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INTRODUCTION

Wolf defined placebo as “any effect attributable to a 
pill, potion or procedure but not to its pharmacodynamic 
or specific properties” (Wolf 1959). Placebo is used as a 
control in randomized controlled trials (RCT), the gold 
standard for establishing the efficacy and safety of any 
new drug (Gowdey 1983). Historically, a placebo means 
a medication given to please rather than benefit the pa-
tient. In randomized clinical trials, participants are often 
informed that they can receive the investigational drug 
or the placebo. Unlike this, in clinic settings, patients 
are prescribed a medication or placebo with an implied 
benefit guarantee. The placebo response rate is 30–50% 
in antidepressant studies for adults, compared to a phar-
maceutical response rate of 4–70%, and it has increased 
7% every decade over the previous 30 years (Jakovljević 

2014). The data obtained for the efficacy and safety of a 
drug in clinical trials are extrapolated to the prescribing 
environment, assuming that both conditions are similar . 
In reality, both settings differ regarding the expectancies 
of the patients. It is common to subtract the placebo ef-
fects from the total drug effects in calculating the effica-
cy of the new drug/intervention, assuming the additive 
model (Kirsch 2000, Kube & Rief 2017). However, in re-
al-life clinical practices, placebo response occurs due to 
deterministic influences and observation capacities of the 
patients as well as the communication skills of the phy-
sician (Brown 2015, Enck & Klosterhalfen 2013). Thus, 
a simplistic additive model cannot be used to quantify 
the effect of a placebo (where we subtract the effect in 
the placebo group from that in the drug group in a clini-
cal trial to make conclusions on true drug effect). Cogni-
tive expectations of the patients trigger the biochemical 
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Summary
	 Background: This study was planned to evaluate the effect of a placebo administered with deception vs. without deception on 
psychomotor and cognitive functions in healthy human volunteers compared to no treatment as placebo responses tend to be circum-
stantial.
	 Subjects and Methods: An open-label, 3-period, 6-sequence randomized controlled cross-over trial was conducted with 54 
participants in a tertiary care center. After the initial screening for eligibility, the patients were randomized into sequences. Psychomo-
tor, executive, and memory function tests were performed before and 30 minutes after the administration of the intervention on three 
different days (one intervention each day). 
	 Results: Participants showed a significant reduction in reaction time in most of the computerized tests for evaluation of psycho-
motor function (simple reaction time: one hand: 47.15; 95% CI: 30.99 to 63.32; p <0.001, both hands: 63.90; 95%CI: 46.23 to 81.57; 
p <0.001|| choice reaction time (79.83; 95%CI: 41.27 to 118.40; p<0.001) and digit picture substitution test (182.12; 95% CI: 116.0 to 
248.24; p < 0.001)), executive function and memory with deceptive placebo when compared to nondeceptive placebo. No statistical dif-
ference in the paper and pencil tests was observed; however, there was a significant reduction in deceptive placebo over nondeceptive 
placebo or no intervention groups for trail-making tests for the executive functions. No significant difference was observed for motor 
functions. 
	 Conclusion: A deceptive placebo has a significant effect on psychomotor function compared to a nondeceptive placebo and no 
treatment; thus there could be differences in placebo responses in clinical trial versus clinical practice or double blind versus
open label placebo. The calculation of actual drug effect in a clinical trial needs the development of an algorithm balancing for pla-
cebo response. 
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responses (Klosterhalfen & Enck 2006). Both psycho-
motor function and placebo response cause the release of 
neurotransmitters like dopamine in the centre of stimula-
tion of the prefrontal and mesolimbic areas of the brain 
(Zubieta & Stohler 2009). Dopamine is associated with 
attention and working memory in human beings. 

Psychomotor function tests are used for determining 
the precision, coordination, control, dexterity and reac-
tion time for individuals (Kallus et al. 2005). Along with 
the mechanical performance, it also assesses the ability to 
comprehend and follow instructions and perform motor 
activities (Nakano et al. 1978). The motor responses of 
an individual vary from an instantaneous reflex response 
to simple sensorimotor behaviours to skilled and complex 
motor behaviours. Psychomotor tests are used for quan-
titative estimation of the effects of drugs on the Central 
Nervous System (CNS) during the early phases of drug 
development (Hindmarch 1980, Hindmarch 2004). These 
tests have been used increasingly in clinical studies of 
psychiatric and neurological disorders and for testing 
psychoactive drugs. Besides psychomotor functions, cog-
nitive and affective domains are two other well-known 
components of human performance tests. 

