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INTRODUCTION 

Post-lunch dip in psychomotor performance is a 

commonly observed phenomena that has been linked to a 

12-hour harmonic in 24-hour circadian rhythm.1,2 It is a 

common practice to consume coffee or tea during this 

period in order to enhance the work performance. Caffeine 

present in coffee or tea is well known to positively 

influence various domains of psychomotor performance 

like reaction time, concentration, attention time and 

vigilance.3-5 Besides, acute and chronic effects of caffeine 

have also been reported on higher order central nervous 

system functions like cognition and mood.4-6 An 

improvement in learning, decision-making and real-world 

activities such as automobile and aircraft operation in 

sleep-deprived individuals has also been reported 

following caffeine intake.7 Bioactive components of 

coffee other than caffeine, its sensory properties like 

aroma, taste, visual appearance, anticipation and 

conditioning effect associated with coffee consumption 

have also been suggested to contribute to this beneficial 

effect when evaluated at various time points of the day.8-11   

Addition of caffeine tablets to decaffeinated coffee has 

also been found to improve attention span and mood of the 
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ABSTRACT 

Background: This study aimed to compare the effect of regular coffee and decaffeinated coffee on psychomotor 

performance in healthy volunteers during post-lunch period. 

Methods: In this randomized double-blind cross-over study, adult healthy volunteers were given hot coffee (3 g each 

of regular or decaffeinated coffee) during post-lunch period. Psychomotor functions (critical flicker-fusion frequency 

(CFF), choice reaction time (CRT) and error count in hand-steadiness test (HST)), blood pressure and heart rate were 

measured pre-lunch, pre-coffee (1-hour post-lunch) and 1-hour post-coffee consumption. Subjective ratings of 

sleepiness and mood were also assessed during post-lunch sessions. 
Results: The mean age of the participants (n=16) was 27.4±2.7 years with a male: female ratio of 7:9. There was no 

significant deterioration in psychomotor performance post-lunch when compared to pre-lunch on both the days. The 

mean CFF, CRT, errors committed in HST and cardiovascular parameters did not differ significantly between regular 

coffee and decaffeinated groups during post-lunch sessions. There was no significant difference in values of 

cardiovascular parameters as well as subjective ratings of sleep and mood between two groups. 

Conclusions: In healthy adult individuals’ consumption of both regular coffee and decaffeinated coffee during the post-

lunch period did not affect psychomotor performance. 
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individual during post-lunch period.2 Coffee is either 

consumed as black coffee in plain water or with milk and 

sugar. Milk and sugar reduce the bitterness of coffee 

without affecting the bioavailability of phenolic acids 

present in it and is the traditional way of coffee 

consumption in India.12 It was hypothesized that regular 

coffee in comparison to decaffeinated coffee (both with 

milk and sugar) would improve psychomotor performance 

in adult healthy volunteers during post-lunch period. 

Hence, the primary objective of this study was to compare 

the effect of regular and decaffeinated coffee on 

psychomotor performance during post-lunch period. 

Secondary objectives were to compare the effect of lunch 

on psychomotor performance and to compare the effect of 

regular versus decaffeinated coffee on cardiovascular, 

sleep and mood parameters during post-lunch period. 

METHODS 

A randomized cross-over study was conducted in the 

Clinical Pharmacology Research laboratory, at 

Department of Pharmacology after approval of institute 

ethics committee. The study was conducted according to 

Declaration of Helsinki and Good Clinical Practice 

guidelines. It was registered with Clinical Trials Registry 

of India (CTRI/2019/02/017763). 

Study population 

The study included 16 post-graduate students, of either 

gender, in the age range of 21-35 years, who provided 

written informed consent. Their demographic and clinical 

characteristics are given in Table 1. The sample size was 

calculated in order to have 80% chance of detecting a 

decrease in reaction time of 40 milliseconds in regular 

coffee group versus decaffeinated coffee group with a 

standard deviation of 40 milliseconds and significance at 

the 5% level.2 It excluded individuals who were current 

smokers (smoked at least 100 cigarettes in the past and also 

currently smoke cigarettes); with medication intake 

(especially drugs causing psychomotor impairment like 

anti-histamines, benzodiazepines, caffeine containing 

medicinal preparations, CYP1A2 inducers and inhibitors); 

with cough and cold for past 1 week; with caffeine use 

disorder as per Diagnostic and statistical Manual 5 (DSM 

5) criteria; with any other concurrent illness like 

hypertension and diabetes mellitus; consuming more than 

4 cups of any type of coffee every day; who have never 

consumed caffeinated beverages; who were pregnant or 

lactating.13,14 

Randomisation and allocation concealment 

A computer-generated permuted block randomization was 

performed by statistician using STATA version 14.2 

software. A third person who was not involved in the study 

had placed the coffee pouches inside the sequentially 

numbered sealed opaque envelopes as per randomization 

sequence generated. The investigator and participants 

were blinded to the study intervention. 

