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A b s t r a c t .  The relationship between habitual coffee and 
tea consumption and cognitive performance was exam- 
ined using data from a cross-sectional survey of a repre- 
sentative sample of 9003 British adults (the Health and 
Lifestyle Survey). Subjects completed tests of simple 
reaction time, choice reaction time, incidental verbal 
memory, and visuo-spatial reasoning, in addition to 
providing self-reports of usual coffee and tea intake. 
After controlling extensively for potential confounding 
variables, a dose-response trend to improved perfor- 
mance with higher levels of coffee consumption was ob- 
served for all four tests (P<  0.001 in each case). Similar 
but weaker associations were found for tea consumption, 
which were significant for simple reaction time (P = 0.02) 
and visuo-spatial reasoning (P= 0.013). Estimated over- 
all caffeine consumption showed a dose-response rela- 
tionship to improved cognitive performance (P<0.001 

for each cognitive test, after controlling for confound- 
ers). Older people appeared to be more susceptible to the 
performance-improving effects of caffeine than were 
younger. The results suggest that tolerance to the perfor- 
mance-enhancing effects of caffeine, if it occurs at all, is 

incomplete. 

K e y  w o r d s :  C a f f e i n e  - Cognitive performance - C o f f e e  - 

Tea 

Caffeine is generally accepted to be the most widely 
consumed drug in the world (Gilbert 1984). Drinking 
coffee is reported by users to produce feelings of in- 
creased alertness, to enhance the ability to work and 
concentrate, as well as to induce wakefulness (Goldstein 
and Kaizer 1969; Goldstein et al. 1969). These effects 
have been confirmed in numerous placebo-controlled 
laboratory studies. Caffeine has been shown to decrease 
reaction time (Clubley et al. 1979; Lieberman et al. 1987; 
Kerr et al. 1991), to enhance vigilance (Zwyghuizen- 
Doorenbos et al. 1990; Frewer and Lader 1991), to ira- 

prove workshift performance (Walsh et al. 1990), and to 
delay sleep onset (Brezinova 1974; Karacan et al. 1977). 

As with other widely used and socially sanctioned 
drugs, such as nicotine, interpretation of apparent per- 
formance-enhancing effects of caffeine is problematic. 
They could represent either absolute improvements in 
levels of performance, or, alternatively, alleviation of 

deficits induced by temporary caffeine abstinence. Rall, 
writing in the most recent edition of Goodman and 
Gilman comments as follows: "Since the long term inges- 
tion of caffeine can produce tolerance and evidence of 
physical dependence (Griffiths and Woodson 1988), the 

history of exposure to methylxanthines will influence the 
e f f e c t  of a given dose. Hence enhanced alertness, energy 
and ability to concentrate could reflect alleviation of 
withdrawal symptoms in some instances" (Rall 1990, 
p 621). 

Further light could be thrown on this issue by com- 
paring performance in groups of the population who 
habitually take different doses of caffeine. If users per- 
form better than non-users, and there is evidence of 
dose-related improvements in performance with in- 

creased levels of intake, this would provide prima facie 
evidence that caffeine retains its effects on performance 
in long-term users. Tolerance to the performance en- 
hancing effects of caffeine would be manifested by the 
absence of relation between level of performance and 
habitual level of intake. 

A recent large population survey carried out in the 
United Kingdom, which incorporated a number of tests 
of cognitive performance in addition to enquiring about 
caffeine intake in the form of coffee and tea drinking, 
provided an opportunity to examine this issue. By com- 
parison with laboratory studies, the data from this sur- 
vey, which were gathered from a sample fully represen- 
tative of the UK adult population, provide greater eco- 
logical validity. But this gain is at the cost of considerable 
loss of the experimental control and rigour that can be 
achieved in the laboratory. It also becomes imperative to 
control carefully for demographic and other variables 
which are related both to caffeine intake and to level of 
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performance,  and  which may serve as potent ia l  con- 

founders.  