Placebo has been found to have beneficial effects in 
many psychoneurological conditions like pain, depression, 
Parkinson’s disease and many others (Kirsch 2019, Kisaa-
lita et al. 2014, Lidstone 2014). It can be conceptualized 
as healing power of mind. The effect has been seen in clin-
ical trial as well as clinical practice settings. Alternative 
therapies with elaborate rituals and distinct environmental 
cues can have pronounced and clinically significant pla-
cebo effect. It is imperative to study the placebo phenom-
enon from basic science, clinical trial and ethical perspec-
tives to better understand how placebo operate in clinical 
settings. Intact consciousness, preserved mental faculties 
and moderate pathological dysfunction are needed for the 
demonstration of the placebo effect. Drug placebo interac-
tion is known to bias the estimated drug effect, and the ef-
fect of active drugs decreases with increasing placebo ef-
fect (Hammami et al. 2016). This indicates that the effects 
of placebo and active intervention may not be simply ad-
ditive. It has been evidenced earlier that deceptive admin-
istration of placebo simulated clinical situations in which 
subjects were made to believe that they were receiving 
an active drug (Blease and DesRoches 2021). In contrast, 
subjects in double-blind conditions are generally aware 
that they might receive a placebo. Double-blind and de-
ceptive administration of the placebo produced different 
results in studies of mood, blood pressure, and heart rate 
(Gould et al. 1981). The placebo effect can be truly quan-
tified when compared with no-treatment groups, which 
takes care of the Hawthorne effect, regression to mean, 

and natural history of disease (Vallance 2006). It would be 
unethical to recruit a no-treatment group in diseased con-
ditions. Thus, placebo compared to no-treatment has been 
studied rarely. There is a paucity of studies for quantifying 
the effect of placebo in psychomotor and cognitive func-
tions. Therefore, this study was planned to evaluate the 
effect of a placebo response administered with deception 
versus without deception on psychomotor and cognitive 
functions in healthy human volunteers when compared to 
no-treatment.

SUBJECTS AND METHODS

Study design

The study was an open-label, 3-period, 6-sequence 
cross-over randomized controlled trial conducted in a ter-
tiary care centre at All India Institute of Medical Scienc-
es (AIIMS), New Delhi, India. A written approval from 
the Institute Ethics Committee (IECPG-531/23.09.2020) 
was obtained before the commencement of the study. The 
study was carried out according to the Declaration of 
Helsinki, Good Clinical Practices guidelines and ICMR’s 
ethical guidelines for biomedical research on human sub-
jects (2017) and was prospectively registered in the Clin-
ical Trial Registry of India (CTRI/2020/10/028474 dat-
ed 20.10.2020). Written informed consent was obtained 
from participants before enrolment.

Study population and eligibility

Healthy volunteers aged 20-45 years of either sex 
were screened for enrolment in the study. Participants 
who were free from any medical condition requiring 
treatment, with an education qualification of at least grad-
uation, and were currently active in their profession or 
studies were enrolled for the study. Participants who had 
taken any medicine in last 7 days, had visual or auditory 
impairment, or had a history of anxiety, depressive, or 
any other psychiatric illness were excluded. Participants 
who had substance abuse disorders, including alcohol, to-
bacco during the preceding one month or took caffeinated 
drinks in last 4 hours, or had any difficulty understanding 
given instructions were excluded in the study. Pregnant 
and lactating women were excluded.

Randomization

Randomization was done using computer-generated 
random block randomization codes in an equal allocation 
ratio into one of the six possible sequences: Ps-Pi-Nt; 
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Pi-Nt-Ps; Nt-Ps-Pi; Ps-Nt-Pi; Nt-Pi-Ps; Pi-Ps-Nt where 
Ps is placebo as a stimulant (deceptive placebo); Pi is 
placebo as an inert substance (nondeceptive placebo), 
and Nt is no treatment. These randomization codes were 
numbered consecutively. Randomization was done by a 
third person not involved in the study. Allocation was 
concealed as a sequence for individual participants were 
placed in consecutively numbered sealed envelopes and 
opened by an investigator after screening the participant.

Study intervention(s)

Placebo was given with 240 ml of water, and oral cav-
ity was examined thereafter. The placebo was obtained 
from Liv-Bio Pharma, Kerala, and consisted only of gela-
tine used in the formation of the soft gel capsule covering. 
For placebo as stimulant, participants were told that this 
would enhance cognition and stimulate central nervous 
system, thus decreasing participants’ reaction time. For 
the placebo as inert substance, participants were told that 
this may be a placebo and may or may not enhance cog-
nition and stimulate central nervous system. 

