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Introduction

Alzheimer’s disease (AD) and Parkinson’s disease 
dementia (PDD) are the most common dementia. 
Incidence of dementia is directly related to advanced age. 
Its prevalence in India is 1-3%. Studies have shown that 
pathophysiology changes occurred decade before the 
appearance of first symptoms in AD.[1] Twenty‑five percent 
of all the people aged below 55 have family history of 
dementia.[2‑4] About 40-70% patients of PDD that manifest 
2 years after the clinical diagnosis of Parkinsonism. More 

than 10 autosomal dominant and recessive gene loci have 
been linked with Parkinson’s disease. The 10-15% will 
have an affected first or second degree relative.[5] The 
severity of cognitive symptoms correlates with the extent 
of cholinergic deficiency, though there is lesser damage to 
neocortical neurons, which results in better outcome with 
cholinergic repletion.[6] Neurotransmitters responsible for 
memory is acetyl choline. Acetyl choline esterase (AChE) 
is a key enzyme in the cholinergic nervous system, it 
inactivates the acetyl choline. AChE has an important 
role in neuronal development including regular cell 
growth. The AChE activity in plasma is correlated with 
brain beta amyloid load.[7] Raised plasma AChE seen in 
early AD and is a pre‑symptomatic biomarker.[8‑13] In an 
asymptomatic person with positive family history of 
AD, early diagnosis with biomarkers is important for 
preventing morbidity due to late detection, advanced care 
planning and reproductive counseling.[4] In a situation 
with restricted resources like that in rural India, we 
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ABSTRACT

Objective: Analysis of red blood cell acetyl cholinesterase  (AChE) in a familial Alzheimer’s diseases  (AD) 
Parkinson’s disease dementia (PDD) and their first generation. Setting: General hospital, Mahad district, Raigad. 
Patients and Methods: Clinically diagnosed patients of AD and PDD and their asymptomatic relatives. Their 
blood was collected in EDTA tube and transferred to laboratory at Mumbai. Result: Median red blood cell (RBC) 
cholinesterase levels amongst PDD, their first generation asymptomatic relatives, familial AD, asymptomatic relatives 
of AD, healthy controls, farmers exposed to pesticides (positive control) and other neurological condition without 
dementia (hypertension with TIA 1, sub‑dural hematoma 2, hypothyroid 1, non‑familial unilateral parkinsonism 
without dementia 3, writers cramps 2, hyponitremia 1 and cerebral palsy with non‑fluent aphasia 1). Median values 
of RBC AChE were 19086.78 U/L, 15666.05 U/L, 9013.11 U/L, 7806.19 U/L, 14334.57 U/L, 9785.05 U/L and 13162.60 
U/L, respectively. As compared to controls, RBC AChE levels were statistically significant among PDD (P = 0.004) 
and significantly lowered among familial AD patients (P = 0.010), relatives of patients (P = 0.010). Interpretations: 
Below the normal RBC AChE level is a potential biomarker in asymptomatic relatives of familial AD patients. RBC 
AChE is raised than normal level in patients suffering from PDD, where AChE inhibitors are helpful. However, RBC 
AChE level below the normal where AChE inhibitor may not be effective.
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evaluated role of RBC AChE level as a simple cheap 
and easily available biomarker for early prediction of 
dementia in an asymptomatic population.

Patients and Methods

This study is conducted at general hospital in Mahad, 
from June 2013 to February 2014. Written consent was 
obtained from blood relatives of patients. We evaluated a 
total of 44 subjects. AD 5, their first‑generation relatives 6, 
PDD 5, their first generation relatives 5, farmers exposed to 
pesticide (occupational hazards) 6, other 11 (hypertension 
with transient ischemic attack 1, sub‑dural hematoma 2, 
hypothyroid 1, non‑familial unilateral parkinsonism 
without dementia 3, writer’s cramps 2, hyponitremia 1 
and cerebral palsy with non‑fluent aphasia1) and healthy 
control 6 [Table 1].

