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HOFER, I. AND K. B.~TTIG. Cardiovascular, behavioral, and subjective effects of caffeine under field conditions. 
PHARMACOL BIOCHEM BEHAV 48(4) 899-908, 1994.--The effects of continuous and intermittent caffeine abstinence 
and their time course were investigated under field conditions. After 3 days with habitual coffee, subjects were switched for 9 
days to regular instant coffee (n = 40), decaffeinated coffee (n = 40), or an intermittent regime (2 days decaff, I day caff, 
repeated, n = 40). Subjects were blind to the caffeine treatment. Motor activity was assessed continuously; subjective 
variables, blood pressure (BP), and heart rate (HR) were assessed by the subjects six times per day (electronic diary). 
Compliance was confLrmed by the different caffeine concentrations in daily saliva samples. Continued caffeine consumption 
showed no effects. Caffeine abstinence resulted in increased HR, decreased motor activity, subjective wakefulness, and 
weli-being, and in increased headaches and use of analgetics. The subjective effects and headaches were transient, i.e., they 
disappeared after a few days of abstinence and weakened over successive, separated abstinence periods. BP was not affected 
by the caffeine treatment. The intermittent onset of caffeine consumption resulted in increased wakefulness, whereas the other 
variables normalized to baseline level. 

Coffee Caffeine Placebo controlled Human Field experiment Electronic diary Blood pressure 
Heart rate Motor activity Wakefulness Well-being Headache 

THE acute effects of caffeine have been widely studied in the 
laboratory with intermediate to high single doses (150-400 
mg) in caffeine-naive or abstaining subjects. Thus, caffeine 
may result in increased subjective wakefulness, nervousness, 
mood disturbances (8), increased sleep latency and decreased 
sleep duration and quality 06,34,35), increased blood pres- 
sure (BP) and decreased heart rate [HR; (19,20)]. The cardio- 
vascular effects are suspected to be mediated by peripheral 
vasoconstriction (5) and by baroreceptor activity (18). The 
chronic effects of caffeine have been investigated less exten- 
sively. According to early studies with similar caffeine doses, 
increased BP readings [(13,24), cf. also (20)], and increased 
subjective stimulation (8) are observed for the first few days, 
i.e., the data suggest a rapid development of tolerance. This is 
underlined by the results from cross-sectional studies where 
coffee consumption showed little or even a negative relation- 
ship with blood pressure (3,12,19,27,29). 

In everyday life, caffeine is consumed in much smaller sin- 
gle doses, e.g., in coffee (60-120 mg/cup), spread over the 
whole day, and often in a habitual way. Recently, the effects 
of everyday caffeine consumption on cardiovascular parame- 

ters have been investigated in semichronical field studies com- 
paring habitual consumption of regular coffee with placebo 
or coffee-free diet. Caffeine abstinence was associated with 
decreased SBP (1,6,32), decreased DBP (32), or no DBP 
changes (1,6), or no BP changes at all (26). Heart rate, too, 
was found to increase (32), to decrease (1), or to be not af- 
fected (6). One reason for these contradictious results may be 
seen in the type of BP and HR measurements. All studies 
considered casual measures in the laboratory once per month 
or week, only Van Dusseldorp and co-workers (32) further 
used subject-measured readings at home, which showed 
changes in all three parameters. The time course of abstinence 
effects was not considered in these field studies, although this 
seems to be an important issue taking into account the rapid 
tolerance to caffeine for cardiovascular effects and to caffeine 
abstinence for fatigue, headache, nervousness, and mood dis- 
turbances (10,11). 

Simultaneous assessments of subjective effects were in- 
cluded in only one of the mentioned field studies. Van Dus- 
seldorp and Katan [(30), referring to the same study as (32)] 
reported a higher prevalence of headache in the first week 
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with decaffeinated coffee (42%) as compared to the rest of  the 
study (caffeine consumption and rest of  decaff period: 7%). 
Furthermore, the subjects fell asleep more easily in the decaff 
than in the caffeine period (88 vs. 85; scale 0-100). 

The effect of  caffeine on spontaneous motor activity has 
been rarely investigated in humans [(4,23); cf. also (22)] and 
in none of  the field studies, although its increasing effect is 
well established by animal experiments (11). 

