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Background: Pediatricians often encounter issues related to short stature, particularly in underde-
veloped nations. Changes in total ghrelin (TG) or acylated ghrelin (AG) are thought to influence
growth by affecting growth hormone secretion, which may subsequently impact the formation of
insulin-like growth factor-1 (IGF-1) or through alterations in hunger and food consumption.

Aim: This study aims to improve the management of children with short stature and assess the
outcomes associated with it.

Methods: Between March 2021 and October 2022, a cross-sectional descriptive study was conduct-
ed at the pediatric endocrine clinic of Mahala General Hospital. The study enrolled 48 participants.
The patients were divided into two groups: Group A included children with growth hormone defi-
ciency, while Group B comprised children with unexplained short stature. Ghrelin levels, IGF-1,
growth hormone, thyroxine, triiodothyronine, and thyroid-stimulating hormone were all meas-
ured.

Results: There was a statistically significant decrease in IGF-1 in Group A compared to Group B.
Additionally, Group A exhibited significantly higher ghrelin levels than Group B. Growth hor-
mone showed a statistically significant negative correlation with ghrelin and a positive correlation
with IGF-1.

Conclusion: The relationship between growth hormone, IGF-1, and ghrelin is negative; the short
stature group has a lower body mass index (BMI) than the growth hormone deficiency group,
indicating a lower nutritional status. Ghrelin may be a contributing factor in the etiology of idio-

pathic short stature.

Introduction

In the same ethnic group, short stature is defined as having a
height less than the third percentile or two standard deviations below
the mean height for that age and sex (1). Short stature might result
from an illness or be a variation of average growth (2).

Familial (genetic) short height and delayed (constitutional)
growth—standard, non-pathologic growth patterns—are the most
prevalent reasons for short stature after the first year or two of life.
Short stature can often be caused by endocrinological ailments involv-
ing hypercorticism, hypopituitarism (single anterior pituitary hor-
mone shortage or numerous), hypothyroidism, and regular Laron
syndrome (1). Being overweight, in terms of their height, outlines
each of these. Along with several dysmorphic syndromes, small-for-
gestational-age (SGA) births and intrauterine growth retardation
(IUGR) can also result in short stature (2).

A deficiency of growth hormone results in short stature; it's a
complex clinical situation requiring knowledge of the disease's histo-
ry, experience, and careful assessment of all available treatment op-
tions in light of the best available scientific data, avoiding off-label or
unproven therapies (3).

Finding the subgroup of kids with pathologic causes such as
Turner syndrome, inflammatory bowel disease, or another underlying
systemic condition—is the aim of evaluating a kid with short stature
(such as growth hormone deficiency). To aid in decisions regarding
intervention, if necessary, the evaluation also assesses the degree of
the short stature and the expected growth trajectory (2).

Patients and Methods
Study design

A cross-sectional descriptive study was conducted at the pediatric
endocrine clinic at Mahala General Hospital between March 2021 and
October 2022. Interviews and lab tests were used to determine the
patient's eligibility for this study. Before beginning the study, each

participant provided written, informed consent. Group A: Growth
hormone deficient child; Group B: Unexplained short stature.

Children aged 5 to 10 years, both male and female, who showed
substantially short stature or short stature as measured by the Egyp-
tian Growth Chart were included in the current research. The follow-
ing conditions were not included in the study: skeletal dysplasia, hor-
monal deficiency rather than growth hormone (thyroid, for example),
clinical syndromes (Turner, Cushing, silver russel, etc.), chronic dis-
ease (DM, chronic renal failure, etc.), and familial short stature.

Patient preparation

Taking a history involves providing personal details, medical
history (with a focus on the existence of chronic illnesses), food and
drug intake histories, and information about growth and develop-
ment, including dental eruption, motor development, mental devel-
opment, and mental development, as well as any family history of a
condition similar to short stature or delayed puberty.

The clinical examination covers examinations of height with a
stadiometer, weight with a Seca weighted scale, and body mass index
(BMI) derived from a person's height in meters and weight in kilo-
grams (kg/m2). Body mass index is determined using the WHO
growth curves and z-scores. Each child's BMI was then calculated
using the WHO Reference criteria. In addition to a local examination
that included a chest, heart, and abdominal exam, a general examina-
tion was conducted to rule out the dysmorphic symptoms of syn-
dromic short stature.

In a study conducted in a lab, Ghrelin levels, growth hormone,
IGF-1, T3, T4, and thyroid stimulating hormone were all assessed.

