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ABSTRACT 

Background: Research has examined the acute effects of caffeine on 

many aspects of memory. Less is known about the effects of the level 

of caffeine regularly consumed or how this might interact with the 

acute effects of caffeine, and this was examined using semantic 

processing and executive function (logical reasoning) tasks. Methods: 

A secondary analysis of data from three recently published studies is 

reported. There were 177 participants (university students) in the 

dataset. Chronic caffeine consumption was analysed in two ways. The 

first split the samples into quartiles. The second method compared 

those who consumed less than 30mg of caffeine daily with those with 

higher consumption levels. After baseline testing, separate groups 

either received caffeine or a placebo. The caffeine dose was 4mg/kg and was carried out 

double-blind. Results: At baseline, there were no significant effects of regular levels of 

caffeine consumption. The usual positive effects of acute caffeine were observed in both the 

semantic processing and logical reasoning tasks. No significant interactions existed between 

regular caffeine intake and caffeine/placebo groups. Conclusion: The results show little 

effect of the regular level of caffeine consumption and no interactions between this and acute 

challenge conditions. In contrast, acute effects of caffeine were observed for both tasks, 

confirming previous findings. 
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INTRODUCTION 

Previous research
[1-20]

 has investigated the effects of caffeine on a range of memory systems 

and processes, and in our recent studies
[21-25],

 we have found that only the effects on semantic 

memory and executive function are reliable and replicable. The findings so far, however, may 

not be a complete profile of the effects of caffeine on semantic memory and executive 

function because, as well as immediate, short-term effects, caffeine could potentially have 

longer-term effects on the systems as a result of regular levels of caffeine consumption. No 

previous study has addressed the possibility of long-term caffeine effects on semantic 

memory and executive function, and the present study aimed to redress this balance by 

looking at both the main effects of long-term caffeine consumption and interactions of long-

term consumption with acute ingestion. 

 

Compared to the investigation of the acute effects, the investigation of the cognitive effects of 

long-term caffeine consumption has received comparatively little attention. However, several 

strands of evidence suggest that the effects of caffeine on semantic memory and executive 

function are a possibility. The first of these strands of evidence comes from animal models 

where it has been shown for some years that long-term administration of caffeine causes both 

physiological changes (e.g. increasing the density of adenosine receptors
[26-27]

) and changes 

in behaviour.
[28]

 In order to elicit these changes, animal studies have generally used 

experimental manipulation of long-term caffeine consumption and very high doses, far more 

than the levels consumed by humans, so it is unknown to what extent the results can be 

generalised. 

 

The second source of evidence that long-term caffeine consumption has the potential to 

produce cognitive effects comes from human studies, which have produced a limited amount 

of evidence that regular caffeine consumption has a positive effect on free recall. Four studies 

have explicitly examined the effects of chronic caffeine consumption on memory, and all 

have used free recall as the measure of memory performance. Mitchell and Redman
[16]

 

compared small numbers of low (< 120mg/day), medium (120 to 300mg/day) and high (> 

300mg/day) caffeine users on a recall task and were unable to find any statistically significant 

differences between groups. Loke (1988)
[15]

 also looked used a free recall task and was again 

unable to show any main effects of long-term consumption of caffeine though an interaction 

between chronic and acute ingestion was found with low background consumers (< 

387.5mg/week) showing impaired performance after an acute caffeine challenge. Smith et 
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al.
[29]

 compared 24 participants with a high background caffeine intake (mean daily intake 

313.54 mg) with a group with a low background intake (mean daily intake 45.76 mg) on a 

measure of backward recall. No statistically significant effects were reported, but there was a 

trend toward better overall recall performance in the high background consumption group. 

The only study to report any statistically significant effects of long-term caffeine 

consumption on human memory was a large-scale study by Jarvis
[30]

 using a large sample of 

7414 British adults. The measure of memory used was again a free recall task, this time 

preceded by incidental encoding, and it was found that there was a dose-response trend 

toward improved performance with higher levels of caffeine consumption. Unfortunately, 

however, the study did not control for acute ingestion of caffeine, so the effects of chronic 

consumption are potentially contaminated with short-term self-administered caffeine. 

 

Other research has examined the effects of regular caffeine consumption on cognitive 

failures, which include problems remembering things. Research with a working sample,
[31]

 a 

non-working sample
[32]

, and an elderly sample
[33]

 has shown that higher levels of regular 

caffeine consumption are associated with less frequent cognitive failures. Another approach 

has examined the effects of caffeine on consumers and non-consumers of caffeinated 

beverages.
[34-36]

 These studies have usually focused on alertness, sustained attention and 

psychomotor speed, and there is a need to extend this methodology to consider semantic 

processing and executive function. 