History, clinical examination and diagnosis
We tried our best to evaluate these AD and PDD cases by 
the mini‑mental state examination and Wechsler memory 
score. The cognitive function was measured with score 
ranging from 0 (severe impairment) to 30 (no impairment). 
Participants recall details as they can from a short story 
containing 25 bits of information after it was read aloud 
by examiner and again after 30  minutes delay with 
score ranging from 0 (no recall) to 25 (complete recall). 
The present studied cases of AD and PDD are almost in 
terminal phase of disease and were impossible to classify 
according to these tests. However, asymptomatic cleared 
all the above tests except the case of hypothyroidism, 
sub‑dural hematoma and hyponitremia who had transient 
memory deficit; all of these were totally recovered with 
treatment.[14] Diagnosis of AD was made by criteria 
including progressive neurological disease of brain 
leading to the irreversible loss of intellectual abilities, 
including memory and reasoning, which become severe 
enough to impede social or occupational functioning,[3] 
and PDD was defined as dementia that develop at least 
2 years after the diagnosis of Parkinson’s disease.[15]

These patients of AD and PDD are neglected in family as 
being extra burden because of maximum money, time is 
already spend for specialist consultations, biochemical 
and radiological investigations. Care takers are much 
sufferer. Relatives felt that there is no use of any therapy 
and investigations hence the patient’s records are 
destroyed or burned. Relatives denied moreover, it was 
very difficult or rather impossible to bring these severely 
demented cases to hospital  [Figures  1-3]. We authors 
visited regularly to their residents of respective patients, 
examined in details, took detail family history of similar 

illness including maternal and paternal side. In case of 
positive family history, details of pattern of illness, age of 
onset of illness and provided treatment if any. Whatever 
investigations were available were noted and recorded 
in standard pro forma. PDD patients of onset of tremors 

Figure 3: MRI of VMS/81 years male progressive loss of memory, 
mute, incontinence since last 5 year. His mother had similar illness. 
MRI shows Basal ganglia infarct generalized cortical atrophy and 
degeneration of hippocampus (RBC AChE is 7880.22 U/L (normal 
11.188–16698 u/L)

Figure 1: WB/84 years old male is suffering of parkinsonism since 
last 11 years and since last 7 years progressive loss of memory and 
cognitive function. At present total dementia, flexed deformity, rigidity 
with contractures, mute and incontinence

Figure 2: WB - MRI 10/10/2001 showed diffuse atrophy of brain and 
basal nuclei, widened ventricles and degeneration of hippocampus 
(RBC AChE is 20544.68 (normal (11.188–16698)
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and progressive development of dementia was recorded, 
including delusions, hallucinations, anxiety and mood 
symptoms were noted in these cases.

RBC AChE detection
Exclusion
Pat ients  wi th  h i s tory  o f  smoking ,  tobacco 
chewing, application of tobacco paste, exposure to 
manganese, depression, consumption of non‑steroid 
anti‑inflammatory, benzodiazepine and AChE inhibitors 
or memantine drugs or exposure to pesticides except 
farmers were excluded. Routine laboratory evaluation 
included complete blood count, fasting blood sugar, 
renal and liver chemistries, thyroid stimulating 
hormone, vitamin B12 and folate levels. Total red blood 
cell (RBC) AChE level was done in all the study subjects. 
Neuroimaging with MRI was not possible in all subjects 
due to financial and logistic problems. Whenever 
available with old record, we studied the available CT 
or MRI plates. In 10 patients who were totally demented, 
written consent was obtained from their blood relatives 
and control and asymptomatic person gave their own 
consent. Being incurable disease data is kept secret and 
anonymous.

Blood sample was collected in EDTA bulb and was 
transferred to laboratory in cold chain by courier. RBC 
AChE level was analyzed by measure of the enzyme 
activity in U/L unit [Tables 1 and 2].