Statistical Analysis of Data

Using SPSS version 21 (SPSS Inc., Chicago, USA), an IBM-
compatible computer was used to arrange, tabulate, and statistically
analyze the gathered data. Distributions of percent and frequency
were computed for the qualitative data, and standard error (SE) and
mean were computed for the quantitative data.
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Results

The BMI and BMI percentile in the current study were almost
similar for both groups. When Group I and Group II were compared,
there was a substantial drop in height, height percentile, weight, and
weight percentile in Group I. Group I had a considerable rise in tri-
glycerides (TG) compared to Group II's TG. Low-density lipoprotein
(LDL), high-density lipoprotein (HDL), and total cholesterol (T-Ch)
were almost similar in both groups. (Table 1).

GH, IGF-1, and Ghrelin were found to be statistically significantly
lower in group I compared to group II, significantly higher in group I
compared to group II, significantly decreased in free T4 in group I
compared to group II, and significantly increased in TSH in group I
compared to group II in the current study (Table 2).

Following clonidine induction, all growth hormone measures
produced statistically significant results. The peak of the growth hor-
mone-deficient group was almost five times greater than the same
value in the other group (Table 3).

Comparing the ghrelin levels and insulin-like growth factor-1
between research groups revealed statistically significant variations.
Ghrelin and insulin-like growth factor-1 have a statistically significant
negative connection. The relationship between maximum growth
hormone and insulin-like growth factor-1 is highly statistically signifi-
cant (Figures 1-6)

Table 1. The analyzed cases' demographic information included their height, weight,
BM]I, percentiles, and lipid profiles.

Group I Group I T-test P value
Height (Cm) 87.19 +2.05 104.71 + 2.86 498 <0.001*
Height percentile 10.24 + 1.67 66.19 + 3.57 14.2 <0.001*
Weight (Kg) 18.33 £ 0.61 23.62 +1.07 4.29 <0.001*
Weight percentile 11.67 + 1.74 57.38 £ 4.62 9.26 <0.001*
BMI (kg/m2) 14.71+£0.38 13.97 £ 0.36 14 0.17
BMI percentile 47.62 + 341 51.19 + 3.65 0.72 048
TG (mg/dl) 8391+1.38 60.95 + 1.06 10.85 <0.001*
T-Ch (mg/dl) 174.62 +3.17 167.71 £2.17 11.52 0.08
LDL (mg/dl) 86.05 +3.18 79.76 + 2.66 151 0.14
HDL (mg/dl) 66.62 + 2.63 68.62 +2.27 0.58 0.57
Table 2. Hematological parameter of the studied cases.
Group I Group II T-test P value
GH (ng/dl) 1.03+0.19 48+087 19.43 <0.001*
IGF-1 (ng/ml) 198.62 + 35.02 310.19 £27.25 11.52 <0.001*
Ghrelin (pg/ml) 406.67 + 33.76 315.38 £26.75 9.71 <0.001*
Free T4 (ng/dl) 0.85+0.11 146 +0.3 8.62 <0.001*
TSH (ng/dl) 6.04 +0.42 3.78 £ 0.41 17.6 <0.001*

Table 3. Clonidine growth hormone induction results for the study groups

Group Growth hormone | Idiopathic short
deficient stature p-value

Variables Mean + SD Mean + SD

Basal (ng/ml) 0.9 £ 0.15 2.34+05 <0.001
30 minutes (ng/ml) 1.6+ 0.3 10.12 + 1.09 <0.001
60 minutes (ng/ml) 1.8 £ 0.32 9.89 £ 0.79 <0.001
90 minutes (ng/ml) 1.03 + 0.25 7.08 +1.22 <0.001
120 minutes (ng/ml) 0.51 +0.15 422 +1.14 <0.001
150 minutes (ng/ml) 1.25 + 0.25 321 +1.19 <0.001
180 minutes (ng/ml) 0.77 £ 0.19 3+0.75 <0.001
Maximum (ng/ml) 2.2+0.25 12.3 + 0.62 <0.001
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Figure 1 Graph comparing study groups’ clonidine growth hormone induction
results for the study groups
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Figure 4. Scatterplot showing the relation between insulin-like growth factor-1 and
ghrelin in the whole study population

Discussion

Our study's findings demonstrate that, regarding anthropometric
measurements, children with GHD had significantly lower measure-
ments than children with ISS, and group I had significantly smaller
weights than group II. Additionally, the two groups' BMIs were re-
markably identical.
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Figure 5. Scatterplot showing the relation between insulin-like growth factor-1 and
maximal growth hormone measurement in the whole study population
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Figure 6. Scatterplot showing the relation between ghrelin and maximal growth
hormone measurement in the whole study population