 

None of the studies described above produced any evidence of adverse effects of regular 

caffeine consumption, and given that acute effects on semantic memory and logical reasoning 

are universally positive, it was predicted that if any effects of long-term caffeine consumption 

on these tasks were found these would also be positive. As well as investigating the main 

effects of long-term caffeine consumption, the other primary aim of the present study was to 

investigate the possibility of an interaction between the level of long-term caffeine and an 

acute caffeine challenge to provide further data regarding the effects of caffeine withdrawal. 

The debate over the effects of caffeine withdrawal centres on whether acute ingestion of 

caffeine actually causes an improvement in cognitive performance or whether it merely 

restores degraded performance caused by pre-test abstinence from caffeine.
[37-40]

 The present 

study required that participants abstain from caffeine for several hours before cognitive 

testing so that the effects of an acute caffeine challenge were not contaminated by the effects 

of self-administrated caffeine and was, therefore, in an ideal position to provide further 
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evidence to add to the debate. As James
[37]

 suggests, if there is a withdrawal effect, it would 

have been expected that at baseline, consumers with a high regular caffeine intake would 

suffer relatively significant impairments in performance compared to low or non-consumers. 

Furthermore, after an acute caffeine challenge, it would be expected, if the caffeine 

withdrawal theory were correct, that there would be an interaction between acute and long-

term consumption of caffeine, with an acute challenge improving (restoring) performance in 

participants who had high levels of regular caffeine consumption and not affecting those who 

were low caffeine users or non-users. If, however, as Smith
[39]

 suggests, there is no caffeine 

withdrawal effect that causes impairment in performance, there should be no difference 

between high or low caffeine consumers at baseline and no interaction between long-term 

consumption of caffeine and the acute challenge. 

 

Methodological Considerations 

The present analysis collated and employed the data sets from previous studies
[21,24,25]

, which 

used a caffeine dose of 4mg/kg in the acute caffeine challenge and methods of caffeine 

administration and measures of semantic memory that are known to produce consistent and 

replicable results. As long-term caffeine consumption results from self-administration, it is 

theoretically possible that mean daily caffeine intake is confounded with other variables such 

as personality factors, stress levels or health-related behaviours that might mediate caffeine 

consumption. A considerable volume of research has attempted to identify the correlates of 

caffeine consumption, and among the factors which have been identified as being positively 

correlated with caffeine consumption are smoking,
[41]

 age,
[42]

 work in managerial and 

administrative positions,
[42]

 and extraversion.
[16,43] 

Of these variables, only nicotine and age 

are known to influence memory performance, but as the participants were all full-time 

students and either non-smokers or occasional smokers, the effect of these variables was not 

considered to mediate caffeine intake in the sample used in the present experiment. 

 

Hypotheses 

Main effects of caffeine 

A) Participants with a high level of regular caffeine consumption will perform better on the 

semantic memory test than low consumers. 

B) Participants with a high level of regular caffeine consumption will perform better on the 

logical reasoning test than low consumers. 
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C) Acute ingestion of caffeine (4mg/kg) will significantly improve semantic memory 

performance; the number of trials attempted will be increased, the accuracy of responses 

will be increased, and mean reaction time (MRT) for correct responses will be decreased. 

D) Acute ingestion of caffeine (4mg/kg) will significantly improve central executive 

function; the number of trials attempted will be increased, the accuracy of responses will 

be increased, and MRT for correct responses will be decreased. 

 

Interactions between long-term and acute exposure to caffeine 

There will be no statistically significant interactions between long-term (self-administered) 

exposure to caffeine and acute exposure to caffeine (4mg/kg). 

 

METHOD 

The research was approved by the ethics committee School of Psychology, Cardiff 

University, and carried out with the informed consent of the participants. 

 

The study employed a between-subjects design with long-term caffeine consumption and 

experimental caffeine condition as between-subjects factors. Participants were divided into 

groups of differing background consumption based on mean daily caffeine intake, with 

comparison groups formulated in two ways. The first comparison groups for background 

consumption were derived statistically and consisted of four groups formed by a quartile split 

based on daily caffeine intake. The second comparison group attempted to address a more 

practical question and compared participants whose caffeine intake was less than or equal to 

30mg daily (i.e. whose caffeine intake was, on average less than a cup of tea per day) and 

those whose caffeine intake was 30mg per day or above. 

 

Participants 

One hundred and seventy-seven participants were used in the analysis. All were non-smokers 

and regular caffeine consumers. (Twenty-three data sets out of 200 collected in three previous 

studies were discounted because demographic data was missing). The demographic details of 

the 177 participants that comprised the sample are shown in table 1. Participants were paid 

£20-25 for participation in the research. 
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Table 1: Participant demographics and personality characteristics (means, SEs in 

parentheses). 

Age (years) 21.47 (0.29) 

Mean daily caffeine consumption (mg) 137.83 (9.19) 

EPI: Impulsivity   (0-low to 9-high) 4.59 (0.15) 

EPI: Sociability    (0-low to 12-high) 7.58 (0.18) 

EPI: Extraversion (0-low to 23-high) 12.67 (0.30) 

 

Semantic memory 

This task was based on Baddeley's
[44]

 semantic memory task and was described in detail by 

Nguyen-Van-Tam and Smith.
[21-25] 

 

The exclusion criteria for this test were failure to attempt at least 50 trials at baseline and/or 

failure to get at least 80% of the trials correct. 