Study procedure and data collection
After recruitment, a detailed personal history was tak-

en from the study participants. Three training sessions 
(one session per day) were given to eliminate effect of 
practice on psychomotor test prior to randomization. Af-
ter that, each participant received the study intervention 
in one of the six possible sequences. The psychomotor 

function tests were performed before and half an hour 
after the intervention. Three interventions (Ps, Pi, and 
Nt) were delivered over a period of three days with one 
intervention per day. Participants were asked to take an 
adequate sleep over previous night. The tests were done 
using Mindomatics instrument, Psytoolkit software as 
well as manually using paper and pencil test and hand sta-
diometer in order of psychomotor, executive and memory 
functions for all participants in each period. The various 
tests administered to the participants have been shown in 
Fig 1. Mindomatics is a computerized psychometric as-
sessment tool which uses a battery of tests that evaluates 
various aspects of information processing, sensory motor 
coordination, short term/working memory, reaction time 
and psychomotor functions (Taur et al. 2014). Psytoolkit 
is an online software which is used to run cognitive psy-
chological experiments (Stoet 2010, Stoet 2017). 

I.	 Psychomotor function: 
A.	 Computerised t-tests 
Psytoolkit
	 a.	� Simple reaction time: One white box appeared on 

the screen. Participants were asked to press space 
bar as soon as a cross appeared within the white 
box. Once this test was over, participants were 
asked to lay their fingers on z, x, < and > keys 
of the QWERTY keyboard. Four white boxes 
appeared on the screen and whenever a cross ap-
peared in any of the box, corresponding finger was 
pressed. Reaction time and error rate were noted.

Archana Mishra, Sudhir Chandra Sarangi, & KH Reeta : EFFECT OF DECEPTIVE VERSUS NON-DECEPTIVE PLACEBO  
ON PSYCHOMOTOR AND COGNITIVE FUNCTIONS IN HEALTHY ADULT HUMAN VOLUNTEERS: AN OPEN-LABEL  

CROSS-OVER RANDOMIZED CONTROLLED TRIAL        Psychiatria Danubina, 2024; Vol. 36, No. 3-4, pp 340-350 

Human Performance Tests

Computerised Tests

1.	 Simple Reaction Test
2.	 Choice Reaction Test
3.	 Digit Picture 

Substitution t-test

Manual Tests

A.	 Paper & Pencil Tests
	 1. � Digit Symbol 

Substitution t-test
	 2. � Six Letter 

Cancellation Test
B.	 Hand a steadiness 

t-test for muscle 
coordination

Executive Function

1.	 Choice Discrimination 
Test

2.	 Task Switching
3.	 Trail Making

Tests for short  
term memory

1.	 Numeric Working 
Memory test

2.	 Immediate Picture 
Recall Test

Psychomotor Domain Cognitive Domain Affective Domain

Figure 1.: Classification of human performance tests 
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	 b.	� Choice reaction time: This test measures impul-
siveness of decision making. The participant was 
expected to make a response within 2 seconds of 
visualising a “Go” on the screen, while with a “No 
Go” the expectations were to refrain from mak-
ing any response. Speed and accuracy of the task 
completion was measured as output parameters.

Mindomatics
	 a.	� Digit picture substitution test: On the top panel of 

the screen digits from 1 to 9 and their target pic-
tures were displayed. On clicking start button, pic-
tures from top panel start appearing randomly on 
the screen one after other. Participants were asked 
to press the corresponding digit one after other. 
Reaction time, percentage of right and wrong re-
sponses were measured.

B.	 Paper and pencil test:
	 a.	� Digit symbol substitution test (DSST): Test was 

applied to evaluate cognitive function, attention 
and psychomotor speed. Participants were given 
a code table, displaying the correspondence be-
tween pairs of digits (from 1 to 9) and symbols 
(DSST)/letters (DLST). They were asked to fill in 
blank squares with the symbol/letter that is paired 
to the digit displayed above the square. The sub-
jects had to fill in as many squares as possible in 
90 seconds.

	 b.	� Six letter cancellation tests (SLCT): This test is 
a simple and sensitive measure of attention. Par-
ticipant was presented with a sheet containing 
randomized letters arranged in columns/rows. Six 
letters were targeted i.e., they were mentioned to 
the participant by the investigator. The participant 
was asked to cancel as many targeted letters as 
possible in 90 seconds in any selected direction 
(horizontal/vertical/random). The number of let-
ters correctly cancelled, attempted and errors in 
selection were recorded.