Subjects and methods 

The Health and Lifestyle survey interviewed 9003 adults, a random- 

ly selected sample of individuals aged 18 or over who were resident 
in England, Scotland, or Wales during 1984 and 1985. A general 
account of the methods of sample selection, data collection, and 
preliminary analyses have been published (Cox et al. 1987). 

The survey involved three stages of data collection. An initial 
interview was carried out in respondents' homes and covered a wide 

range of topics, including health and health beliefs and lifestyle 

variables such as diet, exercise, alcohol consumption and smoking. 
At the end of the interview consent was sought for a visit from a 

research nurse. A total of 7414 respondents participated in this 
phase of the survey. The visit took place about a week after the 

interview. The nurse took objective measures of a number of physi- 
ological variables, and in addition administered simple tests of 
cognitive function. Finally, the nurse left a number of self- 

completion questionnaires for subsequent return by post. 

Measures of  caffeine intake. At the initial interview subjects were 
asked "How many cups of coffee do you usually drink in a day?" 
(none, 1 or 2, 3 or 4, 5 or 6, more than 6). A similar question 
enquired about tea drinking. Responses to these questions were 

taken as the measures of coffee and tea consumption. An estimate 
of overall caffeine intake was derived by combining coffee and tea 
consumption into a single measure, assigning weights of 1.0 to 

coffee and 0.5 to tea. For these purposes 1 or 2 cups was scored as 
1.5, 3 or 4 as 3.5, 5 or 6 as 5.5, and more than 6 as 6.5. The resulting 
caffeine intake scale was treated as a continuous variable in multiple 
regression analyses, and rounded down to cups of coffee-equivalent 

for presentation of mean performance scores. The scale ranged from 
0 to 8 (values of 8 or above all being assigned the value 8). 

Cognitive tests. Four simple tests of cognitive function were ad- 
ministered at the nurse visit. Their order was as given below and was 
the same for all subjects. 

Reaction time ( R T )  was measured using a purpose-built portable 

machine. Subjects were asked to press numbered response keys as 
quickly as possible when the corresponding digit appeared on a 
small screen at the top of the unit. In the case of simple reaction time 
only the digit "0" appeared and subjects were required to press the 

centre key labelled "0". The time between a response and the next 
appearance of the digit varied randomly between 1 and 3 seconds. 
There were 8 practice trials and 20 test trials. The mean RT and 

standard deviation was recorded for the 20 test trials. 
For choice RT, the digits 1, 2, 3 or 4 could appear and subjects 

had to press the corresponding key. There were 8 practice trials and 

40 test trials (10 each of the 4 digits in random order). Inter-stimulus 
intervals were as for simple RT. Mean and standard deviation RT 
was recorded separately for correct and incorrect responses. The 
number of errors was also recorded. 

Incidental verbal memory. A list of ten common foods was read out, 
and respondents were asked whether each contained dietary fibre. 
There was no indication that memory for the list would subsequent- 
ly be tested. A few minutes later, following a distracting task, 
subjects were asked to name as many as possible of the foods on 
the list. The measure taken was the total number of foods recalled. 

Visuo-spatial reasoning. Subjects were shown drawings representing 
three-dimensional piles of square blocks, and asked to say how 
many blocks each pile contained. To obtain the correct answer 
subjects needed to count the blocks hidden from view as well as 
those visible, and were therefore required to make inferences about 
the three-dimensional structure of simple shapes. Six drawings were 

used. Subjects were asked to write down their responses, taking as 
much time as they needed. 

Control variables. A number of potential confounding variables 
were identified from the initial interview. These included social class 
(coded according to the Registrar General's classification of oc- 
cupations); housing tenure (owner occupied/rented); and education- 
al level (coded to five levels ranging from no educational qualifica- 
tion through to university degree). Use of other drugs included 
alcohol (number of units in past week; ex-alcohol drinker; never 
drinker); cigarette smoking (current, never, ex-smoker) ; and current 

use of tranquillisers (yes/no). Respondents provided an estimate of 
their overall health on a four-point scale ranging from "excellent" 

to "poor"; and in addition answered eight questions relating to 
current psychological well-being from which a malaise score (low/ 

medium/high) was derived. Scores on the Neuroticism, Extraver- 
sign and Social Desirability scales of the Eysenck Personality Inven- 
tory were examined as potential control variables, but were not 
included in the results presented. They did not influence the rela- 

tionships between coffee and tea consumption and test perfor- 
mance, and their inclusion would have reduced the subject base by 
over 1000. 

