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Abstract

Parkinson's disease (PD) manifests as a movement and brain function disorder
characterized by symptoms such as resting tremors, rigidity, bradykinesia, and postural
instability, leading to disability among patients. The use of psychostimulants such as
caffeine has been associated with the improvement of motor symptoms in PD patients;
however, studies regarding the effect of caffeine adjuvant therapy on motor function
among PD patients in the Indonesian population are lacking. The aim of this study was to
evaluate motor improvement as measured by the change in scores of the Movement
Disorder Society - Unified Parkinson's Disease Rating Scale Part 11T (MDS-UPDRS-III)
among PD patients receiving caffeine adjuvant. A double-blind randomized controlled
trial (RCT) was conducted among PD patients at Dr. Soetomo General Academic Hospital
and Universitas Airlangga Hospital, Surabaya, Indonesia, from April to August 2023. A
total of 27 patients were enrolled and randomly assigned to an intervention (receiving
caffeine adjuvant, n=15) and control group (receiving placebo, n=12). Motor improvement
was measured using the UPDRS III score prior to intervention and three weeks after. The
Chi-squared test was used to analyze the difference in UPDRS III scores between the two
groups. Motor improvement, as demonstrated by a reduction in the UPDRS III score, was
observed in patients receiving caffeine adjuvant compared to those receiving placebo
(80.0% vs 16.7%; p=0.004). Regarding the safety profile, only four out of 15 (26.6%)
patients treated with caffeine reported minor adverse events. These conditions improved
over time during the intervention. None of the 12 patients in the placebo reported adverse
events. This study provides valuable insights into the initial dosage of caffeine that
improves motor function in PD patients with minimum adverse effects.

Keywords: Parkinson’s disease, UPDRS III, adjuvant therapy, caffeine, motor
improvement

Introduction

P arkinson’s disease (PD) is one of the most common movement disorders caused by basal

ganglia degeneration in the substantia nigra pars compacta cells. It is characterized by symptoms
such as tremor at rest, rigidity, bradykinesia, and postural instability [1]. In 2016, the global
number of PD cases reached 6.1 million worldwide, marking a 2.4-fold increase from 1990’s 2.5
million cases [2]. The prevalence is projected to rise, reaching approximately 8.7 million people
in 2030 due to the growing elderly population [3,4]. Indonesia estimates approximately 876,665
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cases out of its 238,452,952 total population, ranking 12th globally or 5t in Asia for PD-related
deaths, with a prevalence of 1100 deaths in 2002 [5].

PD often leads to disability among patients, which is caused primarily by the manifestation
of motor symptoms [2]. To assess the clinical course of PD, various clinical assessment scales
have been employed, including the Unified Parkinson’s Disease Rating Scale (UPDRS). UPDRS
has been recognized as an international benchmark clinical grading standard for PD [6], and
consists of six sub-scales each for the assessment of intellectual and mood disorders (UPDRS I);
daily activities (UPDRS II); motor function (UPDRS III); therapy complications (UPDRS IV);
Hoehn and Yahr (HY) staging; and Schwab and England (SE) activities of daily living score [6,7].

Various supportive treatment options for PD have been introduced, including the use of
caffeine [8]. A study in rat and mouse models of PD showed that caffeine might counteract
symptoms and enhance the therapeutic effects of L-dopa, along with its neuroprotective
properties that prevented damage to dopaminergic cells in the animal models [9]. Other clinical
studies showed promising results of motor function improvement among PD patients after
receiving caffeine, including improvement in the UPDRS III score [10], overall UPDRS score [11],
and improved gait akinesia [12]. However, there is no study within the Indonesian population
regarding the effect of adjunct caffeine administration on motor improvement in PD patients,
highlighting the need for further investigation and data gathering in this area. The aim of this
study was to determine the effect of adjuvant caffeine on motor improvement, as measured by
the UPDRS III score changes, among PD patients in the Indonesian population.