 

7.2.8.2 Central executive function 

This task was based on Baddeley's
[45]

 logical reasoning task and was described in detail by 

Nguyen-Van-Tam and Smith.
[21-25] 

 

The exclusion criterion for the task was failure to provide correct verifications for at least 

50% of the simple active statements in the baseline condition. 

 

Analysis 

As in our previous studies, individual differences in performance were controlled by using 

ANCOVA with performance data from the baseline condition as a covariate. The between-

subjects groups were derived based on background daily caffeine consumption using quartile 

division and caffeine intakes of less than or equal to 30mg/24h or more than 30mg/24h. 

 

Analysis of the data was undertaken in three stages. 

1. A detailed description of the daily caffeine consumption of the participants in each data 

set so that comparisons can be made with the existing literature regarding daily caffeine 

intake. 

2. Analysis of the baseline data to determine the effects of long-term caffeine self-

administration in participants with differing levels of regular caffeine use. 

3. Investigation of the interaction between level of long-term, self-administered caffeine and 

acute experimental caffeine condition. 
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RESULTS 

Participants in the semantic memory data set: Three participants met the exclusion criteria; 

174 complete data sets were analysed. The pattern of long-term, self-administered caffeine 

consumption among the participants who formed the semantic memory data set revealed a 

wide distribution of caffeine consumption which ranged from 0 mg/24h to 570 mg/24h (table 

2). The mean daily caffeine consumption of the sample was 137.90 mg, equivalent to 

approximately 2-3 cups of instant coffee, and was lower than the UK average of 202 mg per 

day suggested by Fredholm, Bättig, Holmén, Nehlig and Zvartau
[46]

 and considerably lower 

than the average UK daily caffeine intake of 359 mg suggested by Scott et al.
[41]

. The 

distribution of daily caffeine intake appeared to be approximately bimodal, with the highest 

frequencies occurring at 0-25mg/24h and 150-175mg/24h. Regular caffeine consumption for 

the different comparison groups is shown in table 3. 

 

Table 2: Semantic memory data set: self-administered, daily caffeine consumption, 

mg/24h (n = 174). 

Mean 137.90 

SE. 9.33 

Median 130.00 

Range 570.00 

Minimum 0.00 

Maximum 570.00 

Interquartile range 185.00 

 

Table 3: Semantic memory data set: daily caffeine consumption and sample size for 

each comparison group (SEs in parentheses). 

Formation of 

comparison groups 
Group Mean mg/24h n 

Quartile split 

1
st
  quartile 3.41 (1.31) 44 

2
nd

 quartile 73.14 (5.64) 43 

3
rd

  quartile 168.72 (3.80) 43 

4
th

  quartile 305.57 (12.20) 44 

 30mg/24h or 

 30mg/24h 

 30mg/24h 6.37 (1.54) 51 

 30mg/24h 192.44 (9.55) 123 

 

Participants in the logical reasoning data set 

One hundred and sixty-seven complete data sets were analysed; 10 participants met the 

exclusion criteria. For the participants who formed the data set for the logical reasoning task, 

there was again a wide distribution of caffeine consumption (table 4). However, as for the 

semantic memory data set, average caffeine consumption appeared to be lower in this student 
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sample than in the UK population as a whole, according to the figures suggested by Scott et 

al.
[41]

 and Fredholm et al.
[46]

 As for the semantic data set, the distribution of chronic caffeine 

consumption showed an approximately bimodal distribution, with the highest frequencies 

occurring at 0-25 mg/24h and 150-175 mg/24h. 

 

Long-term, self-administered caffeine consumption for each of the comparison groups is 

shown in table 5. 

 

Table 4: Logical reasoning data set: self-administered, daily caffeine consumption, 

mg/24h (n = 167). 

Mean 143.05 

SE. 9.52 

Median 130.00 

Range 570.00 

Minimum 0.00 

Maximum 570.00 

Interquartile range 185.00 

 

Table 5: Logical reasoning data set: daily caffeine consumption and sample size for each 

comparison group (SEs in parentheses). 

Formation of 

comparison groups 
Group Mean mg/24h n 

Quartile split 

1
st
  quartile 5.36 (1.60) 42 

2
nd

 quartile 82.02 (5.80) 42 

3
rd

  quartile 176.31 (3.51) 42 

4
th

  quartile 312.56 (12.40) 43 

 30mg/24h, 

 30mg/24h 

 30mg/24h 7.07 (1.68) 46 

 30mg/24h 194.75 (9.58) 121 

 

Effects of long-term consumption of caffeine in the baseline condition 

 

Semantic memory 

A series of one-way ANOVAs and t-tests were used to compare the performance of the 

comparison groups with differing regular caffeine intakes. 