Table 1: Demographic and clinical characteristics of 

participants. 

Characteristics 
Participants 

(n=16) 

Age in years (mean±SD) 27.4±2.7 

Sex (male: female) 7: 9 

BMI in kg/m2 (mean±SD) 24.4±3.3 

History of Myopia (n) (%) 10 (62.5) 

SBP in mm of Hg (mean±SD) 106.6±9.3 

DBP in mm of Hg (mean±SD) 69.5±7.0 

HR in beats per minute (mean±SD) 80.3±7.7 
BMI=body mass index; SBP=systolic blood pressure; 

DBP=diastolic blood pressure; HR=heart rate 

Study procedures 

All eligible participants gave written informed consent and 

were familiarized with the instruments used for 

psychomotor test while screening, one day prior to the 

study. Participants were advised not to consume any 

alcoholic beverages or caffeinated products from the 

previous night of the study day and not to do any strenuous 

physical activity on the study day. They were also advised 

to have a good night sleep. Out of sixteen participants, 

eight were randomly allocated to decaffeinated-regular 

coffee sequence and remaining were allocated to regular-

decaffeinated coffee sequence with a minimum of three-

day time interval (Figure 1). On the first day of study, 

participants reported to the clinical pharmacology 

laboratory around 10:00 am after having light breakfast 

around 8:00 am. Their history, physical examination, 

frequency of caffeinated product consumption as never, 

rare, seldom (once a week), occasional (few times a week), 

regular (on most days per week) and very regular (daily or 

multiple times daily) were captured in the study specific 

case record form. Majority of the participants (75%) were 

regular or very regular tea or coffee drinkers. A pre-lunch 

assessment of psychomotor function and cardiovascular 

parameters was made between 10:00 and 11:00 am. The 

participants were provided standard vegetarian meal 

consisting of two pieces of whole wheat flour bread (roti) 

and one bowl of vegetables comprising of carbohydrate: 

50%, protein: 15% and fat: 35% with an approximate 

caloric value of 650 Kcal at 1:00 pm and were encouraged 

to complete the lunch within half an hour. Pre-coffee 

assessments, coffee intake and post-coffee assessments 

were carried out at 2.30 pm, 3.00 pm and 4.00 pm 

respectively as described in Figure 2. After intervention the 

participants were shown nature related videos for one hour. 

The cross-over part of the study was performed between 

day 3 and 8 with maximum participants (75%) reporting on 

day 7 and followed the similar time schedule as in previous 

visit. 

Coffee preparation 

Three grams of granules of regular and decaffeinated 

coffee (single lot, Nescafe gold, Nestle products, India 

equivalent to 90-100 mg and 3-12 mg of caffeine 
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respectively) were weighed and sealed in airtight ziplock 

bags.3,15 One packet of coffee, two sugar cubes (4.1 g each) 

and two milk powder sachets (1.8 g each; single lot, Nestle 

Everyday dairy creamer) were dissolved in a cup 

containing 150 ml of hot water (55 to 60 C). 

Psychomotor assessment 

The psychomotor assessment was carried out in a semi 

dark, quiet room. The order of administration of tests was 

Choice Reaction Time (CRT), Critical Flicker-fusion 

Frequency (CFF), and Hand-steadiness Test (HST) for all 

the sessions on both days and the time taken for completion 

of each test was 20 seconds, 8 minutes, and 2 minutes 

respectively. 

CRT 

It was measured as an indicator of sensori-motor 

processing of input-output response chain in central 

nervous system.10 The participant was administered a series 

of visual stimuli of red, green, blue and yellow LED lights 

at random using multiple CRT apparatus (INCO Ltd, 

Ambala, India). The time taken to switch off the light by 

pressing the button or by foot pedal was measured by a 

digital chronometer. The average of twenty readings was 

expressed as CRT in milliseconds. 