The present study was undertaken to clarify the effects of  
caffeine abstinence and their time course under field condi- 
tions. Cardiovascular parameters, motor  activity, and subjec- 
tive ratings were assessed in parallel during 3 days with con- 
sumption of  habitual coffee (baseline) and 9 days with 
experimental instant coffee. One group continued caffeine 
consumption (control group), one group was switched to de- 
caffeinated coffee, and a third group received decaffeinated 
coffee and caffeine containing coffee in an intermittent sched- 
ule. The continuous decaff group served to determine the time 
course of  abstinence effects, i.e., decrease, increase or con- 
stancy. The intermittent group was used to study also the 
effects of  starting caffeine consumption and to determine the 
time course of  repeated abstinence periods. 

SUBJECTS 

Subjects were healthy, nonsmoking volunteers who were 
paid for participation (200 + ca. 80 SFr ~ 180 US$). They 
were recruited by newspaper ads asking for nonsmoking cof- 
fee consumers between 20 and 45 years of  age. At  the first 
phone contact, further criteria for participation were checked: 
amount of  habitual coffee consumption (4-10 cups/day),  no 
regular use of  decaffeinated coffee, no use of  black tea and 
cola (or moderate use and renunciation during the study), no 
smoking, no regular use of  medicaments, no pregnancy, gen- 
erai good health, normal blood pressure (self-reported), no 
shift work (especially no work during the night), and no work 
driving a car, truck, etc. The characteristics of  the 60 male 
and 60 female subjects are summarized in Table 1; the blood 
pressure and heart rate measures in this table, with the ex- 
pected sex differences, refer to the assessment in the labora- 
tory at the end of  the f e ld  study (cf. procedure). 

An additional 29 subjects started the program, but they 
either did not complete the whole period (n = 14) or obvi- 
ously did not follow the required measurement schedule 
(n = 15, two of  whom restarted a second time successfully). 

Recruitment of  male subjects proved to be especially difficult, 
due both to a lower response rate to ads and to more problems 
with noncompliance. 

DESIGN 

The subjects were randomly assigned to three groups with 
different treatment in the experimental phase: one group (T +) 
continuously received caffeine-containing instant coffee (caf- 
feinated coffee), one group ( T - )  continuously received decaf- 
feinated instant coffee, and the third group (T +)  received 
decaffeinated coffee for 2 days and caffeine-containing coffee 
for the third day, this schedule was repeated three times (inter- 
mlttent group; decaffeinated coffee on the final day). Subjects 
were blind with respect to the caffeine treatment. 

The field study lasted 2 weeks: day 0 served to train and 
habituate to the measurement routine (three measures; data 
not used); days I to 3 served as baseline measures during 
which subjects consumed their habitual coffee; days 4 to 12 
served as experimental period with instant coffee. The data of  
day 13 (variable end depending on report to the lab) were not 
used for statistical analyses. 

TREATMENT 

The caffeine-containing coffee was Nescafe Gold de luxe 
(56 mg caffeine in 2 g coffee), the decaffeinated coffee was 
Nescafe Serenade (2 mg caffeine in 2 g coffee). The instant 
coffee was offered in coded neutral packets for a single cup 
(caffeine: 1, 3; decaffeinated: 2, 4). The hand-filled transpar- 
ent plastic packets used in the beginning of  the study (26 sub- 
jects) contained on the average 2.1 g instant coffee (SD 0.22); 
the automatically filled opaque packets used thereafter con- 
tained 2.0 g (SD 0.05). To make the experimental conditions 
as comparable as possible, all subjects received packets with 
codes changing according to the schedule of  the intermittent 
group. 

For each day of  the experimental period, the subjects re- 
ceived a plastic bag with a fixed number of  coffee packets, 
corresponding to the number of habitually consumed cups of  
coffee, increased by two. 

In addition, subjects received some packets with decaffein- 
ated coffee (Nescafe Serenade, packets on market) to use in 
cases when the coffee packets for a special day were not suffi- 
cient. 

TABLE 1 
SAMPLE CHARACTERISTICS (MEAN + SD, PERCENT) 

Significance of 
Variable Males Females Sex Effect 

n 60 60 
Age (years) 31.0 + 7 32.4 + 7 NS 
Height (cm) 177.6 + 5 166.4 + 6 * 
Weight (kg) 75.2 + 9 60.9 + 8 * 

SBP(mmHg) 121.1 :t: 11 107.6 + 9 * 
DBP (mm Hg) 74.9 + 10 67.9 + 9 * 
Heart rateCopm) 70.1 + 10 74.5 + 8 t 

Oral contraceptives (e/0) 0 17 

Coffee consumption (cups/day) 5.6 :t: 2 5.8 :l: 2 NS 
Cup size (0.11) 1.7 + 0.5 1.8 + 0.5 NS 

Significance level: *p < 0.001, tP < 0.05; NS, not significant. 
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PARAMETERS 

Electronic Diary 

Subjects were required to fill out an electronic diary (Orga- 
nizer II, PSION PLC, England) six times per day. The mea- 
surement periods (NIP) were: 

MP 1 - w a k e  up 
MP 2-- after breakfast / before start of  work 
MP 3 -  before lunch break / end of  morning work 
MP 4 -  after lunch break / start of  afternoon work 
MP 5 - e n d  of  work / before dinner 
MP 6-going to bed. 