 

Comparison of groups with four different levels of regular caffeine consumption 

In the baseline condition (prior to the acute challenge), there were no statistically significant 

differences on any indices of semantic memory performance between any groups formed by 

quartile division of participants by daily caffeine intake (table 6). 
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Table 6: Semantic memory, baseline: means for comparison groups formed by quartile 

division of participants by daily caffeine consumption (SEs in parentheses). 

Index of 

performance 
Group 

Mean daily caffeine 

intake (mg ) 

Non-adjusted 

mean (SE.) 

Number of 

trials 

attempted 

1
st
  quartile 3.41 112.89 (4.09) 

2
nd

 quartile 73.14 121.70 (4.14) 

3
rd

  quartile 168.72 114.72 (4.14) 

4
th

  quartile 305.57 122.57 (4.09) 

Percentage of 

trials correct 

1
st
  quartile 3.41 93.94 (0.59) 

2
nd

 quartile 73.14 92.95 (0.60) 

3
rd

  quartile 168.72 92.76 (0.60) 

4
th

  quartile 305.57 93.61 (0.59) 

MRT correct 

trials (msec) 

1
st
  quartile 3.41 1499.58 (57.23) 

2
nd

 quartile 73.14 1399.95 (57.89) 

3
rd

  quartile 168.72 1523.30 (57.89) 

4
th

  quartile 305.57 1397.49 (57.23) 

 

Comparison of low and non-consumers and regular caffeine consumers 

It was found that there was no significant difference in any index of semantic memory 

performance between the group with a daily caffeine intake of less than or equal to 30mg/24h 

and the group with a daily caffeine intake of more than 30mg/24h (table 7). 

 

Table 7: Semantic memory, baseline: means for comparison groups with caffeine intake 

of  30mg/24h or  30mg/24h (SEs in parentheses). 

Index of 

performance 
Group 

Mean daily caffeine 

intake (mg ) 

Non-adjusted 

mean (SE.) 

Number of 

trials 

attempted 

 30mg/24h 6.37 115.67 (3.85) 

 30mg/24h 192.44 118.92 (2.45) 

Percentage of 

trials correct 

 30mg/24h 6.37 93.95 (0.42) 

 30mg/24h 192.44 93.06 (0.38) 

MRT correct 

trials (msec) 

 30mg/24h 6.37 1482.15 (57.09) 

 30mg/24h 192.44 1443.75 (33.36) 

 

Logical reasoning 

The differences in performance on the logical reasoning task in the various comparison 

groups were tested using one-way ANOVAs and t-tests. 

 

Comparison of groups with four different levels of regular caffeine consumption 

As for semantic memory, it was found that in the baseline condition (prior to the acute 

challenge), there were no statistically significant differences between comparison groups for 
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any index of logical reasoning performance between any of the groups formed by quartile 

division of participants by daily caffeine intake (table 8). 

 

Comparison of low and non-consumers and regular caffeine consumers 

For the groups with daily caffeine intakes of less than or equal to 30mg/24h and more than 

30mg/24h, there were no significant differences in performance on any index of the logical 

reasoning task (table 9). 

 

Table 8: Logical reasoning, baseline: means for comparison groups formed by quartile 

division of participants by daily caffeine consumption (SEs in parentheses). 

Index of 

performance 
Group 

Daily caffeine 

intake (mg ) 

Non-adjusted mean 

(SE.) 

Number of 

trials 

attempted 

1
st
  quartile 5.36 60.21 (2.51) 

2
nd

 quartile 82.02 57.64 (2.51) 

3
rd

  quartile 176.31 55.69 (2.51) 

4
th

  quartile 312.56 59.93 (2.54) 

Percentage of 

trials correct 

1
st
  quartile 5.36 87.34 (1.51) 

2
nd

 quartile 82.02 88.54 (1.51) 

3
rd

  quartile 176.31 89.62 (1.51) 

4
th

  quartile 312.56 90.29 (1.53) 

MRT correct 

trials (msec) 

1
st
  quartile 5.36 3349.87 (179.12) 

2
nd

 quartile 82.02 3546.22 (179.21) 

3
rd

  quartile 176.31 3472.13 (179.12) 

4
th

  quartile 312.56 3430.96 (181.29) 

 

Table 9: Logical reasoning, baseline: means for comparison groups with caffeine intake 

of   30mg/24h or  30mg/24h (SEs in parentheses). 

Index of 

performance 
Group 

Daily caffeine 

intake (mg ) 

Non-adjusted 

mean (SE.) 

