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Abstract

intRoduction

Parkinson’s disease (PD) was originally described by James 
Parkinson in 1817 in his “Essay on the Shaking Palsy.”[1] In 
discussing his very first patient, he emphasized that the onset of 
symptoms followed an emotionally stressful event that has also 
been reported subsequently. An editorial in the journal Stress 
Medicine in 1999 on “Parkinson’s and Alzheimer’s disease: 
the surprising role of stress” and several reports subsequently 
suggest that stress can contribute to Parkinson disease in more 
than one way.[2] Chronic stress is detrimental for cognition and is 
responsible for generalized anxiety disorder and depression.[3,4] 
Depression precedes the onset of motor symptoms of PD and 
increases the risk for developing the disease by 2.2–3.1 folds.[5,6] 
In addition to depression, anxiety can develop before the onset of 
motor symptoms and brain changes occurring early in the disease 
may render the patients more likely to develop psychiatric 
symptoms.[7,8] Interestingly, neuropsychiatric disturbances act 
as a major contributor to developing dementia over time.[9,10]

Parkinson disease is one condition where chronic and 
progressive neurodegenerative changes lead to progressive 
cognitive decline with advancing disease with certain risk 
factors which may be dependent on the one’s lifestyle. The 
aspects of lifestyle that need to be addressed include the stress 
and anxiety levels of the patients. Since the development of 
dementia in Parkinson’s patients is a reality, it needs to be 
diagnosed and taken care of, and most importantly what causes 
dementia needs to be understood.

Objectives: Stress, anxiety, and depression are known to be associated with the development of neurodegenerative disorders through interactions 
with the underlying pathophysiology. We hypothesized that the presence of these symptoms contributes to cognitive disturbances and dementia 
in Parkinson’s disease (PD). The present study aimed to investigate the levels of stress, anxiety, and depression in PD patients relative to healthy 
individuals. Materials and Methods: Anxiety, stress, and depression levels were assessed using standardized questionnaires in PD without 
dementia (PDND, n = 30), PD with dementia (PDD, n = 28), and healthy controls (HC, n = 26). Arithmetic subtraction task was used as a stressor. 
Galvanic skin response, heart rate and salivary cortisol, and alpha-amylase were measured during baseline and after induced stress (arithmetic 
task). Results: Acute anxiety, acute stress, and depression levels were significantly higher in PDND compared to HC, whereas both acute and 
chronic anxiety, stress, and depression levels were significantly higher in PDD compared to PDND and HC. Cortisol and alpha-amylase levels 
were significantly higher in PDND compared to HC during both baseline and postarithmetic task. Posttask levels of cortisol were lower in PDD 
compared to PDND. Conclusion: This study concludes that higher levels of salivary cortisol and alpha-amylase at baseline and poststress task 
with normal levels of chronic stress and anxiety were associated with no dementia in PD. Presence of higher levels of acute, chronic anxiety, 
and stress along with depression with lower cortisol reactivity to stressor suggests onset of dementia in Parkinson’s patients.
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High levels of depression and stress along with motor symptoms 
in PD might be associated with overall pathophysiology of the 
disease. Stress in PD aggravates motor complications, reducing 
the quality of life, and increasing the burden of caregivers. 
Psychological stress and resultant comorbidities could become 
a challenge for proper, accurate and timely diagnosis, and 
therapeutic intervention. Due to the overlapping comorbidity 
of PD motor and stress-related psychological symptoms, it is 
often difficult to recognize it as a separate entity.

Does the status of stress, anxiety, and depression along with 
stress reactivity differ in PD patients with or without dementia 
relative to age-matched healthy individuals? The answer to 
these questions could help develop strategies to delay and 
at the best prevent the development of dementia in PD. We 
hypothesized that the scores of acute and chronic stress, 
anxiety, and depression along with changes in galvanic skin 
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response (GSR), salivary cortisol, and alpha-amylase levels 
would be different in Parkinson’s patients with or without 
dementia compared to age-matched controls.

Objectives
We undertook this study with an aim to assess acute as well 
as chronic levels of stress, anxiety, and depression along 
with stress reactivity in Parkinson’s patients with or without 
dementia compared to age-matched controls.

