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Objective: Multiple system atrophy (MSA) may be difficult to distinguish from idiopathic Parkinson’s disease (PD). Our aim
was to evaluate the accuracy of the arginine growth hormone (GH) stimulation test in distinguishing between MSA and PD in
large populations of patients.
Methods: We measured the GH response to arginine in 69 MSA (43 MSAp [parkinsonism as the main motor feature] and 26
MSAc [cerebellar features predominated]) patients, 35 PD patients, and 90 healthy control subjects. We used receiver-operating
curve analysis to establish the arginine cutoff value that best differentiated between MSA and PD.
Results: The GH response to arginine was significantly lower (p � 0.01) in MSA than in either PD patients or control subjects.
At a cutoff level of 4�g/L, arginine distinguished MSAp from PD with a sensitivity and specificity of 91% and MSAc from PD
with a sensitivity of 96% and specificity of 91%. The arginine test had a positive predictive value for MSA of 95%. The GH
response to arginine was not affected by disease duration or severity, MSA motor subtype, pyramidal signs, response to dopa-
minergic therapy, or magnetic resonance imaging findings.
Interpretation: The GH response to arginine differentiates MSA from PD with a high diagnostic accuracy. The results suggest
an impairment of cholinergic central systems modulating GH release in MSA.
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Multiple system atrophy (MSA) is a sporadic neurode-
generative disorder clinically characterized by various
combinations of parkinsonian, cerebellar, autonomic,
and pyramidal signs.1 It may be difficult to differenti-
ate MSA from idiopathic Parkinson’s disease (PD) be-
cause rest tremor, asymmetric akinesia, and rigidity can
occur in both conditions.2 Furthermore, in the early
stages of the disease, 30% of MSA patients respond to
L-dopa treatment and autonomic dysfunction may not
appear.2 About 25% of cases with pathological evi-
dence of MSA had a clinical diagnosis of PD during
their life.3 It is important to differentiate between
MSA and PD because response to therapy and prog-
nosis vary according to the disorder. Although the di-

agnosis of MSA is largely based on clinical criteria,
there is a search for laboratory and instrumental tests
that aid to distinguish between MSA and PD. Kimber
and colleagues4 proposed the growth hormone (GH)
response to clonidine, an �2-adrenoceptor agonist that
stimulates GH-releasing hormone (GHRH). They
found no increase in GH levels after clonidine in pa-
tients with MSA, but found a preserved response in
patients with PD. However, subsequent studies did not
confirm these results, and the capacity of the clonidine
test to differentiate between the two disorders is con-
troversial.5–8 In a pilot study, we recently observed that
GH response to arginine, an amino acid that inhibits
somatostatin release, was significantly reduced in a
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small number of MSA patients compared with PD pa-
tients.9 The aim of this study was to evaluate the di-
agnostic accuracy of the arginine test in differentiating
between MSA and PD in a large number of patients.

Patients and Methods
Sixty-nine patients with MSA (43 MSAp and 26 MSAc, di-
agnosed as indicated below), 35 patients with idiopathic PD,
and 90 healthy control subjects (55 men and 35 women;
mean age, 60.9 � 1.5 years) were enrolled in the study. De-
tailed clinical information was obtained from the patient’s
history, neurological examination, and hospital records. MSA
was diagnosed by movement disorder specialists experienced
in parkinsonian disorders according to consensus criteria.10

All MSA patients met consensus criteria. Patients were diag-
nosed MSAp when parkinsonism was the main motor feature
and with MSAc when cerebellar features predominated. Six
MSAp patients were classified as possible and 37 as probable
MSA cases. All MSAc patients were classified as probable
MSA cases. Secondary causes of autonomic dysfunction were
excluded. Idiopathic PD was diagnosed according to UK
Parkinson’s Disease Brain Bank Diagnostic Criteria.11 Pa-
tients affected by PD had no history of familial parkinsonism
or clinical features of autonomic dysfunction. Dopaminergic
pathways are involved in the control of GH secretion by re-
leasing GHRH or somatostatin in relation to endogenous
dopaminergic tone.12 To avoid possible interactions, we
stopped administration of antiparkinsonian drugs at least 2
weeks before the test, which is the generally accepted wash-
out period in clinical studies.13 No patient had a history of
endocrinological disorders, psychiatric illness, or substance
abuse. Parkinsonism was staged according to Hoehn and
Yahr.14