The electronic diary regularly asked for scalometric ratings 
(range 1-20) of  subjective mood (translated from German: 
awake, nervous, sleepy, stressed, dull, nausea, headache, mus- 
cle/joint ache). Further questions varied from one MP to the 
o t h e r - M P  1: sleep quality, time of  failing asleep, time of  
awakening; MP 2: coffee consumption, eaten s.th. for break- 
fast, mood; MP 3: coffee consumption, morning demanding, 
annoying; MP 4: coffee consumption, eaten s.th. for lunch, 
general well-being; MP 5: coffee consumption, afternoon de- 
manding, annoying, coffee strength, taste, stimulating effect, 
caffeine content; MP 6: coffee consumption, evening demand- 
ing, annoying. Further questions were designated as addi- 
tional questions, and a bonus of  1 Swiss Frank was paid for 
each MP with additional questions answered to increase sub- 
jects' motivation. These were for MP 1: problems with falling 
asleep, sleeping through, awakening; MP 2: coffee strength, 
taste, stimulating effect; MP 3: stomach/bellyache, tooth 
ache, general indisposition; MP 4: lunch taste, content, hur- 
ried; MP 5: day exciting, tiring, gratifying, in general; MP 6: 
evening entertaining, quiet, boring, active, enjoyable. Fur- 
thermore, the cardiovascular measures were to be typed into 
the electronic diary. 

Cardiovascular Parameters 

Blood pressure and heart rate were measured with an auto- 
matic device (HEM-815F, Omron Corp., Japan) by the sub- 
jects themselves, three times at each MP. Subjects were in- 
structed to insert the left forefinger completely into the cuff 
and to sit quietly with arms crossed in front of  the chest to 
prevent changes of  BP values due to hydrostatic influences. 

MOTOR ACTIVITY 

Motor activity was assessed continuously with an activity 
monitor (Gaehwiler Electronics, Switzerland). The monitor 
was to be worn at the wrist of  the nondominant arm, and to 
be taken off  for wet activities (shower, swimming, etc.) and 
certain sport activities (judo, basketball, etc.). The monitors 
were programmed to start measurements for l-min intervals 
at 0000 h of  day 1. 

CAFFEINE CONCENTRATION 

Once per day (late afternoon, before dinner) the subjects 
collected saliva samples with cotton rolls (Salivette, Sarstedt, 
Germany). Subjects were instructed to collect the samples at 
least 15 min after drinking or eating, and to keep them in the 
freezer for the rest o f  the field period. Caffeine concentrations 
in saliva (pmol/l; except for day 1) were determined automati- 
cally on a Cobas-Bio (Roche, Switzerland) with an enzymatic 
immunoassay method (Emit, Syva) at the Institut ftir Klin- 
ische Chemie, Universit-~itsspital Zfirich. Caffeine in saliva is 

correlated with concentrations in plasma (21,36) and with cof- 
fee consumption (12). 

DIARY 

Diary booklets served to register special events, including 
taking off  the activity monitor, use of  medicaments, time of  
saliva sample, and alcohol consumption. 

QUESTIONNAIRE 

A self-constructed questionnaire asked for general infor- 
mation (age, sex, etc., working schedule, use of  medicaments), 
and detailed information on caffeine consumption habits. 
Subjects had to indicate how many cups of  regular coffee, 
decaffeinated coffee, black tea, herbal tea, and cola beverages 
(in dl) they habitually consume at various times of  the day 
(wakeup, breakfast, morning break . . . .  after dinner). 

PROCEDURE 

At the first telephone contact, subjects got general in- 
formation about the aims and procedure of  the study, and 
participation criteria were checked. In case of  acceptance, 
subjects were mailed the questionnaire, three packets of  in- 
stant coffee (with caffeine) to test the appropriate amount of  
water, together with an invitation for the introductory session 
in the lab. 

