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We searched the PubMed database till December 31st, 2014 for 
studies in patients with PD that evaluated epidemiological 
characteristics pertaining to India. We applied a broad search 
strategy including the following terms: (Parkinson Disease 
AND India), (Parkinson Disease AND epidemiology), 
(Parkinson Disease AND India AND genetics), (Parkinson 
Disease AND India AND epidemiology), and (Parkinson 
Disease AND India AND treatment). The reference lists of 
included publications were also searched. Studies were eligible 
for inclusion if: i) PD was evaluated in India. The exclusion 
criteria were:
1.	 Parkinsonism apart from PD such as atypical Parkinsonism 

and secondary causes,
2.	 Animal studies,
3.	 Case reports, and
4.	 Pharmaceutical trials.

The search results have been given in Table 1. A total of 
95 articles were according to the search criteria. The first 
published article from India on PD in indexed journals could 
be traced to 1988. In later years, the number of publications 
has steadily increased [Figure 1]. There are more publications 
in international journals (n = 76) than in national journals 
(n = 19). We attempted to categorize the articles on various 
aspects, such as clinical, epidemiology, genetics, pathogenesis, 
investigations, pathology, treatment, social issues, and physical 
rehabilitation. Of these, clinical aspects, nonmotor involvement 

Introduction

The first description of Parkinson’s disease (PD) was given 
by James Parkinson in early 19th century.[1] But the knowledge 
about this disease has been present in India since ancient 
times. Though the prevalence of PD in India is less compared 
to other countries,[2] the total burden of PD is much higher as 
a result of large population. We reviewed all the published 
literature on PD from India till date. This will help in giving 
a comprehensive outlook regarding the previous and the 
current situation of this disease in our country. This review 
will also elaborate the contribution of India in the field of 
research in PD.

This systematic review of literature was undertaken according 
to the relevant criteria of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement. 
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(n = 33) and genetics (n = 25) were the most commonly studied 
categories [Table 2]. Most of the articles are published from 
only a few number of research institutes. Of the 95 articles, 86 
were published from four institutes [Figure 2]. Further in this 
review, we elaborate the findings of the studies done on PD 
on patients from India.

Epidemiology

In a review by de Lau and Breteler in 2006, it was reported that 
an estimated 10 million people in the world (i.e., approximately 
0.3% of the world population) and 1% of those above 60 
years are found to be affected with PD.[3] There are very few 

population-based studies determining the exact incidence 
and prevalence of PD in India. In a door-to-door survey done 
in Bangalore district in South Karnataka in India in 2004, the 
prevalence rate of Parkinsonism was found to be 33 per 100,000 
(crude prevalence) and 76 per 100,000 (age adjusted).[4] Rural 
population had a higher prevalence compared to the urban 
population (41 vs 14). But it was less compared to other highly 
prevalent neurological disorders such as headache, epilepsy, 
stroke, and mental retardation. From a survey in Kolkata in 
2006, the prevalence of Parkinsonism was found to be 45.82 
per 100,000.[5] In the state of Kashmir,[6] the prevalence was 
14.1 per 100,000, while the age adjusted prevalence was 134 per 
100,000. A survey, done in Parsi community in Mumbai, a small 
stable community,[7]showed a prevalence of 192 per 100,000, 
which was higher compared to rest of the population. In a 
surveillance in old age homes in a Bangalore,[8] there was very 
high prevalence of 17.6% (109/612 residents) of Parkinsonism. 
This may be due to unawareness of this disorder among the 
general population who do not avail the medical facilities at 
the appropriate time.

The prevalence rate in Europe is 1.8 per 100 in population 
above 65 years.[9] As the prevalence of PD in non-white 
population is lower, the normal human brains from India 
and United Kingdom were compared, to determine the 
cause.[10] The neurons which were melanized in substantia 
nigra (pars compacta), as the age increases, were counted 
and compared. Indian brains, though had low number of 
melanized neurons, the decrease in these number of neurons 
with age was much less compared to the whites. But a 
similar study comparing Nigerian and British brains[11] did 
not show any difference between these two ethnic groups. 
In one clinical study comparing the prevalence of PD in 
different ethnic groups in India,[12] Anglo-Indians, who had 
admixed ethnicity with Indian population had nearly five 
times lesser prevalence of PD compared to general Indian 
population. In summary, there may be several other factors 

Figure 1: Number of publications on Parkinson’s disease from 
India; year wise

Figure 2: Number of publications on Parkinson’s disease from 
India from various institutions. A = National Institute of Mental 
Health and Neurosciences (NIMHANS), Bangalore, B = All India 
Institute of Medical Sciences (AIIMS), New Delhi, C = Bangur 
Institute of Neurosciences/ Anthropology Society of India, 
Kolkata, D = NIMHANS+ AIIMS, E = Sree Chitra Tirunal Institute 
of Medical Sciences and Technology (SCT), Trivandrum, 
F = Madras Medical College (MMC), Chennai, G = Bombay 
Hospital, Mumbai, H = Neurospeciality Centre, Belgaum, I = Sher-
e-Kashmir, Srinagar, J = Post Graduate Institute, Chandigarh, 
K = Parkinson’s Disease Foundation, Bangalore + AIIMS