Results and Statistical Analysis

Data is presented as, mean, median, minimum and 
maximum for numerical variables. Mann–Whitney 
test was used for comparison of AChE values between 
the two groups. For this study, we have considered 
a P value less than 0.05 as statistically significant. All 
analyses were performed using IBM‑SPSS version 21. 
Mean RBC AChE level was significantly lower (Mann–
Whitney test for each comparison) in the familial AD 
group when compared to controls and patients with 
PDD. Levels of RBC AChE in asymptomatic first degree 

relatives of AD patients were significantly lower than 
controls. Mean RBC AChE level was significantly 
higher  (Mann–Whitney test for each comparison) in 
PDD as compared to controls, patients with familial 
AD dementia and relatives of familial dementia and 
farmers with pesticide exposure. Mean RBC AChE level 
was statistically significantly lower (Mann‑Whitney test 
for each comparison) in farmers with chronic pesticide 
exposure as compared to controls, patients with AD and 
familial PDD [Tables 2‑4].

Discussion

In the present study we have recorded that the level 
of plasma and RBC AChE familial dementia of AD is 
significantly below the normal value (P = 0.010), being 
similar in relatives of familial dementia (P  =  0.010). 
However, RBC AChE significantly rose in PDD (P = 0.004) 
compared to control, AD. However, both levels are raised 
in PDD patients and their first generation relatives as 
compared to AD patients and their relatives. This is the 
first report of its kind showed an altered level of plasma 
and RBC AChE level in AD and PDD patients and their 
first generation relatives.

Though RBC AChE gets significantly reduced in AD 
brain but the butyrycholinestarase is increased.

Thus, RBC AChE might be a diagnostic biomarker 
for early diagnosis of dementia and is worth 
investigating.[11‑13]

We evaluated role of RBC AChE level as a simple cheap 
and easily available biomarker for early prediction 
of dementia in asymptomatic population. RBC AChE 
level correlates with the cholinergic cortical AChE level. 
Because of no improvement and deterioration in patient 
with AD and PDD, these cases are totally neglected 
from family members. Moreover, lethargic and silence 
approach of scientists and neurologists of India toward 
these non‑treatable diseases result a miserable outcome. 
The patient with PDD have greater cholinergic deficit 

Table 1: Age and sexwise distribution of 44  cases
Group Clinical Total Age in years (mean) Male Female
A Parkinson’s disease dementia 5 68-84 (74.2) 3 2
B Familial Alzheimer’s dementia 5 72-87 (78.8) 3 2
C First generation relatives of group A 5 40-55 (38.8) 3 2
D First generation relatives of group B 6 44-62 (51.66) 5 1
E Farmers exposed to pesticides 6 22-64 (40.66) 3 3
D Cases other than dementia hypertension with TIA 1, Subdural 

haematoma 2, hypothyroid 1 non‑familial unilateral parkinsonosim without 
dementia 3, writers cramps 2, hyponitremia 1 cerebral palsy with non 
fluent aphasia 1)

11 42-90 (62.90) 6 5

E Control 6 60-84 (70.5) 4 2
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Table 2: Standard deviation of mean, median, maximum and minimum average red blood cell, Whole blood and 
plasma acetyl choline esterase level in U/L in total 44  cases

n Mean Standard deviation Median Minimum Maximum
RBC‑ACHE

Parkinson’s disease dementia 5 19,685.92 2433.63 19,086.78 16,927.40 23,370.75
Familial dementia (Alzheimer’s disease) 5 8876.68 1622.34 9013.11 7119.51 10,361.00
Farmers with chronic pesticide exposure 6 9678.00 938.12 9785.05 8230.60 10,556.17
Control (healthy) 6 13,883.92 1730.15 14,334.57 11,343.52 16,078.00
Other CNS involvements 11 12,959.17 1202.82 13162.60 11,332.70 14,277.84
Relatives parkinson’s disease dementia 6 16,231.44 3105.56 15,666.05 13,711.00 21,557.61
Relatives of familial dementia 5 8179.53 1761.50 7806.19 6631.08 10474.68