Introductory sessions were held on Wednesdays for groups 
of  one to eight subjects (mixed with respect to experimental 
groups) and lasted about 1 h. The aim of  the study was ex- 
plained to be the investigation of  daily changes of  blood pres- 
sure, heart rate, motor activity, and mood, and of  the influ- 
ence of  coffee with varying caffeine content on these daily 
changes. It was explained that the instant coffee contained 
various amounts of  caffeine, never more than regular coffee, 
and that the caffeine content might change from one day to 
the other. Subsequently, the subjects were instructed how to 
use the equipment (electronic diary, blood pressure device, 
activity monitor, saliva samples) they were given in a handbag 
together with written instructions. One measurement on the 
electronic diary including cardiovascular measures was com- 
pleted during the session and controlled by the experimenter. 
Furthermore, subjects were informed about the measurement 
periods, with special emphasis on regularity, and separation 
of  the measures. Subjects were instructed how to manage the 
instant coffee program, to use only those packets prepared for 
the particular day and to abstain from all other caffeine 
sources (tea, cola, medicaments; chocolate in small amounts 
only; to order decaffeinated coffee in a restaurant). Finally, 
subjects were encouraged to call the hotfine in case of  prob- 
lems or questions. At the end of  the introductory session, the 
subjects gave their written consent. 

During the 2-week period of the study, subjects were gener- 
ally contacted twice (day 5, day 9) by phone and asked for any 
questions. At the second phone call, an individual date was 
arranged to bring the equipment back to the lab. 

In this final session, data from the electronic diary and the 
activity monitor were transferred to a PC. After a rough check 
of  data quality (completeness, regularity), blood pressure was 
measured at the arm with a semiautomatic device (HEM- 
403C, Omron Corp., Japan; subjects sitting, two to three 
measurements). Finally, subjects were paid for participation 
in case of  sufficient data quality. Afterwards, subjects got 
mailed graphic outputs of  their motor activity and of  5 days 
of  the electronic diary. 
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Data Handling and Statistics 

The activity data were set to missing for the time periods 
when the monitor was not worn (diary booklets). The valid 
measures were averaged for the periods from MP to MP 
(times from electronic diary). 

Blood pressure and heart rate measures were averaged for 
each MP after checking for data  quality. To rule out input 
errors, systolic and diastolic BP had to have a minimal differ- 
ence of  10 mmHg. For all triplets of  SBP, DBP, and HR 
exceeding a range of  10 points (mmHg, beats per minute = 
bpm) an outlier control was executed. I f  the ratio between the 
larger and the smaller difference (between the lower two and 
the higher two values) exceeded three, the distant value was 
cancelled, and only the remaining two values that were closer 
together were averaged. 

Due to high intercorrelations (intra- and interindividual) 
some ratings from the electronic diary were averaged: Wake- 
fulness refers to the mean of  the individual items awake, 
sleepy, and dull (the latter two transposed in direction); stress 
refers to the mean of  the items nervous and stressed (How do 
you feel at the moment, MP 1 to 6). Day positive refers to the 
mean of  the ratings gratifying and in general; similarly day 
exhaustive, evening positive, and evening quiet are averaged 
variables. 

Caffeine consumption was summed up over a complete day 
(electronic diary; questionnaire). 

The resulting 39 variables were analyzed with full factorial 
analyses of  variance (ANOVA; program BMDP 2V on VAX 
9000/VMS). The between-subjects factors considered were sex 
(S) and treatment group (T); the within-subject factors were 
day (D), and, in case of  several measures per day, measures 
(M). Individual missing values were set to the subject's mean 
of  the corresponding variable. This method can be considered 
as conservative, as it tends to reduce differences between re- 
peated measures (day, measure). The number of  subjects and, 
thus, the degrees of  freedom of  the ANOVA error terms 
slightly differ between the dependent variables, as some data 
sets were missing due to technical problems (additional ques- 
tions from ED, motor  activity, caffeine in saliva). 

As the effects o f  the caffeine manipulation emerge as com- 
plex subeffects of  the ANOVA effects day and day x treat- 
ment (or higher interactions with sex or measure), special con- 
trast analyses were used (25). Contrast analysis tests the 
difference of  (two) groups of  cell means from the ANOVA 
(weighted in a special manner) against the corresponding error 
term from the ANOVA. In case of  significant day and day 
x treatment effects, the planned contrasts within treatment 
groups (T + ,  T - ,  T + )  compared baseline days with experi- 
mental days (differentiating caffeine and decaff days; B / + ,  
B / -  ). Additionally,  the initial effect in the decaff group com- 
pared baseline days with the first 3 days with decaffeinated 
coffee ( T -  : B/4-6).  

