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Objective: To analyze and determine the quality of functioning in different components of GHRH-GH-IGF1 axis in children with Down syndrome (DS).



Design: Systematic review and mini meta-analysis of the literature.



Methods: A search was performed in PubMed, Embase, Scopus, and PsycINFO through August 2022. Eligible studies included pediatric patients with DS who had undergone any laboratory evaluation of the GHRH-GH-IGF1 axis. Two reviewers independently screened articles for eligibility. Results of each type of test were weighed together in patients both with and without DS and were pooled using a random effects meta-analysis.



Results: In total, 20 studies assessed the GHRH-GH-IGF1 axis function. A defect in three major components of GHRH-GH-IGF1 axis was found in a significant proportion of pediatric DS patients.



Conclusions: A significant portion of short-stature pathogenesis in children with DS is associated with impaired GHRH-GH-IGF1 axis function.
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1. Introduction

Down syndrome (DS) is the most common chromosomal disorder with an incidence of one in 700 live births in the United States (1), and 1–10 in 1,000 live births worldwide, according to the WHO (2). Linear growth retardation is a cardinal characteristic of DS. Pathologic low height velocity is most marked in infancy and adolescence (3). The mechanisms responsible for short stature in DS are not yet completely clear. Although congenital heart defects may contribute to growth retardation, short stature characterizes children with DS even in the absence of such defects.

Various hypotheses about its cause have been raised over the years. The main pathogenic route examined is the existence of interference in one of the “stations” along the GHRH-GH-IGF1 axis. The GHRH-GH-IGF1 axis consists of a chain of events that start with the release of growth hormone-releasing hormone (GHRH) from the hypothalamus. GHRH then travels to the pituitary gland, where it stimulates the release of growth hormone (GH). GH then travels to the liver, where it stimulates the production of insulin-like growth factor 1 (IGF-1). IGF-1 is a hormone that plays a critical role in growth and development.

The involvement of GHRH-GH-IGF1 axis in the pathogenesis of short stature in DS children is strongly suggested by growth retardation having been most marked between the ages of 6 and 24 months, the same period that growth hormone normally becomes the main regulator of growth (4).

Various studies have reported different results of tests that assessed the axis function, usually on a small number of patients. Therefore, it has been difficult to reach a valid conclusion on this matter.

In this study, for the first time, we reviewed all the reported data that examine the possible disruption in the GHRH-GH-IGF1 axis in DS pediatric patients.



2. Methods


2.1. Search strategy and study selection

The present systematic review was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (5). No formal ethical approval was required. An extensive literature search of four electronic databases: PubMed, Cochrane Library, Scopus, and PsycINFO via EBSCO was undertaken for studies about DS and growth hormone, published until January 2021. The general keywords were “Down syndrome” and “growth hormone”, while the search strategy was updated and adapted for each database. The search was restricted to humans, and no other restriction was made. Studies in all languages were included. Full-text articles of potentially relevant studies not available through the university library were requested from the authors. We ran a repeat search on 01.09.2022 and received 27 additional records. A review of the title or abstract was enough to determine that they are not suitable for inclusion in this review.



2.2. Quality assessment and risk of bias

The scope of data reporting in a large part of the original works did not allow for a full quality and risk of bias assessment to be carried out on the individual original studies, therefore no individual quality assessment was carried out.

We used ROBIS, a tool for assessing quality and risk of bias in systematic reviews. The tool is completed in three phases: assess relevance (optional), identify concerns with the review process by 21 questions divided to 4 domains, and judge risk of bias in the review. It is the first rigorously developed tool designed specifically to assess the risk of bias in systematic reviews (6).



2.3. Eligibility criteria

Eligible studies included focused on the assessment of the GHRH-GH-IGF1 axis function in pediatric DS patients and reported results of at least one of the following tests: growth hormone stimulation test, 12- or 24-hour integrated GH concentration test, IGF-1 level assay, IGF-1 generation test, calculated bind GHBP (growth hormone binding protein)/ total GHBP ratio, or calculated GH Radioreceptor assay (RRA) / immunoradiometric assay (IRMA) ratio. Both comparative as well as single-arm studies were considered, as were single case reports. Figure 1 describes the flowchart of article screening and inclusion.
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FIGURE 1
Flowchart of article screening and inclusion.




2.4. Data extraction

Data extraction included a full description of participants enrolled including their gender and age. Foreign language articles were translated by multilingual reviewers. The main outcome extracted from studies for mini meta-analysis was the percentage of patients with pathologic test results.



