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Summary 
 

Failures in chronic migraine (CM) treatments are often due to superimposed 
medication overuse headaches (MOH), a new form of secondary headache 
which is defined as excessive medication use in a susceptible patient.  
In order to increase personal well-being investigate potential natural preventive 
measures, the aim of the present research  was to study hypothalamus-pituitary-
adrenal (HPA) axis activity  in patients severely affected by chronic migraines 
and MOH after subcutaneous treatment with botulinum toxin type A (BoNT-A). 
The HPA axis activity was specifically monitored by measuring cortisol, 
testosterone and  DHEA-S in saliva, thus allowing the stressful event of 
venipuncture to be avoided.  
One month after the MOH rehabilitation procedure, the cortisol level was 
significantly higher than controls in CM patients. With regard to the cortisol to 
DHEA-S ratio, an inverse marker of psycho-physical well-being, the CM group 
showed significantly higher values than controls. Moreover, testosterone levels, 
as well as testosterone to cortisol ratios (anabolic/catabolic index of physical 
performance) were significantly lower than controls in CM patients. Further 
studies are required to elucidate the clinical relevance of HPA derangement in 
CM: the increase in cortisol level can be considered a trigger factor of migraine 
attacks but may also appear as a reaction to chronic migraine attacks. Treatment 
with BoNT-A counteracted the CM-induced increase in cortisol levels. 
Moreover the treatment produced a significant reduction, in comparison to 
placebo, of DHEA-S and testosterone and not significant variations of their ratio 
to cortisol. 
Therefore, despite the encouraging results reported in the present research, the 
inclusion of BoNT-A treatment to counteract CM-induced derangement of the 
HPA axis and/or as preventive treatment in patients suffering from MOH needs 
to be more clearly established in future studies.  
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Introduction 
 
Chronic migraines (CM) represent a disease of high social impact in terms of both direct 
and indirect costs. It is a complex syndrome with several associated conditions such as 
major depression and insomnia (1, 2, 3). Moreover a superimposed medication-overuse-
headache (MOH) has been described as a new form of secondary headache.  This is 
associated with clinical manifestations of variable nature and intensity, which appear after 
the overuse of ergot-derived analgesics, barbiturates, and triptans, taken singularly or in 
combination (4, 5, 6). A primary-assistance study revealed that MOH is third among the 
most common causes of migraines. In European headache centres, 10% of patients suffer 
from MOH, and in American clinics 80% of chronic daily headache patients suffer from 
symptomatic drugs overuse (7, 8).   
Botulin toxin type A (BoNT-A) is a focally acting neurotoxin that inhibits the release of 
acetylcholine and other neurotransmitters from presynaptic nerve endings (9, 10).  There 
is emerging scientific and clinical evidence to support the advantages  and limitations of 
BoNT-A  use in the pharmacological prevention of CM (11, 12). 
Migraines are often associated with distress, which is highlighted as a trigger factor of 
headaches but may also appear as a consequence of migraine attacks (13-15).  
Therefore, the aim of the present research was to study HPA axis activity in CM patients 
treated with BoNT-A to identify potential risks of HPA axis derangement.  Such aims 
may be useful for the personal well-being of patients (16) and for the future prevention of 
CM prevention by “natural” medication options. 
To avoid the “stress” of blood taking,  cortisol, testosterone and  DHEA-S have been 
measured in saliva  (17-21). Since DHEA-S has antiglucocorticoid properties that might 
offer protection against a stress-induced increase of cortisol,  the cortisol to DHEA-S ratio 
has been  calculated as a measure of the degree to which an individual is buffered against 
the negative effects of stress (22-24). Finally, to evaluate asthenia, a symptom very 
frequently attributed to CM patients,  the testosterone to cortisol ratio has been calculated 
as an indicator of muscular defatigation and anabolic/catabolic index of physical 
performance (25-27).   