Methods

Study population, design, and settings

A double-blind randomized controlled trial (RCT) was carried out among PD patients at Dr.
Soetomo General Academic Hospital and Universitas Airlangga Hospital, Surabaya, Indonesia,
from April to August 2023. Using a consecutive sampling technique, patients who met the
inclusion criteria were enrolled after being previously informed of the study and provided written
consent. The inclusion criteria were PD patients in outpatient clinic receiving symptomatic
therapy with a stable regimen for a minimum of three months. Meanwhile, patients with
gastrointestinal disorders, epilepsy or a history of seizures, and uncontrolled hypertension;
diagnosed with supra ventricular tachycardia or arrhythmia; receiving different drug regimens
within the past three months; and having a history of pallidotomy or deep brain stimulation were
excluded. The participants were dropped out once they consumed food or beverages containing
caffeine, experienced seizures, failed to take the provided caffeine adjuvant within 24 h, and
refused to continue the intervention.

Sample size determination and randomization

The sample size was determined using a two-sample proportion formula. The critical value of
normal distribution at the desired level of significance (a=0.05) of 1.96, 80% power of 0.84,
estimated proportion in the intervention group of 20%, estimated proportion in the control group
of 80% and the ratio of the sample sizes between the two groups (r) of 1 yielded the required
minimum total sample of 20, with 10 samples in each group.

A total of 27 participants fulfilling the inclusion and exclusion criteria were recruited from
both hospitals for randomization. The participants were randomly assigned to either the
intervention or control group by pharmacists at the respective hospitals. The investigators were
blinded to group allocation and the participants were unaware of their group as both groups
received the same appearance of pills.

Study variables and data collection

This study assessed the effect of caffeine adjuvant therapy (as an independent variable) on motor
improvement among PD patients, determined by the changes in UPDRS III score (as a dependent
variable). The caffeine used was pharmaceutical grade caffeine adjuvant as anhydrous-crystalline
powder (CSPC Innovation Pharmaceutical Co., Shijiazhuang, China). Other data such as patients’
demographic characteristics (age and gender), clinical profiles (comorbidities, medication
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consumption, heart rates, and blood pressure), as well as the history of caffeinated drink
consumption were also recorded. Age, gender, comorbidities, and drug consumption were
included in the assessment of confounding variables of the study.

The data were collected by the researcher through anamnesis, physical examinations, and
neurological assessment before and after the intervention. The UPDRS III scores were calculated
using the UPDRS III scoring instrument. Patients’ compliance with caffeine medication was
ensured through regular follow-up, and medication adherence was evaluated through medical
history inquiries and daily logs of patients’ medication intake during post-caffeine therapy check-
ups.

Experimental setup

The enrolled participants were randomly divided into the intervention and control group,
consisting of 15 and 12 participants, respectively. The difference in the number of participants
between the two groups was due to the technical provision of drugs, as well as the different
number of participants obtained at each hospital. Patients in the intervention group were treated
with caffeine adjuvant, whereas those in the control group received a placebo containing 50 mg
amylum (caffein-free), along with main PD symptomatic therapy. Either caffeine or placebo was
given at a dose of 2x50 mg/day, orally, after breakfast and dinner for three weeks. Each type of
drug was prepared in capsules (50 mg/capsule) by hospital pharmacists before being given to the
participants. Before the intervention, each participant was instructed to refrain from consuming
beverages containing caffeine (e.g., coffee, tea, chocolate, chocolate milk, soft drinks, carbonated
drinks, and caffeinated energy drinks) a week prior to, during, and a week after the intervention
period. The baseline UPDRS III score was calculated for each patient and the procedure was
repeated after the intervention to evaluate the effect of caffeine adjuvant administration on motor
improvement.

UPDRS III scoring and motor improvement assessment

UPDRS III scoring scale was used to assess the manifestations of motor symptoms in the
participants. It involves 14 different categories: speech, facial expression, resting tremor, postural
tremor on hands, rigidity, finger taps, hand movement, rapid alternative movement of hands, leg
agility, arising from a chair, posture, gait, postural instability, and bradykinesia and hypokinesia.
Each category consists of a different number of observation items, ranging from 1 to 5, yielding a
total of 27 observation items. The score for each category ranges from 0—4, yielding a total score
ranging from 0-108. The scoring details are as follows: o=normal (no motor symptom
involvement), 1—27=mild disorder, 28—54=moderate disorder, 55—81=severe disorder, and 82—
108=very severe disorders [7]. Tremor amplitude on the extremities was evaluated by estimating
deviations of tremor on fingers and toes in centimeters in accordance with the UPDRS III
guideline.

