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Parkinson’s disease is the second commonest neurode-
generative disorder. In the UK, about 127 000 people 
have Parkinson’s disease; this is predicted to rise to 

approximately 160 000 by 2020 (Parkinson’s UK, 2012). 
The annual incidence of Parkinson’s disease is 12–20 per 
100 000 (De Lau and Breteler, 2006) with a prevalence 
rate varying from 65.6–169 (Marttila and Rinne, 1981). 

The common perception is that Parkinson’s disease is a 
motor disorder largely mediated by dopamine loss in the 
nigro-striatal pathway in the brain, expressing the classical 
symptom complex of rest tremor, bradykinesia and rigid-
ity. However, Parkinson’s disease is now known to be as 
much a non-motor disorder as a motor disorder (Table 1) 
and the range of non-motor symptoms present one of the 
biggest challenges to clinicians and health-care profession-
als treating patients with Parkinson’s disease (Chaudhuri 

et al, 2006a; Stern et al, 2012). Despite this, non-motor 
symptoms remain widely under-researched and under-
treated, impacting on clinical care and the quality of life 
of patients and carers (Martinez-Martin et al, 2011). 

A typical Parkinson’s disease patient, irrespective of the 
clinical severity of the motor stage, may exhibit 10–12 
non-motor symptoms (Chaudhuri et al, 2006b), and 
non-motor symptoms are common even in untreated 
Parkinson’s disease at presentation. Furthermore non-
motor symptoms are recognized as an important unmet 
need in Parkinson’s disease in the UK by the National 
Institute for Health and Clinical Excellence (2006) and 
are a frequent cause of hospitalization with serious social 
and economic consequences (Schrag et al, 2000; Hagell 
et al, 2002). In patient-based studies, patients with 
Parkinson’s disease listed problems such as pain, sleep 
disorders and anxiety as being ‘most bothersome’ ahead 
of motor problems (Gulati et al, 2004; Politis et al, 
2010). A more recent study in over 8000 patients, using 
the validated non-motor symptoms questionnaire 
(NMSQuest), reported the widespread impact of non-
motor symptoms on patients (Breen and Drutyte, 2013).

What are the non-motor symptoms of 
Parkinson’s disease?
In his classic ‘Essay on the Shaking Palsy’ James Parkinson 
referred to sleep disturbance, constipation, dysarthria, 
dysphonia, dysphagia, sialorrhoea, urinary incontinence 
and ‘at the last, constant sleepiness with slight delirium’; 
all outlining the burden of non-motor symptoms (Alves 
et al, 2008). Non-motor symptoms encompass a wide 
range of symptoms from gastrointestinal to sleep disor-
ders, from cognitive to apathy and depression, reflecting 
the wide range of neuropeptide involvement within the 
central and peripheral nervous system (Table 2). In addi-
tion, many non-motor symptoms in Parkinson’s disease 
may arise as a consequence of drug therapy or disease- 
related complications (Tables 2 and 3). 

While some non-motor symptoms dominate in the early 
and untreated phase of Parkinson’s disease, some dominate 
in the ‘pre-motor’ stage (impaired olfaction and autonomic 
dysfunction, depression) while others appear to complicate 
the clinical picture throughout (pain, fatigue) and espe-
cially Parkinson’s disease at its later (dementia, apathy, 
dysautonomia) advanced stages (Hawkes et al, 2010).
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James Parkinson outlines several non-motor issues such as sleepiness, cognitive problems, 
autonomic dysfunction in his original essay describing Parkinson’s disease

Some non-motor symptoms can predate motor symptoms by up to 10–15 years

Late onset hyposmia and rapid eye movement sleep behaviour disorder have emerged as 
possible ‘pre-motor’ markers of motor Parkinson’s disease

Pathology of Parkinson’s disease includes degeneration of non-dopaminergic nuclei and 
pathways, including serotonergic, cholinergic and noradrenergic, from the onset of illness

Patients consistently rate non-motor symptoms as most bothersome

The burden of non-motor symptoms appears to be the key determinant of quality of life of 
people with Parkinson’s disease

In the long term patients are troubled by non-motor symptoms more than motor issues such 
as stiffness and dyskinesias (Hely et al, 2008) 