In case of  parallel changes for the caffeine and decaff peri- 
ods (from baseline), further comparisons were undertaken to 
see if this change was more pronounced in the decaff than in 
the caffeine group (interaction T + / T -  x B/instant). For  
the intermittent group, the difference between the two instant 
coffee types was tested (+ ) .  

RESULTS 

The results section concentrates on the effects of  caffeine 
abstinence (contrast analysis) and ignores effects of  the other 
factors (sex, treatment as main effects, measurement period). 

For the caffeine group, no differences were obtained between 
habitual and experimental days with respect to the cardiovas- 
cular, activity and subjective variables (except coffee ratings). 

Control of Experimental Variations 

The caffeine concentration in saliva reflected the treatment 
(Fig. la):  in the caffeine group, saliva caffeine decreased from 
habitual to instant coffee [ B / + :  F( I ,  1130) = 7.83, p < 
0.01], which might be due to the well-documented lower caf- 
feine content in instant as compared to noninstant coffee. In 
the decaff group, too, saliva caffeine decreased from habitual 
to instant coffee [ B / -  : F(1, 1130) = 462.89, p < 0.001), and 
this decrease was significantly more pronounced than in the 
caffeine group [ T + / T -  × B/instant: F(1, 1130) = 175.16, 
p < 0.001]. In the intermittent group, saliva caffeine was de- 
creased on decaff days [ B / - :  F( I ,  1130) = 371.95, p < 
0.001] but not on the intermittent caffeine days [ B / + :  F(1, 
1130) = 0.53, NS]. The total daily coffee consumption (Mean 
5.3 + 1.8, Figure la),  as registered on the electronic diary, 
slightly decreased from habitual to instant coffee [all groups, 
B/instant: F( I ,  1254) = 4.66, p < 0.05], but the treatment 
groups did not differ with respect to this decrease [DT: F(I  1, 
1254) = 0.78, NS]. As was to be expected with ad lib con- 
sumption, the individual daily figures varied from day to day 
(maximal difference, habitual: 1.9 + 1.5; instant: 3.9 + 
1.6), but were considerably correlated (mean r = 0.50). Cof- 
fee consumption was spread over the whole day, and highest 
with breakfast (means ranging from 0.8-1.6 for the intervals 
between MPs). 

Subjective Ratings of Coffee 

The instant coffee was generally rated lower than the habit- 
ual coffee with respect to taste, strength, stimulating effect, 
and caffeine content [all groups, B/instant: F(1, 1133) = 
119.79, 114.93, 97.94, 276.61, a i l p  < 0.001; Fig. la ,b].  The 
day x treatment interactions failed to reach significance ex- 
cept for rated caffeine content [F( l l ,  1133) = 0.69, 1.26, 
1.32, NS, 2 .12,p < 0.01; same order as before], but complex 
interactions with sex and measurement period emerged [taste, 
DTS: F ( l l ,  1133) = 1.83, p < 0.05; strength, DMTS: F(I1,  
1133) = 1.67, p < 0.05; caffeine content, DTS: F ( l l ,  1133) 
= 2.02, p < 0.05]. The contrast analyses revealed that the 
instant coffees were rated similarly in the continuous groups 
[ T + / T -  x B/instant: F(1, 1133) = 0.40, 2.03, 3.55, 3.77; 
all NS; for taste, strength, stimulating, caffeine content, re- 
spectively], whereas in the intermittent group the decaffein- 
ated coffee was rated lower than the regular instant coffee 
[ + / - : F ( 1 ,  1133) = 0.65, NS;20.17 ,p  < 0.001; 10.01,p < 
0.01; 25.40,p < 0.001]. These differences were mainly caused 
by the female subsample and by the ratings in the afternoon 
(MP 5). 

Cardiovascular Parameters and Motor Activity 

SBP and DBP showed no differences between days with 
habitual coffee, caffeinated and decaffeinated instant coffee 
[DT: F ( l l ,  1254) = 1.06, 1.01, NS; Fig. 2a). This was con- 
firmed by additional analyses adjusting for activity, and for 
the dally minimum and maximum. Heart rate, however, was 
higher on days with decaffeinated coffee in the decaff group 
[B/-:  F(1, 1254) = 30.28, p < 0.001; Fig. 2a]. The same 
was obtained in the intermittent group [ B / - :  F ( I ,  1254) = 
13.30, p < 0.001], and this increased level was maintained on 
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FIG. 1. (a,b) Daily means (in part averaged over MPs) for variables associated with compfiance and blindness in the three treatment 
groups: (*--*) T+ caffeine, (--) T -  decaff, ( i - l )  T + intermittent. The stars on the x-axis indicate the days when the intermittent group 
received instant coffee with caffeine. 