Table 1: PubMed search according to Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement

Words put in PubMed No. of articles
Parkinson Disease AND India 452
Parkinson Disease AND epidemiology AND India 65
Parkinson Disease AND India AND genetics 98
Parkinson Disease AND India AND treatment 226

Table 2: Study categories of published articles 
on Parkinson’s disease (PD) from India

Categories No. of articles
Epidemiology 8
Genetics 25
Risk factors 1
Clinical 33 
Neurophysiology/neurochemistry 6
Electrophysiology (TMS) 4
Pathology 3
Imaging 1
Treatment - surgical 2
Rehabilitation 4
Social issues 4
Alternate medicine 1
Case reports 3
Total 95

TMS = Transcranial magnetic stimulation
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causing the difference in prevalence in varied populations 
and this need to be explored.

In most studies, it has been found that women have lesser 
prevalence of PD.[3] A study at All India Institute of Medical 
Sciences (AIIMS) by Yadav et al.,[13] showed that women with 
higher number and longer duration of pregnancies had lesser 
prevalence of PD. This may indicate a protective role of estrogen.

Most of the prevalence studies have used different methods 
to screen the population. Tanner et al.,[14] devised one of the 
widely used validated screening questionnaires for PD. 
Sarangmath et al., from National Institute of Mental Health 
and Neurosciences (NIMHANS)[15] have modified the screening 
questionnaire by Tanner et al., to cater to the varying literacy 
levels and different languages used in India. A few changes 
were made from the prior standard screening questionnaire 
and this was found to have good sensitivity even when 
administered by a nonmedical assistant.

The epidemiology of PD in India is different compared to 
populations from different countries and also among different 
ethnicities in India [Table 3]. The prevalence studies in India 
are done among small population from specific areas probably 
with a particular type of cultural background. So, to generalize 
it to the rest of the population in a country where there is a 
huge cultural, ethnic, and social difference may not be correct. 
Hence, large multicenter studies for evaluating prevalence at 
different parts of the country are necessary.

Risk Factors

There are several risk factors and protective factors which have 
been described in development of PD. In a study on Indian 
population by Behari et al.,[16] the risk factors included that of 
male gender who had higher incidence (1:3.96) similar to that 
reported in other countries.[17-19] However, this data may be 
confounded by the fact that in India, women compared to men, 
are less likely to seek or have access to medical attention. Family 
history of PD and previous history of depression were the other 
risk factors likely to predispose to PD. Environmental risk factors 
such as rural living, well water drinking, farming, and pesticide 
exposure have been described previously.[20] The only significant 
environmental risk factor seemed to be the well water drinking 
in the study from India. Tobacco smoking and exposure to pets 
had a protective effect from PD. The protection from tobacco 
smoking in this study was found to be much higher compared to 
previous studies,[21-23] with five times decreased risk. It has been 

speculated by the author that bidi smoking (different form of 
tobacco consumed in India), may have a higher protection due 
to presence of higher levels of carbon monoxide, tar, nicotine, 
ammonia, and volatile phenols.[24]

Another demographic and clinical profile study of 557 PD 
patients in northern Karnataka district by Kadakola et al., 
showed that male gender (64.8%) was more affected. In this 
study, the prevalence was not higher in rural community as 
in other previous studies.[25]

Clinical features 

Till recently, PD was considered to be a geriatric disease. 
However, in the past few decades it has been well established 
that several genetic and familial forms of PD can occur. Early 
onset PD (EOPD) with onset of motor symptoms at £40 years, 
constitute approximately 5-10% of patients.[26] EOPD can be 
further divided into young onset PD (YOPD; age at onset 
20-40 years) and juvenile PD (JP; age of onset <20 years). In 
an Indian study comparing the clinical features of EOPD,[27] 
patients with JP had a higher incidence of dystonia, family 
history of Parkinsonism, and abnormalities in autonomic 
function tests [Table 4].

Motor symptoms
An unselected PD population attending AIIMS was studied by 
Denny and Behari to assess the factors responsible for motor 
fluctuations.[28] Similar to a previous study,[29] the prevalence 
of dyskinesias was around 50% in Indian population, though 
the mean dose of LD causing dyskinesias was much lower.