CFF  

It is an indicator of cortical arousal and alertness and 

denotes the ability of an individual to discriminate between 

flickering and steady state light beam.16 The frequency at 

which the individual starts perceiving the flickering light 

as fused light is called ascending threshold and vice-versa 

is known as descending threshold. CFF denotes the average 

of ascending and descending threshold and was measured 

by digital flicker fusion apparatus (INCO Ltd, Ambala, 

India). Three replicate measurements of ascending and 

descending thresholds for both red and green light source 

were recorded and the average of six recordings was taken 

as G-CFF for green light source and R-CFF for red light 

source and expressed in hertz (Hz). 

HST  

It assesses the fine motor control where the participant 

inserts a probe in holes of decreasing radius (9, 7, 6, 5, 3 

and 2 mm) to a depth of 5 mm without touching the sides 

while holding for 20 seconds. The number of contacts of 

the probe with the side wall of hole was recorded by 

impulse counter in the digital hand steadiness tester (INCO 

Ltd, Ambala, India) and expressed as HST error count. 

 

Figure 1: Participant enrolment and study design.

Cardiovascular evaluation 

Systolic and diastolic blood pressures (SBP and DBP) and 

heart rate (HR) were recorded in sitting position using 

Omron digital BP apparatus (Tokyo, Japan) and average of 

three readings was considered for analysis. 

Sleep duration and mood evaluation 

The participants were asked to rate their previous night 

sleep quality with a rating of 0 for bad quality to 10 for 

good quality.  
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Subjective ratings of state of mind were recorded in a 

visual analogue scale of 0-10 cm during post-lunch period 

before and after coffee, viz. sleepiness (0) and awake state 

(10), anxious (0) and casual (10), happy (0) and sad (10), 

lethargic (0) and energetic (10). 

Statistical analysis 

As the study was a cross-over trial, the carryover effect 

(the residual effect caused by the previous treatment due 

to different order of administration of interventions) and 

period effect (the familiarization with study situation 

during cross-over day when compared to allocation day) 

had been initially assessed by unpaired t test and both were 

not found to be significant [carry over effect: p=0.518, 

0.055, 0.166, 0.324 and period effect: p=0.697, 0.367, 

0.53, 0.465 for G-CFF, R-CFF, CRT and HST, 

respectively]. As the pre-coffee values between two 

groups were not found to be significant, the post-coffee 

values of psychomotor functions between regular and 

decaffeinated groups was analysed using paired t test 

(primary outcome measure). The same test was used in the 

analysis of pre-lunch and pre-coffee values as well as 

cardiovascular and subjective ratings of mood and sleep. 

Statistical tests were performed using STATA (version 

14.2, StataCorp LP, College Station, TX: USA) and the 

data are expressed as mean  standard deviation (SD). The 

value of p<0.05 was considered statistically significant. 

RESULTS 

Effect of decaffeinated and regular coffee on 

psychomotor performance during post-lunch period 

The psychomotor functions (primary outcome of the study) 

when evaluated in decaffeinated and regular coffee groups 

before and after coffee intake, did not reveal a significant 

change. The pre-coffee and post coffee values of G-CFF 

and R-CFF were found to be similar in both the groups 

(p=0.318 and p=0.783, respectively). A further evaluation 

of CRT in both the groups showed only a marginal 

decrease in post coffee values as compared to pre-coffee 

values though the difference was not found to be 

statistically significant (p=0.849). Similarly, in comparison 

to pre-coffee values, post coffee values of HST error count 

were also not significantly different in both the groups 

(p=0.92) (Table 2). 

Effect of lunch on psychomotor performance  

The effect of lunch on psychomotor performance was 

evaluated both on allocation day and crossover day 

separately and the pre-lunch values were compared with 

post-lunch (i.e. pre-coffee) values. Table 3 shows that pre-

lunch and pre-coffee values for G-CFF, R-CFF and HST 

error count were comparable on both allocation and 

crossover days. There was a slight change in pre-coffee 

values of CRT with respect to pre-lunch values on both the 

days though the difference was not statistically significant 

(p=0.666 and p=0.559, respectively). 

P: psychomotor function, (CFF: critical flicker-fusion frequency, 

CRT: choice reaction time, HST: hand steadiness test, EC: error 

count), C: cardiovascular parameters, (SBP: systolic blood 

pressure, DBP: diastolic blood pressure, HR: heart rate), M: 

mood rating, and S: sleep rating. 