Methods 
 
Patient population and Study design. 
Among the outpatients admitted over a period of time from July 2005 to march 2006 at 
the Regional Referral Headache Centre at S. Andrea University Hospital, we selected a 
group of 50 patients with chronic migraines and also affected by MOH. 
CM diagnosis fulfilled the 2004 IHS criteria (28). The enrolled patients attended an in-
hospital rehabilitation procedure ranging from 5 to 10 days, to recover from MOH (29). 
Twenty four of the  44 eligible patients declined to give salivary samples. The remaining 
20, all  non-smoker women, were not consumers of any vasoactive drugs which could 
influence cortisol secretion (i.e. anti-hypertensives, antidepressants, thyroid agents, etc.). 
Among the hospital staff, 20 age-matched healthy women were enrolled as control 
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(Control Group). Patients  and controls were matched for age (healthy controls  48.7 ± 
3.3; CM: Placebo treated n=10: 47.9 ± 4.7; BoNT-A treated n=10:  52.3 ± 4.7)  and Body 
Mass Index (healthy controls  23.2 ± 1.0; CM: Placebo treated n=10: 22.7 ± 1.8; BoNT-A 
treated n=10:  24.4 ± 1.4), which was considered because it may affect the concentration 
of hormone-binding globulines and testosterone (30, 31). None of these patients had 
received any immunosuppressive/corticosteroidal drugs in the previous six months. The 
main hematological and hematochemical parameters of all subjects were within the 
normal range for our laboratory. All partecipants were fully informed concerning the 
procedure and gave their written consent. The study protocol was approved by our 
Institutional Ethics Board and informed written consent was obtained also from controls. 
The recommended principles of the Declaration of Helsinki, September 1989, were 
closely observed during this clinical research. 
Subjects selected in the present study, all triptan abusers, attended MOH rehabilitation in 
the outpatient regime for 5 days: the treatment consisted of infusion therapy with tiapride, 
ketorolac, ademetionine sulphate, reduced glutation, granisteron, ranitidine (29). 
Participants were instructed on how to collect saliva samples at home, which was 
performed at about 08:00 a.m. whithin 1 hour of awakening. Salivary cortisol, DHEA-S 
and testosterone  were measured in  controls (Control Group) and in patients one week 
after the end of the MOH rehabilitation procedure (CM). Prior to enrolment and 
subsequent to the MOH rehabilitation procedure, 10 out 20 patients of the CM Group 
were randomly  assigned to subcutaneous injection with 100 IU BoNT-A (BoNT-A) or 
placebo (Placebo). Subcutaneous injections were performed following the protocol 
described by Blumenfeld (32)  and salivary  hormones  were also measured one month 
later. The samples were stored in the home refrigerator until the participants’ return to the 
laboratory. 
At each study visit, several pieces of information were collected including: a) the 
subject’s rating of worst, least and usual headache-associated pain as measured on a 11-
point scale (0=no pain to 10= pain as bad as can be;  b) the subject’s response to 
treatment (rated on a 9-point Global Assesment Scale from -4 (very marked worsening) 
to +4 (clearance of signs and symptoms). Other efficacy measures were documented in 
the patient diary regarding days of usual headache medication usage and 
presence/absence of associated headache symptoms, and no-headache days.  
Salivary sampling procedure and Measurement of Cortisol, DHEA-S and 
Testosterone. 
Samples of saliva were collected by the Salivette (Sarstedt, Italy), a sampling device 
which allows quick and hygienic saliva recovery from an inert polyester wool swab by 
centrifugation at 3,000 rpm for 5 min. For each sample, duplicate measurements were 
performed on 50-100 µl of saliva by means of commercial immunoenzymatic kits 
(Diametra, Italy) for direct salivary assay of cortisol, testosterone and DHEA-S. The 
inter-assay coefficient of variation was <10%, and the intra-assay coefficient of variation 
was <7%, with a minimum detectable concentration for cortisol of 0.5 ng/ml, for 
testosterone of 5 pg/ml, for DHEA-S of 25 pg/ml. 
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Statistical procedure 
Analysis of variance (ANOVA) was applied, followed by Fisher’s LSD multiple 
comparison test: statistical significance was set at p< 0.05 (33). 
 

