
» Marked anterior pituitary hypoplasia

* Ocular axial length of adults corresponds to 96% of the normal controls
* Reduced anterior chamber depth, vitreous depth

* Reduced central corneal thickness

* Increased spherical equivalent and comneal curvature

* Intraocular pressure and lens thickness similar to controls

* Reduction of vascular retinal branching points

* Increase of optic disc

* Pharyngeal airway of adults is similar to normal controls

Curiously, the consequences of IGHD on bone growth are
uneven, with a gradient of reduction of the mean SDS: stature
(=7.0), maxillary length (—6.5), anterior facial height (—4.3),
and head circumference (—2.7) [5, 19, 20]. The greater impact
of IGHD on adult height than on head size may reflect the fact
that much of the growth of the brain and the skull occurs early
in life, when growth is less dependent on pituitary GH, while
the elongation of the rest of the body is mainly postnatal and
strongly dependent on GH and endocrine IGF-1. Relative in-
creased brain size is also found in GH resistance syndromes
both in men [21] and mice [2]. The disproportion between the
reduction of calvarium and the facial height results in one
typical feature of the IGHD syndrome, the doll-like or “cher-
ubim angel”facies. The cephalometric features together with
the underdevelopment of the larynx lead to another paramount
physical finding of congenital IGHD, the high-pitched voice
with high fundamental frequency in both genders, abolishing
the effects of puberty and aging on the voice [20, 22, 23].
These data indicate that the consequences of IGHD on bone
development are not uniform, and probably influenced by
local factors, according to a physiological hierarchy [24].
For instance, brain and skull sizes seem more relevant than
body size. Consequently, the growth of the brain may be more
preserved than somatic growth.

1.2 Soft tissues growth

The growth of soft tissues is also unevenly affected, suggest-
ing tissue-specific consequences of IGHD. When corrected by

Table 4 Impact of disruption of the GHRHR on body function

* Increased energy intake
* Increased GLP-1 secretion in response to a mixed meal

* Reduced postprandial ghrelin and hunger attenuation in response to a
mixed meal

* Central and visceral obesity, with fat-free mass reduced
* Higher locomotor activity

* Reduced sweating capacity

* Decreased fat free mass

* Increased percent body fat

* Truncal and visceral obesity

* Increased insulin sensitivity

* Increased adiponectin

* Reduced f3-cell function

* No history of neonatal hypoglycemia
« Increased total and LDL cholesterol
* Increased C-reactive protein

* Increased systolic blood pressure in adulthood, and arterial hypertension
in the elderly

* Lack of premature atherosclerosis

* More prevalent nonalcoholic fatty liver disease, without progress to
advanced epatitis

* Volumetric bone mineral density, corrected by the size of the bone,
similar to controls

« Higher frequency of genu valgum

* Better muscle strength parameters adjusted for weight and fat free mass
* Greater peripheral resistance to fatigue than controls

» Satisfactory walking and postural balance

* Normal levels of 25 hydroxy vitamin D and phosphor-calcium homeo-
stasis

* No spontaneous fractures
* Less vertebral fractures in elderly
» Normal visual acuity

* Higher prevalence of dizziness and mild high-tones sensorineural
hearing loss

« Higher prevalence of moderate peripheral vestibular impairment
« Higher prevalence of the abnormal vestibular-ocular reflex
* Normal daily immune function

» Macrophages were less prone to Leishmania infection compared to
controls

» Shorter sleep time and more fragmented sleep
* Normal quality of life

* No microphallus

* No history of neonatal hypoglycemia

* Delayed puberty

* Anticipated beginning of climacteric

» Age at menopause similar to control group

* Preserved fertility

* Apparently, no breast, colon, and prostate cancers
« Susceptibility to skin cancer

* Normal longevity
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Fig. 1 Two married IGHD
individuals, homozygous for the
mutation.57 + 1G> A GHRHR
mutation. The man is the tallest
IGHD individual (56 years and
137 cm), together with his wife
(58 years and 121 cm). The
control with normal height is an
author, Dr. M.H. A-O (61 years
and 174 cm). The main physical
findings of these IGHD individ-
uals are proportionate short stat-
ure, doll facies, high-pitched
voice, central obesity and wrin-
kled skin