Some have considered Parkinson’s disease to be a neuropsychiatric disorder

Table 1. Some key issues supporting the notion that  
Parkinson’s disease is not just a motor disorder
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Pathophysiology
The modern concept of Parkinson’s disease underpins 
the fact that the clinical phenotype of Parkinson’s disease 
is not the consequence of the loss of a single monoamine 
neurotransmitter, dopamine, but instead a pathological 
process that represents the effects of widespread brain 
and peripheral (such as autonomic pathways, enteric 
nervous system, heart) Lewy body disease. This results in 

a final pathway of deficits in multiple neurotransmitter 
pathways including the cholinergic, noradrenergic and 
serotonergic systems (Kingsbury et al, 2010; Halliday et 
al, 2011; Jellinger, 2012). Dysfunctions within these 
systems underpin the emergence of many non-motor 
symptoms of Parkinson’s disease such as depression, 
anxiety, sleep disorders, autonomic dysfunction and cog-
nitive dysfunction. 

		  Related to 
		  Parkinson’s disease	 Related to	 Contribution 
Symptom		  pathophysiology	 drug therapy 	 from both

Cognitive and	 Cognitive impairment (ranging from mild cognitive impairment to frank dementia)	 ++	 -	 - 
neuropsychiatric	 Anxiety	 +/-	 ++ 	 +symptoms

	 Major depression	 ++	 +/-	 +/-

	 Apathy	 ++	 -	 -

	 Delirium	 +/-	 ++	 +/-

	 Hallucinations, delusions, illusions	 +	 ++	 +

	 Panic attacks (could be ‘off’ period related)	 +	 ++ 	 + 

Sleep disorders	 Excessive daytime somnolence, sudden onset of sleep (narcolepsy without cataplexy)	 ++	 ++ 	 ++ 
and dysfunctions	 Insomnia (onset and maintenance)	 ++	 + 	 + 

	 Non-rapid eye movement parasomnias (confusional wandering, sleep talking)	 ++	 - 	 - 

	 Rapid eye movement sleep behaviour disorder	 ++	 - 	 - 

	 Restless legs syndrome	 +	 + 	 + 

	 Periodic leg movements	 +	 + 	 + 

	 Sleep-disordered breathing	 ++	 - 	 - 

Autonomic	 Bladder urgency, frequency, nocturia	 ++	 +/- 	 +/- 
dysfunction	 Orthostatic hypotension	 ++	 + 	 ++ 

	 Post-prandial hypotension	 ++	 +/- 	 +/- 

	 Sexual dysfunction	 ++ (↓)	 ++ (↑)	 ++

	 Erectile dysfunction	 +	 - 	 - 

	 Thermoregulatory abnormalities (hyperhidrosis)	 ++	 + 	 + 

Gastrointestinal	 Dribbling of saliva	 ++	 +/- 	 +/- 
symptoms	 Dysphagia	 ++ 	 +/- 	 +/- 

	 Ageusia (change in taste sensation)	 ++	 +/- 	 +/- 

	 Constipation	 ++	 +/- 	 +/- 

	 Faecal incontinence	 ++	 +/- 	 +/- 

	 Nausea	 +/-	 ++	 +/- 

	 Reflux	 +/-	 ++ 	 +/- 

	 Vomiting	 +/-	 ++ 	 +/- 

Other non-motor	 Central fatigue	 ++	 +/-	 +/- 
symptoms	 Functional anosmia or hyposmia	 ++	 - 	 - 

	 Visual disturbances (blurred vision, transient diplopia, impaired contrast-sensitivity, colour vision)	 ++	 +/- 	 +/- 

	 Weight gain (could be related to impulse control disorders)	 ++	 + 	 + 

	 Weight loss	 ++	 +/- 	 +/- 

Table 2. The range of non-motor symptoms in Parkinson’s disease, classified according to whether directly related to 
Parkinson’s disease pathophysiology, drug therapy or a combined aetiology (see also Table 3)
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Friederick Lewy described Lewy bodies in the dorsal 
vagal nucleus in 1913 and then Braak described a bottom-
up process, suggesting that the beginning of Parkinson’s 
disease may also involve the olfactory nucleus. Braak sug-
gested a six-stage pathological process based on Lewy body 
formation and deposition beginning at induction sites 
with degeneration of the olfactory bulb and the anterior 
olfactory nucleus and the lower medulla at stage 1, while 

stage 2 reflects progression of the pathological process to 
the lower brainstem with involvement of serotonin (medi-
an raphe) and noradrenaline (locus coeruleus) nuclei in the 
brainstem and pons (Braak et al, 2003, 2004). Clinically, 
this correlates with late onset hyposmia (olfactory bulb 
and nucleus) as well as rapid eye movement behaviour 
disorder (lower brainstem), recognized as pre-motor mark-
ers of Parkinson’s disease (Table 4). Lower brainstem nuclei 
mediate some key non-motor symptoms such as olfaction, 
sleep homeostasis, depression and cognition, pain, consti-
pation and central autonomic vagal control. 