Results 
 

One month after the MOH rehabilitation procedure, all CM patients reported their 
headaches to be much better, with a drastic decrease of functionally incapaciting 
headache days per month, from 15 or more to 4. However, no significant differences were 
found between BoNT-A and Placebo treated patients or in referred treatment-related 
adverse events (data not reported). 
In Figure 1, panel A, salivary cortisol levels are depicted which were significantly 
increased in CM patients at the end of the  MOH rehabilitation procedure; an injection of  
100 IU of  BoNT-A counteracted the CM-induced cortisol increase. 
Panel B reports salivary DHEA-S levels that are not affected by CM itself but resulted in 
a significant reduction one month after treatment with 100 IU of  BoNT-A. The same 
course of DHEA-S is followed by Testosterone (panel C of the figure 1). 
Panel D shows that the cortisol to DHEA-S ratio calculated in CM patient is significantly 
higher than in controls. BoNT-A treatment did not modify the increase in the CM induced 
ratio. 
Finally, in the panel E of Figure 1, the testosterone to cortisol ratio is reported. CM is 
characterized by a statistically significant reduction of  the ratio that was not modified by  
BoNT-A treatment. 
 

Discussion 
 
This study shows that CM patients, one week after relapse from MOH, presented an 
increase of salivary cortisol secretion.  Cortisol is a "flight or fight" stress hormone - it 
helps us fight inflammation, puts us on alert, opens our pupils, and rushes blood into the 
head and heart.   On the other hand, it suppresses our immune system and it is catabolic. 
Experimental data have suggested that chronic exposure to high levels of corticosteroids 
produces neurotoxic effects by  several mechanisms, including the metabolic 
vulnerability of neurons due to exacerbation of glutamate toxicity (34-36), a pathogenetic 
mechanism also involved in the CM (29, 37).  
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CM  is a disorder affecting a larger proportion of women than men, therefore research 
has mainly focused on female sexual hormones and their effects on CM, whereas little 
attention has been paid to androgens (30, 38, 39).  Moreover, there is a lack of data 
concerning modifications of adrenal hormones other than cortisol  during  the disease.  
A number of potential actions has been recently postulated for DHEA-S, in that it 
might moderate the  effect of glucocorticoids and protect neurons from their 
neurotoxicity (22, 23).  
As far as we know this is the first report in which the relationship between CM and 
BoNT-A prophylactic therapy has been explored, considering cortisol levels  both as 
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E Figure 1. SALIVARY HORMONE LEVELS 
AND THEIR RATIO (Mean Value ± SEM). 
STATISTICAL ANALYSIS (ANOVA 
followed by Fisher’s LSD Multiple-
Comparison Test): A. Cortisol: F-ratio=4,67, 
p=0.0351; *p<0.05 vs Control Group.  B. 
DHEA-S: F-ratio=2,01, p=0.1662; *p<0.05 vs 
Control Group; °p<0.05 vs CM. C. 
Testosterone: F-ratio=2,00, p=0.0306; 
*p<0.05 vs Control Group; °p<0.05 vs CM 
and Placebo. D. Cortisol/DHEA-S: F-
ratio=2,65, p=0.0067; *p<0.01 vs Control 
Group. E. Testosterone/Cortisol: F-ratio=2,41, 
p=0.0117; *p<0.05 vs Control Group. 
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an absolute marker of HPA axis activity, and its relation with the concomitant release 
of  testosterone and DHEA-S. 
Neither testosterone nor DHEA-S were modified during CM, while both hormone 
levels were significantly lower  than placebo one month after BoNT-A.  
The higher cortisol to DHEA-S ratio in CM patients, which was not modified by 
BoNT-a treatment suggested that the antiglucocorticoid action usually  exerted by 
DHEA-S (22-24)  is not working in CM disease. Moreover, the lower testosterone to 
cortisol ratio measured in CM patients in comparison with controls confirms the 
presence of tiredness, a symptom frequently reported by CM patients. 
Botulinum toxin  injections, already hugely popular for removing wrinkles, could 
perhaps one day become a novel  therapy for the reduction in both the severity and 
frequency of headaches (40). In the present report we have shown that BoNT-A 
treatment was able to counteract CM-induced increase of cortisol. Consequently the 
treatment could reduce the overexposure to potentially damaging stress hormones. It is 
difficult to discuss the mechanism of this action, and we can only argue that it can be 
exerted by altering the workings of pain-carrying neurotransmitters as well as relaxing 
muscles.  
Further studies are clearly needed to establish whether the HPA derangement in CM 
has not only a pathogenetic relevance but can also be considered as a target of novel 
treatment strategies.  Such studies may better orient treatment strategies to improve the 
well-being of migraine sufferers by damage prevention than by symptomatic therapies.  
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