body surface area (BSA), the thyroid, spleen and uterus vol-
umes [11], and the left ventricular mass [25] are significantly
smaller than those of normal controls, indicating a
greater dependency on the pituitary GH or circulating
IGF-1. On the other hand, BSA-corrected prostate and
ovaries volumes are normal, while pancreas, liver, and
kidneys appear larger compared to controls [26], sug-
gesting a reduced dependence from GH for the growth
of these three organs. Probably these organs have local
compensator mechanisms. This discrepancy in relative
sizes includes several structures or organs. We will
highlight three, the pituitary, the eye and the pharynx.
IGHD subjects with GHRHR mutations exhibit marked
anterior pituitary hypoplasia [27], due to the lack of the
GHRH effect on the expansion of somatotroph cells, with-
out abnormalities of the stalk or neuro-hypophysis, simi-
lar to the findings in mice with a mutation in the same
gene (little mouse) [28]. On other hand, the non-corrected
ocular axial length corresponds to 96% of the normal
controls, similar to the head circumference (93%), while
stature corresponds to 75%, suggesting a parallelism be-
tween eye and head growth [29]. Adequate eye and head
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(brain) development likely represent important elements
of the environmental adaptation and survival capacity of
these individuals. Eye and brain growth may involve dif-
ferent patterns of temporal regulation than the whole body
growth, reflecting a physiologic hierarchy controlling
body size and function and showing a lesser dependency
on pituitary GH or endocrine IGF-I for their growth [5].
Accordingly, the brain completes 83.6% of its growth
within the first year of life, with essentially full growth
achieved during the first three years of life [30]. Very
recently, we have shown that the pharyngeal airway width
in IGHD adults is similar to normal controls, showing that
this structure is less dependent from the pituitary GH and
circulating IGF-I [31]. This finding contributes to the low
prevalence of obstructive sleep apnea syndrome in these
subjects [32].

The external genitalia of these IGHD subjects is essentially
normal sized. Accordingly, most of the marriages of the IGHD
subjects, independently of gender, occur with normal statured
partners [5]. In conclusion, the growth of different tissues
growth, cannot be fully explained by the pituitary GH/
circulating IGF-I axis.
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2 Body function in IGHD
2.1 Metabolism and cardiovascular function

As mentioned earlier, GH is a potent post-natal elongation
factor in humans. To accomplish this task, GH has important
roles in the processes of getting food and thereby energy,
utilizing or storing it, by a complex system of enteroendocrine
connections.

This network includes GH, a hyperglycemic, anabolic and
lipolytic peptide, and IGF-I, a hypoglycemic, anabolic, and
lipotropic agent. In addition, GHRH, ghrelin, somatostatin,
insulin and gastrointestinal hormones including GLP-1 are
involved in this network. Ghrelin, an orexigenic peptide and
potent stimulatory GH factor, is produced mostly by the stom-
ach, and enhances feeding and weight gain. Insulin and GH
are essential in homoeothermic animals to adapt the energy
utilization to the amount of food, promoting anabolism when
calorie supply exceeds demands, and catabolism in the oppo-
site situation. Insulin is the main metabolic hormone in the fed
state, but GH assumes a key role as a stimulator of lipolysis
during prolonged fasting, providing an evolutionary advan-
tage in times of food scarcity [33]. Further, the ghrelin-GH
axis seems have an essential role for surviving starvation, at
least in mice [34]. IGHD subjects with this GHRHR mutation
eat proportionally more, but healthier than local controls,
matched for age and gender. In fact, their estimated energy
intake corrected by body weight was higher than controls. In
addition, they consume in percentage more proteins less car-
bohydrates, and equal amount of lipids in comparison to con-
trols [35]. More recently, we demonstrated that this IGHD
syndrome is associated with increased GLP-1 secretion and
reduced postprandial ghrelin and hunger attenuation in re-
sponse to a mixed meal [36]. These enteroendocrine connec-
tions can result into a favorable outcome in terms of environ-
mental adaptation, guaranteeing appropriate food intake, and
can confer metabolic and vascular benefits [36].

These IGHD subjects have higher locomotor activity [37]
and possible increased thermogenesis, similar to what was
shown in mice with generalized ablation of the GHRH gene
[38], factors that can contribute to their partial protection
against weight gain. Because they have a reduced sweating
capacity, they may have a disadvantage in the tropical climate
of their region [39].