Statistical analysis. The effects of coffee, tea and overall caffeine 
consumption on cognitive performance were examined by linear 
multiple regression analyses in which these variables were added to 

models which included the demographic, drug use and health vari- 
ables. The resulting t statistic represents a test of the linear dose- 
response trend in performance across increasing levels of caffeine 

intake. The appropriateness of linear regression modelling was 
confirmed by inspecting the form of the relationships between 
control variables and the measures of cognitive test performance, 
and by examination of the distribution of residuals from the regres- 
sion analysis. 

Mean performance scores adjusting for control variables were 
derived from analyses of covariance. 

Results 

Patterns  o f  coffee and tea consumption 

Coffee and  tea c o n s u m p t i o n  were inversely related 

( r = -  0.44, n =  7200). Each in tu rn  showed s t rong as- 

sociations with a n u m b e r  of  demographic ,  drug use, and  

health variables.  These relat ionships  are detailed in Ta-  

bles 1 and  2. Higher  coffee c o n s u m p t i o n  was associated 

with younger  age, higher social class a nd  educa t iona l  

level, owner-occupat ion ,  higher cigarette smoking  

prevalence and  alcohol consumpt ion ,  lower t ranqui l l iser  

use, and  better  self-rated health. In  mos t  cases the as- 

sociat ion with tea c o n s u m p t i o n  was of  similar strength,  

bu t  opposi te  in direction. F igure  1 i l lustrates the con- 

t rast ing pat terns  of  tea and  coffee c o n s u m p t i o n  by social 

class. 

Scores on  the four cognit ive tests also varied accord- 

ing the level of  the variables listed in  Tables  1 and  2. The 

rela t ionship between cognit ive test per formance  and  

scores on  the m a i n  demographic  control  variables is 

shown in Table  3. In  par t icular ,  pe r formance  declined 

steeply with increasing age (e.g. corre la t ion of  age with 

choice react ion t ime r=0 .57 ) ,  and  was lower a m o n g  

those living in rented accommoda t ion ,  with fewer educa- 

t ional  qualifications,  in lower occupat iona l  groups,  and  

those with poorer  health. M e n  scored better  on the spa- 
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Usual number of cups of coffee per day 

0 1-2 3-4 5-6 7 + 
(n = 2149) (n = 2645) (n= 1412) (n = 609) (n= 588) 

Univariate 
P value 

Sex (% male) 47 44 43 
Age (years) 47 48 42 
Class (% non manual) 30 43 52 
Housing tenure (% owner occupied) 54 67 74 
Educatiomal level 16 26 33 

(% A-level or higher qualification) 
% Retired 25 28 12 
% Not working through disability 3 2 1 
Cigarette smokers % 37 27 32 
Alcohol units in past week 8.2 7.7 8.5 
% Never alcohol drinker 29 36 19 
Tranquilliser % current use 4.2 3.6 2.2 
Tea (cups per day) 3.28 3.04 2.31 
Health good or excellent % 67 73 76 
Malaise score 1.98 1.90 1.91 

44 
39 
54 
73 
35 

6 
2 

43 
10.9 
8 
2.0 
1.66 

76 
1.94 

44 
39 
49 
69 
34 

5 
1 

56 
10.1 
8 
2.5 
1.54 

73 
1.95 

NS 
<0.000 
<0.000 
<0.000 
<0.0001 

<0.000 
0.001 

<0.000 
<0.000 
<0.000 

0.003 
0.000 
0.000 
0.01 

Note: P values are from analysis of variance or chi-square test as appropriate 

Table 2. Tea consumption by demographic variables and use of other drugs 

Usual number of cups of tea per day 

0 1-2 3-4 
(n = 927) (n = 1308) (n = 2001) 