Nonmotor symptoms
PD has a large spectrum of clinical features ranging from motor 
to nonmotor symptoms. Some of these nonmotor symptoms 
can result in greater morbidity than the motor symptoms 
themselves. Some of the nonmotor symptoms can occur as 
part of aging. PD patients and age-matched healthy controls 
were assessed by Krishnan et al.,[30] using Nonmotor Symptom 
Scale questionnaire,[31] to determine if there is any difference 
in the occurrence of these symptoms and the burden caused 
by them. The prevalence of these symptoms was higher 
and more severe in PD patients compared to normal ageing 
people. Cardiovascular symptoms, perceptual problems, 
hallucinations, cognition, and mood changes were significantly 
more in PD patients.

Olfactory dysfunction can precede motor symptoms in PD 
Indian Smell identification Test (INSIT),[32] and was designed 
and compared with the standard Sniffin’ Stick test. The 
smells used in this test were those that are familiar in the 
Indian population. INSIT showed a sensitivity of 79.2% and 
specificity of 78%. INSIT has been recommended as cheaper 
and convenient alternative to test for olfactory function in the 
Indian population.

Basal ganglia is known to be involved in response inhibition 
through frontal subcortical circuits.[33] Studies using no-no 
go test have shown the involvement of somatomotor loop of 
frontal subcortical circuit in PD patients.[34,35] An Indian study 
by Joti et al.,[36] assessed the oculomotor loop by testing a 

Table 3: Epidemiology of Parkinson’s disease (PD) in India

Population-
based studies

State Crude 
prevalence

Age-specific 
prevalence 
(>50 years)

Bharucha  
et al., 1988[7]

Mumbai-Western 
India

148/100,000

Razdan  
et al., 1994[6]

Kashmir-Northern 14.2/100,000 134/100,000 

Gourie-Devi  
et al., 2004[4]

Karnataka-Southern 33/100,000 76/100,000

Das et al., 2006[5] Kolkata-Eastern 45.82/100,000
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Table 4: Studies on motor and nonmotor symptoms of Parkinson’s disease (PD) from India

Study No of patients 
studied

Results and comments

Early onset PD (EOPD) 
vs Juvenile PD (JPD)

Muthane et al.[27] 30 Both had similar clinical profile except that JPD had more autonomic involvement than EOPD
Motor fluctuations

Denny and Behari[28] 80 50% of the patients analyzed had motor fluctuations; more commonly seen in YOPD
Screening questionnaire

Sarangmath et al.[15] 125 Modified screening questionnaire by Tanner et al.,[14] catering to Indian population; 100% sensitivity and 89% 
specificity

Neuropathy
Taly and Muthane[63] 29 34.6% of JPD patients had neuropathy

Sleep/RBD
Kumar et al.[75] 149 42% of PD patients had sleep disturbances
Kumar et al.[76] 149 21% of PD patients had excessive day time sleepiness compared to 3% controls
Vibha et al.[74] 134 RBD and insomnia 25 and 26.9% (sporadic) vs 0 and 3.3% (familial)
Vibha et al.[72] 134 19.4% prevalence of RBD in PD patients
Mahale et al.[78] 156 Classical PD patients had more prevalence of RBD than YOPD (86.7 vs 13.3%)

Olfactory dysfunction
George et al.[32] 53 Usage of Indian Smell Identification Test (INSIT) was found to be sensitive and convenient method to screen 

PD patients
Restless leg syndrome

Krishnan et al.[44] 126 Prevalence of 7.9% in PD patients
Bhalsing et al.[43] 134 11.9% prevalence in PD patients

Impulse control 
disorders

Sarathchandran 
et al[49]

305 15.38% prevalence
Sole risk factor - usage of dopamine agonist (OR - 2.03)

Cognition
Dixit et al.[52] 17 Selegiline significantly improves the cognitive scores
Singh and Behari[51] 17 12 weeks levodopa therapy improved visual memory on neuropsychological assessment in patients with early PD
Krishnan et al.[53] 25 Global and frontal dysfunction most prominent in PSP > MSA > PD

Pulmonary functions
Sathyaprabha et al.[55] 35 94% had restrictive pattern of respiratory involvement which significantly improved with levodopa therapy (on state)
Pal et al.[56] 53 PD patients had restrictive pattern of pulmonary dysfunction compared to controls, even in absence of 

frank symptoms, which improved with levodopa
Neuropsychiatric

Harbishettar et al.[70] 69 No association between PD and obsessive compulsive disorder
Arun et al.[69] 46 54.3% prevalence of depression

Quality of life inferior compared to patients without depression
Amar et al.[71] 40 Of the patients with psychosis, 85% had pure hallucinations and 7.5% pure delusions. Visual hallucinations 

were most common
Autonomic functions

Jamnadas-Khoda 
et al.[60]

50 Assessment of orthostatic hypotension in PD patients by tilt table test may reveal subclinical involvement

Sriranjini et al.[59] 11 Heart rate variability (HRV) following single dose of LD showed significant improvement suggesting 
enhanced vagal tone