the intermittent days with caffeinated instant coffee [ B / + :  
F(1, 1254) = 7 .30 ,p  < 0.01; + / - :  F(1, 1254) = 0.28, NS]. 
On the other hand, motor  activity (Fig. 2a) was lower on 
days with decaffeinated coffee in the decaff group [ B / -  : F( I ,  
1243) = 8.70, p < 0.01]. In the intermittent group, too, mo- 
tor activity was decreased on the days with decaffeinated cof- 
fee [ B / -  : F(1, 1243) = 27.90, p < 0.001], but normalized to 
baseline level on the intermittent days with caffeinated coffee 
[ B / + :  F( I ,  1243) = 1.34, NS]. 

Wakefulness and Sleep Variables 

Subjective wakefulness was rated lower on days with decaf- 
feinated coffee (Fig. 2b). In the decaff group, this effect was 
nonsignificant for the whole decaff period [ B / -  : F ( I ,  1254) 
= 3.50, p < 0.10], but highly significant for the first 3 days 
with decaffeinated coffee [B/4-6: F(1, 1254) = 16.16, p < 
0.001]. In the intermittent group, wakefulness was decreased 
on the days with decaffeinated coffee [ B / - :  F( I ,  1254) = 
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FIG. 2. (a-d) Daily means (in part averaged over MPs) for BP and the variables affected by caffeine in the three treatment groups: (*.. *) 
T +  caffeine, ( - )  T - dccaff, ( I - - l )  T ± intermittent. The stars on the x-axis indicate the days when the intermittent group received instant 
coffee with caffeine. 

38•60, p < 0•001], and was increased over baseline level on 
the intermittent days with caffeinated coffee [B/+  : F(1, 1254) 
= l l . 4 0 , p  < 0 .001] .  

Problems falling asleep were somewhat decreased on days 
with decaffeinated coffee and increased on the intermittent 
caffeine days [Fig. 2b; T - ,  B / - :  F(1, 1133) = 3.95, p < 
0.05; T + ,  B / - :  F(1, 1133) = 0.43, NS; T + ,  + / - :  F(I ,  
1133) = 12.53, p < 0.001]. Sleep duration, as calculated 
from the subject-recorded times of falling asleep and of 

wakeup, was shortened after the intermittent caffeine days 
[ B / + :  F(I ,  1254) = 16.67, p < 0.001; Fig. 2b). Problems 
with sleeping through or awakening and overall sleep quality 
were not affected by the caffeine treatment• 

Headache 

Headache was increased on the days with decaffeinated 
coffee (Fig. 2c). This effect was obtained in the decaff group 
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[ B / - :  F(1, 1254) = 13.53, p < 0.001], and in the intermit- 
tent group [ B / -  : F(1, 1254) = 82.19, p < 0.001l. Headache 
dropped to baseline level on the intermittent caffeine days [B/ 
+ :  F(I,  1254) = 0.01, NS). Similarly, analgetics were used 
more on decaff days (Fig. 2c). This effect was significant in 
the decaff group only for the first days of  caffeine abstinence 
[B/4-6: F(1, 1254) = 7.63, p < 0.01], and also for the inter- 
mittent group [ B / - :  F(I ,  1254) = 26.85,p < 0.001]; on the 
intermittent caffeine days, the use of  analgetics dropped to 
baseline level [ B / + :  F(1, 1254) = 1.91, NS]. Furthermore, 
nausea tended to increase during the f'urst days of  caffeine 

abstinence [ T - ,  B/4-6: F(I,  1254) = 3.54, p < 0.10; T + ,  
+ / - : F ( 1 ,  1254) = 5.59,p < 0.05; Fig. 2c). 

Subjective Well-Being 

Mood ratings in the afternoon (but not in the morning) 
were more negative in the first days with decaffeinated coffee 
in the decaff group [Fig. 2d; B/4-6: general well-being: F(I,  
1133) = 17.81,p < 0.001; day positive: F(I,  1133) = 10.95, 
p < 0.01; general indisposition: F(I,  1133) = 6.98, p < 
0.01] and also in the intermittent group [ B / - :  F(1, 1133) 
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= 40.13, p < 0.001; B / -  F(1, 1133) = 5.80, p < 0.05; 
+ / - ;  F ( l ,  1133) = 9.61, p < 0.01; same order as before]. 