Number of 

trials 

attempted 

 30mg/24h 7.07 57.46 (2.57) 

 30mg/24h 194.75 54.92 (1.43) 

Percentage of 

trials correct 

 30mg/24h 7.07 87.62 (1.42) 

 30mg/24h 194.75 89.44 (0.89) 

MRT correct 

trials (msec) 

 30mg/24h 7.07 3315.55 (148.87) 

 30mg/24h 194.75 3500.10 (109.30) 

 

SUMMARY 

 When comparison groups with four different levels of long-term caffeine consumption 

were compared, there were no effects of regular caffeine consumption for any indices of 

semantic memory or logical reasoning performance. 
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 When two groups with regular caffeine consumption of  30mg/24h (equivalent to less 

than one cup of tea per day) and 30mg/24h were compared, there were no effects of the 

level of caffeine consumption for any indices of semantic memory or logical reasoning 

performance. 

 

Long-term caffeine consumption and the experimental caffeine condition 

Semantic memory 

A series of ANCOVAs were conducted to determine whether there were any main effects of 

long-term caffeine consumption, experimental caffeine challenge condition or interactions 

between the two in the post-drink test session. The minimum cell size for the acute x chronic 

interaction was 20, where background caffeine consumption groups were divided into 

quartiles and 24, where background caffeine consumption was divided based on more or less 

than or equal to 30mg of caffeine per day. 

 

Comparison of groups with four different levels of regular caffeine consumption 

It was found that where a quartile split formed the groups with differing levels of long-term 

caffeine consumption, there were no main effects of long-term consumption and no 

interactions between long-term consumption and experimental caffeine condition (table 10). 

As expected, there were highly significant main effects of acute exposure to caffeine on the 

number of trials attempted F(1, 165) = 15.22, MSe = 96.32, p < 0.0001, percentage of trials 

correct,  F(1, 165) = 12.79, MSe = 9.01, p < 0.0001 and MRT for correct trials, F(1, 165) = 

11.83, MSe = 18686.67, p < 0.0025 (table 11). 

 

Comparison of low and non-consumers and regular caffeine consumers 

When the group of participants with background caffeine consumption of less than or equal 

to 30mg/24h were compared with those with background caffeine consumption of more than 

30mg/24h, there were no main effects of level of regular caffeine consumption or interactions 

between long-term consumption and experimental caffeine condition (table 12). As in the 

previous analysis, there were the usual main effects of acute exposure to caffeine for the 

number of trials attempted F(1, 169) = 10.65, MSe = 96.46, p < 0.0025, percentage of trials 

correct,  F(1, 169) = 13.83, MSe = 8.85, p < 0.0001 and MRT for correct trials, F(1, 169) = 

7.76, MSe = 18916.88, p < 0.01. 
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Table 10: Semantic memory: adjusted and non-adjusted means for comparison groups 

formed by quartile division of participants by daily caffeine consumption in caffeine 

(4mg/kg) or placebo conditions (SEs in parentheses). 

Index of 

performance 
Group 

Daily 

caffeine 

intake (mg ) 

Caffeine 

condition 

Non-adjusted 

mean 
Adjusted mean 

Number of 

trials 

attempted 

1
st
  quartile 3.41 

Caffeine 

131.80 (6.65) 133.54 (2.20) 

2
nd

 quartile 73.14 129.30 (5.16) 133.51 (2.20) 

3
rd

  quartile 168.72 127.55 (5.69) 132.94 (2.10) 

4
th

  quartile 305.57 133.08 (5.26) 130.76 (2.01) 

1
st
  quartile 3.41 

Placebo 

119.79 (4.46) 127.03 (2.02) 

2
nd

 quartile 73.14 140.04 (5.94) 129.86 (2.07) 

3
rd

  quartile 168.72 124.48 (6.69) 125.02 (2.14) 

4
th

  quartile 305.57 132.10 (6.72) 125.45 (2.20) 

Percentage of 

trials correct 

1
st
  quartile 3.41 

Caffeine 

96.39 (0.54) 95.74 (0.67) 

2
nd

 quartile 73.14 96.00 (0.65) 95.28 (0.67) 

3
rd

  quartile 168.72 93.53 (0.77) 94.82 (0.65) 

4
th

  quartile 305.57 95.24 (0.65) 95.10 (0.61) 

1
st
  quartile 3.41 

Placebo 

93.41 (0.91) 93.05 (0.61) 

2
nd

 quartile 73.14 92.66 (1.39) 93.83 (0.63) 

3
rd

  quartile 168.72 94.15 (1.14) 93.72 (0.66) 

4
th

  quartile 305.57 94.16 (0.95) 93.82 (0.67) 

MRT correct 

trials (msec) 

1
st
  quartile 3.41 

Caffeine 

1293.95 (66.82) 1271.27 (30.58) 

2
nd

 quartile 73.14 1284.47 (55.92) 1249.35 (30.59) 

3
rd

  quartile 168.72 1369.54 (72.36) 1273.54 (29.35) 

4
th

  quartile 305.57 1284.83 (67.76) 1295.43 (27.91) 

1
st
  quartile 3.41 

Placebo 

1379.55 (60.02) 1335.14 (27.95) 

2
nd

 quartile 73.14 1182.85 (52.28) 1293.13 (28.78) 

3
rd

  quartile 168.72 1388.01 (98.08) 1380.24 (29.83) 

4
th

  quartile 305.57 1238.90 (75.41) 1369.21 (30.72) 

 

Table 11: Main effects of caffeine on (a) number attempted, (b) Percent correct and (c) 

Mean RT for correct sentences (msecs). 

a. Caffeine (4mg/kg) Placebo 

Adjusted mean(SE.) 132.69 (1.06) 126.84 (1.05) 

Non-adjusted (SE.) 130.49 (2.81) 129.00 (3.03) 

b.   