Oculomotor function
Joti et al.[36] 11 Prolongation of time taken to cancel a partially prepared saccade in PD patients compared to controls à 

impaired inhibition in oculomotor loop of frontal subcortical circuit
Speech

Sachin et al.[39] 22 Hypophonic, monotonous with occasional rushes in PD; while MSA and PSP had ataxic and spastic components
Sachin et al.[40] 22 For sustained phonemic task, temporal lobe was activated in PD and occipital lobe in PSP
Lazarus et al.[38] 133 65.4% reported speech disturbances. Abnormalities found were slow reading speed (64.7% of patients), 

hoarseness of voice (60.2%), articulatory defect (39.8%), and jerky speech (32.3%)
Urogenital involvement

Swaminath et al.[62] 181 Urogenital symptoms occurred twice as much in MSA-P than PD patients

RBD = Random eye motion (REM) sleep behavior disorder, YOPD = Young onset PD, OR = Odds ratio, PSP = Progressive supranuclear palsy, MSA-P = PD from 
multiple system atrophy
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visually-guided saccadic task. Compared to normal subjects, 
PD patients were found to have delayed switching of the 
saccade from one target to another. This proves that basal 
ganglia are not only involved in the somatomotor loop but also 
in the oculomotor loop of frontal subcortical circuit.

Speech impairment has been reported in 60-80% of the PD 
patients which reaches up to 100% in the later stages.[37] Lazarus 
et al., subjected PD patients to the Indian Speech and Hearing 
Association (ISHA) articulation assessment and the Vaghmi 
software.[38] It was found that 64.7% had slow reading speed, 
60.2% hoarseness of voice, 39.8% articulatory defect, and 32.3% 
jerky speech. Articulation defects were most commonly seen 
with the labial syllables (42.1%), followed by the lingual and 
the palatal.

In a study by Sachin et al., the speech profiles of PD patients 
were compared with patients with other types of atypical 
Parkinsonism such as progressive supranuclear palsy (PSP) and 
multiple system atrophy (MSA). PD patients had hypophonic 
monotonous speech with occasional rushes of speech, while 
PSP and MSA had spastic and ataxic components.[39] Sachin 
et al., further evaluated the central mechanisms for speech 
impairment in PD patients using functional magnetic resonance 
imaging (fMRI) studies. They compared these results with PSP 
patients.[40] It was found that for a sustained phonemic task 
in fMRI, superior temporal gyrus was activated in PD and 
occipital cortex in PSP.

Restless leg syndrome (RLS) is known to occur in PD patients 
with its prevalence ranging from 0.5 to 19.5%.[41,42] Bhalsing 
et al., at NIMHANS compared the prevalence of RLS in PD 
and atypical parkinsonism. Its prevalence was found to 
be higher (11.9%) in PD compared to other parkinsonian 
neurodegenerative disorders and controls.[43] Only one patient 
each in MSA and PSP and none in diffuse Lewy body dementia 
(DLB) were diagnosed to have RLS. The clinical features, 
apart from the sleep disturbances, did not vary between those 
patients with or without RLS. A previous study at AIIMS 
by Krishnan et al., has reported a prevalence of 7.9% in PD 
patients.[44]

Impulse control disorders (ICD) are common in patients 
undergoing dopaminergic therapy. The prevalence of ICD 
is reported to vary in studies done in different countries, 
ranging from 3.5 to 35%.[45-48] Sarathchandran et al., studied its 
occurrence in Indian PD population and reported a prevalence 
of 31.6%.[49] These patients were having at least one ICD, 
punding being the most common (15.7%). Few of these patients 
(7.5%) had more than one ICD. Treatment of PD patients with 
dopamine agonist was found to be the most important factor 
for the occurrence of ICD in them.

Memory disturbances and dementia are known to occur in 
later stages of PD. Patients with early PD can have subtle 
disturbances in neuropsychological testing.[50] To evaluate 
whether these abnormalities were affected by treatment, 
PD patients were assessed after 12 weeks of levodopa (LD) 
therapy.[51] Singh and Behari found that there was deterioration 
in visual memory after LD therapy, though the verbal memory 
was not affected. On the contrary, Dixit et al., found that, 

selegiline improved the memory function, cognition, and 
prevented the prolongation of P300 latency, which is a marker 
of cognitive function.[52] In a study from Sree Chitra Tirunal 
Institute of Medical Sciences and Technology (SCTIMST), 
comparing the patients with PD and the patients with atypical 
parkinsonism, the cognitive function was most affected in PSP 
followed by MSA and least affected in PD.[53]