Subjective stress, various ratings of  aches (muscle/joint, 
tooth, stomach), mood after breakfast, and ratings of  parts of  
the day (morning, afternoon, evening as demanding or tiring, 
day exhausting, evening positive, or quiet) were not influenced 
by the caffeine treatment. 

DISCUSSION 

The reported field study concentrated on the effects of  
continuous or intermittent caffeine abstinence on physiologi- 
cal, behavioral, and subjective parameters and the time course 
of  these effects. 

Compliance with the study regime was high, as can be 
demonstrated by the considerably different caffeine concen- 
trations in saliva on caffeine and decaff days. The blindness 
of  the subjects with respect to the caffeine content of  the 
instant coffee might be questioned due to the coffee ratings. 
The differences seem to increase over time (within day and 
between day, cf. Fig. 1, intermittent group), and females seem 
to be more sensitive to caffeine content. On the other hand, 
many subjects complained that they were unable to rate the 
caffeine content, subjects in the continuous groups guessed 
that they had had different coffee types, and none of  the 
subjects in the intermittent group consciously detected the 
schedule of  caffeine change. Thus, it can be concluded that 
most subjects were blind with respect to the coffee's caffeine 
content. 

The study revealed that caffeine abstinence is associated 
with increased heart rate, decreased motor activity, wakeful- 
ness and increased problems falling asleep, headache and nau- 
sea, and decreased well-being at noon or during the afternoon. 
Longer-lasting abstinence seems to result in increased positive 
evaluations of  the day (day positive) and decreased problems 
falling asleep. Blood pressure, however, and several subjective 
ratings were not affected by caffeine abstinence. The onset 
of  caffeine consumption after 2 days of  abstinence increased 
wakefulness and problems falling asleep and decreased sleep 
duration. 

The lack of  caffeine effects on BP might astonish, taking 
into consideration the well-documented increases after acute 
doses in the laboratory (19) and the sophisticated design of  the 
reported study with many regular BP assessments. One reason 
for this lack might be seen in the possible lack of  validity of  
the unusual method used for BP measurement. However, the 
method shows the usual sex differences (SBP: 121 vs. 112; 
DBP: 77 vs. 75), systematic changes across the day and the 
week (data not shown), a good retest-reliability between the 
mean of  days 1 to 6 vs. 7 to 12 (r = 0.91, 0.87 for SBP, DBP), 
and an acceptable correlation between the overall mean of  the 
finger measures and the measures assessed in the laboratory 
with the traditional arm method (r = 0.56, 0.43 for SBP, 
DBP). On the other hand, the long-term caffeine vs. placebo 
(or noncoffee) effects on BP from other field studies are far 
from impressive. From the seven recent studies, two reported 
no BP effects of  caffeine abstinence (2,26), four reported 
small BP decreases between 1 and 6 mmHg (1,6,32, 
33), and one even BP increases (17). The BP decreases 
further depended on assessment or statistical methods: results 
differed between laboratory and subject measures (32,33) or 
different body positions (6), changes were significant only 
when integrating several weeks (1), in comparison to boiled 
coffee (33). Furthermore, the usual placebo, decaffeinated 
coffee, may be associated with conditioned or noncaffeine BP 

increases, as is also suggested by the varying BP effects of  
different coffee preparations independent of  caffeine content 
(31). Summarizing the results, switching to decaffelnated cof- 
fee has at best a minimal effect on blood pressure. 

Caffeine effects on heart rate have received less attention 
in the field studies, perhaps because most of  them are dedi- 
cated to the clarification of caffeine's role in the development 
of  hypertension. The HR increase under decaffeinated coffee, 
which even outlasts intermittent single days with caffeine con- 
sumption, as observed in the present study, might be expected 
as a reverse effect to the HR decrease after acute caffeine 
dosage [of. (19)]. The increased heart rate together with nonaf- 
fected blood pressure might indicate a baroreceptor-mediated 
change in hemodynamics. Again, the results from other field 
studies are contradictious, showing increase (32), decrease (1) 
or no change (6,33). The increase under decaffeinated coffee 
observed in our study seems of  special importance, as it is 
accompanied by parallel decreases of  motor activity and wake- 
fulness. The persistence of  the HR increase on the intermittent 
caffeine days, however, might be caused by the normalized 
motor activity or the heightened subjective wakefulness on 
these days. Investigating caffeine abstinence effects on heart 
rate with continuous measurement devices would validate the 
reported results. 