Non-motor symptoms, idiopathic Lewy 
body disease and Parkinson’s disease
For the purposes of clinical practice, studies and trials, 
Parkinson’s disease is still diagnosed using the UK 
Parkinson’s disease Brain Bank criteria which are based 
entirely on motor symptoms, do not include key non-
motor symptoms such as hyposmia in the criteria, and list 
autonomic dysfunction as an exclusion criteria (Hughes et 
al, 1992; National Institute for Health and Clinical 
Excellence, 2006). This has prompted a call to redefine 
Parkinson’s disease and its diagnostic criteria. Some 
authors have suggested that Parkinson’s disease could be 
subdivided into three stages, a preclinical, pre-motor and 
motor stage, with non-motor symptoms being the sole 
determinant of the pre-motor stage (Stern et al, 2012). 

Studies have suggested that a number of non-motor 
symptoms are pre-motor markers of Parkinson’s disease, 
with some such as late onset hyposmia and rapid eye 
movement behaviour disorder being the most robust 
(Boeve et al, 2001; Berendse and Ponsen, 2006). It is now 
estimated that approximately 40% of patients demon-
strating ‘idiopathic’ rapid eye movement behaviour disor-
der will go on to develop typical motor Parkinson’s disease 
in 10 years time, the figures rising with further passage of 
time. Similarly, a study from the USA reported a high rate 
of conversion to motor Parkinson’s disease of patients suf-
fering from ‘idiopathic’ hyposmia who also show reduced 
dopamine transporter activity (Jennings et al, 2013). The 
range of non-motor symptoms described as possible pre-
motor features of Parkinson’s disease are listed in Table 4.

Self reporting of non-motor symptoms by 
patients and relationship to quality of life
Non-motor symptoms are reported as ‘most bothersome’ 
by patients both with early (within 6 years) and advanced 
Parkinson’s disease (Politis et al, 2010). In a recent study 
by Breen and Drutyte (2013) on behalf of Parkinson’s 
UK, the impact of non-motor symptoms was surveyed in 
over 10 000 people with Parkinson’s using NMSQuest. 
People who had younger onset Parkinson’s disease report-
ed a greater impact of non-motor symptoms, particularly 
in relation to memory, depression and sleep, and scores on 
NMSQuest were inversely correlated with quality of life. 
European studies selectively addressed the impact of the 
burden of non-motor symptoms on health-related quality 

	 Non-motor symptoms	 Relevant findings reported

Commonly	 Late onset hyposmia 	 Evidence that hyposmia and abnormal dopamine  
associated		  active transporter scan may suggest 43% develop motor 
		  Parkinson’s disease in 4 years (Jennings et al, 2013) 

	 Rapid eye movement	 17.7% at 5 years, 40.6% at 10 years, 52.4%  
	 sleep behaviour	 at 12 years, risk higher if coupled with abnormal  
	 disorder	 dopamine active transporter scan (Postuma et al, 2009)

	 Constipation	 2.7–4.5 times excess in the risk of Parkinson’s disease in 
		  men with <1 bowel movement/day (Abbott et al, 2001)

	 Depression	 Increased risk of developing Parkinson’s disease  
		  (Leentjens et al, 2003) 

Association	 Excessive daytime	 Three times excess in the risk of Parkinson’s disease in  
described	 sleepiness 	 men with excessive daytime sleepiness vs men without 
		  excessive daytime sleepiness (Abbott et al, 2005)

	 Erectile dysfunction	 3.8 times more likely to develop Parkinson’s disease  
		  (Gao et al, 2007)

	 Pain 	 Increased risk of developing Parkinson’s disease  
		  (Lin et al, 2013)