Respiratory dysfunction in PD is well-known and causes both 
obstructive and restrictive patterns.[54] In a study conducted 
in India by Sathyaprabha et al.,[55] the effect on pulmonary 
functions in asymptomatic PD patients after treatment with LD 
was analyzed. Of these, 94% had restrictive pattern, signifying 
that there may be chest wall rigidity which contributed to the 
low chest wall compliance. The dysfunction was mitigated 
with medications (LD), probably due to the reduction in 
rigidity and bradykinesia leading to better coordination of 
muscles. In another similar study by Pal et al.,[56] women were 
found to be more affected, with poorer pulmonary functions. 
The pulmonary functions improved with the administration 
of LD, though they did not improve up to the control values. 
Routine pulmonary function monitoring, even in asymptomatic 
patients, may be necessary to anticipate any significant 
respiratory dysfunction and consequent effective intervention.

Autonomic dysfunction is well-known in PD and is found to 
be present in 76% of the patients.[57] The cardiac autonomic 
dysfunction manifests as decreased response of heart rate and 
blood pressure to autonomic stimulation.[58] There are only 
a few studies from India evaluating autonomic functions in 
PD. Sriranjini et al., evaluated the effect of single dose of LD 
on cardiac autonomic function in PD. It was found that LD 
improves the heart rate variability due to increased vagal tone.[59]

Orthostatic hypotension (OH) has been reported in 20-58% of 
PD. But only a few patients may report orthostatic symptoms. 
Jamnadas-Khoda et al., interviewed 50 PD patients to verify if 
orthostatic symptoms reported by patients provide evidence 
of underlying orthostatic hypotension. It was found that only 
18% of the patients who had OH during tilt table test reported 
symptoms prior to tilting. Orthostatic symptoms have a high 
specificity but low sensitivity for detection of OH in patients 
with PD. For subclinical detection of OH, a screening tilt 
test with prolonged tilting (>3 min) is recommended for all 
PD patients, as the blood pressure (BP) fall may be delayed 
in these patients.[60] Raghothaman et al., studied patients of 
PD and PD from MSA (MSA-P) to find if the presence of 
dysautonomic symptoms such as urinary incontinence and 
orthostatic symptoms, would help in the diagnosis of these 
disorders. It was found that when these symptoms are present 
within 1 year of illness, they can accurately point towards the 
diagnosis of MSA-P.[61,62]

Genetically mediated PD is associated with other unusual 
manifestations such as peripheral neuropathy. Juvenile 
PD patients from India, when evaluated for subclinical 
involvement using electroneuromyography, more than 50% 
had abnormalities.[63] They had chronic partial denervation 
with reinnervation (34.6%), abnormalities of motor conduction 
(13.8%) and sensory conduction (31.9%), and abnormal 
sympathetic skin response (37.9%).
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Several neuropsychiatric manifestations such as depression, 
anxiety, and sleep disturbances have been described in PD. 
The prevalence of depression in PD patients ranges from 7.7 to 
76%,[64,65] of which community-based studies[64] showed lower 
prevalence. Depression in PD may be reactive depression as a 
result of chronic illness as well as a result of neurodegeneration. 
The degeneration of subcortical nuclei such as hypothalamus, 
locus coeruleus, dorsal raphe, and ventral tegmental area and 
loss of dopamine and noradrenaline innervation in the limbic 
system have been implicated as a cause of depression in the 
PD patients.[66,67] Depression affects the cognition and quality 
of life (QOL).[68] A study comparing PD and other chronic 
illnesses[69] revealed higher prevalence of depression in PD. 
They also had significantly higher disability and poorer QOL. 
As frontobasal circuitry is involved in obsessive compulsive 
disorder (OCD), some studies have tried to find if there is 
any association between PD and OCD. Harbishettar et al., in a 
study of 69 PD patients with normal cognition and 69 matched 
medically-ill controls, failed to show any association between 
OCD and PD.[70] This could be due to the reason that different 
circuitries may be involved in these two disorders.

Psychosis can also be a part of nonmotor spectrum of PD. It 
may be disabling to the patients and its presence may also 
warrant change in treatment strategies. The manifestations 
include hallucinations and delusions. In a study from India by 
Amar et al., 40 patients of PD with psychosis were assessed. 
Pure hallucinations were commonest in these patients (85%) 
and a combination of delusions and hallucinations was found 
in 7.5%.[71] Of these visual hallucinations were predominant, 
amounting to 60%.