Adjusted mean(SE.) 95.23 (0.36) 93.60 (0.32) 

Non-adjusted (SE.) 95.25 (0.35) 94.16 (0.95) 

c. 

Adjusted mean(SE.) 

 

1272.40 (14.84) 

 

1344.43 (14.67) 

Non-adjusted (SE.) 1308.54 (32.98) 1308.42 (36.51) 
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Table 12: Semantic memory: adjusted and non-adjusted means for comparison groups 

with daily caffeine intake of  30mg/24h or  30mg/24h in caffeine (4mg/kg) or placebo 

conditions (SEs in parentheses). 

Index of 

performance 
Group 

Daily caffeine 

intake (mg ) 

Caffeine 

condition 

Non-adjusted 

mean 
Adjusted mean 

Number of 

trials 

attempted 

 30mg/24h 3.41 
Caffeine 

131.75 (6.30) 132.23 (2.01) 

 30mg/24h 73.14 130.00 (3.07) 132.76 (1.25) 

 30mg/24h 3.41 
Placebo 

124.07 (4.94) 127.72 (1.89) 

 30mg/24h 73.14 131.18 (3.77) 126.57 (1.27) 

Percentage of 

trials correct 

 30mg/24h 3.41 
Caffeine 

96.33 (0.46) 95.66 (0.61) 

 30mg/24h 73.14 94.82 (0.44) 95.05 (0.38) 

 30mg/24h 3.41 
Placebo 

93.64 (0.82) 93.30 (0.57) 

 30mg/24h 73.14 93.52 (0.72) 93.71 (0.38) 

MRT correct 

trials (msec) 

 30mg/24h 3.41 
Caffeine 

1303.20 (66.28) 1275.96 (28.09) 

 30mg/24h 73.14 1310.61 (38.22) 1272.25 (17.52) 

 30mg/24h 3.41 
Placebo 

1341.96 (59.24) 1326.21 (26.48) 

 30mg/24h 73.14 1293.57 (45.85) 1350.24 (17.73) 

 

Logical reasoning 

To determine whether there were any main effects of acute exposure to caffeine, background 

consumption or interactions between the two, a series of ANCOVAs were performed. Where 

the background consumption groups were formed by quartile division based on daily caffeine 

consumption, the minimum cell size for the acute x chronic interaction was 19. When 

background consumption was divided by consumption of more or less than or equal to 

30mg/24h, the minimum cell size for the acute x chronic interaction was 23. 

 

Comparison of groups with four different levels of regular caffeine consumption 

As for semantic memory, when the background consumption groups were derived by division 

into quartiles, there were no interactions between acute and chronic consumption that 

approached statistical significance (table 13). 
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Table 13: Logical reasoning: adjusted and non-adjusted means for comparison groups 

formed by quartile division of participants by daily caffeine consumption in caffeine 

(4mg/kg) or placebo conditions (SEs in parentheses). 

Index of 

performa

nce 

Group 
Daily caffeine 

intake (mg ) 

Caffeine 

condition 

Non-adjusted 

mean 
Adjusted mean 

Number of 

trials 

attempted 

1
st
  quartile 5.36 

Caffeine 

61.86 (3.70) 60.36 (1.46) 

2
nd

 quartile 82.02 52.00 (3.13) 59.33 (1.55) 

3
rd

  quartile 176.31 56.14 (2.43) 59.53 (1.46) 

4
th

  quartile 312.56 60.32 (4.19) 59.71 (1.42) 

1
st
  quartile 5.36 

Placebo 

58.57 (3.72) 57.25 (1.46) 

2
nd

 quartile 82.02 62.30 (3.89) 56.13 (1.41) 

3
rd

  quartile 176.31 55.24 (3.03) 55.72 (1.46) 

4
th

  quartile 312.56 59.47 (3.78) 59.17 (1.53) 

Percentage 

of trials 

correct 

1
st
  quartile 5.36 

Caffeine 

88.43 (2.73) 89.35 (1.30) 

2
nd

 quartile 82.02 91.37 (2.41) 91.59 (1.36) 

3
rd

  quartile 176.31 93.51 (1.13) 92.93 (1.30) 

4
th

  quartile 312.56 92.38 (1.85) 91.89 (1.27) 

1
st
  quartile 5.36 

Placebo 

86.80 (2.13) 87.94 (1.30) 

