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i\bstract 

While considerable information exists regarding the 

independent effects of caffeine and psychclogical stress on 

cardiovascular activity, there is relatively little 

information on their combined effects. Since caffeine may 

enhance cardiovascular responsivity to psychological stress, 

research on hcmodynamic responses to caffeine-stress 

combinat ions may help elucidate mechanisms of hypertension 

development. In a series of studies, regular consumers of 

caffeine were exposed to laboratory and naturalistic 

stressors with ann without prior caffeine intake. Among the 

findings were 1) caffeine and stress produced additive 

increases in blood pressure, 2) caffeine appears to 

potentiate beta-adrenergic responsivity to active coping, 

but not passive coping, stressors, 3) caffeine enhanced 

emotional responses to stress, and 4) cardiovascular 

responses to caffeine and stress in a naturalistic setting 

were similar to those observen in the laboratory. These 

results iodicate that caffeine may enhance cardiovascular 

and psychological responses to stress, and that these 

responses may contribute to risk fo~ essential hypertension. 
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Résumé 

Quoiqu'il existe beaucoup d'information sur les effets 

indépendants de la caféine et du stress psychologique sur 

l'activité cardiovasculaire, il existe très peu 

d'information quant à leurs effets combines. Etant donne que 

la caféine pourrait augmenter la réponse cardiovasculaire au 

stress psychologique, la recherche sur les réactions 

hémodynamiques aux combinaisons caféine-stress pourrait 

aider à dévoiler les méchanismes du développement de 

l'hypertension. Une série d'études a été entreprise dùns 

laquelle des sujets qui consomment de la caféine 

régulièrement ont été exposés à des st~esseurs créés en 

laboratoire et en milieu naturel et ce, avec ou sans avoir 

consommé de caféine à priori. Les résultats des recherches 

ont révélé, entre autres, que: 1) la caféine et le stress 

produisent un effect additif qui a pour résultat de faire 

augmenter la pression artérielle, 2) il semble que la 

caféine intensifie la réaction beta-adrénergique durant 

l'adaptation active aux stresseurs, mais non durant 

l'adaptation passive, 3) la caféine augmente les réactions 

émotionnelles au stress, 4) les réactions cardiovasculaires 

a la caféine et au stress en milieu naturel sont similaires 

a celles observées en laboratoire. Ces résultats indiquent 

que la caféine pourrait augmenter les réactions 

cardiovasculaires et psychologjques au stress, et que ces 

réactions pourraient contribuer au développement de 

l'hypertension essentielle. 
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statement of Original Contributions 

The research presented in this thesis provides an 

original contribution to knowledge in the area of caffcinc 

effects on physiological and psychologica1 responses to 

laboratory and naturalistic stressors. previous research on 

the independent effects of caffeine and psychological stress 

indicated that each of these stimuli produce significant 

changes in cardiovascular activity, suggesting that rcpeated 

or chronic exposure may lead to increased risk for 

cardiovascular disease. within the last fcw years 

researchers have begun to explore the combined effects ùf 

caffeine and psychological stress in determining 

cardiovascular activity. These investigations have been 

motivated in part by the possibility that caffeine and 

psychological stress may stimulate cardiovascular activity 

through similar physiological pathways, hence caffeine 

consumption may potentiate both level of rcactivity and risk 

for disease. Further, because of the prevalence of both 

caffeine and psychological stress in day-to-day life, the 

potential health consequences of simultaneous exposure to 

caffeine and stress is a significant concern for much of the 

population. 

While information on the independent effects of 

caffeine and psychological stress on cardiovascular activity 

has been available for many years, it is only within the 

last decade that researchers have begun to examine the joint 
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effects of these stimuli. Presently, the literature has a 