According to (4), children with growth hormone deficit (GHD)
had lower weight and height measurements and percentiles. This
change in food intake may respond to the increasing metabolic re-
quirements brought on by GH treatment, as seen by the better appe-
tite that matched with increases in weight, height, and energy ex-
penditure throughout treatment. As compared to non-GHD patients,
the GHD patients had a greater BMI upon diagnosis (5). Body com-
position alterations brought on by growth hormones are desirable.
There has been a notable increase in the body mass index (BMI) in
several research (6).

Our investigation indicates that the IGF-1 level was much lower
in the GHD youngsters relative to the ISS group. Our data are com-
pared with those of (7), who found no significant difference in IGF-1
levels between the control group and 41 prepubertal ISS, 25 prepuber-
tal ISS, and pubertal ISS, respectively. According to Ibba et al. (8), 30
children with CDGD had significantly lower serum IGF-1 levels than
the control group. Rather than being the result of GH insufficiency,
low IGF-1 levels in children with CDGP were most likely caused by
inadequate diet.

According to our study's findings, children with GHD had sub-
stantially higher levels of Ghrelin and statistically significantly lower
levels of GH when compared to children with idiopathic short stat-
ure. According to Zhou and Du R (9) and Stawerska et al. (10), these
findings reinforced the results. They reported that patients with
growth hormone deficit (GHD) had greater levels of ghrelin than
those with normal GH. In children with growth hormone deficit
(GHD), GH and IGF-1 were shown to be lower, according to
Yackobovitch-Gavana et al. (4). Improved appetite typically follows
GH treatment, contributing to the enhanced growth rate in short
children (11).

Interactions throughout the central nervous system and circulat-
ing hormones that regulate hunger determine how much food is con-
sumed and how much appetite is controlled (12). The improved nu-
tritional status of GH therapy enhanced the response to ghrelin stim-

ulation. According to these results, lean and short children's nutri-
tional condition is likely reflected rather than caused by ghrelin levels,
most likely in a compensatory way (13).

A low level of serum IGF-1 in the absence of chronic illness and
malnutrition is comparable to (45%) or superior to (37%) growth
hormone stimulation test (GHST), according to 82% of those who
replied to a survey on 387 citations covering the majority of guide-
lines and recommendations for the diagnosis of GHD (14). As pro-
vocative GH testing indicates (15), serum IGF-1 concentrations do
not precisely translate with GH status. However, some individuals
continue to believe that IGF-1 concentration may be a somewhat
reliable test in detecting GHD due to GHST (16 - 17).

Our research demonstrates that in total patients, ghrelin is strong-
ly associated negatively with IGF-1. No discernible relationship was
found between the GHD and ISS groups. Amin et al.'s (18) study
recruited 17 CDGP children, ages 6.5 to 15; 19 FSS children, ages 7 to
15.2; and 11 controls, ages 6.8 to 14.8. Low IGF-1 may have stimula-
tory effects on ghrelin, which could explain the negative association
between ghrelin and IGF-1.

There was no relationship between ghrelin concentrations and
IGF-I SDS, as demonstrated by Stawerska et al. (19), who assessed 134
prepubertal children who were categorized into four groups: normal
height birth appropriate gestational age (AGA), just short AGA, nor-
mal-height SGA, and short SGA. Possible explanations of the data
discrepancies include the substantial sample size and the assertion
that SGA and AGA are not GHD patients. Our study revealed a nega-
tive correlation between BMI, weight, height, and Ghrelin in total
patients. Ghrelin and BMI (SDS) had a non-significant statistically
significant correlation in the idiopathic short-stature group and a
substantially good statistically significant correlation in the growth-
hormone deficient group.

We match the findings of Patro-Malysza et al. (20), who found
that in 111 healthy children between the ages of 4 months and ten
years, there was a negative connection between age and total ghrelin,
acyl ghrelin and des-acyl ghrelin.

According to Amin et al. (18), in short-stature patients (CDGP
and FSS) and controls, ghrelin was significantly linked with chrono-
logical years, bone age, weight, height, SDS, and BMI. Eleven con-
trols, ages 6.8-14.8, 19 children with FSS, ages 7-15, and 17 children
with CDGP, ages 6.5-15, participated in the study. Considering that
the increased ghrelin levels were a compensatory response to the re-
duced height SDS caused by lower IGF-1 concentrations is reasona-
ble. Another hypothesis for the compensatory rise of ghrelin as an
orexigenic component could be that people with short stature have
inferior dietary status, which results in reduced height SDS.