C.	 Muscle Coordination:
Hand steadiness test: Hole type
	 The test is to study the fine motor control of an indi-

vidual. Participants were instructed to hold the probe 
in holes numbered seven and nine for 30 seconds 
each. Number of contacts of the probe with the sides 
of the hole was automatically measured by the im-
pulse counter. 

II.	 Executive Function
A.	 Computerized tests
Psytoolkit
	 a.	� Choice discrimination test: In this test, partici-

pants were asked to respond to a left or a right 
pointing arrow as fast as they could, with fingers 
on alphabets B and N on the keyboard. In second 
stage of this test, the participant was asked not to 
respond if a red circle appears around the green 
arrows. Reaction time and error rates were noted.

	 b.	� Task switching: Ease or difficulty of task switch 
is a measure of executive function of brain. Par-
ticipant was asked to perform two sets of ‘task A’, 
followed by two trials of ‘task B’ and again back 
to ‘task A’ i.e., a task switch occurs after every two 
trials. The difficulty to switch between tasks is ex-
pressed as the slow down immediately following 
a task switch. 

B.	 Paper & pencil test
	 a.	� Trail making: This test evaluates the visual atten-

tion and task switching ability of an individual. 
This was conducted in two parts. In the first part, 
the participants were instructed to sequentially 
connect the numbers 1 to 25 arranged randomly 
on a sheet of paper and in the second part, the 
investigator instructed the participant to connect 
numbers (1 to 12) and/or alphabets (A to L) in a 
specified order. The time taken to complete the 
test was recorded as an outcome measure.

III.	 Memory 
Mindomatics
	 a.	� Numeric working memory test: Three target num-

bers appear one after the other in the centre of the 
screen. Pressing ‘Yes’ if the number is target num-
ber and ‘No’ for the numbers which appear on the 
screen, which are not the target numbers was re-
quired. This test measured reaction time, right and 
wrong attempts. 

	 b.	� Immediate picture recall test: In this test, few tar-
get pictures were displayed initially which the 
subject had to memorize. Of the random pictures 
that appeared, press ‘Yes’ if the picture is target 
picture and ‘No’ for the pictures which were not 
the target pictures. This test measured reaction 
time, right and wrong attempts. 

Safety evaluation

Participants had free access to investigators for re-
porting of any adverse events. 
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Sample size calculation 

To the best of our knowledge, there were no studies 
comparing effect of placebo with no-treatment group in 
healthy human volunteers till date. Based on a study by 
Ashor, 2011 where psychomotor effects were compared 
before and after administration of placebo, taking mean 
difference as 42 units and standard deviation in two 
groups as 73 and 66, the sample size was calculated to be 
44. Taking an attrition rates of 20%, the present study was 
planned in 54 healthy volunteers. 

Statistical analysis

Continuous variables were presented as mean ± Stan-
dard error (S.E.) and comparison of means of continuous 
variables was done using mixed model ANOVA followed 
by post-hoc Bonferroni test. Bias due to carry-over ef-
fect was not expected in this study as the intervention 
was placebo. Statistical analyses were performed using 

statistical software SPSS 23.0 (IBM, NY USA) consid-
ering a significance level of p<0.05. Sequence effect was 
considered a covariate in the analysis.

Recruitment of study subjects

The study started in February 2021 and ended in Au-
gust 2021. The first participant was recruited on 1st Febru-
ary 2021 and follow-up for all participants was completed 
on 18th August 2021. Healthy participants were screened 
as per the eligibility criteria. Out of 61 participants 
screened, six participants did not meet the inclusion cri-
teria and one participant declined to participate. A total of 
54 participants were recruited in the study. After recruit-
ment, participants were randomized into six sequences. 
Each sequence had nine participants. All the participants 
were included in each of the trial arms. Three participants 
withdrew after first period as they developed symptoms 
suggestive of COVID-19 infection before the second peri-
od. CONSORT flowchart has been depicted in Fig 2.

