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Background and purpose: The growth hormone (GH) and insulin-like growth factor

(IGF) system may be involved in neurodegenerative processes, and some abnormali-

ties have been reported in amyotrophic lateral sclerosis (ALS). Our aim was to

investigate the GH–IGF axis in patients with ALS and evaluate correlations between

this endocrine system and clinical features.

Methods: Serum levels of GH, IGF-I, IGF-II, insulin, IGF-binding protein 1 (IGF-

BP1), and IGF-binding protein 3 (IGF-BP3) were measured in 25 patients with ALS

and 25 age-, gender-, and BMI-matched healthy controls. A GHRH plus arginine test

was performed in patients and controls. Clinical status of patients was evaluated with

the ALS Functional Rating Scale – Revised (ALSFRS-R) and upper motor neuron

(UMN) score.

Results: GHRH plus arginine test showed GH deficiency (GHD) in 13 (52%) patients

with ALS; severe GHD was found in 6 (24%) and partial GHD in 7 (28%) patients.

IGF-I levels were significantly higher in patients with ALS than in healthy controls

(182.9 ± 90.8 vs. 139.4 ± 58.1 ng/ml; P = 0.015). IGF-I levels were higher in

patients with ALS with UMN score >10 than those with UMN score <10

(217.8 ± 100.8 vs. 155.5 ± 74.6 ng/ml, P = 0.05). IGF-II levels were significantly

lower in patients with ALS than in healthy controls (720.9 ± 215 vs.

1001.9 ± 475.4 ng/ml; P = 0.03).

Conclusions: The results demonstrate an impairment of the GH–IGFs system in

ALS. The degenerative process in ALS might lead to a compensatory increase in IGF-

I in an attempt to provide additional support to motor neurons or degenerating

muscle fibers. The decrease in IGF-II levels may also be of pathological significance.

Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal, usually

sporadic, neurodegenerative disease affecting upper and

lower motor neurons. There are many hypotheses about

the pathogenesis of sporadic ALS, including autoim-

mune reactions to calcium channels on motor neurons,

oxidative damage, accumulation of intracellular aggre-

gates, mitochondrial dysfunction, defects in axonal

transport, glial cell pathology, glutamate excitotoxicity,

and loss of neurotrophic support to motor neurons

[1,2].

The insulin-like growth factors (IGF-I and IGF-II)

are neurotrophic factors expressed in the central ner-

vous system promoting survival and differentiation of

neuronal cells including motor neurons [3–5]. There is

evidence that IGF-I rescues motor neurons in vitro and

in animal models [6,7], but therapeutic trials of human

recombinant IGF-I in patients with ALS gave incon-

sistent results [8–10]. A clinical trial with recombinant

growth hormone (GH) also failed to show any effect on

disease progression in patients with ALS [11]. However,

a high prevalence of GH deficiency (GHD) has been

recently reported in patients with ALS [12].

There is evidence that the peripheral and the brain

IGF systems are functionally linked. In fact, IGF-I and

IGF-II can cross the blood brain barrier and uptake of

circulating IGFs into the cerebrospinal fluid has been
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demonstrated [13,14]. Partial and controversial data on

IGF system have been reported in patients with ALS,

but correlations with clinical features of the disease

have been poorly investigated [15–18].

The present study aims at providing a comprehensive

profile of the GH–IGF system in patients with ALS and

at evaluating any correlation between this endocrine

system and ALS clinical features.

Patients and methods

Subjects

Twenty-five patients (16 men, nine women, mean age

54.3 ± 9.2, range 31–71) with definite or probable ALS,

according to El Escorial revised diagnostic criteria [19],

and 25 control subjects (16 men, nine women, mean age

55.2 ± 9.4, range 32–73) were enrolled in the study.

Patients were individually matched to a healthy control

based on gender, age (±3 years), and body mass index

(BMI) (±1.5 kg/m2). BMI was 24.4 ± 2.1 kg/m2 in

patients and 24.7 ± 2.4 kg/m2 in controls. None of the

patients and controls had diabetes mellitus or had been

under treatment with sex hormones, and all patients were

in a good nutritional state. Table 1 summarizes demo-

graphic and clinical features of patients with ALS.