Random eye motion (REM) sleep behavior disorder (RBD) can 
precede PD motor symptoms by many years. In an evaluation of 
RBD in PD patients in India,[72] the prevalence was 19.2%, similar 
to that found from other studies.[73] Comparing the clinical 
features of patients with or without RBD, visual hallucinations 
and sleep disturbances such as insomnia and snoring were 
more in the RBD group. Comparing the sleep disturbances in 
idiopathic and familial forms of PD,[74] RBD and insomnia was 
higher in idiopathic PD. Other sleep disorders apart from RBD 
which have been reported from Indian population[75] include 
insomnia (32%), nightmares (32%), and excessive day time 
sleepiness (15%). Excessive day time sleepiness correlated with 
higher Unified Parkinson’s Disease Rating Scale (UPDRS) and 
Hoehn and Yahr stage.[76] Patients with sleep disturbances are 
more susceptible for mood disorders, have decreased QOL and 
increased caregiver burden.[77] Comparing the young and late 
onset PD,[78] Mahale et al., found that RBD was more common 
in older patients and those who were in advanced stage of 
the disease. Those with RBD had poorer quality of sleep and 
excessive daytime sleepiness.

Postural imbalance forms one of the important features 
of PD. Till date there are only few studies that addressed 
the quantitative evaluation of balance impairment in PD. 
Ganesan et al., used dynamic post urography to evaluate 20 
PD patients with no symptoms of postural imbalance and 
normal pull test.[79] There was direction-specific imbalance, 
predominantly in forward-right and backward-left positions in 
PD patients compared to the controls. Based on these findings, 
the authors suggested that a modified diagonal pull test may 

be helpful to detect subtle postural imbalance in early stage 
of PD. Nallegowda et al., in their pilot study showed that the 
imbalance in PD is due to a combined effect of reduction in 
muscle strength, decreased proprioception, visual sense, and 
narrow base of support.[80] In on state, muscle strength, gait 
speed, and use of ankle strategy improve significantly.

Genetics

Genetic PD, found in less than 10% of PD, is caused by single 
gene Mendelian disorder. The idiopathic type of PD is attributed 
to the complex interaction between genetic susceptibility and 
environmental factors.[26] There is a significant difference in 
prevalence of PD in India compared to other population, and 
there are differences in the normal brain specimens of different 
ethnic populations.[10,11] So it is likely that the genetic factors 
causing PD may also vary in different populations. So it was 
hypothesized that the incidence and profile of genetic forms 
of PD in Indian population may be different.[81] Several studies 
have reported that the genetic forms of PD in India may differ 
from those occurring in the Western countries [Table 5].

Alpha-synuclein (SNCA) gene mutations causing PARK-1 
and PARK-4, is found in 1.7-2.7%[82,83] of patients with familial 
PD and 0.3% in patients with isolated PD[84] in different 
populations. In the three Indian studies from northern and 
southern regions, none of the patients had mutations of SNCA 
gene.[85-87] Parkin gene mutations which are autosomal recessive, 
are the commonest mutations in YOPD. Prevalence of parkin 
gene in PD has been reported from five studies in India. In 

Table 5: Genetics of Parkinson’s disease (PD) in India

Gene Author No. of 
patients 
studied

Results

SNCA 
(PARK-1 
and 4)

Nagar et al., 2001[85] 169 None had mutations
Vishwanathan et al., 2012[87] 140 None had mutations

Kadakola et al., 2014[86] 100 None had mutations
Parkin 
(PARK 2)

Chaudhary et al., 2006[88] 259 8.5% prevalence in all 
PD patients

Madegowda RH et al 2005[91] 138 7.24% prevalence in 
all PD patients

Biswas et al., 2006[89] 102 25% of autosomal 
recessive EOPD

Vinish et al., 2010[90] 69 8.7% of all PD patients
Vishwanathan et al., 2012[92] 16 68% of YOPD patients

LRRK2 
(PARK-6)

Punia et al., 2006[96] 800 None had mutations
Vishwanathan et al., 2012[87] 140 1 YOPD had 

heterogeneous 
G2019S mutation

Sanyal et al., 2010[98] 150 None had mutations
Sadhukhan et al., 2012[97] 300 None had mutations

PINK-1 Biswas et al., 2010[100] 250 6% of all patients
DJ-1 Sanyal et al., 2011[101] 150 None had mutations

Sadhukhan et al., 2012[102] 308 3.9% of all patients
MAPT Das et al., 2009[103] 301 None had mutations
VPS35 Sudhaman et al., 2013[104] 320 None had mutations
EIF4G1 Sudhaman et al., 2013 [104] 320 None had mutations

EOPD = Early onset PD, YOPD = Young onset PD
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these studies,[88-90] the presence of parkin gene in all patients 
of PD was found to be similar ranging from 7.24 to 8.7%. 
However, when parkin mutations were specifically looked for 
in EOPD,[91] Parkin mutations were present in 2% of all EOPD, 
10% of familial EOPD, and 25% of autosomal recessive EOPD. 
Only one study showed very high prevalence of about 68% in 
YOPD patients.[92] Studies from other countries have reported 
the incidence of parkin in YOPD which ranged from 3.1 to 
49%.[93,94] So, the Indian population seem to have relatively 
lesser incidence of parkin mutation.