The assessment of motor improvement was carried out by four competent and well-trained
neurology—movement disorder doctors. A reduction in the UPDRS III score of >4 points after the
intervention, as compared to the baseline examinations, indicated a significant motor
improvement. On the other hand, no alteration in the UPDRS III score, a reduction of <4 points,
or an increase in the UPDRS III score as compared to the early assessment indicated no motor
improvement.

Statistical analysis

Data on demographic and clinical characteristics were analyzed using descriptive statistics and
presented as percentage (%) and meanz+standard deviation (SD). Chi-squared test was performed
to compare UPDRS III scores between the control and treatment groups, and logistic regression
analysis was carried out to determine the effect of confounding variables on motor improvement.
A p-value of <0.05 was considered statistically significant. All data analyses were performed using
SPSS software version 20 (IBM, New York, USA).
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Results

Participants’ demographic characteristics and comparative analysis

In total, 27 patients (12 from Dr. Soetomo General Academic Hospital and 15 from Universitas
Airlangga Hospital) were included in the study, comprising 12 (44.4%) males and 15 (55.6%)
females. None of the participants dropped out during the intervention process. The participant’s
characteristics and clinical profile are summarized in Table 1. The majority (59.3%) of the
participants were aged >60 years, and almost half (48.1%) presented with comorbidities (i.e.,
hypertension and diabetes mellitus). Fifteen participants (55.6%) were under the treatment of
levodopa, carbidopa, and entacapone; 12 (44.4%) had levodopa in combination with benserazide;
10 (37.0%) consumed pramipexole; and 10 (37.0%) received trihexyphenidyl therapy. Four out of
15 (26.6%) participants in the treatment group reported adverse effects such as heart palpitations,
frequent urination, difficulty sleeping, and anxiety during early caffeine therapy; however, the
complaints improved over time during the intervention period. Based on the baseline UPDRS IIT
score, the majority (70.4%) of the participants had mild motoric symptoms, whereas the rest
showed moderate-severe symptoms.

A comparative analysis at baseline revealed no statistically significant differences between
the two groups in terms of age, gender, comorbidities, drugs consumption, and adverse effects
(all had p>0.05), justifying an overall equivalent subject distribution between the two groups.
However, in the course pre-UPDRS III categories, data distribution varied significantly between
the caffeine and placebo groups (p=0.043) (Table 1).

Table 1. Comparison of participants’ demographic and clinical characteristics at baseline, n=27

Variable Treatments, n (%) Total (n=27) p-value
Caffeine adjuvant ~ Placebo
(n=15) (n=12)
Gender
Male 5(33-3) 7 (58.3) 12 (44.4) 0.3637
Female 10 (66.7) 5 (41.7) 15 (55.6)
Age (year), mean+SD 60.47+10.54 60.75+11.80 60.59+£10.90
>60 9 (60.0) 7(58.3) 16 (59.3) 1.000P
<60 6 (40.0) 5 (41.7) 11 (40.7)
Comorbidities
Hypertension 2 (13.3) 6 (50.0) 8 (29.6) 0.087b
Diabetes mellitus 2(13.3) 3(25.0) 5 (18.5) 0.628b
Drugs consumed
Levodopa, carbidopa, entacapone 7 (46.7) 8 (66.7) 15 (55.6) 0.5164
Levodopa, benserazide 9 (60.0) 3(25.0) 12 (44.4) 0.1532
Pramipexole 6 (40.0) 4(33.3) 10 (37.0) 1.000P
Trihexyphenidyl 7 (46.7) 3 (25.0) 10 (37.0) 0.424"
Adverse effects
Yes 4 (26.6) 0 (0.0) 4 (14.8) 0.106°
No 11 (73.3) 12 (100) 23 (85.2)
Types of adverse effects
Frequent urination 1(6.7) 0 (0.0) 1(3.7)
Difficulty sleeping 1(6.7) 0 (0.0) 1(3.7) 0.4402
Heart palpitations 1(6.7) 0 (0.0) 1(3.7)
Anxiety 1(6.7) 0 (0.0) 1(3.7)
Pre-caffein UPDRS III categories
Mild 8(53-3) 11 (91.7) 19 (70.4) 0.043*b
Moderate - severe 7(46.7) 1(8.3) 8 (29.6)

a2 Analyzed using a Chi-squared test
b Analyzed using a Fisher’s exact test
*Statistically significant at p<0.05