The study was approved by the local ethics committee.
After providing informed consent, patients and control sub-
jects underwent the arginine test in the outpatient clinic after
a 12-hour fast. After subjects had rested in a supine position
for at least 30 minutes, baseline samples (T0) were collected
from a cannulated antecubital vein. Then 30gm arginine (ar-
ginine hydrochloride, 30% solution) was infused intrave-
nously over 30 minutes, and blood was sampled every 30
minutes for 1 hour (T30, T60, and T90) thereafter. Blood
pressure and heart rate were monitored throughout the test.
Blood samples were centrifuged and frozen (�20°C) imme-
diately after sampling. After all subjects had undergone the
arginine test, the frozen samples were shipped in a single
batch on ice to a central laboratory. Serum GH was mea-
sured with a commercially available immunoradiometric kit
(Chematil, Angri, Italy). The sensitivity of the assay is
0.15�g/L.

We used the peak serum GH response for comparison
purposes in the statistical analysis. The GH response,
namely, the increase after the administration of arginine ver-
sus baseline value, was evaluated with analysis of variance for
repeated measures. We used analysis of variance followed by
the Bonferroni test to compare GH peaks among groups.
Receiver-operating characteristic analysis was used to estab-
lish the cutoff value that resulted in the highest sensitivity
and specificity (ie, the highest diagnostic accuracy) in differ-
entiating case groups by the GH response to arginine. Sig-

nificance was set at 5%. Pearson’s correlation (or Spearman’s
correlation if appropriate) was used to evaluate the correla-
tion between GH peaks and disease variables. In MSA pa-
tients, we evaluated differences in GH response to arginine
according to motor subtype (MSAp or MSAc), the presence
or absence of pyramidal signs, and the presence or absence of
typical abnormal findings at magnetic resonance imaging
(MRI) using the Mann–Whitney U test.

Results
Table 1 shows the demographic and main clinical fea-
tures of the MSAp, MSAc, and PD patients. Mean age
and mean disease duration were similar in the three
groups. Hoehn and Yahr stage was significantly higher
in MSAp than in PD (p � 0.01). The frequency of
orthostatic hypotension and urinary incontinence was
similar in the two MSA subgroups. Baseline serum GH
levels (mean � standard error [SE]) were similar in PD
patients (0.32 � 0.14�g/L), MSA patients (0.20 �
0.05�g/L in MSAp; 0.23 � 0.05�g/L in MSAc), and
control subjects (0.5 � 0.03�g/L). Arginine did not
cause any significant changes in blood pressure or heart
rate in any group.

As shown in Figure 1, arginine induced an increase
in GH concentration in control subjects (mean peak �
SE, 10.1 � 0.86�g/L) and in patients with PD
(8.57 � 0.85�g/L), but not in patients with MSAp
(1.63 � 0.25�g/L) or MSAc (1.57 � 0.27�g/L). The
GH peak was lower in MSAc and MSAp patients than
in PD patients (p � 0.001) and control subjects (p �
0.001). Receiver-operating characteristic analysis
showed that sensitivity and specificity were maximum
at a GH concentration of 4�g/L. At this optimum cut-
off level, the arginine test distinguished between MSAp
and PD patients with a sensitivity and specificity of
91% and between MSAc and PD patients with a sen-
sitivity of 96% and specificity of 91% (Fig 2). Consid-
ering the two MSA groups collectively, the sensitivity
and specificity of the test were 93 and 91%, respec-
tively, and the positive predictive value was 95%. Ta-
ble 2 shows the sensitivity and specificity of different
cutoff levels.

There was no correlation between disease duration
and GH response to arginine in any of the groups
studied. Similarly, there was no correlation between
Hoehn and Yahr stage and GH response to arginine in
MSAp and PD patients. GH response to arginine was
blunted in both possible (n � 6; mean � SE, 1.81 �
0.43�g/L) and probable MSAp patients (n � 37;
mean � SE, 1.61 � 0.29�g/L). The GH response of
MSA patients was not related to MSA diagnostic cate-
gory (possible or probable), to the presence or absence
of pyramidal signs, or to MRI findings. Finally, the
GH response to arginine did not differ between MSAp
patients who responded to dopaminergic therapy
(mean � SE, 1.8 � 0.56�g/L) and those who did not
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(mean � SE, 1.67 � 0.29). The GH response to ar-
ginine was not correlated with responsiveness to dopa-
minergic therapy.