number of important limitations, including 1) the narrow 

range of stressors examined, 2) a tendency to restrict 

measurement of cardiovascular activity to the more common 

indices of blood pressure and heart rate, 3) a paucity of 

information on psychological resronses to the combination of 

stress and caffeine, and 4) little information on the 

generalizability of laboLatory findings to naturalistic 

settings. The present thesis comprises a series of studies 

which have attempted to add~ess these limitations. By 

focusing on an expanded range of physiological and 

psychological measures, a diversity of stressors, and both 

laboratory and naturalistic settings, the investigations 

included in this thesis provide several distinct 

contributions to the literature. SpecificaIly, assessment of 

the effects of multiple stressors using a variety of 

cardiovascular measures provides insight into the 

physioloqical effects of caffeine on cardiovascular 

responsivity to active versus passive coping stressors, as 

weIl as the potentially distinct mechanisms responsible for 

the observed cardiovascular responses. The results suggest 

that, despite consistent additive effects of stress and 

caffeine on blood pressure across stressors, the mechanisms 

of these joint elevations of blood pressure may differ 

depending on the stressor. Caffeine and passive coping 

stressors may elevate blood pressure primarily through thelr 

effects on vascular resistance which combine in an additive 



fashion. In contrast, caffeine may potentiate sorne 

underlying physiologicaJ responses to active coping 

stressors (e.g., cardiac output), and as such may be 

irnplicated in the deveIoprnent of hypertension and 

cardiovascular disease. Further, the effects of caffeine on 

cardiovascular responses to stress can be observed in 

regular caffeine consumers tested under naturalistic 

circumstances, indicating that laboratory findings rnay 

generalize to the everyday lives of many caffeine consumers. 

FinaIly, evidence of caffeine-induced enhancement of 

negative emotional responses following psychologicai stress 

(e.g., increased anger and anxiety) provides suggestive 

evidence that caffeine may influence not only present 

physiological and emotional responsivity but aiso subsequent 

coping behavior. 
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1 
Introduction 

Since early in the twentieth century, a steady increasc 

in death3 due to cardiovascular disease has led to the 

current status of cardiovascular disease, in aIl forms, as 

the leading cause of death in the industrialized world 

(Page, 1983). Hypertension, or chronically elp.vùtcd blood 

pressure, is a major risk factor for a number of 

cardiovascular diseases, including coronary heart disease, 

cerebrovascular disease, intermittent claudication, and 

congestive heart failure (Kannel & Sorlie, 1975). While 

hypertensive status is typically presented as a discrete 

categorical distinction based on agreed upon cutting points 

of hypertensive versus normotensive levels of blood 

pressure, the relationship between blood nressure and risk 

for cardiovascular disease is a continuous function. That 

is, from the lowest to highest blood pr~ssure levels, each 

10 mrnHg rise in blood pressure is associated with a 30% 

increase in risk for cardiovascular disease in both men and 

women (Page, 1983). This point was drarnatically emphasized 

by Kannel and Sorlie (1975) in their statement that it is 

not hypertension that kills, but blood pressure. 

A recent survey (Hypertension prevalence, 1985) 

estirnated that 33% of adult males and 27% of adult females 

have blood pressure levels in the hypertensive range (i.e., 

ab ove 140/90 rnrnHg). Approximately 15% of aIl diagnosed cases 
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of hypertension are secondary to known pathologies such as 

chronic renal disease, renovascular disease, coarctation of 

the aorta, primary aldosteronism, and pheochromocytoma. For 

the remaining 85% of aIl diagnospd cases, referred to as 

primary or Essential Hypertension, specifie etiological 

factors remain ta be elucidated (Julius, 1977). Based on 

findings from diverse experimental and epidemiological 

investigations, a number of authors have endorsed 

biopsychosocial or multifactorial models of essential 

hypertension (Page, 1977; Shapiro, 1983). Such models assert 

that the development of essential hypertension is 

attributable to a complex interaction among many biological, 

psychological, and social factors. In the subsequent review, 

evidence relating select biological, social, and 

psychological factors to essential hypertension will be 

presented. This will be followed by a more extensive review 

of the literature on the possible interaction between two 

specifie factors, psychological stress and dietary caffeine 

intake. 

Biological Factors and Essential Hypertension: 

While a number of biological factors have been proposed 

to account for the pathogenic process of hypertension, 

perhaps none has received as much attention as dietary 

sodium intake. Epidemiological studies of various cultural 

groups have revealed that dietary sodium intake is 

significantly related to blood pressure level, with extremes 

2 



1 
of very high and very low sodium intake related to high and 

low blood pressure levels respectively (Page, 1980; Page, 

Damon, & Moellering, 1974). Experimental treatment rcgimes 

involving dietary sodium restriction have revealed a 

positive relationship between sodium intake and blood 

pressure level. Systolic and diastolic blood pressure 

reductions on the order of 5 to 10 mmHg have been observed 

following significant sodium-intake restriction, and pcrsist 

at two-year follow-up (Morgan et al., 1978; parijs, 

Joossens, Van der Linden, Verstreken, & Amery, 1973). 

