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HOFER, I. AND K. B.~TTIG. Coffee consumption, blood pressure tonus and reactivity to physical challenge in 338 
women. PHARMACOL BIOCHEM BEHAV 44(3) 573-576, 1993.--The relationships of coffee consumption habits and 
cardiovascular tonus at rest and in response to an orthostatic and an ergometric challenge were determined in 338 nonsmoking 
women. Habitual coffee consumption was unrelated to blood pressure. Coffee consumption on the test day was associated 
with slightly higher systolic blood pressure at rest and with smaller increases due to ergometer cycling. The latter was 
confirmed by a similar relation with saliva caffeine concentrations measured in a subsample (n = 200). These findings are 
discussed in terms of a transient stabilising effect of caffeine on blood pressure. 

Coffee consumption Blood pressure Physical stress 

INCREASES in blood pressure due to caffeine seem to be 
acute and transient. Single caffeine doses in the order of 3 
mg/kg have been demonstrated unequivocally to elevate sys- 
tolic blood pressure (SBP) and diastolic blood pressure (DBP) 
moderately when administered to nonusers or to users who 
previously had abstained from all caffeine sources [cf. (7)]. 
On the other hand, habitual coffee consumption seems hardly 
associated with increased blood pressure measures. This is 
suggested by large-sample cross-sectional studies, where blood 
pressure was mostly unrelated to or even slightly negatively 
correlated with self-reported coffee consumption (7,11,12), as 
well as by field studies that compared regular with decaffein- 
ated coffee over several weeks (switching) and detected only 
minimal or no decreases of blood pressure upon withdrawal 
of caffeine [(1,10,15); for review, cf. (2)]. 

Another question concerns the possible interaction of car- 
diovascular responses to caffeine and stress. In previously ab- 
staining subjects, mental stress and caffeine were unequivo- 
cally observed to be simply additive (5,6,9). 

Investigations of the effects of caffeine and physical stress 
on cardiovascular parameters are rare, although acute caffeine 
has been reported to have a positive effect on endurance and 
work output (4,14). Sung and coworkers (13) studied the ef- 
fect of caffeine (3.3 mg/kg) and physical stress (submaximal 
bicycle exercise with workloads stepwise increased every 3 
rain) on diastolic and systolic blood pressure in abstaining 

consumers. With low to moderate workloads, the effects were 
additive, with increasing workloads the caffeine effect was 
weakened, and it disappeared with maximal workloads (>  600 
kg x m/rain). So far, no study has investigated possible rela- 
tions between everyday coffee consumption and the cardiovas- 
cular response to physical stress in nonabstalning consumers. 

The present study investigated the relationship between 
coffee consumption and cardiovascular parameters both un- 
der resting conditions and under physical challenge (ortho- 
static reaction, ergometer cycling). Both habitual coffee con- 
sumption and actual coffee consumption on the testing day 
were assessed by self-report; in addition, caffeine concentra- 
tion in saliva was determined in a subsample. 

METHOD 

Subjects 

Subjects were paid volunteers recruited by advertisement 
in daily newspapers and women's magazines, asking for non- 
smoking females aged between 20 and 40 years; most ads 
asked explicitly for coffee consumers. During the first contact 
by phone, the exclusion criteria were checked (smoking, preg- 
nancy, hypertension, other diseases). Of the 502 initial sub- 
jects, 352 were tested (21.7~/0 cancellations, 8.2W0 nonarriv- 
als), 14 of which were excluded from the statistical analysis 
(mismatch to sample criteria, missing data). The resulting 

t To whom requests for reprims should be addressed. 
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sample of 338 subjects had a mean age of  28.9 years (SD 6.4), 
mean height of  166.3 cm (SD 5.9), mean weight of  59.4 kg 
(SD 9.2), and mean body-mass-index of  21.8 kg2/cm (SD 7.1). 
Twenty-four percent had had primary, 37 intermediate, and 
36 higher education (3070 gave no information); 34 percent 
were in professional training, 44 were employed, and 23 were 
housewives. As requested, subjects were widely normotensive 
(cf. Table 1); 17 subjects had one or more borderline measures 
(139 < SBP < 160; 89 < DBP < 95; supine or sitting at 
rest, for details cf. procedure and data reduction), 4 subjects 
had one or more measures indicating hypertension (94 < 
DBP < 100). 

Caffeine Questionnaire 

On a detailed questionnaire, subjects indicated the number 
of cups of coffee (and tea and cola) habitually consumed at 
different times of day (wakeup, breakfast . . . . .  after din- 
ner), and also whether the beverages in general contained caf- 
feine or were caffeine free. For the present report, the figures 
for caffeine-containing beverages were summed up over the 
different occasions, separately for coffee, tea, and cola. 

On the experimental day, subjects reported how many cups 
of coffee they had consumed before arriving at the laboratory 
(actual coffee consumption). 