Enrolment

Allocation

Follow-Up

Analysis

Period 1

Period 2

Period 3

COVID-19 COVID-19 

Placebo as 
stimulant 

(n=9)

Placebo as inert 
substance 

(n=8)

No Treatment 
(n=8)

Analysed (n=51)

Assessed for eligibility (n=61)

Healthy volunteers (n=54)

Placebo as 
stimulant 

(n=9)

No Treatment 
(n=8)

Placebo as inert 
substance  

(n=8)

Excluded (n= 07)
•  Not meeting inclusion criteria (n= 06)
•  Declined to participate (n= 01)

Randomized to sequence

Placebo as inert 
substance 

(n=9)

Placebo as 
stimulant  

(n=9)

No Treatment 
(n=9)

Placebo as inert 
substance 

(n=9)

No Treatment 
(n=9)

Placebo as 
stimulant 

(n=9)

No Treatment 
(n=9)

Placebo as 
stimulant 

(n=8)

Placebo as inert 
substance 

(n=8)

No Treatment 
(n=9)

Placebo as inert 
substance  

(n=9)

Placebo as 
stimulant 

(n=9)

Figure 2.: CONSORT flow diagram
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RESULTS

The minimum age of recruited participant was 21 
years and maximum age was 35 years. The mean age of 
the participants included in this study was 28.07 years. 
Out of 54 participants, 51.9% participants were female, 
and rest were male.

Comparison of baseline characteristics

The baseline characteristics of participants have been 
represented in Table 1. Data have been represented in 
mean (standard error). There was no significant differ-
ence in psychomotor function, executive function and 
memory amongst the groups at baseline.

Table 1. Baseline characteristics

Mean reaction time Errors

Parameter
Placebo as 
stimulant
(n=53)

Placebo 
as inert 
substance
(n=51)

No 
treatment
(n=52)

P value
Placebo as 
stimulant
(n=53)

Placebo 
as inert 
substance 
(n=51)

No 
treatment
(n=52)

P value

Simple reaction 
T-time

One hand 347.22
(6.98)

328.01
(8.99)

330.76
(6.60) 0.728 0.19

(0.19)
0.25
(0.18)

0.00
(0.00) 0.802

Both hands 507.49
(11.72)

487.49
(11.44)

497.64
(10.40) 0.657 3.75

(0.61)
3.47
(0.56)

2.94
(0.52) 0.451

Choice reaction 
time

431.30
(17.06)

406.15
(15.02)

401.48
(11.89) 0.588 0.59

(0.33)
0.78
(0.43)

0.59
(0.27) 0.533

Choice discrimina-
tion time

382.95
(3.46)

380.21
(4.64)

373.38
(4.70) 0.763 20.98

(1.18)
21.20
(1.45)

20.33
(1.45) 0.695

Task switching

Congruent 1 587.17
(17.97)

567.39
(20.21)

576.96
(23.55) 0.064 4.63

(1.12)
3.38
(0.96)

3.22
(1.01) 0.879

Congruent 2 627.98
(20.11)

597.70
(21.98)

574.25
(21.79) 0.221 4.43

(1.25)
5.36
(1.62)

3.70
(0.96) 0.427

Incongruent 1 689.94
(25.16)

626.47
(25.26)

630.63
(26.07) 0.117 16.50

(2.39)
10.57
(1.83)

10.01
(1.61) 0.894

Incongruent 2 697.72
(29.39)

661.75
(23.72)

652.18
(26.11) 0.059 18.98

(2.37)
17.11
(2.36)

16.68
(2.03) 0.663

Digit picture substi-
tution test

1616.53
(33.14)

1537.04
(24.47)

1562.25
(49.21) 0.380 1.96

(0.59)
1.96
(0.31)

3.22
(1.30) 0.932

Numeric working 
memory test

360.73
(12.77)

324.04
(15.18)

339.75
(13.51) 0.946 3.43

(0.42)
3.20
(0.42)

4.22
(0.46) 0.426

Immediate picture 
recall test

668.57
(16.19)

658.92
(22.81)

658.90
(21.15) 0.972 0.78

(0.16)
0.80
(0.23)

1.02
(0.14) 0.174

Digit symbol substi-
tution test

69.00
(1.92)

69.98
(1.94)

70.51
(2.12) 0.506

Six letter cancella-
tion test

35.39
(1.49)

35.22
(1.54)

35.67
(1.18) 0.770

Trail making A 20.73
(1.17)

21.00
(1.09)

20.12
(0.99) 0.617

Trail making B 40.12
(1.97)

42.71
(2.47)

40.96
(2.30) 0.431

Hand steadiness 
test 7 

11.04
(2.31)