	 Fatigue	 Increased risk of developing Parkinson’s disease  
		  (Kang et al, 2013)

	 Visual impairment	 Case studies (Diederich et al, 2010)  
	 (contrast sensitivity,  
	 colour vision)

	 Pre-morbid	 Retrospective studies (Todes and Lees, 1985)  
	 personality traits	

Table 4. Possible pre-motor features of Parkinson’s disease

Behavioural	 Dopamine dysregulation syndrome (usually linked to levodopa  
non-motor symptoms	 intake associated with obsessional ‘pill popping’)
	 Impulse control disorders (e.g. compulsive gambling,  
	 hypersexuality, binge eating)
	 Hallucinations, delusions, psychosis
Non-motor fluctuations	 Cognitive or psychiatric (depression, anxiety, anxious-depressed)
occurring as a	 Dysautonomiccomplication

	 Sensory or pain
	 Visual blurring
‘Other’ non-motor	 Ankle swelling
symptoms	 Dopamine agonist withdrawal syndrome 
	 Non-motor symptoms linked to acute parkinsonian emergencies  
	 such as Parkinson hyperpyrexia syndrome

Table 3. Dopaminergic drug-induced non-motor symptoms seen in 
patients with Parkinson’s disease
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of life in Parkinson’s disease and reported that non-motor 
symptom burden has the closest correlation with health-
related quality of life and those with the highest non-
motor symptom scores had the worst health-related qual-
ity of life (Findley, 2007; Martinez-Martin et al, 2011).

Clinical assessment of non-motor 
symptoms as a whole
Until 2006, non-motor symptoms could only be assessed 
piecemeal in clinical practice. For instance, one could 
selectively assess sleep dysfunction or cognitive dysfunc-
tion using validated Parkinson’s disease-specific scales but 
such assessments would not provide a holistic picture of 
the multi-morbid patient. Since this time, however, several 
initiatives such as the SCOPA scales (Scales for Outcomes 
in Parkinson’s disease), NMSQuest and the non-motor 
symptoms scale (NMSS), as well as the new version of the 
Movement Disorder Society-Unified Parkinson’s Disease 
Rating scales, have tried to address the measurement and 
self reporting of non-motor symptoms in clinical practice 
(Movement Disorder Society Task Force on Rating Scales 
for Parkinson’s Disease, 2003; Goetz et al, 2007). Of these, 
NMSQuest remains the only validated self-reporting tool 
for non-motor symptoms in a ‘holistic’ manner validated 
for Parkinson’s disease. It is recommended by learned soci-
eties such as the Movement Disorders Society, American 
Academy of Neurology, National Institute of Neurological 
Disorders and Stroke Parkinson’s Disease Common Data 
Elements Working Group as well as patient groups such as 
Parkinson’s UK, the European Parkinson’s Disease 
Association and Parkinson Society Canada. 

NMSQuest can be easily completed by patients (with 
help from carers) in the consulting room. It lists the non-
motor symptoms relevant to clinical practice with 30 items 
completed in a ‘yes’ and ‘no’ fashion. The importance of 
using NMSQuest is evident in an European study, where 
the use of NMSQuest identified that non-motor symp-
toms were not discussed or considered in clinical consulta-
tions in over 50% of cases (Chaudhuri et al, 2010) and led 
to suboptimal treatment in many. This was only redressed 
when the clinician became aware of the non-motor symp-
toms after using NMSQuest. Based on this a suggested 
scheme of examination of patients in the clinic using 
NMSQuest (the King’s-ISCII classification) is shown in 
Figure 1. In the current Best Practice Tariff recommenda-
tions for the NHS in the UK, one of the parameters is to 
ensure that non-motor symptoms have been considered 
using the NMSQuest (Department of Health, 2013). 

Case illustrations
Figures 2a and b illustrate two patients who have com-
pleted the NMSQuest. Both are untreated and while one 
has five positive non-motor symptoms out of 30 ques-
tions, the other, another newly diagnosed patient with 
similar motor disability, has 19 non-motor symptoms. 
While the first patient reports mainly problems with drib-
bling of saliva during the daytime, urgency to pass urine, 

unexplained pain and feeling light headed, dizzy or weak 
from sitting or lying, the second patient presents with a 
wider range of non-motor symptoms. On closer observa-
tion, the second patient mainly presents with problems 
concerning the sleep and autonomic system, so would 
need a different management plan to the first patient. 
This would include management of sleep disorders, drib-
bling of saliva and bladder problems in addition to motor 
management of Parkinson’s disease. This also outlines the 
importance of addressing non-motor symptoms using 
NMSQuest in the clinic, both in the primary and second-
ary care setting, so that symptoms are not missed thus 
compromising the quality of care. Gender-related differ-
ences are minimal (Martinez-Martin et al, 2012).