Patients with ALS with spinal (n = 21) and bulbar

(n = 4) onset were included. All patients but two were

receiving riluzole. Disease durationwas 3.4 ± 3.7 years.

Clinical statusof eachpatientwas evaluatedwith theALS

Functional Rating Scale – Revised (ALSFRS-R) and

upper motor neuron (UMN) score. ALSFRS-R item

scoresare summedtoproduceareportedscoreofbetween

0 = worst and 48 = best, mostly reflecting lowermotor

neuron involvement. UMN item scores are summed to

produce a score of between 0 = best and 16 = worst,

reflecting UMN involvement. The mean (SD) ALSFRS-

R score was 28.9 (8.5) with a range of 16–47; the mean

(SD) UMN score was 8.1 (4.9), with a range of 0–16.

The study was approved by the Ethic Committee at

the Second University of Naples. An informed consent

was obtained by all subjects.

Study protocol

Venous blood samples were drawn in the morning after

an overnight fast to evaluate baseline GH, IGF-I, IGF-

binding protein 1 (IGF-BP1), IGF-binding protein 3

(IGF-BP3) and insulin levels. GH releasing hormone

(GHRH) plus arginine test was then performed as fol-

lows: arginine (arginine hydrochloride, 30% solution)

was infused iv over 30 min at the dose of 30 g, and

100 lg in bolus of GHRH (Geref; Serono Diagnostics,

Norwell, MA, USA) was administered iv whilst starting

arginine infusion. Blood samples were drawn every

30 min for 2 h, immediately centrifuged, and plasma

samples were frozen ()20�C) until GH measurement.

To reduce analytical variance, samples were batch

analyzed using the same assay lot. According to the GH

response to GHRH plus arginine test, a diagnosis of

severe GHD was performed when GH peak was below

11.5, 8.0 and 4.2 ng/ml for lean, overweight and obese

patients respectively, whereas a diagnosis of partial

GHD was performed in case of GH peak between the

cut-off of severe GHD and the cut-off of normal

response, namely 16.5 ng/ml [20].

Hormone assays

Serum GH, IGF-II and insulin were measured by im-

munoradiometric assay (IRMA) using commercially

available kits (Diagnostic Systems Laboratories, Web-

ster, TX, USA). For GH, the sensitivity of the assay

was 0.01 ng/ml, whereas the intra-assay coefficients of

variation (CVs) were 3.1%, 3.9%, and 5.4% and the

inter-assay CVs were 5.9%, 11.5%, and 8.8% for low,

medium, and high points of the standard curve,

respectively. For IGF-II, the sensitivity was 0.13 ng/ml,

whereas the intra-assay CVs were 4.3%, 7.2%, 4.3%,

Table 1 Demographic and clinical features of patients with

amyotrophic lateral sclerosis (ALS)

# Age Gender BMI

Disease

duration

(years)

Cinical

onset

UMN

score

ALSFRS-R

score

1 53 M 21.2 3 Spinal 12 27

2 62 M 27.05 4 Spinal 13 25

3 55 M 22.49 6 Spinal 8 19

4 61 M 23.73 3 Spinal 3 27

5 55 M 24.09 3 Bulbar 11 32

6 60 F 25 2 Spinal 13 22

7 57 M 27.85 19 Spinal 2 31

8 65 M 25.71 4 Spinal 2 25

9 53 F 26.72 2 Bulbar 7 37

10 47 F 24.97 2 Spinal 3 27

11 31 M 21.87 4 Spinal 6 16

12 42 M 22.49 1 Spinal 16 16

13 40 F 23.87 2 Spinal 15 30

14 44 M 23.51 1 Spinal 11 47

15 57 M 25.21 1 Spinal 5 23

16 47 M 22.85 1 Spinal 11 43

17 52 F 29.38 9 Spinal 2 31

18 57 M 23.38 4 Spinal 6 27

19 71 F 25.8 2 Spinal 5 37

20 49 F 22.89 1 Spinal 13 25

21 69 M 24.54 2 Bulbar 3 33

22 56 F 25.51 3 Spinal 0 36

23 62 M 25.28 1 Spinal 9 45

24 63 M 23.45 2 Bulbar 13 22

25 50 F 20.28 2 Spinal 15 19

ALSFRS-R, ALS Functional Rating Scale – Revised; UMN, upper

motor neuron.
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and the inter-assay CVs were 9.5%, 6.3%, and 10.4%.