10.63
(1.99)

9.06
(1.41) 0.664

Hand steadiness 
test 9

49.71
(4.99)

51.12
(4.64)

49.71
(4.43) 0.480

Data represented in mean (Standard error)
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Table 3. C
hange in reaction tim

e before and after intervention in executive and m
em

ory function

Param
eter

C
hange in reaction tim

e before and after intervention
G

roup w
ise com

parisons* (B
onferroni)

Δ Placebo as 
stim

ulant (Ps)
(n=51)

Δ Placebo as 
inert subs (Pi)
(n=51)

Δ N
o 

treatm
ent (N

t)
(n=51)

P value

Δ (Ps) vs. Δ (Pi)
(n=51)

Δ (Pi) vs. Δ N
t

(n=51)
Δ (Ps) vs. Δ N

t
(n=51)

M
ean 

difference
P value

M
ean 

difference
P value

M
ean 

difference
P value

C
hoice discrim

ination 
test

11.16
(6.34 to 
15.98)

-5.46
(-12.02 to 
1.10)

-7.06
(-11.48 to 
-2.63)

0.003
16.62
(5.76 to 
27.48)

0.001
1.59
(-8.47 to 
11.66)

1.000
18.22
(9.52 to 
26.91)

<0.001

Task sw
itching

C
ongruent 1

55.72
(30.31 to 
81.14)

- 28.98
(-56.99 to 
-0.96)

-4.86
(-32.65 to 
22.91)

0.026
84.70
(43.36 to 
126.05)

<0.001
-24.11
(-69.25 to 
21.02)

0.575
60.59
(10.23 to 
110.95)

0.013

C
ongruent 2

66.24
(33.96 to 
98.52)

-30.45
(-50.57 to 
-10.32)

-26.30
(-53.28 to 
0.67)

0.041
96.69
(54.44 to 
138.93)

<0.001
-4.14
(-44.92 to 
36.63)

1.000
92.54
(35.03 to 
150.05)

0.001

Incongruent 1
87.44
(40.80 to 
134.09)

-28.62
(-64.42 to 
7.18)

-14.09
(-45.49 to 
17.32)

0.046
116.07
(44.44 to 
187.70)

0.001
-14.54
(-56.40 to 
27.33)

1.000
101.53
(32.86 to 
170.20)

0.002

Incongruent 2
78.44
(28.15 to 
128.72)

-11.66
(-48.55 to 
25.22)

-15.42
(-49.98 to 
19.14)

0.010
90.10
(13.58 to 
167.52)

0.016
3.76
(-58.96 to 
66.47)

1.000
93.85
(18.41 to 
169.30)

0.010

Trail m
aking A

4.28
(2.96 to 5.59)

0.47
(-0.57 to 
1.51)

0.29
(-0.48 to 
1.07)

0.018
3.80
(1.52 to 
6.09)

<0.001
0.18
(-1.45 to 
1.80)

1.000
3.98
(2.06 to 
5.90)

<0.001

Trail m
aking B

8.16
(6.23 to 
10.08)

1.61
(-0.29 to 
3.51)

0.35
(-2.16 to 
2.86)

0.022
6.55
(3.10 to 
9.99)

<0.001
1.26
(-2.78 to 
5.29)

1.000
7.80
(3.98 to 
11.63)

<0.001

N
um

eric w
orking 

m
em

ory test

36.35
(24.32 to 
48.39)

-44.51
(-64.05 to 
-24.10)

-24.78
(-46.73 to 
-2.84)

0.286

Im
m

ediate picture 
recall test

54.04
(34.30 to 
73.78)

-45.31
(-72.31 to 
-18.32)

-21.73
(-42.05 to 
-1.40)

0.005
99.35
(60.54 to 
138.17)

<0.001
-23.59
(-60.51 to 
13.34)

1.000
75.77
(43.56 to 
107.97)

<0.001

Archana Mishra, Sudhir Chandra Sarangi, & KH Reeta : EFFECT OF DECEPTIVE VERSUS NON-DECEPTIVE PLACEBO  
ON PSYCHOMOTOR AND COGNITIVE FUNCTIONS IN HEALTHY ADULT HUMAN VOLUNTEERS: AN OPEN-LABEL  

CROSS-OVER RANDOMIZED CONTROLLED TRIAL        Psychiatria Danubina, 2024; Vol. 36, No. 3-4, pp 340-350 