Ghrelin has been shown by El-Shumway et al. (21) to have a nega-
tive correlation with height, BMI, bone age, and weight (kg). The
bone age latency (years) and ghrelin had a positive correlation. How-
ever, there was no discernible relationship between ghrelin and age in
23 CDGP children who were short-stature patients and controls. In
41 prepubertal and 116 prepubertal and pubertal children ISS, respec-
tively, ghrelin was found to be inversely linked with weight SDS and
height SDS, according to studies by Iniguez et al. (7) and Stawerska et
al. (10).

Lewinski et al. (22) found a substantial negative association be-
tween body weight, BMI SDS for HA, ghrelin concentration, and CA,
HA, BA, and body weight. Regardless of the child's chronological age,
thinner children have deeper ghrelin concentrations; nevertheless, no
significant link has been shown between ghrelin concentration and
BMI SDS for CA. However, in 15 GHD, 116 ISS pubertal and prepu-
bertal children, and 19 controls, there were no significant associations
observed between ghrelin concentrations and GH max in the entire
group of children, either during the clonidine-provoking test or dur-
ing the glucagon-stimulating test.

The findings of Willaschek et al. (23) indicate that there may be a
negative feedback loop between ghrelin and GH similar, as there was
a negative connection between circulating ghrelin and GH in 8 pre-
pubertal short stature normal growth hormone (NGH) children. In
ten prepubertal GHD children, no such changes were seen. The base-
line ghrelin levels in NGH subjects negatively correlated with absolute
body weight. The compensatory mechanism of ghrelin to alter the
metabolic process has been proposed as the cause of this condition.

Our data also align with that of Stawerska et al. (19), who revealed
statistically significant negative correlations between ghrelin and WT/
SDS, BMI SDS for HA, and the ages of 134 prepubertal children, who
were split into four groups: normal-height SGA, short SGA, average
height born corresponding to gestational age (AGA), and short AGA.

In 28 anorexic patients and 33 controls of average weight,
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Terra et al. (24) discovered a negative correlation between ghrelin
and BML In this investigation, there was no discernible association
with additional thyroid function metrics. According to Joanna et al.,
the T3 hormone and growth hormone levels in the serum were found
to correlate positively for the group of people with short height. Thy-
roid hormone T3 is necessary for adequate skeletal development, and
this finding confirmed the most commonly cited mechanism of
changes in thyroid hormone levels: GH-mediated increase of periph-
eral T4 to T3 deiodination (25). Epiphyseal dysgenesis, delayed bone
age, growth arrest, and low stature are the consequences of childhood
hypothyroidism (26).

Ghrelin levels were negatively correlated with anthropometric
measures in healthy children, including height, weight, BMI, waist
circumference, and hip circumference (27). Relative to IGF1 and
insulin-like growth factor binding protein-3 (IGFBP-3) and positively
correlated with IGFBP-1, ghrelin levels in healthy children decline
with age and puberty. These changes reduce the availability of IGF1
in the tissue (28). They hypothesized that the growth spurt during
puberty is caused by the lowering of ghrelin with age and during
puberty with increasing IGF1 levels. As a result of the neural circuits
inducing a positive energy balance during fasting, ghrelin levels rise.
By suppressing TSH levels and promoting the hypothalamic-pituitary
-adrenal axis, ghrelin lowers energy expenditure via its effects on the
hypothalamic-pituitary-thyroid axis (29). GH levels in anorexic pa-
tients are high, while GH secretion is reduced in obese patients; these
differences may be explained by the fact that ghrelin is an endoge-
nous agonist at the GH secretagogue receptor (30).

There are some limitations to our study. First, our study was a
cross-sectional study. Second, the number of subjects in our study
was relatively small. Third, we measured the total circulating ghrelin,
including acyl and des acyl ghrelin, but not the active form.

Conclusion

There is a negative feedback loop between ghrelin and IGF-1 and
GH, while positive feedback is with BMI. BMI, which is a reflection
of nutritional status, is lower in the ISS group than in the GHD
group. Despite that BMI is more affected in the ISS group, there is
only a very weak positive non-significant correlation with ghrelin.
Ghrelin may contribute to the pathogenesis of idiopathic short stat-
ure.
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