For insulin the sensitivity was 0.3 lUI/ml, whereas the

intra-assay CVs were 2.6%, 2.1%, 2.2% and the inter-

assay CVs were 4.7%, 2.9% and 4.8%.

Serum IGF-I, IGF-BP1, and IGF-BP3 were mea-

sured by enzyme-linked immunosorbent assay (ELISA)

using commercially available kits (Diagnostic Systems

Laboratories). For IGF-I, the sensitivity of the assay

was 0.01 ng/ml, whereas the intra-assay CVs were

8.6%, 4.5%, and 6.3% and the inter-assay CVs were

6.8%, 6.0%, and 3.3%. For IGF-BP1, the sensitivity of

the assay was 0.25 ng/ml, whereas the intra-assay CVs

were 4.6%, 2.5%, and 1.7% and the inter-assay CVs

were 7.6%, 6.8%, and 6.2%. For IGF-BP3, the sensi-

tivity of the assay was 0.04 ng/ml, whereas the

intra-assay CVs were 9.6%, 9.5%, and 7.3% and the

inter-assay CVs were 11.4%, 10.4%, and 8.2%.

Statistical analysis

For statistical purposes, patients were divided into two

groups based on the ALSFRS-R score <25 and >25

and the UMN score <10 and >10. The statistical

significance of the differences between patients with

ALS and controls was analyzed using the Mann–

Whitney test. Significance was set at 5%. Correlation

analysis was performed calculating Pearson�s or

Spearman�s coefficient, as appropriate. Results were

expressed as mean ± SD.

Results

Baseline serum GH levels were similar in patients with

ALS and controls (P = 0.46; Table 2). The peak GH

responses to GHRH plus arginine test tended to be

lower in patients with ALS than in healthy controls

(P = 0.08; Table 2). According to the GH response to

GHRH plus arginine test, 13 (52%) patients with ALS

met the criteria for GHD: six (24%) patients had severe

GHD and seven (28%) partial GHD. The prevalence of

GHD was similar in female and male patients (55% vs.

50%) as well as between patients with bulbar and spinal

ALS (50% vs. 52.4%). No significant difference in

GHD prevalence was found between patients with

ALSFRS-R score <25 or >25 (50% vs. 53%) or be-

tween patients with UMN score <10 or >10 (57% vs.

45%). No significant correlation was found between

peak GH levels and age, disease duration, BMI, ALS-

FRS-R, and UMN scores in patients with ALS.

Insulin-like growth factor (IGF-I) levels were signifi-

cantly higher in patients with ALS than in healthy con-

trols (P = 0.015; Table 2). In patients with ALS, IGF-I

levels were not significantly different between those with

normal GH secretion and those with GHD, and they did

not correlate with age, disease duration, and BMI. IGF-I

levels were similar in patients with spinal and bulbar

onset (186.8 ± 94.6 vs. 162.2 ± 74.3 ng/ml,P = 0.59).

IGF-I levels were higher in patients with ALS with

UMN score >10 than those with UMN score <10

(217.8 ± 100.8 vs. 155.5 ± 74.6 ng/ml, P = 0.05), but

were similar in patients with an ALSFRS-R score <25

and >25 (178.1 ± 57.6 vs. 186.1 ± 109.4 ng/ml,

P = 0.84). A significant direct correlation was found

between IGF-I and baseline GH levels (r = 0.400,

P = 0.048) as well as between IGF-I and IGF-BP3

(r = 0.582, P = 0.002), whereas a significant inverse

correlation was found between IGF-I and IGF-BP1

levels (r = )0.432, P = 0.031).