5 6  
(n = 1387) 

7+ 
(n= 1784) 

Univariate 
P value 

Sex (% male) 43 43 42 46 49 = 0.0001 
Age (years) 36 41 47 50 47 < 0.000 
Class 47 53 44 41 32 < 0.000 

(% non manual) 

Housing tenure 66 71 67 66 58 < 0.000 
(% owner occupied) 

Education level 31 34 26 23 18 < 0.0001 
(% A-level or higher qualification) 

% Retired 6 14 26 29 19 < 0.000 
% Not working 1 2 2 2 4 0.001 

through disability 

Cigarette smokers % 40 31 27 28 49 < 0.000 
Alcohol units in past week 9.1 10.0 8.0 7.4 8.3 < 0.000 
% Never alcohol drinker 19 20 25 26 24 = 0.0001 
Tranquilliser % current use 2.8 2.1 2.8 3.6 4.6 0.001 
Coffee 3.03 2.29 1.66 1.36 1.33 0.000 

(cups per day) 
Health good or excellent % 74 76 72 73 67 0.000 
Malaise score 1.92 1.89 1.93 1.91 1.99 0.004 

Note: P values are from analysis of variance or chi-square test as appropriate 

t ial  r eason ing  task  and  h a d  s l ight ly  fas ter  r eac t ion  t imes,  

bu t  w o m e n  d id  be t te r  on  the  inc iden ta l  ve rba l  m e m o r y  

task  (Cox  et al. 1987). 

Relationship of coffee intake to cognitive performance 

On a un iva r i a t e  analysis ,  inc reas ing  levels o f  coffee con-  

s u m p t i o n  were  a s soc ia t ed  wi th  subs tan t i a l  i m p r o v e m e n t s  

in p e r f o r m a n c e  levels on  all fou r  tasks ,  n o t  surpr i s ing ly  

in view o f  the a s soc ia t ion  o f  b o t h  coffee c o n s u m p t i o n  and  

p e r f o r m a n c e  with  age, social  class, e d u c a t i o n a l  levels etc. 

(Table  4A). Af t e r  con t ro l l ing  for  tea c o n s u m p t i o n ,  d e m o -  

g raph ic  var iab les  (age, sex, class, educa t i ona l  level, hous-  

ing tenure ,  re t i red,  no t  w o r k i n g  t h r o u g h  disabi l i ty) ,  

hea l th  (sel f - ra ted overa l l  hea l th  and  cur ren t  psycho log i -  

cal mala i se  score),  and  use o f  a lcohol ,  t oba c c o  and  t ran-  

quil l isers,  a s ignif icant  t r end  to i m p r o v e d  p e r f o r m a n c e  

wi th  increased  coffee c o n s u m p t i o n  was obse rved  for  each  

o f  the four  tasks  (s imple  reac t ion  t ime t = - 3 . 3 6 ,  

P < 0 . 0 0 1 ;  choice  reac t ion  t ime t = - 4 . 6 9 ,  P < 0 . 0 0 0 1 ;  

inc identa l  verba l  m e m o r y  t = 3 . 4 1 ,  P < 0 . 0 0 1 ;  v isuo-  

spa t ia l  r eason ing  t = 4.15, P < 0.0001). These  re la t ion-  

ships are  i l lus t ra ted  in Fig.  2. C o m p a r i n g  those  who  

d r a n k  m o r e  than  six cups  o f  coffee pe r  d a y  with  those  

who  d r a n k  none,  a n d a f t e r  a d j u s t m e n t  for  con founde r s ,  