Whole blood ACHE
Parkinson’s disease dementia 5 9844.0 1314.7 9710.0 8620.0 12040.0
Familial dementia (Alzheimer’s disease) 5 6085.0 1184.7 6210.0 4680.0 7240.0
Farmers with chronic pesticide exposure 6 4954.8 1556.6 5073.5 3026.0 7410.0
Control (Healthy) 6 7901.7 977.5 7940.0 6770.0 9110.0
Other CNS involvements 11 7921.7 1130.4 7910.0 6470.0 9290.0
Relatives of Parkinson’s disease dementia 6 10,216.0 1505.8 10,450.0 8200.0 12210.0
Relatives of familial dementia 5 6548.3 588.4 6307.5 6158.0 7420.0

Plasma AChE
Parkinson’s disease dementia 5 4275.6 1044.8 4055.0 3300.0 5966.0
Familial dementia (Alzheimer’s disease) 5 4622.0 1929.8 4009.5 3148.0 7321.0
Farmers with chronic pesticide exposure 6 3306.7 731.7 3179.0 2638.0 4620.0
Control (healthy) 6 4035.8 895.4 4018.5 2870.0 5417.0
Other CNS involvements 11 3779.5 888.8 3849.5 2471.0 5207.0
Relatives of Parkinson’s disease dementia  6 5956.8 1125.0 5642.0 4531.0 7561.0
Relatives of familial dementia 5 5574.8 414.1 5458.0 5232.0 6151.0

ACHE: Acetyl choline esterase, RBC: Red blood cell

Table 3: Results  (P value) for Mann‑Whitney test RBC AChE in 44  cases
RBC‑ACHE Parkinson’s 

diseases 
dementia

Familial 
dementia

Farmers with 
chronic pesticide 

exposure

Control 
(healthy)

Other CNS 
involvements

Relatives of 
Parkinson’s disease 

dementia

Relatives 
of familial 
dementia

Parkinson’s disease 
dementia

0.016 0.004 0.004 0.004 0.095 0.016

Familial dementia 
(Alzheimers’ disease)

0.016 0.352 0.010 0.010 0.016 0.686

Farmers with chronic 
pesticide exposure

0.004 0.352 0.002 0.002 0.004 0.171

Control (healthy) 0.004 0.010 0.002 0.240 0.329 0.010
Other CNS involvements 0.004 0.010 0.002 0.240 0.017 0.010
Relatives of Parkinson’s 
disease dementia 

0.095 0.016 0.004 0.329 0.017 0.016

Relatives of familial dementia 
(Alzheimer’s disease)

0.016 0.686 0.171 0.010 0.010 0.016

ACHE: Acetyl choline esterase, RBC: Red blood cell

Table 4: RBC AChE levels and fasting insulin and C‑peptide levels in of two patients and RBC ACHE levels their 
first generation relatives
Name 
patient age/
sex

Family history 
(Alzheimer’s 
disease)

Duration of 
illness

RBC ACHE level U/L 
(normal 11,188-16698)

Fasting blood sugar 
(normal 70-110 mg/dL)

Fasting serum insulin 
(normal 6-27 IU/mL)

Fasting serum 
C‑peptide levels 

(normal 0.90-7.1 ng/mL)
1‑SMS/72F Father 8 years 10,146.21 70.6 mg/dL 0.9 IU/ml 0.677 ng/mL
2‑VMS/81/M Father 6 years 7880.22 97.8 2.4 1.58
3‑RJM/47/M Mother Asymptomatic 6631.08 ND ND ND
4‑SMS/43/M Father Asymptomatic 10,474.68 ND ND ND
ACHE: Acetyl choline esterase, ND: Not detected, RBC: Red blood cell, F: Female, M: MAle
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than those with AD. The extent of deficit correlates 
with severity of cognitive symptoms and inhibition 
of pro‑inflammatory markers  [Tables  2 and 3].[15,16] 
Dysfunction and loss of basal forebrain cholinergic 
neuron and reduction in acetyl choline level also 
contribute to cognitive impairment in AD. Presynaptic 
alpha‑7 nicotinic acetyl choline receptors have a vital 
role in cognitive processing and their levels increases in 
early AD before reducing later. Activation of nicotinic 
acetyl choline receptors or muscarinic type‑1 receptors 
limit TAU phosphorylation.[17]