Insulin-like growth factor (IGF-II) levels were signif-

icantly lower in patients with ALS than in healthy con-

trols (P = 0.03; Table 2). In patients with ALS, IGF-II

levels were not significantly different between those with

normal GH secretion and those with GHD, and they did

not correlate with age, disease duration and BMI. IGF-

II levels were significantly lower in patients with bulbar

than spinal ALS (482.4 ± 61 vs. 766.4 ± 203 ng/ml;

P = 0.019). IGF-II levels were significantly and in-

versely correlated with ALSFRS-R score (r = )0.451,
P = 0.024). Conversely, no significant correlation was

found between IGF-II levels and UMN score. A signif-

icant inverse correlation was also found between IGF-II

and baseline GH levels (r = )0.475, P = 0.016).

The GH response to GHRH plus arginine test, IGF-I

and IGF-II levels were similar in male and female

patients.

No significant difference was found in serum insulin

(P = 0.24; Table 2), IGF-BP1 (P = 0.109; Table 2),

and IGF-BP3 (P = 0.94; Table 2) levels between

patients with ALS and healthy controls.

Discussion

The results of the current study demonstrate that

patients with ALS might present some impairment of

Table 2 Serum hormonal levels in patients with amyotrophic lateral

sclerosis (ALS) and healthy controls

Patients

(n=25)

Controls

(n=25) P-value

Baseline GH (ng/ml) 1.5 (1.4) 1.2 (1.5) 0.46

Peak GH (ng/ml) 16.9 (8.0) 19.8 (2.0) 0.08

IGF-I (ng/ml) 182.9 (90.8) 139.4 (58.1) 0.015

IGF-II (ng/ml) 720.9 (215) 1001.9 (475.4) 0.03

Insulin (lUI/ml) 22.8 (15.7) 16.7 (4.1) 0.24

IGF-BP1 (ng/ml) 18.1 (12.8) 22.8 (11.8) 0.109

IGF-BP3 (ng/ml) 4417 (1104) 4656 (1984) 0.94

GH, growth hormone; IGF, insulin-like growth factor. Significant P

values are bold.
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the GH–IGFs system. A deficit of GH secretion was

found in half of the patients with ALS, with a similar

proportion of severe and partial GHD without gender

differences. These results are in partial disagreement

with a previous study reporting a 73% prevalence of

GHD amongst patients with ALS, with a higher fre-

quency in men than women [12]. This discrepancy may

be as a result of a different age of patients with ALS, as

our patients were younger than those included in the

previous study. Moreover, although in a previous study

the interference of riluzole on GH response has been

excluded in a small sample of patients with ALS eval-

uated before and after starting riluzole [21], a possible

influence of riluzole treatment on GH response cannot

be completely ruled out in our patients. Consistent with

Morselli et al., the results of the current study demon-

strate the absence of any correlation between GH peak

levels and age, BMI, or disease characteristics. It is

difficult to understand whether GHD found in some

patients may contribute to the pathogenesis of ALS or

is a consequence of it. ALS is increasingly recognized as

a multisystem disorder because of non-motor manifes-

tations that can accompany it, especially behavioral and

cognitive dysfunctions. We cannot exclude that hypo-

thalamic neurones involved in the complex regulation

of GH secretion may also be altered in some patients

with ALS, but this hypothesis deserves further studies.

It is noteworthy that clinical trials using recombinant

GH in patients with ALS showed no effect on disease

progression [11]; in this latter study, however, the GH

secretory status was not assessed suggesting that a

clinical trial with recombinant GH in selected patients

with ALS with GHD is advisable to draw definitive

conclusion about the meaning of GHD occurrence in a

proportion of patients with ALS.