348

Change in outcome variables

Change in measures of psychomotor function
A significant difference was observed between the Ps 

and Pi groups for change in score after administration of 
intervention for simple reaction time (one hand: 47.15; 
95% CI: 30.99 to 63.32; p <0.001, both hands: 63.90; 
95%CI: 46.23 to 81.57; p <0.001) choice reaction time 
(79.83; 95%CI: 41.27 to 118.40; p<0.001) and digit pic-
ture substitution test (182.12; 95% CI: 116.0 to 248.24; 
p < 0.001); the difference was significant for Ps and Nt 
groups (Simple rection test – one hand: 44.06; 95%CI: 
25.54 to 62.58; p <0.001, both hands: 58.71; 95%CI: 
44.26 to 73.17; p <0.001, choice reaction time: 69.39; 
95%CI: 32.67 to 106.12; p <0.001, digit picture substi-
tution test: 194.22; 95%CI: 117.74 to 270.70; P <0.001) 
but the difference was not significant for Pi and Nt groups. 
However, no significant difference was found in digit 
symbol substitution, six letter cancellation test and hand 
steadiness test. (Table 2)

Change in executive function scores
A significant difference was observed in choice 

discrimination test (16.62; 95%CI: 5.76 to 27.48; p 
=0.001), task switching (Congruent 1: 84.70; 95%CI: 
43.36 to 126.05; p <0.001, Congruent 2: 96.69; 54.44 to 
138.93; p <0.001, Incongruent 1: 116.07; 95%CI: 44.44 
to 187.70; p = 0.001, Incongruent 2: 90.10; 95%CI: 
13.58 to 167.52; p = 0.016) and trail making (Trail mak-
ing A: 3.80; 95%CI: 1.52 to 6.09; p <0.001, Trail mak-
ing B: 6.55; 95%CI: 3.10 to 9.99; p <0.001) between 
Ps and Pi groups for change in scores from baseline; 
the difference in scores were significant for Ps and Nt 
groups (choice discrimination test: 18.22; 95%CI: 9.52 
to 26.91; p <0.001, Trail making A: 3.98; 95%CI: 2.06 
to 5.90; p <0.001, Trail making B: 7.80; 95%CI: 3.98 to 
11.63; p<0.001) but the difference from baseline was not 
significant for Pi versus Nt. (Table 3)

Change in memory functions
There was no significant difference amongst the 

groups in change in scores for numeric working mem-
ory test but there was significant difference in change in 
scores in immediate picture recall test when Ps group 
was compared with Pi (99.35; 95%CI: 60.54 to 138.17; 
p <0.001) and Nt (75.77; 95%CI: 43.56 to 107.97; p 
<0.001). There was no difference in change in scores be-
tween Pi and Nt. (Table 3)

There was no significant difference in error rates 
amongst the groups. No adverse events were reported by 
any participant enrolled in the study.

DISCUSSION

The present study evaluated the effect of placebo de-
ceived as stimulant on psychomotor, executive and mem-
ory functions in healthy volunteers compared to placebo 
that may be an inert substance and to a situation where no 
treatment was administered. In deception, patients were 
convinced that they were being administered a stimulant 
drug and that it would reduce their reaction time when tak-
ing the tests. In this study, participants showed a significant 
reduction in reaction time in most of the computerized test 
for evaluation of psychomotor function, executive func-
tion and memory. While calculating difference in mean 
of change in scores after administration of intervention in 
paper and pencil tests for psychomotor functions, the dig-
it symbol substitution test and six letter cancellation tests 
showed no statistical difference; however, there was a sig-
nificant reduction in placebo as stimulant over placebo as 
inert substance or no intervention groups for trail making 
tests of executive functions. No significant difference was 
observed for motor functions in hand steadiness test as well.

As placebo response is dependent not only to patient 
factors but accounts for physician’s convincing ability as 
well, the difference between the clinical trial and patient 
care settings becomes obvious. Reward mechanism of 
brain plays a major role in building expectations (Fromer 
et al. 2021). This expectancy can be qualitative and quan-
titative both (Vase et al. 2011). An expectancy for proba-
ble occurrence of response is qualitative benefit and the 
magnitude of that response can be measured quantitative-
ly. True placebo effect can be calculated by comparing 
effect of placebo against no intervention, but at the same 
time it will be unethical to perform such an experiment 
for diseased individuals. In our study, the qualitative ex-
pectation of benefit was established by convincing par-
ticipants that they were receiving a stimulant drug and 
quantitative measurement of the same was shown by 
comparison with a probable placebo and no treatment. 
This is already known that the participants of a clinical 
trial and a patient in healthcare setting may have different 
expectations from the drug being administered. 