48 

5 - 6  

7:3 

3 - 4  

"6 

1 - 2  
c 

D 

o 
I II III N M  IH M IV V 

Class 

N = 402 1694 990 2580 1220 387 

Fig. 1. Relationship between coffee ([]) and tea ([]) consumption 

and social class. Coffee consumption was greatest in higher social 

class groups, while the converse was true for tea 

simple reaction time was faster by some 6% and choice 

reaction time by 4%, and scores on incidental verbal 

memory and visuo-spatial reasoning were likewise higher 
by 4-5 %. There was no relationship between coffee con- 

sumption and the number of errors on the choice reac- 

tion time test. 
Examination of interaction terms showed no differ- 

ences in coffee's effects by sex, but there was a significant 
coffee x age interaction for the reaction time and memory 

(but not the visuo-spatial reasoning) tasks. This interac- 

tion was manifested as a greater performance-enhancing 

effect of coffee consumption in older than in younger 

subjects. 

Relationship of tea consumption to cognitive 
performance 

Higher tea consumption considered univariately was 

associated with poorer performance on all tasks (Table 

4B). In a model which included other variables as above, 

but not coffee, performance did not differ significantly by 

tea consumption on any of the tests. However, after 

additionally controlling for coffee consumption, signifi- 

cant trends to improved performance with higher con- 

sumption were observed for simple reaction time 
( t= -2 .42 ,  P=0.02) and for visuo-spatial reasoning 

(t= 2.47, P =  0.013). The trends towards improved per- 

Table 3. Mean cognitive test scores by 

main demographic, social and health con- 

trol variables 

Sex 

Male 3311 

Female 4103 

Age 

16-24 922 

25-34 1454 

35-49 2140 

50-59 1108 
6O + 1790 

Social class 

I 402 

II 1695 

III NM 992 

III M 2582 

IV 1220 

V 387 

Housin 9 tenure 

Owner occupied 4825 

Rented 2574 

Educational qualifications 

None 3902 
C S E , " O " l e v e l  1583 

"A" leve l  938 

Semi-professional 591 

Degree 367 

Se~:reported health 

Excellent 1547 

Good 3765 

Fair 1680 

Poor 398 

Simple Choice Incidental Visuo-spatial 

RT RT verbal memory reasoning 

(ms) (ms) (no. recalled) (no. correct) 

329 657 6.34 5.12 

350 670 6.81 4.55 

303 582 6.93 4.86 

312 599 6.97 4.99 

313 632 6.85 4.94 

342 686 6.52 4.83 

416 790 5.90 4.44 

308 630 7.11 5.22 

316 638 6.98 5.15 

325 640 6.73 4.90 

348 676 6.50 4.68 

369 695 6o18 4°52 

379 727 6.08 4.39 

326 646 6.77 5.00 

368 700 6.30 4.43 

374 715 6.23 4.51 

306 605 6.87 5.04 

303 606 7.08 5_15 

306 628 7.12 5_24 

293 597 7.37 5.40 

327 651 &72 4.95 

332 652 6.74 4.86 
355 686 6.36 4.69 

409 749 5.89 4.29 



Table 4. Raw and adjusted performance scores by coffee and tea 

consumption 

0 1-2 3-4 5-6 7 + 

(n= 2021) (2504) ( 1 3 4 7 )  (579) (563) 

A. By coffee consumption, (number of cups) adjusted for standard 

variables and tea 

Simple RT  

Raw 357.9 349.1 323.6 307.4 307.1 

Adjusted 346.9 342.6 335.9 328.6 324.4 

Choice RT  

Raw 692.3 678.6 638.4 616.2 618.4 

Adjusted 675.4 666.4 658.5 652.4 648.0 

Incidental verbal memory 

Raw 6.29 6.58 6,81 7.00 6.92 

Adjusted 6.46 6.64 6.66 6.77 6,75 

Visuo-spatial reasoning 

Raw 4.60 4.78 5.00 5.06 4.98 

Adjusted 4.70 4.79 4.90 4.96 4.93 

B. By tea consumption (number of cups) adjusting for standard 

variables and coffee 

(n = 866) (1233) ( 1 8 9 1 )  ( 1 3 2 6 )  (1693) 