2
nd

 quartile 82.02 90.84 (1.65) 91.13 (1.24) 

3
rd

  quartile 176.31 93.39 (1.41) 93.09 (1.29) 

4
th

  quartile 312.56 91.28 (1.37) 89.98 (1.36) 

MRT 

correct 

trials 

(msec) 

1
st
  quartile 5.36 

Caffeine 

2999.66 (168.49) 3118.98 (117.80) 

2
nd

 quartile 82.02 3702.84 (281.01) 3148.27 (126.20) 

3
rd

  quartile 176.31 3316.95 (154.48) 3239.02 (117.73) 

4
th

  quartile 312.56 3242.82 (288.53) 3290.56 (115.00) 

1
st
  quartile 5.36 

Placebo 

3204.26 (208.57) 3251.55 (117.70) 

2
nd

 quartile 82.02 3154.37 (292.96) 3466.03 (113.32) 

3
rd

  quartile 176.31 3350.10 (212.14) 3391.03 (117.70) 

4
th

  quartile 312.56 3190.31 (254.87) 3169.08 (123.72) 

 

As would be expected, there was a main effect of the experimental caffeine condition, with 

more trials being attempted in the caffeine condition than in the placebo condition, F(1, 158) 

= 6.52, MSe = 44.54, p < 0.025 (Adjusted means: Caffeine: 59.73 (0.74); Placebo: 57.07 

(0.73)). There was a trend toward a reduced MRT for correct trials after acute exposure to 

caffeine. The average reaction time was 3319.42 (SE 59.13) msec after placebo as opposed to 

3199.21 (SE 59.51) msec after caffeine, F(1, 158) = 2.04, MSe = 290826.62, p = 0.078 (one-

tailed). Non-adjusted means were 3190.31 (SE 254.87) msec and 3305.36 (SE 116.56) msec, 

respectively. For the percentage of correct trials, it was found that there was a main effect of 

long-term caffeine consumption, F(3, 158) = 3.85, MSe = 35.17, p < 0.025. Post-hoc analysis 

using a series of Bonferroni t-tests revealed a statistically significant difference between the 
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first and third quartiles for the percentage of trials correct with those with a higher 

background caffeine intake outperforming those with a lower background intake (table 14). 

 

Table 14: Logical reasoning, percentage of trials correct: adjusted and non-adjusted 

means for comparison groups formed by quartile division of participants by daily 

caffeine consumption (SEs in parentheses) 

Comparison 

groups 

Daily caffeine intake 

(mg/24h) 

Non-adjusted 

mean 
Adjusted mean 

1
st
  quartile 5.36 (1.60) 87.61 (1.72) 88.64 (0.92) 

2
nd

 quartile 82.02 (5.80) 91.08 (1.40) 91.36 (0.92) 

3
rd

  quartile 176.31 (3.51) 93.45 (0.89) 93.01 (0.92) 

4
th

  quartile 312.56 (12.40) 91.87 (1.17) 90.93 (0.92) 

 

Comparison of low and non-consumers and regular caffeine consumers 

When the group of participants with chronic, self-administered caffeine consumption of less 

than or equal to 30mg/24h was compared with the group with a chronic caffeine consumption 

of greater than 30mg/24h, it was again found that there were no main effects of level of long-

term consumption or interactions with experimental caffeine condition that approached 

significance (table 15). For the number of trials attempted, a main effect of the experimental 

caffeine condition was found with an average of 57.23 (SE 0.82) trials attempted after 

placebo as opposed to 59.81 (SE 0.82) after caffeine, F(1, 162) = 4.98, MSe = 44.27, p < 

0.05. Non-adjusted means were 58.96 (SE 1.81) and 57.75 (SE 1.75), respectively. The main 

effect of regular consumption was again statistically significant for the percentage of trials 

correct, with 89.78 (SE 0.73) per cent correct in the group with a caffeine consumption of < 

30mg/24h and 90.90 (SE 0.73) per cent in the group with a caffeine consumption > 

30mh/24h, F(1, 162) = 8.14, MSe = 5695.36, p < 0.01. Non-adjusted means were 88.02 (SE 

1.59) after the placebo and 92.13 (SE 0.70) after caffeine. 
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Table 15: Logical reasoning: adjusted and non-adjusted means for comparison groups 

with daily caffeine intake of  30mg/24h or   30mg/24h in caffeine (4mg/kg) or placebo 

conditions (SEs in parentheses). 