The changes in body composition in our IGHD cohort are
already present in early childhood, and persist throughout life.
They include decreased fat free mass and increased percent
body fat [40, 41]. Obesity is predominantly truncal, likely due
to reduced lipolysis by the GH-sensitive lipase in this body
region [9]. Truncal obesity may be a direct effect of the lack of
GH, as IGF-I treatment does not reverse it in subjects with GH
insensitivity (Laron) syndrome (GHI) [42]. Obesity seems to
be less pronounced in IGHD than in GHI syndrome [39],

probably reflecting some residual lipolysis in IGHD due to
the low, but detectable, GH secretion. In spite of visceral ad-
iposity, IGHD subjects from our cohort have increased insulin
sensitivity [43], accompanied by high serum adiponectin [44].
The increased insulin sensitivity despite visceral adiposity
suggests that there is a threshold of GH secretion necessary
for visceral adiposity to impair insulin sensitivity [42]. Similar
insulin sensitivity and increased adiponectin is seen in GH
resistant mice [45, 46]. The insulin sensitivity may contribute
to the normal longevity despite increased cholesterol of our
IGHD cohort [6]. However, the insulin sensitivity does not
prevent the development of diabetes, likely due to reduced
[3-cell function [45].

These IGHD subjects have, throughout life, high serum
total and LDL cholesterol levels [25, 47], secondary to a de-
crease in hepatic LDL receptor activity which is caused by
GHD [48]. They also have higher circulating C-reactive pro-
tein, with a mild increase in systolic blood pressure in adults,
and arterial hypertension in older age, without evidence of
cardiac hypertrophy or increase in carotid intima media thick-
ness, or coronary [49, 50] and abdominal aortic atherosclero-
sis [51]. This observation may be explained by the fact that
IGF-I has a dual action, promoting (by increasing proliferation
of vascular smooth muscle cells), or preventing (by increasing
nitric oxide formation, vascular compliance, and insulin sen-
sitivity) atherogenesis. A persistent very low IGF-I level
might have a protective role, whereas a milder decrease (as
seen in adult-onset GH-deficiency) might be noxious [49].
Indeed, when we partially reversed their GHD with a 6-
month GH treatment, we observed the appearance of carotid
plaques [52].

Nonalcoholic fatty liver disease (NAFLD) is more preva-
lent in the IGHD adults than local controls, without progress
to advanced forms of hepatitis, challenging the concept of a
direct role of GH/IGF-I deficiency in the pathogenesis of ad-
vanced NAFLD stages in acquired hypopituitarism [53].

2.2 Musculoskeletal function and balance

Understandably, individuals with IGHD have small bones and
muscles. However, they are so well adapted (mechanosthatic
theory) that their volumetric bone mineral density, corrected
by the size of the bone, is similar to controls [54]. In addition,
they have better muscle strength parameters (adjusted for
weight and fat free mass), and greater peripheral resistance
to fatigue than controls [37]. They have normal levels of 25
hydroxyvitamin D and normal phosphor-calcium homeostasis
[39]. Not surprisingly, there has not been any report of spon-
taneous fractures in this cohort, and the prevalence of vertebral
fracture is indeed reduced in older IGHD individuals com-
pared to age-matched controls [S51]. These subjects exhibit
satisfactory walking and postural balance, without increase
in fall risk [55]. More recently, we reported that they have
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higher prevalence of moderate peripheral vestibular impair-
ment, and of abnormal vestibular-ocular reflex, without rele-
vant clinical consequences, allowing them to be quite active in
farming, horse riding, and sports [16].

2.3 Sensory perception

The sensory perceptions are extremely important for environ-
mental adaptation. Compared to normal controls, these IGHD
subjects exhibit similar visual acuity, intraocular pressure and
lens thickness, but higher values of spherical equivalent and
corneal curvature and lower measures of axial length, anterior
chamber depth, and central corneal thickness [29]. They also
have an increase of optic disc size, but with similar thickness
of the macula, and moderate reduction of vascular retinal
branching points [56]. Taken together, eye changes translate
in little, if any, vision impairment. Conversely, the inner ear is
affected by GHD, with changes in cochlea (mild high-tone
sensorineural hearing loss) [57] and labyrinth (moderate pe-
ripheral vestibular impairment) [16].