Conversely, healthy subjects placed on a high sodium diet 

have experienced significant increases in blood pressure 

(Luft, Bloch, Weyman, Murray, & Weinberger, 1978). While 

these findings are consisten~ with a relationship betwecn 

dietary sodium intake and blood pressure levals, they tend 

to mask individual differences in dietary sodium 

sensitivity. Both human and animal studies support the 

notion of an interaction between sodium intake and genetic 

risk for hypertension, such that genetic differences in 

salt-sensitivity moderate risk for high blood pressure 

levels under conditions of high sodium intake (Kawasaki, 

Delea, Bartter, & Smith, 1978; Louis, Tabei, & Spector, 

1971) • 

Whatever the mechanism of transmission, there are a 

number of lines of evidence which suggest that hereditary 

factors pl?y a significant role in determining blood 
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1 
pressure levels. First, the correlations for rest~og blood 

pressure levels are approximately twice as high for 

monozygotic twins as compared to dizygotic twins (Feinleib, 

1979). As well, studies of families with natural and adopted 

children have revealed significant correlations in blood 

pressure between parents and their biological offspring, but 

not with their adopted children (Biron, Mongeau, & Bertrand, 

1976). Finally, a positive family history of hypertension is 

a significant predictor for the development of hypertension 

(Feinleib, 1979). While these data support the notion of a 

genetic component in hypertension, it has been hypothesized 

that genetic factors serve mainly to predispose individuals 

to hypertension development given specifie environmental 

circumstances (Page, 1983). This point is illustrated above 

by the literature on genetic differences in sodium 

sensitivity and will be reiterated below in relation to 

genetic differences in cardiovascular responsivity to 

psychological stress. 

Social Factors and Essential Hypertension: 

Social factors which have been shown to be significant 

in predicting blood pressure levels include sociocultural 

change, socioeconomic status, and social crowding. In order 

to assess the effect of Westernized acculturation on blood 

pressure levels in members of pre-industrialized societies, 

Cassel (1975) compared Polynesian, Melanesian, and Zulu 

groups who were living with or without significant outside 
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1 
cultural contact. It was concluded that exposure to cultural 

change was associated with increases in blood pressure 

across these diverse groups. A more in-depth anolysis of 

this process is provided by a study of the migration of 

residents of Tokelau Island. Following a devastating 

typhoon, Tokelauans were resettled in New Zealand and as a 

result were exposed to significant cultural changes. 

Significant increases in blood pressure were observed in 

migrants versus non-migrants as weIl as in those migrants 

who interacted more with New Zealand white society 

(Beaglehole, Salmond, Hooper, & Prior, 1977). Even though 

the social interaction effects remained significant after 

controlling for body weight, age, and duration of stay, 

differences in social interaction accounted for only 2.1% of 

the variance in blood pressure levels in males and 1.4% in 

females. Factors related to dietary changes, including 

changes in body mass, salt intake, and carbohydrate intake 

accounted for a significantly larger portion of the variance 

in blood pressure levels (prior, Stanhope, Evans, & Salmond, 

1974). A comparison of males of Japanese descent living in 

Japan, Hawaii, and California confirmed the importance of 

dietary influences on blood pressure levels (Marmot, Kagan, 

& Koto, 1980). While Japanese men living in the U.S. were 

heavier, had higher serum cholesterol levels, and 

significantly higher blood pressure, there was no 

relationship between blood pressure levels and cultural 
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l 
tcaditionalism (Marmot et al., 1980). 

Variables such as low socioeconomic status and social 

instability (e.g., marital instability; living in a high 

density, high crime area) have also been related to higher 

blood pressure levels (Harburg et al., 1973). Harburg and 

colleagues compared blood pressure levels of Detroit 

residents living in high- versus low-stress areas as defined 

by socioeconomic status and social instability levels in a 

given area. After adjusting for age and weight, it was 

observed that residents in the high-stress areas had a 

significantly higher likelihood of being hypertensive. 

Similar naturalistic analyses of the role of social density 

on blood pressure levels have been carried out using prison 

inmates housed under varying degrees of cell crowding. 