Analysis of confounding variables associated with motor improvement

Several factors were assessed to identify possible potential confounders associated with motor
improvement. In univariate analysis, gender, age, and comorbidities were not significantly
associated with motor improvement (p>0.05), whereas trihexyphenidyl consumption was
significantly correlated with motor improvement (p=0.046) (Table 2), suggesting that
trihexyphenidyl may serve as a confounding variable in the study. Nevertheless, in multivariate
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analysis controlling for trihexyphenidyl and caffeine, caffeine therapy was the only factor
significantly associated with motor improvement, with 25 times higher odd as compared to
trihexyphenidyl (95%CI: 2.323-269.067; p=0.008). The same result was also noted when
assessing early UPDRS III score and caffein therapy in association with motor improvement, in
which UPDRS score at baseline had no association with motor improvement (p>0.05) (Table 3).

Table 2. Bivariate analysis showing factors associated with motor improvement

Variables Motor improvement, n (%) Total (n=27) p-value
Yes (n=14) No (n=13)

Gender

Male 7 (50.0) 5(38.5) 12 (44.4) 0.830

Female 7 (50.0) 8 (61.5) 15 (55.6)

Age (year), mean+SD

>60 8 (57.1) 8 (61.5) 16 (59.3) 1.000?

<60 6 (42.9) 5(38.5) 11 (40.7)

Comorbidities

Hypertension 3(21.4) 5(38.5) 8 (29.6) 0.420

Diabetes mellitus 2 (14.3) 3(23.1) 5(18.5) 0.648

Drugs consumed

Levodopa, carbidopa, entacapone 7 (50.0) 8 (61.5) 15 (55.6) 0.8302

Levodopa, benserazide HCI 7 (50.0) 5(38.5) 12 (44.4) 0.8302

Pramipexole 6 (42.9) 4(30.8) 10 (37.0) 0.695P

Trihexyphenidyl 8 (57.1) 2 (15.4) 10 (37.0) 0.046™

a Analyzed using a Chi-squared test
b Analyzed using a Fisher’s exact test
“Statistically significant at p<0.05

Table 3. Multivariate logistic regression analysis showing factors associated with motor
improvement

Factor Unstandardized beta (B)  OR (95%CI) p-value
Trihexyphenidyl 2.303 10.00 (0.80-123.99) 0.073
Caffeine 3.219 25.00 (2.32—269.06) 0.008"
Baseline UPDRS III score -1.802 0.16 (0.01-2.21) 0.174
Caffeine 2.622 13.71 (1.74—108.24) 0.013"

“Statistically significant at p<0.05

Association between caffeine adjuvant therapy and motor improvement
Approximately 80.0% of the patients receiving caffeine therapy exhibited motor improvement.
Meanwhile, only 16.7% of the participants exhibited motor improvement after the treatment with
a placebo. The result of Chi-squared analysis suggested patients treated with caffeine had a 20
times higher odd of experiencing motor improvement as compared to those receiving placebo
(95%CI: 2.77—-144.31) (Table 4).