2.4 Immune function

The immune function is also very important for environmental
adaptation and survival capacity. Mice with ablation of the
GHRH gene present spleen atrophy and a severe deficiency
in vaccine and immune responses against Streptococcus
pneumonia [58]. Although we have not yet studied the re-
sponse of these IGHD subjects to the immunization against
this specific pathogen, we have not observed significant im-
mune deficits in this cohort. We have studied the frequency of
infectious diseases and the immune function via a clinical
questionnaire, physical exam, serology, and serum total IgG,
IgM, IgE and IgA measurement. The immune response was
evaluated by skin tests and response to vaccination for hepa-
titis B, tetanus, and bacillus Calmette-Guérin. There was no
difference between IGHD and controls in history of infectious
diseases and baseline serology. IGHD subjects had lower total
IgG than controls, but within normal range. There was no
difference in the response to any of the vaccinations, or in
the positivity to PPD, streptokinase or candidin [59]. On other
hand, they have higher prevalence of periodontal disease than
local controls [60]. The apparently normal daily immune func-
tion suggests that many immune cells have a local GH/IGF
system, apparently independent from the pituitary GH and
endocrine IGF-1. Very recently, we found that macrophages
from IGHD subjects are less prone to Leishmania infection
compared to GH sufficient controls [61]. These findings may
indicate a genetic advantage of this IGHD cohort against at
least this particular pathogen, which is prevalent in northeast
Brazil, and may have contributed to the spreading of the mu-
tation in this area.

@ Springer

2.5 Sleep, quality of life and reproduction

GHRH and GH play an important role in sleep regulation, and
GHD has been associated with sleep abnormalities [62].
Indeed, our IGHD individuals exhibit impairment in both
non-REM and REM sleep, more conspicuous in the former
[32], but this does not affect their quality of life (QoL) mea-
sured by a standardized, self-weighted questionnaire [13].
This contrast with many reports of reduced QoL in adults with
acquired GHD. We hypothesize that having very little GH
exposure throughout life may be more advantageous than hav-
ing normal GH secretion followed by subsequent decline.

Subjects with IGHD have no obvious abnormalities in sex-
ual development or function. They do not exhibit
microphallus, but have delayed puberty. The beginning of
climacteric is anticipated, but the age at menopause is similar
to control group, and within the age range of normality. The
IGHD women have a smaller number of children than other
women from the same area [5, 63], but this may be related to
becoming sexually active at a later age, and to the need for
caesarian deliveries due to cephalic/pelvic disproportion.
They do not have trouble in breast-feeding. Although GH
and prolactin share strong similarities in structure and func-
tion, adequate mammary development and lactation are appar-
ently possible in the absence of GH signals [12, 63].

2.6 DNA repair and Cancer

In the whole IGHD Itabaianinha cohort, during 25 years of
medical care, our team did not diagnose any case of breast,
colon, and prostate cancers [2, 5]. The absence of these com-
mon neoplasms suggests that GH and IGF-I deficiency pro-
tects against DNA damage and favors apoptosis of damaged
cells, thereby reducing the risk of cancer, as shown in Laron
patients [64, 65]. However, the deficiency of GH/IGF-I may
anticipate errors in the repair of potentially mutagenic DNA
damage in human skin keratinocytes. Accordingly, there were
four skin tumors; three of them were malignant (one lethal),
indicating a vulnerability of their skin to tumor development
[66].

2.7 Longevity

In many animal models GH deficiency or resistance are asso-
ciated with increased lifespan (2). Although the IGHD sub-
jects in our cohort may have deleterious age-related condi-
tions, such as diabetes, NAFLD, and skin cancer, these con-
ditions very rarely progress to advanced stages, compromising
their normal longevity, with some centenarians reported
among the IGHD subjects [2, 6]. While the increased insulin
sensitivity is one plausible explanation for this beneficial pro-
file, studies of other putative mechanisms, such as mTOR
pathway or mitochondrial function in these IGHD subjects
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are necessary. However, our data indicate that these subjects
present less tiredness and disabilities even in advanced age,
and consequently old subjects exhibit a different profile of
senescence, maintaining a more youthful level of morbidity
[2]. Not surprisingly, evitable causes of mortality, such as
accidents, seem more prevalent in the IGHD cohort than in
general [tabaianinha population, possibly due to disproportion
between these subjects’ size and commonly used tools that are
designed for normal statured individuals [2].

3 Conclusions

This GHRH disruption syndrome in the Itabaianinha cohort
has been a very valuable model to study the GH/IGF-I axis
roles in body size and function. Although much progress has
been achieved, this knowledge is still incomplete. However,
these very small-sized individuals seem to have more positive
than harmful consequences in their body functions, with a
beneficial result in terms of quality of life, without reducing
their longevity.
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