Index of 

performance 
Group 

Daily 

caffeine 

intake (mg) 

Caffeine 

condition 

Non-adjusted 

mean 
Adjusted mean 

Number of trials 

attempted 

 30mg/24h 7.07 
Caffeine 

61.22 (3.41) 59.98 (1.39) 

30mg/24h 194.75 56.42 (2.03) 59.65 (0.87) 

 30mg/24h 7.07 
Placebo 

59.91 (3.62) 57.75 (1.39) 

 30mg/24h 194.75 58.61 (2.10) 56.71 (0.85) 

Percentage of 

trials correct 

 30mg/24h 7.07 
Caffeine 

88.86 (2.52) 89.70 (1.24) 

 30mg/24h 194.75 92.43 (1.08) 92.11 (0.77) 

 30mg/24h 7.07 
Placebo 

87.19 (1.97) 88.05 (1.24) 

 30mg/24h 194.75 91.84 (0.89) 91.51 (0.76) 

MRT correct 

trials (msec) 

 30mg/24h 7.07 
Caffeine 

3021.64 (155.12) 3146.50 (112.54) 

 30mg/24h 194.75 3414.12 (148.18) 3224.37 (70.11) 

 30mg/24h 7.07 
Placebo 

3133.62 (198.37) 3229.85 (112.48) 

 30mg/24h 194.75 3257.94 (150.70) 3361.22 (69.17) 

 

SUMMARY 

 No interaction between the level of regular caffeine consumption and experimental 

caffeine condition was found for any index of semantic memory or logical reasoning 

performance. 

 There was the usual profile of caffeine acute caffeine effects on semantic memory and 

logical reasoning tasks. 

 On the logical reasoning task, after the acute caffeine challenge, high levels of regular, 

long-term caffeine consumption were associated with an increase in the percentage of 

trials correct. 

 

DISCUSSION 

The objectives of the study were to determine the effects of long-term, self-administered 

caffeine consumption on semantic memory and executive function and any possible 

interaction with the experimental caffeine conditions. It was found that the range of caffeine 

consumption for participants in both the semantic memory and executive function data sets 

varied considerably, with mean daily caffeine intakes of between 137-144mg/24h, 

considerably lower the mean daily caffeine intakes for the general population of the UK 

suggested by Scott et al.
[41]

 and Fredholm et al.
[46]
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In the baseline test condition (before the acute caffeine challenge), there were no effects of 

the level of regular caffeine consumption for any index of semantic memory or logical 

reasoning performance using any of the comparison groups. This result suggests no effects of 

long-term caffeine self-administration on semantic memory and logical reasoning. The result 

is not perhaps entirely surprising as it is noted that the long-term physiological changes 

observed in animals as a result of regular caffeine consumption, which could potentially lead 

to changes in memory function, were obtained with much higher amounts of caffeine than are 

generally consumed by humans. 

 

The finding that there is no effect of the level of regular caffeine consumption at baseline also 

provided further evidence to add to the caffeine withdrawal debate. If there were an effect of 

caffeine withdrawal, as suggested by James
[37]

, it would be expected that participants with a 

high level of regular caffeine consumption would, after an abstinence of approximately 8 

hours, have impaired performance compared to low or non-consumers for whom caffeine 

withdrawal effects would be less relevant. This outcome was clearly not observed as there 

were no differences in performance between participants with differing levels of regular 

caffeine consumption, including those who were very low or non-consumers and those who 

were regular consumers. It is noted, however, that the study required that participants abstain 

from self-administered caffeine for only 8 hours prior to testing and that the withdrawal effect 

may not have been at its maximum. (For self-reported affective symptoms Daly and 

Fredholm
[47]

 suggest withdrawal effects reach a peak at 20-48 hours). It is also noted that the 

student samples used in the experiment had a considerably lower caffeine intake than the 

general population. The sample may have been intrinsically less prone to withdrawal effects 

than a sample whose daily intake is more typical of the general population. Given these 

potential shortcomings, it is suggested that whilst the study goes towards addressing the issue 

of caffeine withdrawal on semantic memory and executive function, further experimentation 

may be necessary before any definitive conclusions can be reached. 

 

No statistically significant interactions between long-term caffeine consumption and 

experimental caffeine condition were found for any performance index for the semantic 

memory or logical reasoning task. However, as expected, there was the usual profile of 

caffeine effects after the acute caffeine challenge. Somewhat unexpectedly, it was also found 

that for the logical reasoning task, there was also a main effect of long-term caffeine 

consumption for the percentage of trials correct, with participants with high levels of regular 
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consumption outperforming those with lower levels of long-term consumption. This effect 

was not reported at baseline, and it would seem possible that long-term caffeine consumption 

may mediate learning of this task, which is known to be subject to practice effects. 

 

In summary, the results of the study show the familiar profile of caffeine effects after an 

acute caffeine challenge but no effects of level of long-term consumption apart from in the 

test session on the logical reasoning task, which may indicate a possible effect of caffeine on 

learning. It is acknowledged, however, that the findings regarding caffeine withdrawal must 

be treated with some caution due to the time for which caffeine was withdrawn prior to the 

experiment and the moderate caffeine consumption habits of the sample. In order to 

overcome these shortcomings, further research is required to investigate the issue of caffeine 

withdrawal on semantic memory and executive function using a sample with more typical 

caffeine consumption habits and an experimental procedure purposely designed to address 

the caffeine withdrawal issue. 
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