MateRials and Methods

Subjects
PD patients diagnosed by the United Kingdom PD Brain Bank 
criteria[11] were recruited for the study. Information about the 
onset and course of the disease, initial symptoms, site of onset 
of disease, medical history, and medication were obtained by 
a semi-structured interview by the neurologist. The patients 
were screened on the basis of inclusion and exclusion 
criteria of the study and eligible patients were requested to 
participate in the study. Patients of both sexes, between 45 
and 75 years of age, age of onset of PD of >40 years, and 
Hoehn and Yahr[12] stage of 1–3 were recruited. Patients 
with previous history of head injury with unconsciousness, 
stroke, drug abuse, concurrent use of sedatives, hypnotics, 
neuroleptic drugs, frequent syncope, hypoglycemia, 
epilepsy, concurrent serious illness which may shorten 
lifespan (malignancy if known), presence of hallucinations, 
other kinds of motor deficits, and psychiatric illnesses were 
excluded from the study. The study was approved by the 
ethical committee for human studies of All India Institutes of 
Medical Sciences (Ref. No IESC/T-158/30.3.2012). All the 
participants provided informed written consent to participate 
in the study. Mini-Mental State Examination (MMSE)[13] 
and Clinical Dementia Rating (CDR) scores[14] which are 
considered as markers of overall cognitive status and stage/
severity of dementia, respectively, were used to classify 
the PD patients into two groups as PD patients without 
dementia (PDND, n = 30; MMSE = 25–30; CDR = 0–1) 
and PD patients with dementia (PDD, n = 28; MMSE 
10–24; CDR = 0.5–3). Age- and education-matched healthy 
controls (HC, n = 26; MMSE = 26–30; CDR = 0) with no 
prior history of any neurological or psychiatric illness were 
recruited as controls.

Experimental procedure
Experimental procedure included assessment of anxiety, stress 
and depression, performance of arithmetic task to assess stress 
reactivity, baseline salivary sample collection, recording of 
electrocardiogram (ECG), and GSR during baseline (eyes 
closed condition) as well as during arithmetic task followed by 
postarithmetic task saliva sample collection. Saliva sampling 
has the advantage that it is noninvasive, making multiple 
sampling easy, and stress free. In addition to this, increase in 
salivary cortisol and alpha-amylase concentration in response 
to psychological stress considered to be correlated with serum 
cortisol and plasma norepinephrine, respectively.

Assessment of stress, anxiety, and depression
Stress, anxiety, and depression levels were assessed using 
standard inventories and scores were compared between the 
groups. State and trait anxiety were assessed using State-Trait 
Anxiety Inventory (STAI-Y1 and Y2),[15] acute stress by Acute 
Stress Questionnaire,[16] chronic stress by Perceived Stress 
Scale developed by Sheldon Cohen,[17] and depression level 
was assessed using Beck’s depression inventory (BDI).[18]

Stress reactivity (arithmetic task)
Arithmetic task was chosen to induce mental stress because it 
acts as a strong stress inducer.[19] The patients were instructed 
to do sequential subtraction of a fixed digit from a higher order 
digit verbally, for example, seven from 100 and thus going 
toward 1/0. Any mistakes in their calculations were pointed 
out and they were made to repeat the same again.

Physiological parameter
To evaluate the sympathetic nervous system activity during 
baseline and during arithmetic task, the GSR and heart rate 
were recorded using leads provided by RMS POLYWRITE-D 
Systems. For measuring the changes in heart rate, ECG 
was recorded using two-lead ECG electrodes from RMS 
POLYWRITE-D Systems. For GSR recording, two Ag/AgCl 
electrodes were placed round the index and middle finger of the 
left hand by a Velcro flexible lightweight cable. The electrodes 
had a 6 mm contact area with a 1.6 mm cavity to accommodate 
electrode gel (ECG gel was used). The electrodes were shielded 
to minimize noise interference and improve recordings.

Saliva sample collection and estimation of cortisol and 
alpha‑amylase
Saliva samples were collected before and after completion of 
the arithmetic calculation task for the measurement of cortisol 
and alpha-amylase using sterile cotton swab placed underneath 
the tongue for 30 s. Saliva from these swabs was squeezed into 
sterile Eppendorf tubes and salivary samples were immediately 
frozen at –20°C until analyses. All experiments were performed 
between 11 am and 1 pm to control for the diurnal fluctuations 
in the cortisol levels.

Competitive immunoenzymatic colorimetric enzyme-linked 
immunosorbent assay (ELISA) method was used for estimation 
of cortisol (Diametra, Italy) and alpha-amylase (Assay Max). 
For calculations, the standard curve was plotted on semi-log 
graph paper with concentration on X-axis and the percentage of 
absorbance at 450 nm on Y-axis. The best-fit line was determined 
by regression analysis using log-log or four-parameter logistic 
curve fit for deriving the concentration in the unknown sample.