Discussion
The difficulty in differentiating MSA from PD is re-
flected by the number of investigations used to support
the clinical diagnosis. Autonomic function tests,
sphincter electromyography, routine and diffusion-
weighted MRI, and functional imaging with positron
emission tomography and single-photon emission com-
puted tomography are the investigations most fre-
quently used in the diagnosis of MSA. However, these
tests may be limited in their accuracy (where known)
and are not always available. The results of our study

demonstrate that the GH response to arginine is highly
sensitive and specific in distinguishing MSA from PD.
A reduced GH response to arginine predicted MSA
with an accuracy of 95%. To our knowledge, a simi-
larly high diagnostic accuracy in large series of patients
affected by MSA and PD has been obtained by only
sympathetic cardiac neuron scintigraphy with 123-
metaiodobenzylguanidine.15

GH secretion from the pituitary gland is stimulated
by GHRH and inhibited by somatostatin.12,16 GHRH
and somatostatin are hypothalamic neurohormones,
the pulsatile secretion of which is modulated by various
neuronal networks, especially the noradrenergic and

Fig 1. Growth hormone response (mean � standard error) to
the arginine test in patients with multiple system atrophy with
parkinsonism as the main motor feature (MSAp; circles),
multiple system atrophy with predominantly cerebellar features
(MSAc; diamonds), or Parkinson’s disease (PD; triangles) and
in control subjects (squares).

Fig 2. Distributions of growth hormone (GH) peaks after the
arginine test in patients with Parkinson’s disease (PD), multi-
ple system atrophy with parkinsonism as the main motor fea-
ture (MSAp), or multiple system atrophy with predominantly
cerebellar features (MSAc). The continuous horizontal line
indicates the optimum cutoff value of 4�g/L.

Table 1. Demographic and Clinical Features of Patients with Multiple System Atrophy and Parkinson’s Disease

Characteristics MSAp (n � 43) MSAc (n � 26) PD (n � 35)

Sex: M/F 26/17 11/15 23/12
Mean age � SE, yr 63.9 � 0.9 61.5 � 1.4 60.6 � 1.6
Mean disease duration � SE, yr 3.8 � 0.3 4.2 � 0.6 3.1 � 0.4
Hoehn and Yahr stage 2.9 � 0.1a — 1.9 � 0.1
Bradykinesia, % 88 69 91
Rigidity, % 95 38 94
Resting or postural tremor, % 34 38 57
Postural instability, % 70 69 14
Pyramidal signs, % 30 42 0
Cerebellar signs, % 16 100 0
Orthostatic hypotension, % 72 69 0
Urinary incontinence, % 93 96 0
Present response to dopaminergic therapy, % 11 � 100
Previous response to dopaminergic therapy, % 28 � �
MRI findings PA or HPR in 42% CA or HC in 70% Normal in 80%

Normal in 46% Normal in 15% ND in 20%
ND in 12% ND in 15%

ap � 0.01 vs Parkinson’s disease (PD).

MSAp � parkinsonian-type multiple system atrophy; MSAc � cerebellar-type multiple system atrophy; SE � standard error; MRI � magnetic
resonance imaging; PA � putaminal atrophy; HPR � hyperintense putaminal rims; CA � cerebellar atrophy; HC � “hot cross bun” sign;
ND � not done.
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cholinergic systems.12,16 Activation of hypothalamic
�2-adrenoceptors and muscarinic cholinergic receptors
(probably by stimulation of GHRH and inhibition of
somatostatin release, respectively) induces GH re-
lease.12,16 Therefore, both the �2-adrenoceptor agonist
clonidine and arginine, which probably activates the
cholinergic system, have been used to evaluate pituitary
GH secretion and reserve.17