Caffeine in Saliva 

Caffeine concentrations in saliva (#mol/l) were determined 
in a subsample of  200 subjects from 5-ml saliva samples col- 
lected over 5-10 min, 15 min after rinsing the mouth with 
tapwater. Saliva samples were stored at - 70°C until analysis. 
Caffeine concentration was determined automatically on a 
Cobas-Bio (Roche, Basel, Switzerland) with an enzyme immu- 

noassay method (EMIT by SYVA) at the Institut fiir Klinische 
Chemie, Universitiitsspital Ziirich. 

Cardiovascular Parameters 

SBP, DBP, and heart rate (HR) were determined automati- 
cally via a blood pressure device (Tonomed, Speidel & Keller, 
Germany; Korotkoff sounds). 

Procedure 

After the first phone contact, subjects were mailed several 
questionnaires to be completed at home. 

Subjects came to the lab for one session lasting about 45 
rain; sessions were distributed between 8 a.m. and 5 p.m. 
After general information, a blood pressure cuff was fixed to 
the left arm. 

The first task was the Schelling test for orthostatic reac- 
tion: Subjects had to lie down with their feet elevated (27 cm) 
for 5 min. Then, they were told to get up quickly and stand 
quietly for 7 rain with the registration arm supported in a 
horizontal position; during this period, music was played. 

In the subsequent pause, subjects filled out another ques- 
tionnaire and gave a saliva sample (200 subjects only). 

The second task was the ergometer test, carried out with a 
stepwise increasing workload: Subjects first sat quietly on the 
ergometer cycle for 2 rain. Then, they started cycling, begin- 
ning with a workload of  50 W, which was increased in steps 
of 25 W every minute by adding a 0.5 kg-weight. Subjects 
continued cycling until they reached their submaximal heart 
rate limit. This was defined as 75-8007o of 200 minus the sub- 
ject's age. During both tests, blood pressure and heart rate 
were measured automatically at 1-min intervals. 

TABLE 1 

BLOOD PRESSURE MEASURES: 
MEANS AND SD AND CORRELATIONS WITH CAFFEINE EXPOSURE INDICATORS 

Pearson Correlations Partial Correlations (adjusted for age) 

Habit. Actual Saliva Habit. Actual Saliva 
Mean + SD Coffee* Coffee* Caffeine? Coffee* Coffee* Caffeine? 

Orthostatic test 
SBP rest, supine 106.9 ± 11.0 03 
DBP rest, supine 73.3 :t: 7.5 04 
SBP final, upright 91.6 + 10.7 13§ 
DBP final, upright 73.1 -t- 8.4 04 
SBP reaction - 15.3 + 9.3 11§ 
DBP reaction - 0.2 + 7.8 - 00 

Ergometer test 
SBP rest, sitting 98.9 ± 11.0 13§ 
DBP rest, sitting 77.3 ± 7.8 09 
SBP final, cycling 137.0 + 14.5 -06 
DBP final, cycling 91.7 + 8.9 07 
SBP reaction 38.1 ± 15.5 - 14~ 
DBP reaction 14.4 + 9.6 - 01 
SBP reaction per step 10.0 + 4.6 - 12§ 
DBP reaction per step 3.8 ± 2.7 - 00 

155 O0 O4 155 Ol 
12§ -01 -02 08 -03 
20¶ 11 09 17¶ 11 
09 07 01 07 07 
05 12 06 01 11 

-02 09 03 00 11 

24¶ I0 I0 22¶ 09 
18¶ 05 03 15~ O4 

-01 -07 -04 01 -06 
16~ 08 03 13§ 07 

- 1 8 ¶  - 1 3  - 1 1  - 1 5 ~  - 11 
-00  02 00 00 03 
-20¶ - 15§ -13§ -21¶ -16§ 
-03 -03 -03 -04 -03 

Decimal points omitted. 
*n = 338. 
tn = 200 (subsample with saliva caffeine). 
§p < 0.05, :~p < 0.01, ¶p < 0.001, significance level. 
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Data Reduction and Statistics 

Orthostatic reaction. The last three measures in the supine 
position were averaged as baseline, the last three measures in 
the upright position were averaged as final value, and the 
difference to baseline was used as orthostatic reaction. 

Ergometer test. The two measures before cycling were av- 
eraged as baseline, the last measure during cycling was consid- 
ered as final measure, and the difference to baseline as reac- 
tion. Further, a "standardized" reaction was computed as 
reaction divided by the number of  workload steps. 

Statistical analysis. The relationships between caffeine ex- 
posure and cardiovascular parameters were assessed by Pear- 
son correlations, simple linear regressions, and partial correla- 
tions adjusted for age, which were computed with procedures 
of  the SPSS x statistical package on a Cyber 855. 