2.5. Statistical analysis

In order to assess heterogenicity, we used a random effects meta-analysis. We assessed the degree of inconsistency in the results between studies using the I² statistic. This statistic explains the proportion of inconsistency between studies that cannot be explained by chance alone and is likely due to real differences in the population or the conduct of the studies (7).

Results of each type of test were weighed together in patients both with and without DS and were pooled using a random effects meta-analysis. We used a Chi-square test to evaluate the differences between test results of DS patients with those of control groups. Publication selection bias could not be calculated due to missed relevant data.




3. Results


3.1. Search results

An initial search of the literature yielded 281 publications and 20 eligible studies (Figure 1). Twenty studies examined one or more aspects of the GHRH-GH-IGF1 axis function in children with DS. Eight of the studies also included a control group of children without DS. The main findings are presented in Table 1.


TABLE 1 GHRH-GH-IGF1 axis mini meta-analysis—main findings of included studies.
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The percentage of pathological results among DS patients ranged between 0% and 25% in studies that examined the arginine stimulation test (9, 10, 17), 0% and 40% for insulin stimulation tests (8, 9, 20), 37.5% and 61.5% for L-DOPA stimulation tests (14–16, 18), and 50% to 65% for clonidine stimulation tests (14–16, 18, 20). Studies that examined the GHRH stimulation test with and without pyridostigmine found between 0% and 30% of DS patients with a pathological result (16, 18, 20) and 0% in the hexarelin stimulation test (22). Studies that examined the 12- or 24-hour integrated GH concentration test found between 83.3% and 100% of DS patients with a pathological result (15, 19, 20). Studies examining the level of IGF-1 in DS patients found it to be below the normal range for age and gender in 15% to 43% of the cases and below the 25th percentile for between 64% and 100% (17, 20, 21, 25). In the IGF-1 generation test among DS patients, while no pathologically low IGF-1 level was recorded for those given recombinant growth hormone (12, 17), 100% of a pathologically low IGF-1 level was recorded for those given arginine (17). In the bind GHBP/total GHBP ratio test among DS patients, 0% of a pathological result was found (17). However, in the RRA/IRMA ratio test the ratio was significantly lower in those with an IGF-1 level below the norm (17). The nocturnal GH peak characteristics, which include amplitude, duration, and area under the curve, was found to be significantly low for DS patients compared to the control group (23).



3.2. Mini meta-analysis GHRH-GH-IGF1 axis function

Risk of Bias of systematic review was evaluated according to ROBIS. Phase 2 include 3 essential domains: identification and selection of studies, data collection and study appraisal, synthesis, and findings. Thirteen signaling questions in three domains were corresponded to “low risk of bias” while 3 signaling questions, 2 in domain 3 and one in domain 4, were classified as “no information” and hence corresponded to “unclear risk of bias”.

Comparisons of pathological results in percentage terms between DS and non-DS children for each test as presented in Figure 2 were based on all studies from which the relevant data could be extracted. For the arginine test the overall percentage of pathological results among DS children was 7%, for the GHRH test - 12%, for the insulin test - 29%, for the L-DOPA test - 53%, for the clonidine test - 63%, and for the 12- or 24-hour integrated GH concentration test - 93%. Among DS patients undergoing the growth hormone stimulation testing protocol, 32% registered pathologically low results in two tests. IGF-1 levels were found to be pathologically low according to age and gender in 40% of DS patients. It was not possible to extract the percentage of pathological results in a small number of studies (11, 13, 22). The overall percentage of pathological result was 0% for all tests among the control groups.
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FIGURE 2
Combined results of various tests in DS and control groups. Percentage of pathological results (x-axis) for each test (y-axis) of DS patients (circle) vs. control (square). Two average lines that weigh all tests’ results (control-thicker line, DS- thinner line) are shown as well. N- number of studies. n-total number of subjects. 2 tests- subjects who undergo 2 different growth hormone stimulation tests.


Weighing the total results for all tests on DS children cumulatively yielded 40% pathological results compared to 0% in the non-DS control groups (Figure 2). The statistical difference is significant with p value <0.001.

A forest plot of standardized mean difference (SMD), and their 95% CI and weights for the different combined test results is presented in Figure 3. SMD expresses the size of the effect of the combined results for each test relative to the variability observed in the different studies in which that test was examined. Most of the results were found to be in close proximity to the overall meta-analyzed measure of effect, i.e., with a minimum degree of variance. One subgroup of IGF-1 levels is not in close proximity, but the overall cumulative IGF-1 level test does come within relative proximity. Two results are not in proximity: GHRH and ICGH 12–24.
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FIGURE 3
A forest plot of the GHRH-GH-IGF1 axis mini meta-analysis. Random effects meta-analysis of different tests. The right-hand column shows a plot of the measured weight of effect for each test type represented by a square, also incorporating confidence intervals represented by horizontal lines. The overall meta-analyzed measure of effect is represented on the plot as a dashed vertical line. The position of most points along the “0” line reflects the minimum degree of variance between the vast majority of tests.