Insulin-like growth factor (IGF-I) levels were in-

creased in patients with ALS and appeared to be higher

in patients with more severe UMN involvement. At the

cellular level, IGF-I is described as a prosurvival factor,

generally acting through the phosphatidylinositol 3-ki-

nase/Akt pathway to activate antiapoptotic cascades

[22]. The disruption of neurotrophic support provided

by IGF has been proposed to contribute to the patho-

genesis of ALS [23]. Our findings suggest that the

degenerative process in ALS could lead to a compen-

satory increase in IGF-I in an attempt to provide

additional support to motor neurons. It is known that

under pathological conditions, such as inflammatory

and excitotoxic processes, nerve cells may become

resistant to IGF-I, and the loss of sensitivity to IGF-I

leads to a compensatory increase of IGF-I synthesis

through a feedback mechanism [24]. It is noteworthy

that ALS is associated with a progressive decrease of

skeletal muscle mass and strength and that IGF-I is an

important factor for the maintenance of muscle struc-

ture and function [25]; on the basis of these evidences,

the possibility that the increase in IGF-I represents an

attempt to counteract the muscle impairment cannot be

ruled out. Some previous studies found normal or re-

duced serum IGF-I levels [15–17] in patients with ALS.

Methodological differences may account for these dis-

crepancies, especially considering the small sample sizes

of patient and/or control groups and the lack of age-,

gender- and BMI-matched control populations in these

previous studies. More recently, Hosback et al. [18]

found increased IGF-I levels in surviving patients with

ALS versus matched controls, further supporting a

neuroprotective role for IGF-I in this disease. Inter-

estingly, IGF-I levels were not correlated to peak GH

levels in patients with ALS as also reported by Morselli

et al. [12]. The divergence between IGF-I secretion and

GH response to provocative stimuli is not surprising, as

it has often been observed in other clinical conditions

associated with GHD, such as traumatic brain injury

and subarachnoid hemorrhage and even in the presence

of multiple pituitary hormone deficiencies [26–28]. IGF-

II levels were reduced in patients with ALS and ap-

peared to be lower in patients with bulbar than spinal

form of the disease. Unlike IGF-I, the role of IGF-II in

the brain is less established. IGF-II is the most abun-

dantly expressed IGF in the adult central nervous sys-

tem [29], where it binds to IGF-II receptor that has

been suggested to have a role in control of neuronal

growth, differentiation and repair, in addition to

transporting lysosomal enzymes [30]. Most studies

investigating changes in the peripheral IGF system in

patients with ALS have focused on IGF-I, excluding

IGF-II secretion from their analysis. Only one study

previously assessing circulating IGF-II levels in patients

with ALS did not find any difference when compared to

controls [18]. We cannot exclude that the decrease in

IGF-II levels in ALS is just secondary to IGF-I in-

crease, in line with the evidence of IGF-II decrease

following the recombinant human IGF-I administra-

tion in patients with insulin-dependent diabetes mellitus

[31,32]. Nevertheless, the decrease in IGF-II levels ob-

served in our patients may be of pathological signifi-

cance. It is noteworthy that, although IGF-II is also

produced in the brain, the principal source of serum

IGF-II is the liver. We may hypothesize that hepato-

cytes synthesize lower amounts of IGF-II from the

beginning of the disease because of a dysregulation of

IGF-II synthesis. In this latter case, a reduction in IGF-

II concentration could lead to a decrease in survival

signal to motor neurons in the early stages of disease.

An upregulation of IGF-II receptors has been found in

the spinal cord of ALS transgenic rats [33] and patients

with ALS [34,35]. This could represent a compensatory
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mechanism to the GHD and the IGF-I resistance for

maintaining the trophic actions of IGF system in the

nervous system. On the other hand, the upregulation of

IGF-II receptors might also be a consequence of the

primitive reduction of the IGF-II synthesis. As

the IGF-II synthesis is mainly under genetic control, the

possibility that a genetic predisposition to ALS is

associated with a progressive decrease of IGF-II

synthesis and secretion cannot be ruled out.

In conclusion, an impairment of GH–IGFs system,

characterized by a GHD status in a proportion of pa-

tients together with increased IGF-I and decreased

IGF-II levels, is associated with ALS. The results of the

current study do not permit to infer if these endocrine

abnormalities precede ALS development or if they oc-

cur as a consequence of the disease. Further studies are

required to investigate the pathogenetic contribution of

GH, IGF-I, and IGF-II abnormalities to the course of

ALS as well as their potential implications for future

therapeutic strategies.
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