Simple RT  

Raw 313.8 322.9 352.3 350.8 343.3 

Adjusted 345.8 341.5 345.6 336.7 332.2 

Choice RT 

Raw 617.0 636.5 678.6 686.4 677.7 

Adjusted 668.5 665.3 668.4 663.3 659.9 

Incidental verbal memory 

Raw 6.90 6.78 6.57 6.51 6.44 

Adjusted 6.53 6.55 6.62 6.65 6.63 

Visuo-spatial reasoning 

Raw 4.88 4.92 4.79 4.80 4.73 

Adjusted 4.67 4.76 4.82 4.88 4.85 

formance on the other tasks were weaker and failed to 

reach significance (choice reaction time t = - 1 . 2 7 ,  

P=0 .2 0 ;  incidental verbal memory t=1.26,  P=0 .21 )  

(see Fig. 2). No interactions between tea consumption 

and either age or sex in effects on test performance were 

present. As with coffee, errors on the choice reaction time 

test were unrelated to tea consumption. 

Overall caffeine intake and performance 

Unvariate and adjusted mean test scores by estimated 

overall caffeine consumption are given in Table 5. Ad- 

justment for the same set of  control variables used in the 

> 

Fig. 2. Adjusted mean cognitive test scores by coffee and tea con- 

sumption. Control variables were as specified in text 
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Simple reaction time 

~ ~ " ~ ' C o  flee 
INone 1-2 3~4 5-6 7+ 

Choice reaction time 

i i i i ! 

None 1-2 3-4 5-6 7+ 

Incidental verbal memory 

~ " - ~ " ~  Coffee 
~ / " ~ z ~  Tea 

i i | 

[None 1-2 3-4 5-6 7+ 

Visuo-spatial reasoning 
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None 1-2 3-4 5-6 7+ 

Usual number of cups per day 
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Table 5. Unadjusted and adjusted mean performance scores by overall caffeine consumption (coffee and tea combined) 

Daily caffeine consumption expressed as cups of coffee equivalent 

0- 1- 2- 3- 4- 5- 6- 7- 8+ 
(n=284) (574) (839) (1794) (1024) (1262) (345) (578) (363) 

t statistic 

Simple reaction time 

Raw 341.2 371.1 349.6 
Adjusted 350.8 358.6 345.2 

Choice reaction time (281 ) (571) (832) 
Raw 649.7 701.8 682.4 
Adjusted 673.4 686.2 676.5 

Incidental verbal (291) (591) (853) 
memory 

Raw 6.36 6.32 6.46 
Adjusted 6.31 6.49 6.52 

Visuo-spatial (285) (585) (842) 
reasoning 

Raw 4.46 4.45 4.77 
Adjusted 4.47 4.56 4.77 

349.4 339.8 334.4 313.5 314.4 306.1 
340.5 337.1 337.9 329.6 330.8 327.0 

(1777) (1017) (I249) (343) (577) (362) 
678.8 663.9 657.7 630.4 633.2 619.5 
664.5 658.1 662.1 653.3 658.1 649.2 

(1838) (1038) (1285) (351) (585) (368) 

6.47 6.74 6.73 6.88 6.74 6.98 
6.57 6.71 6.70 6.69 6.59 6.80 

(1816) (1031) (1280) (348) (582) (368) 

4.77 4.91 4.90 5.00 4.87 5.09 
4.84 4.89 4.87 4.85 4.81 4.94 

t=  -3.51 
P<0.001 

t = = 4.46 
P<0.0001 

t = 3.26 
P=0.001 

t = 4.07 
P<0.0001 

Table 6. Relationship between estimated overall caffeine consumption and cognitive performance by age group 

Age Groups All ages 

16-34 35-54 55 + (n = 7087) Coffee x age 
(n = 2243) (n = 2637) (n = 2207) interaction 

P value 

B t B t B t B t 

Simple RT - 0.53 
Choice RT - 0.84 
Incidental verbal memory 0.005 
Visuo-spatial reasoning 0.022 