Table 4. Association between caffeine adjuvant administration and motor improvement

Treatment Motor improvement, n (%) Total  OR (95%CI) p-value
Yes (n=14) No (n=13)

Caffeine 12 (80.0) 3 (20.0) 15 20.00 (2.77—-144.31) 0.004"

Placebo 2 (16.7) 10 (83.3) 12

“Statistically significant at p<0.05

We also performed additional calculations to predict several important events associated
with caffeine administration (Table 5). Based on event rates (failure to improve motor function)
calculations, the experimental event rate was 20.0%, and the control event rate was 83.3%.
Caffeine lowered the risk of motor improvement failure by 63.3% (absolute risk reduction 0.633),
and a higher percentage (76.0%) of risk reduction was noted when compared to the control group
(relative risk reduction 0.76). Additionally, to prevent one patient from not having motor
improvement, two patients need to be treated with caffeine therapy (number needed to treat
(NNT) 2). Furthermore, caffeine administration at a dose of 100 mg/day would give a patient 1.5
times likelihood to experience improved motor function instead of undesirable effects (likelihood
to be helped or harmed (LHH) 1.5) (Table 5).
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Table 5. Predictions of events associated with motor improvement after caffeine therapy

Indicators Equation Value % (95%CI)
Experimental event rate (EER) 3/15=0.20 20.0

Control event rate (CER) 10/12=0.833 83.3

Absolute risk reduction (ARR) CER-EER  0.833-0.20=0.633 63.3 (34.1-92.5)
Relative risk reduction (RRR) ARR/CER 0.633/0.833=0.76 76.0 (41-100)
Number needed to treat (NNT) 1/ARR 1-0.633=2

Likelihood to be helped or harmed (LHH) NNH/NNT 3/2=1.5

Adverse effects and several important events associated with caffeine therapy
Four out of 15 (26.0%) patients in the intervention group reported adverse effects, suggesting that
33.0% of the patients receiving caffeine treatment experienced adverse effects (experimental
event rate 0.33) (Table 6). On the other hand, none of the participants (0.0%) in the placebo
group experienced side effects, resulting in a control event rate of 0.00. Based on these, patients
undergoing caffeine treatment would have approximately 33.0% greater chance of developing
side effects than those receiving placebo (absolute risk increase 0.33), indicating that 1 out of
every 3 patients would experience adverse effects from caffeine adjuvant uptake (number needed
to harm 3) (Table 6).

Table 6. Predictions of events associated with adverse effects from caffeine therapy

Indicators Equation Value

Experimental event rate (CER) 4/12=0.33

Control event rate (CER) 0/12=0

Absolute risk increase (ARI) CER-EER 0-0.33=0.33

Number needed to harm (NNH) 1/ARI 1/0.33=3
Discussion

PD is a progressive brain disorder associated with dopaminergic neuron degeneration in the
substantia nigra, leading to uncontrolled movements such as resting tremor, stiffness, slow
movement, and postural imbalance [3]. Disability such as difficulty walking, eating, and talking
may occur as the disease progresses [13]. Hence, it is imperative to implement strategies for the
prevention and treatment of PD, including the use of adjuvant therapies. In the present study, we
evaluated the association between caffeine adjuvant therapy and motor improvement among PD
patients, assessed by changes in UPDRS III score. The patients’ baseline characteristics between
the intervention and control group were also compared to ensure the equality of frequency
distribution, thus reducing bias in the study.

We found in our study that the majority of participants were aged >60 years. This was in
accordance with previous studies, reporting that individuals above 60 years of age were more
prone to PD [14-16], although uncommon cases in younger individuals have also been
documented [17]. Alterations in neuronal circuitry and density, as well as increased neuronal
inflammatory response, have been linked to an increased risk of developing PD in the elderly,
leading to cognitive decline and olfactory dysfunction [18,19]. Additionally, older age has also
been associated with functional and locomotor disability among the elderly [20,21]. In contrast
to other studies suggesting that males are more susceptible to PD [22,23], our study recorded a
higher percentage (55.5%) of female participants compared to males. This difference in ratio
might be due to a small sample size adopted in the study and coincidentally more females
fulfilling the inclusion criteria. However, at baseline assessment, the proportion of participants
between the intervention and control groups was comparatively similar in terms of age, gender,
comorbidities, drugs consumed, and adverse effects (p>0.05) (Table 1).