Using random effect analysis, chi-squared heterogeneity was 567.47 with a p-value <0.001. I-squared was 98.6%. The estimate of between-study tau-squared variance was 4.862 with a p-value <0.001.


3.2.1. Hypothalamic function

Hypothalamic function was assessed by 12-h (nocturnal) or 24-h integrated GH concentration and by GH stimulation tests that can be classified to “hypothalamus-mediated” and “pituitary-mediated”.



3.2.2. Hypothalamus-mediated GH stimulation tests

Four such tests were conducted in DS patients. The mini meta-analysis of all the detailed and reported hypothalamus-mediated GH stimulation tests (8–10, 14–20, 22), reveals two main findings. Firstly, remarkable variability was observed between the results compared to the arginine test. The fraction of pathological results for the insulin tolerance test (17 of 59 children), levodopa test (29 of 55), and clonidine test (57 of 95) was found to be significantly higher than for the arginine test (2 of 30), with a p-value of <0.02. Figure 4. demonstrates the variance between different tests aimed at assessing the growth hormone axis in children with DS. Also, approximately one third of DS patients had two pathologic GH stimulation tests, and formally should be considered growth hormone deficient.
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FIGURE 4
The degree of pathology results rate in each test relative to the weighted average of all tests. Dark dots represent “above the average” rate, light dots represent “beneath the average” rate and square represent “on average”. The potential for a pathological result in a particular test in a child with DS increases as one moves away from the mean line upwards.




3.2.3. GH neurosecretory dysfunction

The mini meta-analysis of all detailed reported 12-h (nocturnal) or 24-h integrated GH concentration reveals a very high (93%) pathological fraction (Figure 2, 4), indicating an almost universal defect among the DS population (15, 20, 23). From all included studies it was possible to extract data on just a single non-DS subject who underwent this test and in whose case the test came out normal, and therefore it is not possible to discuss the significance of the difference. Other nocturnal GH peak characteristics were also found to be significantly low compared to the control (23).



3.2.4. Pituitary-mediated GH stimulation tests

GH releasing effect was studied in 12 DS patients showing that the response to hexarelin is normal and is similar to GHRH plus pyridostigmine, slightly higher than GHRH alone, and much higher than clonidine, levodopa, and insulin stimulation tests (22), with p-value of <0.0001, 0.000192, and 0.077, respectively.




3.3. GH receptor and bio-inactive GH

There was a difference between “endogenous” and “exogenous” IGF-1 generation tests. A normal reaction to the “exogenous” GH-induced IGF-1 generation test (12, 17), in the presence of an abnormal reaction to “endogenous” arginine induced IGF-1 generation test, indicates normal function of GH receptors and an “upward” or “proximal” problem. An indirect proof of the presence of GH receptor was obtained by the evaluation of the calculated bound GHBP (growth hormone binding protein)/ total GHBP ratio that was found to be normal and equal to controls and demonstrated their normal levels (17). On the other hand, the evaluation of the RRA/IRMA ratio revealed the presence of a reduced bioactivity of endogenous GH in some DS patients (17).


3.3.1. IGF-1 synthesis and secretion -IGF-1 levels

The mini meta-analysis of the detailed and reported IGF-1 level in DS pediatric patients, according to an acceptable age-dependent normal range (13, 17, 19–21, 24–27), reveals that 41% are of low pathological level, 72% are under the 25th percentile, and 87% are under the 50th percentile. After splitting this group according to an age cut-off of 11.4 years, the results obtained are: 53% are of low pathological level, 81% are under the 25th percentile, and 98% are under the 50th percentile.





4. Discussion

The picture that emerges from this systematic review and mini meta-analysis is that the GHRH-GH-IGF1 axis is impaired in children with DS. There is a well-established impression of a hypothalamic impairment expressed in a combination of quantitative production and functional neurosecretion disorders. Apparently, a significant portion of the pathogenesis of short stature in children with DS is associated with impaired GHRH-GH-IGF1 axis function, as evident from the results of the various tests.


4.1. Hypothalamic dysfunction

A variety of findings supports the hypothesis that the hypothalamus plays a significant part in the short stature among children with DS (18), specifically the high rate of pathological results in the 12- or 24-hour integrated GH concentration test, the nocturnal GH peak characteristics and the differences between the various stimulation tests that act on different pathways.