Drug-related non-motor symptoms
When analysing symptoms reported by patients it is impor-
tant to take into consideration that non-motor symptoms 
can be caused by drugs. In order to differentiate between 
drug-induced symptoms and early non-motor symptoms 
of Parkinson’s disease a study has shown that urinary symp-
toms, excessive daytime sleepiness, restless leg syndrome, 
attention deficit and hyposmia are useful, all being sugges-
tive of Parkinson’s disease-related non-motor symptoms 
rather than drug-related symptoms (Kim et al, 2013). 
Impulse control disorders are a key challenge to the treat-
ment of Parkinson’s disease and often present in the form 
of compulsive shopping, eating, gambling, hypersexuality 
and various types of ‘hobbyisms’. While the prevalence of 

NMSQuest 0–5:  
stage 1 no significant burden 

of non-motor symptoms

NMSQuest 6–12:  
stage 2 mild

NMSQuest 13–20:  
stage 3 moderate

NMSQuest >20:  
stage 4 severe

Clinical consultation:  
Patient and carer complete NMSQuest  

in the waiting area

Self reported 
30 non-motor 

symptoms in the 
last month

Ask patient to classify the top four non-motor symptom 
causing poor quality of life  

Those in NMSQuest stage 3/4 seek hospital specialist referral and screen 
using other scales such as PDSS and HADS

Modify therapy addressing reported non-motor symptoms

Grade NMSQuest scores

Figure 1. Suggested scheme of examination of patients in the clinic using NMSQuest. 
HADS= hospital anxiety and depression scale; NMSQuest = non-motor symptoms 
questionnaire; PDSS = Parkinson’s disease sleep scale. From Chaudhuri et al (2009).
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impulse control disorder with levodopa remains around 
0.7–7%, it rises up to 14–17% in patients treated with 
dopamine agonists (Weintraub et al, 2010). Suddenly stop-
ping dopamine agonists can lead to the dopamine agonist 
withdrawal syndrome (Rabinak and Nirenberg, 2010). 
Dopamine agonist withdrawal syndrome is characterized 
by psychiatric as well as physical symptoms that occur after 
having stopped a dopamine agonist and do not respond to 
levodopa, antidepressants and anxiolytics but improve with 
dopamine agonists (Rabinak and Nirenberg, 2010). 

Non-motor fluctuations
Fluctuations of motor symptoms during on and off peri-
ods are well known and typically occur after the initiation 
of levodopa therapy. What is less well appreciated is that 
fluctuations can also occur in relation to the non-motor 
symptoms, and motor ‘off ’ periods may be associated with 
either worsening of several non-motor symptoms or 
unmasking of non-motor symptoms which are only 
present during off stages (Table 1) (Storch et al, 2013). 
This has important implications for diagnosis and treat-
ment as, for example, the treatment of ‘off ’ related depres-
sion would be long-acting dopaminergic drugs to reduce 
off periods rather than the use of an antidepressant.

Treatment of non-motor symptoms
There are a range of non-motor symptoms that are symp-
tomatic in Parkinson’s disease and non-motor symptoms 
such as fatigue, pain, sexual dysfunction, apathy in 
Parkinson’s disease for which there is little or no robust 
evidence for treatment. The guidelines of the American 
Academy of Neurology (2010) and more recently the 
Movement Disorder Society reviewed the therapeutic 
issues in relation to these non-motor symptoms (Zesiewicz 
et al, 2010; Seppi et al, 2011). Table 5 gives a broad over-
view of the treatment of some of the more common non-
motor symptoms in patients with Parkinson’s disease.