The clonidine test first emerged as a promising tool
in the differential diagnosis of PD and MSA in 1997.
Kimber and colleagues4 studied 14 PD patients, 31
MSA (15 MSAp and 16 MSAc) patients, and 27
healthy control subjects. No patient had been taking
antiparkinsonian drugs for at least 3 months. After
clonidine, GH increased in patients with PD and in
control subjects, but not in patients with MSA, in nei-
ther the parkinsonian nor cerebellar form. The differ-
ence in mean GH between the PD and MSA groups
was highly significant.4 Clarke and coworkers5 did not
find a difference in mean GH response to clonidine
among 9 MSA, 8 early untreated PD, and 9 advanced
PD patients treated with L-dopa and/or dopamine ago-
nists. Tranchant and investigators6 studied 19 PD and
7 MSA (5 MSAp, 2 MSAc) patients. All but one pa-
tient received long-term treatment with L-dopa and/or
dopamine agonists. Dopaminergic drugs were not ad-
ministered on the morning of the test. In this study,
the clonidine test had sensitivity of 100% for MSA di-
agnosis, but a poor specificity (63%). Strijks and co-
workers7 performed the clonidine test in 21 early idio-
pathic PD and 11 MSAp patients. Antiparkinsonian
drugs were discontinued 12 hours before the test. Pa-
tients affected by PD had a significantly higher GH
response to clonidine than did MSA patients, but the
frequency of patients with normal and altered GH re-
sponse to clonidine did not differ between the two
groups. The sensitivity of the test for MSA was 73%,
whereas its specificity was 57%.7 The largest study of
the clonidine test conducted so far included 21 PD, 23
MSAp, and 22 MSAc patients.8 Antiparkinsonian
medication was stopped 48 hours before the test. The
clonidine test had a sensitivity of 78% for the diagnosis

of MSAp and 63% for the diagnosis of MSAc with a
specificity of 86% versus PD. The discrepancies among
results of the clonidine test are probably related to dif-
ferent washout periods from dopaminergic drugs, dif-
ferent pharmacological treatments, and the small num-
ber of patients enrolled.

According to the results of a pilot study in 12 MSA
and 10 PD patients, the arginine test appeared to be
more accurate in differentiating between MSA and PD
than the clonidine test.9 Here, we show in a much
larger number of patients that the GH response to ar-
ginine is impaired in MSA, but not in PD. There is a
body of evidence implicating the intrahypothalamic
cholinergic pathways in the impaired GH response to
arginine. Modulation of GH release by an intrahypo-
thalamic cholinergic pathway has been demonstrated in
animals and humans.18,19 An intrahypothalamic cho-
linergic defect in MSA was suggested by autopsy and
clinical findings.20,21 Acetylcholine-transferase activity,
a marker of acetylcholine-containing neurons, was
found to be greatly reduced in the hypothalamus of
deceased MSA patients.20 Lastly, the finding of an al-
tered vasopressin response to cholinomimetic agents in
MSA patients indicates impairment of intrahypotha-
lamic cholinergic neurons.21 However, we cannot ex-
clude that the lack of GH response to arginine in MSA
patients is related to extrinsic cholinergic pathways. In
fact, brainstem cholinergic nuclei projecting to the hy-
pothalamus, namely, the pedunculopontine and lat-
erodorsal tegmental nuclei, are impaired in MSA.22

Whatever the mechanism, the fact that an abnormal
GH response to arginine in MSA occurred regardless
of motor subtype, disease severity, or clinical features
suggests that cholinergic central systems that modulate
GH release are specifically affected in MSA. This
would account for the decreased GH response to argi-
nine in MSA and not in PD.

The lack of a pathological diagnosis of MSA and PD
is a limitation of our study. We used clinical criteria as
the gold standard to evaluate whether the GH response
to arginine differed between clinically defined MSA
and PD. Based on our results, a prospective study in

Table 2. Sensitivity, Specificity, and Positive Predictive Value (%) of the Arginine Test at Different Cutoff Levels

Cutoff 2.1�g/L 3.25�g/L 4�g/La 5.1�g/L 6.7�g/L

MSAp vs PD, %
Sensitivity 68 80 91 98 100
Specificity 97 94 91 79 48
Positive predictive value 97 94 93 85 71
MSAc vs PD, %
Sensitivity 77 88 96 96 100
Specificity 97 94 91 79 48
Positive predictive value 95 92 89 78 60

aMaximum sum of sensitivity and specificity.

MSA � multiple system atrophy; PD � Parkinson’s disease.
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early parkinsonism is warranted to assess the predictive
value of the arginine test. Interestingly, in our MSAp
population, all six patients with a diagnosis of possible
MSA had an altered GH response on enrollment in the
study. Two years later, these patients met diagnostic
criteria for probable MSA (data not shown).

In conclusion, we show that GH response to argi-
nine did not differ in relation to disease duration or
severity, MSA motor subtype, corticospinal involve-
ment, or response to dopaminergic therapy. Moreover,
GH response to arginine was significantly reduced in
MSA patients regardless of MRI findings. Taken to-
gether, these results suggest that a reduced GH re-
sponse to arginine is a sensitive marker of MSA, and
that the arginine test may be useful in the early diag-
nosis of MSA. The safety and low cost of the arginine
test may be further reasons to support its use in clinical
practice.
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