Statistical analysis
STATA version 11.0 software (Stata Statistical Software: 
version 11 (College Station, TX: StataCorp LP) was used for 
statistical analyses. To compare scores of parameters, namely, 
STAI-Y1 and Y2, acute and chronic stress, and BDI among the 
groups, one-way ANOVA followed by Bonferroni correction 
was applied. To compare GSR, heart rate, cortisol, and 
alpha-amylase concentration among the groups, Kruskal–Wallis 
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test followed by Mann–Whitney test for group comparison 
were used. Paired signed rank test was applied to compare the 
changes during arithmetic task to baseline in all the groups.

Results

Acute anxiety (P < 0.001), acute stress (P < 0.001), and 
depression scores (PDD: P <0.0001 and PDND: P =0.0008) 
were significantly higher in patients of PD compared to HC. 
Chronic stress (P < 0.001) and chronic anxiety (P = 0.004) 
scores were significantly higher only for PDD patients while 
they were comparable in PDND patients when compared with 
HC. Within the Parkinson’s patients group, PDD patients 
had higher acute and chronic anxiety (STAI-Y1 P = 0.009 
and STAI-Y2 P = 0.002), acute (P = 0.002) and chronic 
stress (P = 0.012), and depression scores (P = 0.0027) 
compared to PDND [Table 1].

Salivary cortisol levels during baseline (P = 0.004) and after 
arithmetic task (P = 0.002) were higher in PDND compared 
to controls. PDD patients, on the other hand, were comparable 
to controls. PDND had higher postarithmetic task cortisol 
level (P = 0.038) compared to PDD, though baseline levels 
were comparable. Alpha-amylase levels were significantly 
higher in both groups of Parkinson’s patients compared to 
controls during both baseline (PDND: P =0.05 and PDD: 
P =0.009) and postarithmetic task (PDND: P =0.042 and 
PDD P = 0.008) [Table 1]. There was no significant change 
in alpha-amylase levels at baseline and postarithmetic task 
period when compared between PDND and PDD patient 
groups. When cortisol and amylase levels were compared 
within each group between baseline and postarithmetic task 
condition, cortisol levels increased significantly postarithmetic 

task only in HC (P = 0.027) and PDND (P = 0.02) groups, 
while no change was observed in amylase levels for all three 
groups [Table 2].

GSR was higher in PDND during baseline compared 
to both PDD (P = 0.006) and HC (P = 0.029), whereas 
during postarithmetic stress, GSR was higher only in 
PDND (P = 0.027) compared to PDD. Higher GSR was 
observed during arithmetic task compared to baseline in all the 
three groups (HC: P = 0.005, PDND: P = 0.0002, and PDD: 
P = 0.0004) [Table 2]. No significant changes were obtained 
in the heart rate activity when compared between the groups.

discussion

In the present study, combined measures of stress reactivity 
derived in the form of levels of stress hormones and stress 
assessment through GSR and questionnaire-based subjective 
assessment provided an insight of effect of baseline and 
induced stress in PDND and PDD compared to HC.

Acute anxiety and acute stress along with high depression 
score was a feature of Parkinson’s patients without dementia. 
Higher acute and chronic stress and anxiety accompanied 
with high depression were present in patients with dementia. 
In conclusion, high level of acute and chronic anxiety and 
stress along with depression distinguishes PDD from PDND. 
Depression, anxiety, sleep disturbances, apathy, agitation, 
panic attacks, and phobic disorders are reported to be the 
most common neuropsychiatric symptoms in PD.[20] Although 
existing studies have reported these changes in early-stage 
PDND, in the present study, the patients with and without 
dementia were also compared. In addition, the PDD patients 

Table 1: Comparison of neuropsychological characteristics, cortisol, amylase level and galvanic skin response, in HC, 
PDND and PDD groups

Tests HC (n=26) PDND (n=30) PDD (n=28) P<0.05 HC versus PDND HC versus PDD PDND versus PDD
MMSE 29.35±0.98 27.65±1.91 22.12±2.83 <0.001 0.0006 <0.0001 <0.0001
STAI-Y1# 28.5±6.91 35.08±5.44 39.02±8.15 <0.001 <0.001*** <0.001*** 0.009**
STAI-Y2# 39.65±8.98 40.97±8.71 46.76±8.62 0.0006 1.000 0.004** 0.002**
Acute stress# 26.76±12.16 47.6±3.26 62.54±24.43 0.001 <0.001*** <0.001*** 0.002**
Chronic stress# 40.76±8.82 43.92±9.51 49.10±8.95 0.0006 0.43 <0.001*** 0.012*
BDI# 4.39±2.9 8.15±5.2 11.61±6.6 0.0001 0.0008*** <0.0001*** 0.0027**
Cortisol (ug/ml) 
(baseline)