This study showed a significant improvement in motor function in patients receiving caffeine
adjuvant therapy. Caffeine adjuvant therapy for 21 days (2x50 mg/oral daily) was able to reduce
the UPDRS III score in 80.0% of the patients in the intervention group, whereas placebo at the
same dose failed to improve motor function in more than 83.3% of the patients in the control
group. Additionally, patients receiving caffeine treatment had a 20 times higher chance of
experiencing motor improvement as compared to those taking a placebo (Table 4). This finding
was in line with that reported in a previous study, suggesting that caffeine administration 100
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mg/day had reduced the occurrence of freezing of gait [12]. Another study also reported that
caffeine therapy 2x100 mg/oral daily had significantly improved motor function after three
weeks of treatment [10].

Caffeine is a neuromodulator that acts as an antagonist of the adenosine-2A (A2A) receptor,
indirectly impacting the activity of striatopallidal nerves [24]. This receptor colocalizes with
dopaminergic D2 receptors as a heteromer, thereby inhibiting dopaminergic transmission [25].
In the presence of caffeine, the levels of intracellular cAMP and the release of GABA within the
globus pallidus are reduced, whereas serotonin and noradrenaline in striatopallidal neurons are
enhanced, thus resulting in enhanced motor performance. Additionally, caffeine stimulates
dopamine D1 and D2 receptors, promoting increased uptake of glutamate into astrocytes and
lowering glutamate levels in the synaptic cleft, potentially ameliorating motor symptoms and
improving motor function in individuals with PD [8]. Caffeine was also reportedly able to enhance
the bioavailability of levodopa and prolong its clinical effects. The clinical effect of caffeine can
persist even after levodopa levels decline, indicating the importance of caffeine interaction with
the D2 receptor [26].

To ensure that there were no other factors distorting the association between caffeine and
motor improvement, several variables such as age, gender, comorbidities, and medication
consumption were included in the assessment of potential confounders associated with motor
improvement. Among these factors, THP consumption was the only factor associated with motor
improvement (p<0.05) (Table 2). Nevertheless, in multivariate logistic regression analysis
controlling for THP and caffeine, as well as UPRDS III score at baseline and caffeine, caffeine was
the only factor significantly associated with motor improvement (p<0.05), and the patients
receiving caffeine treatment were 25 times more likely to experience improved motor function
compared to THP (Table 3).

We found that 4 out of 15 (26.6%) patients receiving caffeine therapy experienced adverse
effects (i.e., heart palpitation, frequent urination, difficulty sleeping, and anxiety); however, these
conditions improved over time during the intervention. A similar finding was reported in a
previous study, indicating that 17.0% of the patients undergoing caffeine treatment experienced
undesirable effects such as gastrointestinal disturbance, insomnia, anxiety, headache, frequent
urination, nausea, and palpitation [10,27]. However, the effects of caffeine are dose-dependent
and vary among individuals, in which doses of <400 mg are often associated with positive effects,
whereas doses of >400 are often linked to undesirable effects [28].

This study possesses several limitations that should be discussed. The study was conducted
only at two hospitals in East Java and confined to a relatively small population. Thus, the research
subjects enrolled might not represent the overall characteristics of patients in a broader area.
Caffeine administration was limited to a three-week duration, which precluded the assessment of
adverse effects associated with long-term caffeine consumption. This study was unable to
determine and monitor caffeine levels in the participants’ blood before and after the intervention,
as this data could have been valuable for dosage optimization, ensuring patient safety, assessing
compliance, and evaluating pharmacokinetics. Thus, further research is warranted to address
these limitations. However, this study represents the first double-blind RCT assessing the impact
of caffeine adjuvant therapy on motor improvement, specifically within the Indonesian
population, and provides significant insight into the initial caffeine dosage that augments motor
function in PD patients with minimum adverse effects.

Conclusion

Our study demonstrated that the use of caffeine adjuvant was associated with motor
improvement among PD patients, compared to those taking placebo. This study provides valuable
insights into the initial dosage of caffeine that improves motor function in PD patients with
minimum adverse effects. Further study with a longer intervention duration is necessary to
evaluate sustained efficacy and potential long-term adverse effects of caffeine intake.
Additionally, investigations to determine the optimal caffeine dosage tailored to the body weight
of PD patients, as well as assessment of UPDRS III scores a month post-discontinuation of
caffeine adjuvant therapy, are needed to confirm sustained motor improvement.
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