D'Atri (1975) observed that prisoners housed in dormitories 

had significantly higher blood pressure levels than 

prisoners housed in single cells. Similarly, comparisons of 

blood pressure Ievels of prisoners housed in two, three, or 

six person cells revealed that inmates had significantly 

higher systolic blood pressure levels under the more crowded 

conditions (Paulus, McCain, & Cox, 1978). Similar results 

have been obtained in animal analog studies, with social 

crowding leading to elevated risk for hypertension (Henry & 

Stephens, 1977). It is clear from this brief review of 

social influences on blood pressure status that it is 

difficuIt, if not impossible, to disentangle the 
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contribution of social and psychological factors in the 

development of hypertension. In many respects cultural 

adaptation, econornic poverty, and social crowding reprcscnt 

environmental challenges which can he construcd as 

psychosocial stressors. As such, the se psychosocial 

stressors Iend supprrt to the notion that psychological 

factors may influence the process of hypertension 

development. 

Psychological Factors and Essential Hypertension: 

In an attempt to understand the role of psychologicai 

factors in the development of hypertension, researchers have 

focused on psychological characteristics of both the 

individual and the environment as potential mediators of 

risk for cardiovascular disease. Hypertension has long becn 

associated with emotional difficulties, especially subdued 

anger and hostility (Alexander, 1939). Problems with anger 

expression have been related to an increased risk for 

hypertension (Diarnond, 1982; Harburg et al., 1973) and 

increases in blood pressure reactivity (Johnson, SChork, & 

Spielberger, 1987; Johnson, Spielberger, Worden, & Jacobs, 

1987). Sirnilarly, the Type A behavior pattern, which 

encompasses a number of characteristic responses to 

environmental challenge, including a sense of time urgency, 

competitive achievement striving, and hostility, has becn 

associated with risk for heightened syrnpatnetic responsivity 

to stress and coronary heart disease (Glass, 1977; Rosenrnan 
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1 
et al., 1975). Consistent with earlier personality theories, 

recent evidence suggests that the anger-in and hostility 

components of the Type A behavior pattern may be the 

critical aspects in predicting both cardiovascular 

responsivity and risk for coronary heart disease (Dembroski, 

MacDougall, Williams, Haney, & Blumenthal, 1985; Glass et 

al., 1980; Matthews, Glass, Rosenman, & Bortner, 1977). 

The role of environrnental stressors as potential 

contributors to cardiovascular disease has received 

extensive consideration. Early investigations of dramatic 

real-life stressors revealed that exposure to such extreme 

situations as desert warfare (Graham, 1945) and chemical 

explosion (Ruskin, Beard, & Schaffer, 1948) was capable of 

producing transient increases in blood pressure lasting 

several days. Subsequent investigations of more common 

stress fuI experiences, su ch as chronic exposure to stressful 

occupational environments, revealed a significant 

relationship between psychological stressors, blood pressure 

elevations, and risk for cardiovascular disease. Cobb and 

Rose (1973) observed a significantly higher incidence of 

hypertension among air traffic controllers as cornpared to a 

control group of second-class airmen. Moreover, within the 

air traffic controller group the highest rates of 

hypertension were observed among controllers who worked at 

the busiest airports. Prolonged exposure to high 

occupational noise levels has also been related to both 
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1 
acute blood pressure elevations (Andren, Hansson, Bjorkman, 

& Jonsson, 1980) and a higher prevalence of hypertension 

(Parvizpoo~, 1976). Finally, high levels of job strain, due 

to such factors as high work demands combined with low 

opportunity to control the job situation, predict 

cardiovascular disease and mortality levels (Karasck, 

Theorell, Schwartz, Pieper, & Alfredsson, 1982). These and 

similar findings have stimulated and supported the stress­

reactivity model of hypertension. 

The stress-reactivity model of hypertension asserts 

that exaggerated cardiovascular responsivity to stressful 

environmental stimuli may predict the developmcnt of 

essential hypertension. Evidence for this position has becn 

obtained from longitudinal investigations wherein the 

development of hypertension has been predicted by 

exaggerated blood pressure responses to such strcssors as 

the cold-pressor test (Menkes et al., 1989; Wood, Sheps, 

Elveback, & Schirger, 1984), physical exercise (Dlin, flannc, 

Silverberg, & Bar-Or, 1983; Jackson, Squires, Grimes, & 

Beard, 1983: Wilson & Mayer, 1981), and a psychological 

stressor (Falkner, Kushner, Onesti, & Angelakos, 1981). 