2.33±1.59 3.92±2.16 3.11±1.99 0.009 0.004*** 0.088 0.096

Alpha-amylase (U/ml) 
(Baseline)

134.6±85.00 196.9±95.17 218.5±101.7 0.029* 0.050* 0.009** 0.486

Cortisol (ug/ml) 
(postarithmetic task)

2.93±1.37 5.59±3.75 3.76±2.75 0.009 0.002*** 0.651 0.038*

Alpha amylase (U/ml) 
(postarithmetic task)

130.4±115.6 198.2±86.82 246.7±104.4 0.011* 0.042* 0.008** 0.100

GSR (baseline) 6.33±1.67 7.31±1.66 6.07±1.96 0.009 0.029* 0.48 0.006**
GSR (arithmetic task) 7.09±1.88 8.01±1.80 7.05±1.83 0.051 0.07 0.91 0.027*
*P<0.05, **P=0.001, ***P<0.0001. Values are expressed as mean±SD; #ANOVA test followed by multiple comparison by t-test with Bonnferoni 
correction. STAI-Y1=State and Trait Anxiety Inventory form Y1, STAI-Y2=State and Trait Anxiety Inventory form Y2, BDI=Beck’s Depression Inventory, 
GSR=Galvanic stress response. Kruskal–Wallis test followed by Mann–Whitney test for group comparison were used to compare galvanic skin response, 
cortisol and alpha-amylase concentration, and MMSE scores among groups. ANOVA=Analysis of variance, MMSE=Mini-Mental State Examination, 
SD=Standard deviation, HC=Healthy Controls, PDND=Parkinson’s without dementia, PDD=Parkinson’s with dementia
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were found to be more depressed compared to both PDND 
and HC. The presence of depression at the early stage in 
PDND compared to HC along with acute anxiety and stress 
suggests it could be a predictor of cognitive impairment and 
its progression to dementia as reported earlier.[21]

High cortisol level in PDND during baseline as well after stress 
condition compared to HC suggests PDND patients to be prone 
to stress response. Salivary cortisol in response to stress has 
been reported to be elevated in PD patients compared to healthy 
age-matched controls in an earlier study.[22] Further, higher 
cortisol levels have been reported in depression,[23] anxiety,[24] 
Alzheimer’s disease, and PD.[25]

In the present study, the PDD group had normal baseline 
cortisol levels in spite of high levels of acute as well as chronic 
stress. Although direct role of cortisol and alpha-amylase 
in the development of PD or dementia in PD has not been 
reported, there are evidence that supports the idea that HPA 
axis dysregulation and excess cortisol may be detrimental 
to cognition. The presence of lower cortisol levels possibly 
due to enhanced negative feedback at HPA axis as a result 
of chronic stress has been reported.[26] In addition to lower 
baseline cortisol levels, increased dexamethasone sensitivity 
and responsiveness have been reported in these studies. GSR 
an indirect indicator of sympathetic nervous system activity 
was higher during arithmetic task compared to baseline in 
all the groups, suggesting that the task was stressful. Stress 
reactivity in PDD, however, was comparable to control 
and in fact was lower as compared to PDND, indicating a 
lower responsiveness to stressor. Another possible cause for 
this lower responsiveness to stressor could be autonomic 
dysfunction which is also been reported in Parkinson’s patients. 
Reduced cortisol reactivity to stress has been also reported 
in ADHD[27] which could be due to habituation to stressful 
conditions.[28] In PD, the acute stress increases dopamine 
release as an essential measure to promote adaptation and 
survival, whereas chronic stress decreases dopaminergic tone 
in various regions of the brain including the prefrontal cortex , 

striatum, nucleus accumbens, and frontal cortex.[29] Interaction 
of the altered levels of cortisol and dopamine in PD patients 
are expected to have serious implications for the disease. An 
indicator of sympathetic activation, namely, alpha-amylase 
levels was higher in both PDND and PDD compared to 
controls at rest and after the stress task. Mental stress has 
been reported to cause increased sweating and activation of 
tremor in PD patients,[30] though in the present study, no such 
response was seen. There is growing evidence suggesting that 
the experience of stress impairs cognition and that these effects 
may be exacerbated in advanced age and more so in disease 
condition such as PD. The extent and the degree of cognitive 
decline may differ in patients depending on the underlying 
pathophysiology, neurotransmitter levels, and stress hormone 
levels. Neuropsychiatric dysfunctions such as anxiety, stress, 
and depression have been proposed to be playing a pivotal role 
in cognitive worsening in PD.[31]

The present study concludes that questionnaire-based 
assessments of stress, anxiety, depression, and salivary cortisol 
levels may be explored to assess the presence of dementia in 
neurodegenerative disorders.
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