Figure 2: Time schedule for assessment of outcome 

parameters on a single allocation day. 

Effect of decaffeinated and regular coffee on 

cardiovascular parameters during post-lunch period 

The pre-coffee and post-coffee values of SBP, DBP and 

HR were found to be comparable in both decaffeinated and 

regular coffee groups and the mean difference of post-

coffee values in SBP, DBP and HR between regular and 

decaffeinated coffee groups (1.8 mm of Hg, 1.9 mm of Hg 

and -2.8 beats per minute) did not reach statistical 

significance (p=0.364, p=0.140 and p=0.362, 

respectively).  

 

Table 2: Psychomotor performance in decaffeinated and regular coffee group during post-lunch period. 

Psychomotor test 

parameters 

Decaffeinated coffee (n=16) Regular coffee (n=16) 
P value 

Pre-coffee Post-coffee Pre-coffee Post-coffee 

G- CFF (Hz) 40.8±2.7 40.9±2.9 41.0±3.4 41.5±2 .4 0.318 

R-CFF (Hz) 40.2±2.8 40.7±2.9 40.4±2.4 40.8±2.1 0.783 

CRT (milliseconds) 521.6±100.5 507.1±73.2 519.9±67.9 511.8±79.7 0.849 

HST error count  81.9±24.0 80.3±32.8 74.8±29.5 79.3±27.7 0.92 
Values represent mean±SD. G-CFF: critical flicker-fusion frequency for green light source; R-CFF: critical flicker-fusion frequency for 

red light source; Hz: Hertz; CRT: choice reaction time; HST: hand steadiness test 
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Table 3: Psychomotor performance during pre-lunch and pre-coffee period. 

Psychomotor test parameters Pre-lunch (n=16) Pre-coffee (n=16) P value 

Allocation day 

G-CFF (Hz) 41.1±2.4 41.2±3.4 0.780 

R-CFF (Hz) 40.8±2.6 40.2±2.9 0.073 

CRT (milliseconds) 544.4±86.6 552.3±72.1 0.666 

HST error count  79.4±26.3 76.9±29.9 0.661 

Crossover day 

G-CFF (Hz) 40.9±2.6 40.6±2.7 0.279 

R-CFF (Hz) 40.7±2.4 40.4±2.3 0.375 

CRT (milliseconds) 501.4±59.0 489.2±86.0 0.559 

HST error count  82.8±20.9 79.8±24.1 0.670 

Table 4: Subjective ratings of sleep and mood in decaffeinated and regular coffee group during post-lunch period. 

Subjective mood parameters 

Decaffeinated coffee Regular coffee 

P value Pre-coffee 

(n=16) 

Post-coffee 

(n=15) 

Pre-coffee 

(n=16) 

Post-coffee  

(n=16) 

Sleepiness- awake (0-10 cm) 4.6±2.5 6.1±2.3 5.7±2.0 7.1±2 .3 0.334 

Anxious- casual (0-10 cm) 7.8±1.8 7.1±2.3 8.2±1.9 8.8±1.4 0.07 

Happy-sad (0-10 cm) 4.1±1.7 3.8±2.0 3.6±1.8 2.8±1.7 0.199 

Lethargic-energetic (0-10 cm) 5.1±2.1 5.6±2.1 5.2±2.5 6.8±2.0 0.208 
Values represent mean±SD; p value listed for the post-coffee values comparison

Subjective sleepiness and mood ratings during post-

lunch period 

Mean scores of previous night sleep quality between 

decaffeinated and regular coffee groups were found to be 

8.3±1.7 and 7.8±1.8 and the difference was not statistically 

significant (p=0.479). Evaluation of subjective rating of 

sleep has shown that twelve out of sixteen participants were 

found sleepy at pre-coffee time having visual analogue 

score of less than 5. Mean sleepiness-awake score was 

found to increase from pre-coffee time to post-coffee time 

in both the groups though the difference was not 

statistically significant (p=0.334). Anxious-casual score 

was marginally decreased in decaffeinated group and 

increased in regular coffee group from the pre-coffee 

scores. Like sleepiness-awake score, the happy-sad and 

lethargic-energetic scores showed a slight improvement in 

post-coffee values (Table 4). 

Adverse events 

None of the participants reported any adverse effects. 