Conclusions
Non-motor symptoms of Parkinson’s disease are present 
from the very early stages of Parkinson’s disease, well 
before the ‘classic’ motor symptoms start, to the end stage 
and present the biggest treatment challenge for clinicians 
and health-care professionals. Non-motor symptoms are 
regarded by patients as the most bothersome and current 
treatment strategies as well as research remains sub-�
optimal in relation to non-motor symptoms of Parkinson’s 
disease. Awareness is the key to management of non-
motor symptoms and simple validated tools such as 

PD NMS QUESTIONNAIRE
Name: ...............................................................  Date: ..........................         Age: .......................

Centre ID: Male  Female  

NON-MOVEMENT PROBLEMS IN PARKINSON’S
The movement symptoms of Parkinson’s are well known. However, other problems can sometimes occur as
part of the condition or its treatment. It is important that the doctor knows about these, particularly if they are
troublesome for you.

A range of problems is listed below. Please tick the box ‘Yes’ if you have experienced it during the past
month. The doctor or nurse may ask you some questions to help decide. If you have not experienced the
problem in the past month tick the ‘No’ box. You should answer ‘No’ even if you have had the problem in the
past but not in the past month.

Yes No
1. Dribbling of saliva during the daytime .........................

2. Loss or change in your ability to taste or smell ..........

3. Difficulty swallowing food or drink or problems
with choking .................................................................

4. Vomiting or feelings of sickness (nausea) ...................

5. Constipation (less than 3 bowel movements a
week) or having to strain to pass a stool (faeces) .........

6. Bowel (fecal) incontinence ...........................................

7. Feeling that your bowel emptying is incomplete
after having been to the toilet ......................................

8. A sense of urgency to pass urine makes you
rush to the toilet ...........................................................

9. Getting up regularly at night to pass urine ..................

10. Unexplained pains (not due to known conditions
such as arthritis) ...........................................................

11. Unexplained change in weight (not due to
change in diet) ..............................................................

12. Problems remembering things that have 
happened recently or forgetting to do things ..............

13. Loss of interest in what is happening around
you or doing things ......................................................

14. Seeing or hearing things that you know or are
told are not there ..........................................................

15. Difficulty concentrating or staying focussed ...............

Yes No
16. Feeling sad, ‘low’ or ‘blue’ ..........................................

17. Feeling anxious, frightened or panicky .......................

18. Feeling less interested in sex or more 
interested in sex ..........................................................

19. Finding it difficult to have sex when you try ...............

20. Feeling light headed, dizzy or weak standing
from sitting or lying .....................................................

21. Falling ..........................................................................

22. Finding it difficult to stay awake during activities
such as working, driving or eating ..............................

23. Difficulty getting to sleep at night or staying 
asleep at night .............................................................

24. Intense, vivid dreams or frightening dreams ...............

25. Talking or moving about in your sleep as if you
are ‘acting’ out a dream ..............................................

26. Unpleasant sensations in your legs at night or
while resting, and a feeling that you need to move ....

27. Swelling of your legs ...................................................

28. Excessive sweating .....................................................

29. Double vision ...............................................................

30. Believing things are happening to you that other
people say are not true ...............................................

Have you experienced any of the following in the last month?

All the information you supply through this form will be treated with confidence and will only be used for the purpose for which it has been
collected. Information supplied will be used for monitoring purposes. Your personal data will be processed and held in accordance with the
Data Protection Act 1998.

Developed and validated by the International PD Non Motor Group
For information contact: susanne.tluk@uhl.nhs.uk or alison.forbes@uhl.nhs.uk
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Figure 2. a. A NMS Quest, drug naïve patient, Hoehn and Yahr 1, 5/30. b. A NMS Quest, drug naïve patient, Hoehn and Yahr 1, 19/30. 
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NMSQuest will help empower patients to declare non-
motor symptoms and obtain treatment. Medical and 
allied health professionals need to be more aware of non-
motor symptoms in Parkinson’s disease right from the 
point at which Parkinson’s disease is diagnosed. BJHM
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KEY POINTS
n	Non-motor symptoms of Parkinson’s disease are the leading cause of poor quality 

of life for both people with Parkinson’s disease and their caregivers.
n	 Aspects of non-motor symptoms are now recognized as possible biomarkers for 

‘pre-motor’ stage and ‘early’ stage of Parkinson’s disease.
n	Use of NMSQuest should be adopted in the clinic to provide ‘holistic’ care.
n	 Non-motor symptoms of Parkinson’s disease can be treated, once identified, by a 

range of dopaminergic, non-dopaminergic and non-pharmacological strategies.