AChE plays important role in AB fibrinogenesis. Plasma 
and RBC AChE level is consistently reduced in AD 
brain. In the present report we observed plasma and 
RBC AChE levels are significantly reduced in severe AD 
patients and also in their first degree relatives [Tables 2 
and 3]. Patient with PDD have a greater cholinergic 
deficit than AD. The severity of deficiency so relates 
with severity of cognitive symptoms and responds to 
AChE inhibitor.[6]

Farmers are chronically exposed to pesticides and 
persistent inhibition of AChE result in raised level of 
acetyl choline that may mask the symptoms of early 
dementia or delays the dementia.

At rural setting these dementia cases are reported 
in terminal phase, when RBC AChE level, a simple 
biomarker test, may help a treating physician regarding 
selection of appropriate therapy. At rural India aging 
population of age more than 70 years are increasing in 
numbers. In such situation we found a simple promise of 
RBC AChE as non‑invasive, simple and easily available 
biomarker in an asymptomatic person with strong 
family history of dementia.[13] Acetyl cholinesterase 
inhibitors (donepzil, rivastigmine and galantamine) and 
the N‑methyl‑D‑aspirate receptor antagonist memantine 
are the only treatment for AD that have been approved 
by the Food and Drug administration.[18] Randomized, 
placebo‑controlled clinical trials of cholinesterase inhibitors 
have included patients with mainly mild to moderate AD 
and have shown significant but clinically marginal benefits 
with respect to cognition, daily function and behavior a 
selective muscarinic agonist has been shown to improve 
vocal outbursts and psychological symptoms.[19,20]

Over excitations of NMDA receptors results in neuronal 
excitotoxicity, which has been complicated in the loss 
of neurons associated with ischemic strokes, AD, 
Parkinson’s and Huntington disease and amyotrophic 
lateral sclerosis; mementine, an uncompetitive 
NMDA‑receptor antagonist, could be therapeutically 
important in moderate to severe AD.[21,22]

Recently therapeutic effects of PPARy agonists 
thiozolidinediones in AD attributed to their action on 
insulin and insulin‑resistant peripheral hyperinsulinemia 
seem to promote neuropathology of AD.[22,23] These agents 
are known to increase peripheral insulin sensitivity and 
reduce the circulating insulin, which competes with 
amyloidal beta for degradation by the insulin‑degrading 
enzymes (23). In present two patients (patients 1 and 2) of 
familial AD fasting serum insulin and serum C‑peptide 
levels are below the normal value  [Table  4] but their 
fasting blood sugar is normal. Excessive eating in these 
two patients was reduced after regular administration 
of pioglitazone 7.5 mg without hypoglycaemia [Table 4].

Acetyl salicylic acid may generate messengers that 
are anti‑pro‑inflammatory signals and may shed new 
insight into how the brain modulates its response to 
Alzheimer’s injury.[24] To date, treatment of AD relies on 
the symptomatic effects of cholinesterase inhibitors and 
NMDA receptor antagonists.

Limitations of study
We have performed analysis of RBC acetylcholine 
esterase levels in various groups made on clinical 
examination. We could not perform further investigation 
like validated tests  (PET or CSF Amyloid plaque or 
phosphorylated–Tau) and genetic analysis for AD 
diagnosis. Also, numbers of participants in a study are 
less considering patient and resource availability in our 
area. Further work is in progress.
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