DISCUSSION 

Post-lunch dip in both cognitive and physical performance 

in individuals during afternoon hours has been a 

commonly observed phenomena that has been more likely 

to occur in individuals who wake up very early in the 

morning.1,2,17 Such an effect has also been attributed to the 

high carbohydrate content of lunch.1 It is a usual practice 

to consume coffee or tea to counteract this lassitude. The 

present study was carried out to evaluate the effect of 

caffeine on psychomotor performance in post-lunch period 

in healthy volunteers having low to moderate caffeine 

intake. A randomised study was designed and the 

participants were given decaffeinated coffee or regular 

coffee in a cross over manner. As both quantity and nature 

of lunch have been reported to affect psychomotor 

performance, the participants were given uniform lunch on 

both allocation and crossover study days unlike previous 

studies.2,5  

An evaluation of psychomotor function revealed that 

effect of lunch on psychomotor function on both the days 

revealed that the pre-lunch values for G-CFF, R-CFF, CRT 

and HST error count were comparable to the post-lunch 

i.e., pre-coffee values. In contrast to several other studies, 

a post-lunch dip in psychomotor performance was not 

observed in present study though a subjective feeling of 

sleepiness was present in most of the participants as also 

reported by others.2,5,17 This might be explained by the fact 

that laboratory-based performance activities might not 

universally show dip in post-lunch when compared to real-

life settings.1  

In present study both regular coffee (containing 90-100 mg 

caffeine) and decaffeinated coffee (containing 3-12 mg 

caffeine) were given with milk and sugar in accordance 

with regular practice in South Asian countries particularly 

in India.18 Intake of coffee in this form did not affect any 

of the psychomotor functions evaluated in this study to a 

significant extent when compared with pre-coffee values. 

Addition of milk to coffee have been shown to not to affect 

pharmacokinetics of coffee while addition of non-dairy 

creamer and sugar have been reported to decrease Cmax and 

Tmax of coffee phenolic acids like caffeic acid and ferulic 

acid.12 
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Caffeine given as black coffee or addition of caffeine 

capsule to decaffeinated coffee has earlier been reported to 

improve psychomotor performance.2,11,19,20 It is quite 

possible that higher content of caffeine, other bioactive 

constituents of coffee or its aroma could have produced 

beneficial effect on psychomotor functions in previous 

studies.2,9,19 Frequent consumption of coffee during the day 

has also been shown to improve CFF and CRT at different 

time points of the day including afternoon when compared 

with plain water as placebo.10 Similarly, a single high dose 

of caffeine has also been reported to increase HST error 

count when compared with low dose.21,22 In present study, 

the dose of caffeine administered in regular coffee group 

was lower in comparison to other studies.2,19 

A slight improvement in sleep and mood rating after single 

cup of both decaffeinated and regular coffee as observed 

in present study is noteworthy. Both the coffee groups 

were more awake, felt more energetic and happier in 

comparison to findings of other studies.2,9 A slight positive 

effect of caffeine was evident on anxious-casual rating in 

regular coffee group which was not in line with its 

stimulant effect on autonomic nervous system.23 Caffeine 

has earlier been reported to improve mood and 

psychomotor performance in comparison to placebo. 

Besides, other bioactive compounds of coffee and the 

conditioning effect associated with coffee may also 

contribute to its beneficial effect on these parameters.8,24,25  

The adjustment for baseline pre-coffee values and pre-

coffee sleep and mood ratings on the primary outcome of 

psychomotor parameters did not yield any significant trend 

in the present study (data not shown). The effect of coffee 

on cardiovascular parameters in both the groups was not 

significant at the doses consumed in present study though 

higher doses of coffee have been shown to consistently 

increase both SBP and DBP in normotensive individuals.26 

Limitations 

The exact amount of caffeine in the final regular and 

decaffeinated coffee preparation were not estimated and 

the effect of milk and sugar on the bioavailability of 

caffeine could not be ascertained as the plasma caffeine 

levels were not measured in the participants. Participant’s 

adherence to study instructions like avoidance of caffeine 

products were confirmed verbally; assessments of baseline 

caffeine levels were not done.  

CONCLUSION 

The present study shows that a single cup of regular or 

decaffeinated coffee in mild to moderate caffeine users 

when consumed after lunch may slightly improve 

subjective rating of mood and sleepiness but does not 

objectively affect psychomotor functions. Further 

investigation into examining the effects of bioactive 

components in coffee other than caffeine on the 

psychomotor functions is warranted. 
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