-0.60 -1.33 -1.56 -2.82 -1.22 -2.59 -3.51"* <0.001 
-1.03 -1.73 -1.96" -4.00 -2.0* -3.02 -4.46** <0.001 

0.32 0.020 1.31 0.065 2.73** 0.033 3.26** <0.00t 
1.54 0.031 2.32* 0.047 2.15" 0.036 4.07** NS 

Note: B and t values are from forced-entry multiple regression 
analyses which controlled for the following variables: Age, 
sex, class, housing tenure, educational level, working status 
(retired/not retired); smoking status (current, ex, never); 
alcohol drinking (never, ex, number of units in past week); 
and current use of tranquittisers 
B gives the change in scores on the dependent variable for a 
single category change in the measure of caffeine consumption 

The t statistic tests the linear trend in performance across 
levels of caffeine consumption 
Ns vary to a minor extent by cognitive task. Those presented 
are for choice reaction time, which had the smallest n of the 
four tasks 

* P<0.05 
** P<0.01 

separa te  analyses  o f  tea and  coffee c o n s u m p t i o n  at- 

t enua ted  bu t  d id  n o t  e l imina te  the  t r end  to  h igher  levels 

o f  p e r f o r m a n c e  with  increas ing  caffeine in take .  In  each 

case the signif icance level was 0.001 or  bet ter .  F igu re  3 

shows the ad jus t ed  t rends  in test p e r f o r m a n c e  by  esti-  

m a t e d  caffeine in take .  

As  was the  case wi th  coffee consumpt ion ,  there  were 

s ignif icant  caffeine in t ake  x age in te rac t ions  in per for -  

mance  on three  o f  the  four  tests (the except ion  be ing  the 

v i suo-spa t i a l  r eason ing  test). To  explore  the na tu re  o f  

these in terac t ions ,  the sample  was b r o k e n  into three  

a p p r o x i m a t e l y  equal ly  sized g roups  (16-34,  35-54,  and  

55 years  and  older) ,  and  separa te  mul t ip le  regress ion 

analyses  were car r ied  out  on each group.  W i t h i n  each o f  

these g roups  the  age x caffeine in te rac t ion  no longer  

reached  s ta t is t ica l  significance. The  resul ts  are  p resen ted  

in Tab le  6, f r om where  it can  be seen tha t  larger  improve -  

ments  in p e r f o r m a n c e  wi th  increas ing  caffeine in t ake  

were f o u n d  in o lder  t han  in younge r  subjects .  F o r  exam-  

ple, c o m p a r i n g  the h ighest  wi th  the lowest  caffeine in t ake  

ca tegory ,  the regress ion  m o d e l  p red i c t ed  choice  r eac t ion  

t imes faster  by  32 ms in the o ldes t  age g r o u p  bu t  by  only  

7 ms  in the  younges t .  Likewise,  on  the  m e m o r y  test,  

a m o n g  the o ldes t  g roup  the m o d e l l e d  i m p r o v e m e n t  in 

recall  was 0.52 o f  an  i t em in those  wi th  the h ighest  

caffeine in take  versus 0.04 o f  an  i tem a m o n g  the younges t  

g roup .  
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Discussion 

In this large population sample, increased levels of coffee 

and tea consumption were associated with improved 

performance on a range of cognitive tests. The effects 
were strongest in relation to coffee, but were also found 

with tea, and when coffee and tea consumption were 

combined into an overall caffeine intake scale. The per- 
formance improvements showed a dose response rela- 

tionship to increasing levels of consumption, and were 
independent of a wide range of potential confounding 

variables. The results are thus consistent with the pos- 

sibility that habitual coffee and tea drinkers may not 

develop tolerance to the performance-enhancing effects 

of caffeine, but rather continue to experience absolute 

improvements in performance levels from use of the 

drug. However, there are a number of factors which 

might potentially militate against this conclusion. 