RESULTS 

The average habitual coffee consumption was reported 
with 4.4 cups per day (SD = 2.9, range 0-17; 6% nonconsum- 
ers). Black tea and cola as additional caffeine sources were of  
minor importance in this sample (70-77% nonconsumers, 20- 
25% with one to three cups per day). On the experimental 
day, subjects had consumed on average 1.9 cups of  coffee 
(SD = 1.3, range 0-10; 12% nonconsumers). The caffeine 
concentration in saliva amounted to 14.4/zmol/l (SD = 10.6, 
range 0-45.5) in the subsample of  200 subjects. Habitual and 
actual coffee consumption were positively correlated (r = 
0.55), and both were positively associated with saliva caffeine 
(r = 0.45 and 0.60, respectively, all p < 0.001). Habitual 
coffee consumption and actual coffee consumption, but not 
caffeine in saliva, increased with age (r = 0.27, 0.22, p < 
0.001, r = 0.06, respectively). Therefore, the correlations 
with the cardiovascular parameters are presented as raw fig- 
ures and as partial correlations adjusted for age. 

Table 1 summarizes the correlations of  the caffeine expo- 
sure indicators with the BP measurements obtained in the 
experiment. Excluding the 17 subjects with borderline hyper- 
tension and the 4 hypertensive subjects did not change the 
correlation coefficients. 

Habitual coffee consumption mostly failed to correlate sig- 
nificantly, and the obtained values dropped near chance level 
when adjusting for age. Actual coffee consumption on the 
experimental day, however, was correlated with a considerable 
number of  blood pressure measures, and significance was 
maintained after correction for age effects; results were also 
stable when computed for the subsample with saliva caffeine 
measures only. Saliva caffeine was correlated with the SBP 
increase per workload step during ergometer cycling. These 
correlations were positive for all BP measures of  the ortho- 
static test and for the BP levels of the ergometer test but 
negative for the overall and the standardized SBP reaction to 
ergometer cycling. 

Heart rate, not shown in Table 1, increased in the ortho- 
static test from 71.2 _+ 11.9 bpm supine to 88.7 _+ 13.3 bpm 
upright and increased from 78.8 -!-_ 10.9 bpm to 139.7 + 7.9 
bpm during ergometer cycling, corresponding to an increase 
per workload step of  16.0 + 4,1 bpm. The only correlation 
with caffeine exposure was obtained for the heart rate increase 
in the orthostatic test from supine to upright position with 
actual coffee consumption and with saliva caffeine (r = 
-0 .19 ,  -0 .17 ;  adjusted for age: r = -0.17, -0 .16 ,  respec- 
tively, a l lp  < 0.05). 

Regressional computation revealed increases of  the BP lev- 
els between 0.70 and 1.96 mm Hg per cup of  actual consump- 

tion, depending upon the considered BP measure that reached 
a significant correlation. The SBP increase during ergometer 
cycling was reduced by 2.04 mm Hg per cup of  actual con- 
sumption or, considering the increase per workload step, by 
0.69 mm Hg per cup and by 0.70 mm Hg per 10 #mol/ l  
caffeine in saliva. The heart rate increase during the ortho- 
static test was reduced by 1.33 bpm per cup of  actual coffee 
and 1.60 bpm by 10/~mol/l saliva caffeine. 

DISCUSSION 

The present study was concerned with the associations be- 
tween everyday caffeine consumption and BP at rest and un- 
der physical challenge. In nonabstaining subjects, this study 
revealed only a few relationships with habitual coffee con- 
sumption, while more such associations were obtained with 
the actual coffee consumption preceding the measurements 
on the testing day. Taking into consideration the size of the 
correlation coefficients (or the amount of explained variance) 
and the amount of  BP changes per cup of coffee, all associa- 
tions were weak, although in part highly significant due to the 
relatively large sample size. Further, most of  these associa- 
tions failed to be validated by corresponding associations with 
caffeine concentrations in saliva, in part due to the smaller 
sample size. 

The few positive associations between habitual coffee con- 
sumption and SBP levels (after 7 n'fin upright, sitting at rest) 
disappeared after adjustment for age. This result is concor- 
dant with the recent reports from cross-sectional studies that 
observed no or weak, mostly negative relationships with blood 
pressure levels [(3,8,11,12); for reviews, cf. (2,7)]. 

Actual coffee consumption on the testing day, however, 
was associated with higher BP levels, especially SBP. Similar 
observations have been reported from a cross-sectional study 
for coffee consumption in the last 3 h (11). 

Further, coffee consumption was associated with smaller 
cardiovascular changes due to physical challenge. Actual cof- 
fee consumption resulted in a smaller heart rate increase dur- 
ing orthostatic testing. Further, all considered caffeine expo- 
sure indicators were associated with smaller SBP increases 
during ergometer cycling. These relations were more consis- 
tent for the "standardized" increase per workload step than 
for the total increase, ruling out therefore a ceiling hypothesis 
that might be based upon the fact that ergometer cycling was 
stopped with respect to a cardiovascular criterion. In addition, 
the initial SBP values were unrelated to the number of  work- 
load steps. 

These results with respect to ergometer cycling are consis- 
tent with those reported by Sung and coworkers (13), who 
found initially increased SBP levels after acute caffeine ad- 
ministration that leveled off to the placebo levels with increas- 
ing workload. 

In conclusion, coffee consumption appears to increase SBP 
tonus in a transient manner but to reduce the reactivity to 
physical challenge, especially for SBP. Thus, coffee consump- 
tion seems to have a (weak) stabilising effect on SBP at a 
slightly elevated level. 
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