In this study, we have included a no treatment group 
with an intent to quantify the placebo effect in clinical trial 
and clinical practice settings. Findings of this study reveal 
that placebo in clinical practice settings produce a signifi-
cantly good response when compared with clinical trial 
settings or when compared to a condition where no treat-
ment is administered. In our study, there was no difference 
in change from baseline in the groups with respect to error 
rates in psychomotor, cognitive and executive functions. 
Apparently, it is not number of choices amongst the stimu-
li but number of choices amongst responses that slows up 
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subject’s processing activities and complicates decision 
making ability of an individual. Error rates increase as a 
function of complexity of psychomotor function and may 
not be a function of participant’s expectations.

In a study by Kirsch et al, deceptive administration of 
placebo has been shown to have significant effect on alert-
ness, tension, pulse-rate, systolic blood pressure, and sub-
jective probabilities of having consumed caffeine, while 
no difference was found in motor function (Kirsch & 
Weixel 1988). They further concluded that the change in 
response was proportional to the belief of participants on 
the effect produced by the intervention. Ashor et al con-
ducted a study to evaluate placebo effect on psychomo-
tor function and working memory function when healthy 
volunteers received placebo as stimulant, unknown and 
inert substance (Ashor 2011). They compared the change 
after administration from baseline in each of these situa-
tions and found that placebo as stimulant enhanced psy-
chomotor function tests but not critical flicker fusion test 
(Ashor 2011). Placebo as unknown significantly deterio-
rated psychomotor function and as an inert substance had 
no significant effect in that study. But the investigators 
did not compare the change between the groups (Ashor 
2011). To the best of our knowledge, our study becomes 
first of its kind to compare the change in mean scores 
amongst the groups and incorporate a no treatment group 
so that true placebo effect could be identified which is 
usually not possible with diseased participants.

Our study showed that though reaction time is highly 
influenced by placebo administration, there was no sig-
nificant difference in error rates(accuracy) in the tests. 
Placebo effect has been attributable to expectation of a 
patient and condition to the environment (clinical set up 
and presence of a doctor) but is not limited to these. It 
is not uncommon for clinical trials to yield uninterpre-
table results, due in part to the placebo response espe-
cially for psychopharmacological drugs. A unified model 
which takes account of expectation-based neurochemical 
changes and disease specific neurotransmitter release 
needs to be devised. The calculation of true drug effect in 
a clinical trial needs development of an algorithm which 
balances for placebo response in clinical trial and clinical 
practice settings along with patient expectations based 
on disease conditions and personal factors. The ability to 
distinguish between therapeutic and placebo responses 
in the treatment groups would allow researchers to iden-
tify possible placebo responders in randomised control 
studies (Jakšić et al. 2013). This drug effect can then be 
generalized to settings of patient care. Most psychiatric 
disorders, including depression, anxiety, addictions, and, 
perhaps surprisingly, schizophrenia, are affected signifi-
cantly by the placebo effect (Požgain et al. 2014).

The main limitation of this study was multiple repeti-
tions of the same tests. Still, increased proficiency due to 
repetitions was taken care of by training the participants for 
those tests before start of actual clinical study. This may be 
similar to conditioning which is believed to teach expec-
tancies to the participants. Secondly, results of this study 
may or may not be generalizable to diseased condition and 
other physiological functions as disease severity may be 
directly proportional to the placebo response. However, the 
same does not hold true for a drug effect which is always 
present and is not related to severity and thus, assump-
tions of additive model may not hold true (Fountoulakis 
& Moller 2011). Third, Multiple doses of the intervention 
and multiple timepoints of observation would have added 
more value to the study results. Fourth, adding a biomarker 
would have substantiated the study findings.

CONCLUSION

There is a significant difference between deceptive 
placebo (placebo as stimulant) over non-deceptive pla-
cebo (placebo as inert substance) and deceptive placebo 
over no treatment on psychomotor, executive and memory 
functions. Thus, we can conclude that clinical trial settings 
differ significantly from patient care settings and the con-
ventional additive model used to generalize results of a 
clinical trial to real world patient care needs some modifi-
cations. Further studies may be conducted to address pla-
cebo effect in other physiological functions and propose 
evidence-based placebo therapeutics in conditions where 
definitive treatments are not available at this point of time. 
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