Leucine-rich repeat kinase 2 (LRRK2) gene mutations cause 
autosomal dominant late onset forms of PD. Prevalence of 
these mutations have been found to be 5.1%.[95] In India, none 
of the patients from four tertiary centers studies had these 
mutations.[87,96-98] Phosphatase and tensin (PTEN) homolog 
induced kinase-1 (PINK-1) gene mutations are responsible for 
PARK-6, comprising 9.3% of patients with EOPD.[99] In India, the 
screening for this gene mutation in EOPD found a prevalence of 
7.2%.[100] While a study showed no association of DJ-1 mutations 
causing PARK 7 in eastern Indian patients,[101] another study 
found 3.9% of PD patients from the same region having these 
mutations.[102] Evaluation of microtubule associated protein 
tau mutations (MAPT),[103] a neuronal protein, in patients 
with PD in eastern India revealed no significant association 
with PD. Screening for vacuolar protein sorting homolog 35 
(VPS35) and eukaryotic translation initiation factor 4 gamma 
1 (EIF4G1) genes, causing PARK17 and PARK 18, in Indian 
population also turned out to be negative.[104] VPS35 mutations 
have been found to constitute 0.5-1.67% of PD[105,106] in various 
ethnic groups, while EIF4G1 mutations were found in 7.37% 
of Caucasians with PD.[107]

Other genetic studies which have been done on Indian PD 
population include those on polymorphisms of N-acetyl 
transferase 2 gene,[108] dopamine receptor and transporter 
gene,[109] and dopamine synthesis and metabolism genes.[110] One 
study evaluated the role of single nucleotide polymorphisms 
(SNPs) in drug-metabolizing enzymes (DMEs) and the 
oxidative stress pathway and found that there was association 
of these SNPs with YOPD.[111] Deoxyribonucleic acid (DNA) 
stability was analyzed from autopsied brains of Indian patients 
with PD and was found that there was increased fragmentation 
in basal ganglia and hippocampus.[112]

In summary, there are only very few studies from India that 
have systematically looked into the genetic profile of PD 
patients in India. Though the data from the available studies 
indicate that the underlying genetic factors in causation of PD 
may be different from the other populations, there needs to be 
more research in this area before any conclusions can be drawn.

Imaging

There are only a few clinical studies on imaging in PD reported 
from India. Gupta et al., compared the pattern of mineralization 
in susceptibility weighted imaging (SWI) in PD and atypical 
Parkinsonism.[113] The hypointensity score of red nucleus, 
putamen, and substantia nigra was found to be significantly 
more in patients with PSP compared to PD and MSA.

Electrophysiology and Transcranial Magnetic 
Stimulation (TMS)
Visual evoked potentials (VEP) in PD patients have been known 
to be abnormal with prolonged P100 seen in two-thirds of the 
patients observed.[114,115] Muthane et al., studied abnormalities 
in evoked potentials in EOPD patients. Evoked potentials, 
both visual and auditory, were assessed in EOPD and found 
to be abnormal in 26% each. There was higher incidence of 
brainstem auditory evoked potential (BAEP) abnormalities in 
EOPD compared to classical PD.[116] 

Transmagnetic stimulation is an important tool used to assess 
the central motor circuitry and has been used extensively to 
study the pathophysiology of PD. In India, there have been a 
few studies of TMS on PD patients at SCTIMST and AIIMS. 
Bhatia et al., studied about threshold intensity (TI) in PD 
patients.[117] Studies from SCTIMST elaborated about long-
term potentiation and depression (LTP and LTD) in PD,[118] its 
effect after acute dopamine therapy,[119] and also the effect of 
cerebellar inhibition on motor plasticity in patients with LD-
induced dyskinesias (LIDs).[120]

Neurochemistry and Pathology

There are a few studies from India assessing the effect of 
oxidative enzymes, and antioxidants in the pathogenesis 
of PD. Abraham et al., from AIIMS studied 115 PD patients 
and measured the antioxidant enzymes in these patients. It 
was found that superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (G-Px), and glucose-6-phosphate 
dehydrogenase (G6PD) were low in PD patients compared to 
the controls.[121] Sanyal et al., studied plasma malondialdehyde 
levels, a marker of lipid peroxidation in 80 PD patients and 
found them to be higher than in controls.[122] In a study done 
on autopsied brains of PD patients at NIMHANS, it was found 
that there was increased glutathione (GSH) and astrocyte 
proliferation in non-substantia nigra regions, which may have 
a protective role in these areas of the brain.[123]

A study by Muthane et al., at NIMHANS compared the normal 
human brains from India and from United Kingdom.[10] The 
neurons which were melanized in substantia nigra (pars 
compacta), as the age increases, were counted and compared. 
Indian brains, though had low number of melanized neurons, 
the decrease in these number of neurons with age was much 
less compared to the white population. This may give us a 
clue regarding the relatively lesser incidence of PD in Indian 
population.