In a cross-sectional survey of this kind subjects have 

self-selected their particular consumption level, and in- 

dividuals in different consumption categories differ wide- 
ly in age, health and socio-economic profile. Despite 

controlling extensively for these confounding variables, 

it is in principle impossible to rule out the possibility that 

some unidentified variable rather than caffeine might be 

responsible for the observed pattern of results. Only 

randomized allocation could answer this objection defi- 
nitively. However, bias due to uncontrolled confounding 

seems unlikely to be of great significance. While coffee 

consumption was positively associated with performance 
when considered univariately, the association with tea 

consumption was negative, and coffee and tea had op- 

posite associations with major demographic and health 

variables. It was only after controlling for confounders 

that tea consumption predicted improved performance. 
That there was a positive association of performance 

with both coffee and tea consumption, but stronger with 

coffee than tea is precisely what would be expected from 
the relative caffeine concentrations in the two beverages 

(Barone and Roberts 1984; Scott et al. 1989). 
The level of measurement of coffee and tea consump- 

tion was only approximate. No distinction could be 

drawn between instant and ground coffee, or even decaf- 
feinated. Nor was there any indication of whether in- 

dividuals preferred their drinks weak or strong. Con- 
sumption on the day of testing might not be represen- 

tative of usual consumption, and there was no informa- 

tion available on length of time since drinking the last 
cup. The effect of all these factors would be to introduce 

substantial measurement error and to reduce the power 

of the study to detect true effects. In view of these con- 

siderations the present analysis should be viewed more 

as testing the null hypothesis of no relationship between 
chronic caffeine intake and performance than as capable 

of providing reliable evidence on the size of any effects. 
Because of measurement error, the relation between cof- 

fee and tea intake and cognitive performance is probably 
stronger than appears in these data. 

The estimated overall caffeine intake scale suffers 
from the individual weakness of tea and coffee measure- 

ment, and in addition assumes a particular caffeine 
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equivalence between the two drinks (a cup of tea assumed 
to have half the caffeine content of a cup of coffee). While 
this seems not unreasonable in view of published data 
(Barone and Roberts 1984; Gilbert 1984), it may not be 
the true equivalence. To explore the extent to which the 
findings might depend on the relative weights assigned to 

the two drinks, weights for tea ranging from 0.3 to 0.9 
of coffee were examined (data not presented). The perfor- 
mance improvement with increasing intake proved to be 

robust, and was essentially unchanged across this range. 
The similarity in performance enhancement across 

tasks differing widely in their requirements could indicate 
either that caffeine affects processes specific to each test, 
or, more plausibly, that it influences general aspects of 
functioning which would influence performance on the 
various tests in a similar way. The most obvious can- 
didate is level of arousal or vigilance, which many studies 
have shown to be raised by caffeine (e.g. Zwyghuizen- 
Doorenbos et al. 1990; Frewer and Lader 1991). Effects 
on attentional processes are another possibility. While 
effects on reaction time have been clearly established 

(Clubley et al. 1979; Lieberman et al. 1987), there are 
conflicting results on memory (Erikson et al. 1985; Loke 
1988; Kerr et ai. 1991). No previous studies appear to 
have investigated caffeine's effects on visuo-spatial rea- 
soning. 

A greater sensitivity to caffeine's effects in older than 

in younger people has been reported previously (Swift 
and Tiplady 1988), and would not appear to reflect age- 
related changes in caffeine disposition (Blanchard and 
Sawers 1983). One hypothesis to account for the effect 

might be that older people tend to operate further below 
their ceiling than do the young, so that there is greater 
scope for increases in their level of functioning. It is also 

possible that the weaker relationships in the young are 
due to less accurate measurement of their caffeine intake. 
Soft drinks such as colas are an important source of 

caffeine for teenagers and young adults, but much less so 
for older people. This source of caffeine intake could not 

be reliably ascertained in the present data. 
The findings from this survey suggest that tolerance 

to the performance-enhancing effects of caffeine, it it 
occurs at all, is incomplete, with the result that higher 
daily caffeine consumers tend to perform somewhat bet- 
ter than do low consumers. This conclusion could be 
strengthened by further study incorporating more precise 
measures of caffeine dose, preferably circulating levels in 

blood. 
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