4.1.1. Hypothalamus-mediated GH stimulation tests

Insulin, levodopa, and clonidine tests revealed much more pathological results than the arginine test. This finding suggests involvement of the alpha-adrenergic neurotransmitter GHRH-mediating pathway and may point towards the original disturbance location.



4.1.2. Pituitary-mediated GH stimulation tests

The significant difference between GHRH stimulating test results and ITT, Levodopa, Clonidine, and Arginine stimulation tests' results indicates normal or close to normal pituitary global function and supports hypothalamic dysfunction.



4.1.3. GH neurosecretory dysfunction

The basis for understanding clinical disorders in the neuro-regulation of GH secretion is derived from the complexity of the CNS hypothalamic–pituitary axis. Studies in animals and humans demonstrate anatomic, physiological, and pharmacological evidence for neurosecretory control of GH secretion. The observation of a defect in the neuroregulatory control of GH secretion in CNS-irradiated humans and animals led to the hypothesis of a disorder in neurosecretion, GHND (growth hormone neurosecretion dysfunction), as a cause for short stature (28). The very high pathologic fraction result of the 12-h (nocturnal) or 24-h integrated GH concentration tests and nocturnal GH peak characteristics findings reflects a significant neurosecretory dysfunction.




4.2. IGF-1 synthesis and secretion -IGF-1 levels

DS subjects seem to lack the physiological switch from the production of fetal somatomedins and IGF-2 which are growth hormone independent, to IGF-1, which is growth hormone dependent (11). In light of the normal response of IGF-1 synthesis and secretion to “exogenous” GH, the abnormal findings might reflect a bio-inactive GH, an abnormality in the “endogenous” GH synthesis and secretion or action. A reduce RRA/IRMA ratio provides evidence of a discrepancy between GH binding to specific antibodies and to receptor. Such a finding has demonstrated GH molecular forms devoid of biological activity.


4.2.1. IGF-1 receptor

Liver and brain IGF-1 receptors are normal in DS fetuses (29). The results in this review do not raise any suspicion of receptor interference.




4.3. Random effect analysis

A high heterogenicity index may be explained by the fact that, although the tested outcome- the rate of pathological tests- was uniform, this systematic review compares different tests that evaluate different “stations” along the hormonal axis. Nevertheless, it is possible to clearly identify the absolute majority of the results relatively close to the 0 line with the exception of 2 tests: GHRH and ICGH. In both cases, the total number of participants is relatively small compared to the other tests- a fact that increases the chance of sampling error. Although the total number of participants in those two tests is relatively small, this is the maximum number of participants reported in the literature to the best of our knowledge.



4.4. Conclusion

The findings of this review indicate a defect in three major components of the growth hormone axis in a significant proportion of pediatric DS patients. The first one is the quantitative capacity of the hypothalamus–pituitary axis, the second is the qualitative capacity of this axis, and the third is the reduced bioactivity of endogenous GH in some DS patients.



4.4.1. Implications for research and practice

The results of this review quite compellingly indicate that the GHRH-GH-IGF1 axis is impaired in children with DS and significantly strengthen the view that GHRH-GH-IGF1 axis assessment should be considered in short DS children.

According to our findings, assessing GHRH-GH-IGF1 axis function in DS children with the help of only classic stimulation tests may mislead the clinician. These tests mainly examine the quantitative capacity of growth hormone secretion. Although we have shown that about a third of children with DS suffer from an abnormal quantitative capacity and are formally diagnosed as having growth hormone deficiency based on two pathological stimulation tests, other disorders in the GHRH-GH-IGF1 axis such as GH neurosecretory dysfunction or bio-inactive GH are likely to be missed if we rely solely on growth hormone stimulation tests.

It is possible to consider performing a nocturnal spontaneous GH secretion test for evaluating the growth hormone axis in children with DS. This is a test that may sometimes be incorporated into clinical practice (30).

Exogenous growth hormone treatment is expected to provide a response to all three main issues identified in this study. In contrast to growth hormone receptor resistance and more distal disturbances such as IGF-1 receptor deficiency, the administration of proper recombinant growth hormone circumvents both the quantitative and qualitative disorders in the production and secretion of growth hormone, as well as defects in the endogenous protein structure. However, such therapy should undergo formal testing in prospective long term clinical studies.
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C-100% pathological

Pueschel SM (1993)
(16)

A-Clonidine test
B-L Dopa test
C-GHRH test

'A-50% pathological
B-37.5% pathological
C-12.5% pathological

Barreca A (1994)
an

A-IGF1, IGF?2 level-basal (39
patients)

B-Arginine test

C1-IGF1 levels 12,24 and 48 h. after
arginine injection

C2-IGF1 levels 12,24 and 48 h. after
GH injection.