Treatment

Studies on therapeutic aspects of PD from India are scarce. 
Denny and Behari from AIIMS studied about motor fluctuations 
in PD and found that 50% were affected with LID. A lower mean 
LD dose of more than 337.5 mg/day was associated with the 
presence of LID.[28]

There are a few centers in India which offer surgical treatment 
for PD and consequently there are limited studies on surgical 
treatment of PD from India. There was evaluation of long-
term effects of subthalamic nucleus (STN) stimulation in 45 
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PD patients carried out over 5 years by Kishore et al.[124] There 
was a sustained improvement of the cardinal signs of the 
disease, the QOL, and the motor complications; while axial 
symptoms, emotional, and social aspects did not have such 
sustained improvement. Naskar et al., studied the effect of 
deep brain stimulation (DBS) on long latency event-related 
potentials, which showed an increased N100 latency, reflecting 
the worsening of orientation response with STN stimulation, 
but there was no change in P300.[125]

In a series of 29 patients who underwent pallidotomy for 
PD, Kishore et al., explored the functional somatotopy of 
globuspallidus (GPi).[126] They found that ventral GPi lesion 
significantly improved LID.

In India, many patients seek alternative medicine, especially 
in chronic diseases. Ayurveda is the most common alternative 
medicine available in the country. For PD, their treatment 
includes a mixture of cow’s milk, Mucuna pruriens, Hyoscyamus 
reticulatus seeds, Withania somnifera, and Sida cordifolia roots.[127] 
In this study, UPDRS and activities of daily living were assessed 
following the administration of above medications. Those who 
underwent cleansing or eliminating therapy (panchakarma) 
prior to the intake of medicines had significantly better outcomes.

Physical therapy, which is noninvasive, is an essential part 
of treatment for PD. Srikumar et al., from AIIMS studied 28 
patients of PD undergoing pharmacological therapy. They 
found that a systematic program of exercises improves the 
UPDRS scores, activities of daily living, and gait.[128] As 
freezing and gait disturbances are difficult symptoms to treat, 
both medically and surgically, new strategies of physical 
therapies, like partial weight supported treadmill gait training 
(PWSTT)[129] and wireless vibratory feedback system called PD 
shoe[130] have been found to be useful. PWSTT was also found 
to influence baroreflex sensitivity (BRS) showing significant 
improvement within 4 weeks of training by Ganesan et al., 
from NIMHANS.[131]

In India, a patient spends around 16-41.7% of the income for 
medications.[132] Though cost of treatment in India is lesser, it is 
still out of reach of many patients. To consider surgical options, 
when necessary, may be much more difficult in patients of 
lower socioeconomic status.

QOL

Patients with PD, because of their disability, can have poor 
QOL—physical, psychological, and social. Several studies 
have shown significant decrease in QOL in these patients.[133,134] 
The important clinical variables found to cause lower QOL 
in India were depression, disease severity, disability in off 
periods, dyskinesias, postural instability, gait disturbances, 
and cognitive dysfunction. The QOL was also found to be 
influenced by disease stage, severity, duration, and financial 
security.[135] Indians had lesser disturbances in family and 
communal relationships due to the disease, probably due to 
stronger family bonds in their families. In this study, only 25% 
of patients responded to questions regarding sexual functions. 
This was probably due to the inhibitions among Indian people 
to discuss the sexual issues.

To find if the patients and caregivers had enough knowledge 
about the disorder, an assessment was done using a 
questionnaire by Yadav et al., at AIIMS.[136] They were found to 
be well-informed regarding most of the clinical and treatment 
aspects of the disease. The information they were lacking was 
regarding surgery and biochemical abnormalities. But it is not 
known if the patients attending primary care centers would 
have similar knowledge. The factors associated with increased 
caregiver burden in Indian patients are depression, high 
UPDRS, and sleep disturbances. However, multiple caregivers 
decreased the burden.[77]

Conclusions

This review shows that there is paucity of literature about PD 
in India. There are very few centers which are doing research 
in this field. This review shows that the Indian population 
may differ from the rest of the world in the context of PD, 
be it epidemiology or genetics or response to treatment. But 
systematic large-scale studies are scarce to make definite 
conclusions. The social and psychological issues in our patients 
are also different. More research needs to be encouraged, so 
that the characteristics of the disease in the Indian population 
can be understood better. We would suggest that elaborate 
research on genetic and therapeutic aspects is necessary. 
A combined effort of neurologists and other clinicians like 
psychiatrists, physical therapists, and basic sciences personnel 
would help in improving the quality of research. This would 
lead to better treatment options tailored to the needs of our 
patients in India.
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