The transient decrease in wakefulness after sudden absti- 
nence from caffeine is concordant with reports on withdrawal 
symptoms (7,9,10,14,15,28). The effects of  caffeine on sleep 
parameters are less clearcut than the other reported effects. 
Continuous caffeine abstinence seems to reduce problems fall- 
ing asleep on the long term. Van Dusseldorp and Katan (30), 
too, reported decreased problems falling asleep under decaf- 
felnated coffee. On the other hand, caffeine consumption 
after abstinence seems to increase problems failing asleep and 
to decrease sleep duration. These latter results are concordant 
with results from studies on caffeine's effect on objective mea- 
sures of  sleepiness [delay until falling asleep, ability to resist 
falling asleep; (16,34,35); for review of. (3)], whereas subjec- 
tive measures were less influenced in these studies (16,34). 

The prominent role of  headache as a withdrawal symptom 
(8-10,14,28,30) is supported by our results. In the first 2 days 
of  caffeine abstinence, 40 to 50°70 of  the subjects indicated at 
least once a headache exceeding a rating score of 10, and 20 to 
30070 even exceeded a rating of 15. However, the headaches 
are limited to the first few days of  caffeine abstinence and in 
most cases bearable, or reducible with analgetics, and relieved 
by caffeine. It remains unclear why the intermittent group 
developed more headache, used more often analgetics, and 
showed more pronounced changes in most subjective ratings 
in the first 2 days of  abstinence than the continuous decaff 
group. Special analyses revealed no differences between these 
two groups nor between headachers and nonheadachers, e.g., 
with respect to coffee consumption, caffeine concentration, 
coffee ratings, subjective, or cardiovascular parameters for 
the same day or for baseline days. 

The caffeine abstinence effects on ratings of  well-being 
(nausea, indisposition; well-being, day positive in the after- 
noon) seem to be mediated by headaches. This is underlined 
not only by the parallelism of the changes (and correlations 
between the variables) but also by the fact that the ratings 
for well-being in the morning were not affected by caffeine 
abs t inence -and  headache, too, reached its maximum in the 
afternoon (MP 3-5). 

Most caffeine abstinence effects seem to normalize to base- 
line level after 2-3 days: wakefulness, headache, use of  anal- 
getics, nausea, subjective well-being (of. Fig. 2). This is under- 



CAFFEINE EFFECTS UNDER FIELD CONDITIONS 907 

lined by the fact that the contrasts baseline vs. decaff days (B/ 
- )  often fail to reach significance, whereas the initial con- 
trasts (B/4-6) reach significance (wakefulness, use of analget- 
ics, indisposition, general well-being, day positive; tendency 
for nausea). Thus, the initial effect contrasts (B/4-6) explain 
more variance than the overall ones ( B / - ;  ratios ranging 
from 2.85 to 148), and this is valid also for headache (ratio 
3.87). The transient character of these withdrawal symptoms 
is further confirmed by the fact that they showed a decreasing 
trend over the three separate caffeine abstinence periods in 
the intermittent group. Correspondingly, contrasts including 
a linear trend from one abstinence period to the next (vs. 
baseline) explain more variance than the overall contrasts 
without linear trend ( B / -  ; ratio ranging from 1.26 to 2.58). 
For motor activity the time course is less clearcut (cf. Fig. 2a; 
ratio 1.14). 

With respect to the onset of caffeine consumption, no de- 
crease of the effects over time (i.e., from day 6 to 9 to 12) can 
be observed for wakefulness, sleep duration, and problems 
falling asleep (cf. Fig. 2b; linear contrasts don't explain more 
variance than the B / +  contrasts). 

Splitting the effects of caffeine abstinence into costs (nega- 
tive effects: increased heart rate, headache, decreased motor 
activity, wakefulness, well-being) and benefits (positive ef- 
fects: increased day positive, decreased problems falling 

asleep), the present study shows that the benefits seem to be 
less important than the costs, although the costs, too, may be 
considered as moderate. Furthermore, the present data give 
no hint of an increased coffee consumption to compensate for 
the decreased caffeine content and to avoid withdrawal ef- 
fects. Thus, coffee consumption seems to be more than caf- 
feine application. 

In summary, the reported study revealed transient effects 
of caffeine abstinence on subjective wakefulness, well-being, 
and headaches, which also declined over successive abstinence 
periods. These results show that tolerance to caffeine absti- 
nence develops rather quickly. On the other hand, the increase 
of heart rate and possibly the decrease of motor activity ap- 
pear to be longer lasting and perhaps negative effects of caf- 
feine abstinence. 
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