D-GH RRA/ IRMA ratio

E-Bind GHBP/total GHBP ratio
(DS patients vs. non-DS control)

A-Normal IGF2 level. Pathological low IGF1 level at 36% (GR1-
low basal IGF1 concentration). In remaining patients (GR2-
IGF1 in the low-normal range)

B-GR1-peak average 29.6 Ng/ml. GR2-peak average 15.1 Ng/ml
C1-GR1-no significant increase GR2-significant increase in
IgFL level

C2-GR1—a lower peak compared to GR2, but a larger delta
D-Ratio s lower in GR1—an expression of GH bioactivity. The
difference in relation was on the significance boundary with p =
0.057. Especially in 2 patients, a very low level. Statistically
significant correlation between the ratio and IGF1 level, and
IGF1 peak after the arginine test.

E-Similar ratio between groups

Castells S (1996)

1-5(y)

A-Clonidine test
B-L Dopa test
C-GHRH test

‘A-Pathological 50%
B-Pathological 43%
C-Pathological 0%

Castells S (1996)
19)

‘prepubertal

AIGFL

B-L-DOPA test

C- CLONIDINE test

D-GH overnight test (2 children
only)

‘A-an average of 65 ng/ml per square, which is slightly above the
lower border of the norm.

B-at least 35% pathological, maximum 95% vs. 0% pathological
in the control group

C-at least 38% pathological to 100% maximum vs. 0%
pathological in the control group

D-one patient was tested after 2 normal tests, a pathological
result.

Ragusa L (1996)
@0)

1-19 (y)

A-clonidine test

B-Insulin test

C -if discordant results—24-hr
integrated concentration test)

D- GHRH plus pyridostigmin test
E-IgF1 levels in those with at least 1
pathological test (clonidine or
insulin)

‘A-pathological 625%
B-pathological 40%

C-integrative concentration test 24 h - 83.3% Pathological
D-GHRH plus pyridostigmin 30% received pathological

E- 43% pathological, And another 38% below average (25%
below quarter, 15% below quarter, 10% below decile)

Proto € (1997) (21)

1-20 (y)

A-IgF1 LEVEL B- IGFBP3 level

A-out of 18 DS children without growth hormone deficiency, in
5 IGF1 level was below the norm. Out of 13 with growth
hormone deficiency, 6 had a low IGFL. B-only 3 had low
IGEBP3 levels.

Ragusa 1(1996) (22)

15-162 (y)

A-clonidine test
Binsulin test
C-GHRH test
D-GHRH plus PD
E-hexarelin

A-average 13.3 Ng/ml
B-average 23.1 Ng/ml
C-average 27.2 Ng/ml
D-average 47.8 Ng/ml
E- average 58.4 Ng/ml

Ferri R (1996) (23)

128 (y avg)

A-Compare average GH level
between the various sleep stages
B-Percentage of time spent in each
sleep phase

C-Number of GH secretion episode
peaks

D-Average peak amplitude
E-Average peak duration

E-Area under the curve of peaks
alone

G-Integrated concentration

A-A significant low level of average GH level on 53 + 4 sleep
stages compared to control.

B-A significant low percentage on $3 + 4 sleep stages compared
to control. In A + B No gross difference during wakefulness or
the different sleep stages in DS patients

C-The average number of peaks is 2.6

D-Significantly low in DS compared to control
E-Significantly low in DS compared to control

E-Significantly low in DS compared to control

G-Significantly low in DS compared to control

Arvat E (1996) (24)

135 &119 (Y,
mean)

A-IGF1 level
B-GHRH test
C-GHRH plus PD test

A-Similar IGF1 level between DS children compared to normal
child control

B-Similar GH results between DS children compared to normal
children- controls

C-Similar GH results between DS children compared to normal
children- controls

Ragusa L (1998)
(25)

12-13 (y)

A Average IGF1 Level in DS
compared to control

B-percentage of children with IGF1
level below the norm for age and
maturity level

A-Significant slightly lower (258 mcg/L vs. 311 mcg/L)
B-15% below the norm.

Yasuhara A (2001)
(26)

A-IGF1 level
B-Arginine test
C-Glucagon test
D-GHRH test
E-25 1 Sleep test

A-Very low

B- Pick 22.8 Ng/ml

C-pick 23 Ng/ml

D- Pick 17 Ng/ml

E- Pick 5 Ng/ml, average 3.3 Ng/ml

El Gebali H
(27)

(2014)

3-11(y)

IgFL level

A-No difference found between children with DS and healthy
control
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