While there have also been a number of failed atternpts to 

predict blood pressure elevations uslng the cold pressor 

test (Armstrong & Rafferty, 1950: Eich & Jacobsen, 1967: 

Harlan, Osborn, & Graybiel, 1964), these studies have becn 

criticized on the grounds of insufficient follow-up (Manuck 
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l 
& Krantz, 1986). In addition, as will be illustrated below, 

stressors such as the cold pressor test may not serve as the 

best predictors of stress-related hypertension. 

Obrist (1981) hypothesized that repeated expasure to 

acute psycholagical stressors may promote a gradual shift 

from transient increascs in blood pressure, mediated by 

neurogenic mechanisms, ta a more established hypertension, 

wherein high blood pressure levels are maintained primarily 

throuqh elevated peripheral resistance. Obrist and 

colleagues observed that stressors which allow effortful 

control over the environment, known as active coping, tend 

to elicit greater increases in beta-adrenergic sympathetic 

activity (Langer et al., 1985; Sherwood, Allen, Obrist, & 

Langer, 1986). In cantrast, stressors which require passive 

coping due to minimal environmental control (e.g., cold 

pressor, avers ive film) tend to elicit primarily alpha­

adrenergic sympathetic nervous system activity (Buhler, 

Bulll, Hulthen, Amann, & Kiowski, 1983; Obrist et al., 1978; 

Obrist, Light, McCubbin, Hutcheson, & Hoffer, 1979). More 

importantly, active coping stressors tend to elicit 

metabolically-exaggerated cardiac adjustments (Sherwood et 

al., 1986; Turner & Carroll, 1985), meaning that they elicit 

increases in the flow of oxygenated bJood to body tissues in 

excess of metabolic demands. Obrist (1981) hypothesized that 

such metabolically-inappropriate increases in cardiac 

activity could elicit physiological adjustments resulting in 
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1 
sustained elevations in blood pressure. 

Physiological mechanisms which have been proposcd to 

account for a transition from repeated, exaggeratcd cardiac 

activity to sustained elevations in vascular resistance, and 

hence blood pressure, include autoregulation theory (Guyton 

& Coleman, 1969) and structural adaptation (Folkow, Grimby, 

& Thulesius, 1958; Folkaw, Hallback, Lundgren, sivertsson, & 

Weiss, 1973). Autoregulation the ory refers to a process 

whereby local tissues act intrinsically ta promate vascu]ar 

dilation or constriction in order ta regulate blood flow. 

Since local autoregulatory responses in most tissues appe~r 

to be closely related to cellular delivery and utilization 

of oxygen (Carrier, Walker, & Guyton, 1964), tissue 

overperfusion following active coping stressors would be 

expected to elicit a vasoconstrictive response and 

subsequent increases in blood pressure. It is as yet unclc~r 

how, or if, repoated autoregulatory responses would lead to 

the more permanent vasoconstrictive responses which would 

promote a sustained elevation in blood pressure. A second 

mechanism which has been proposed to accaunt for a 

transition from elevated cardiac output to elevated 

peripheral resistance is structural adaptation (Folkaw et 

al., 1958; 1973). This theory proposes that repeated and 

prolonged increases in cardiac output and blood pressure 

produce a hypertrophie response in the vascular smooth 

muscles of the arterioles, leading to a narrowing of the 
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vessel diameter and an elevation of peripheral resistance. 

Once again, a permanent increase in peripheral resistance 

would result in sustained blood pressure elevations. It must 

be noted that these mechanisms may be operating in concert 

to influence the hypertensive process. Autoregulation may 

represent a more acute response to increased cardiac output 

while structural adaptation may result from a more chronic 

exposure to metabolically-exaggerated cardiac activity. 

Under the assumption that enhanced cardiovascular 

responsivity may contribute to the development of sustained 

elevations in blood pressure, the stress-reactivity model of 

hypertension would predict that sorne hypertensive-prone 

individuals would show enhanced cardiovascular responsivity 

to stress. Consistent with this hypothesis, cornpared to 

normotensive offspring of normotensive parents, norrnotensiv8 

offspring of hypertensive parents have revealed 

significantly greater cardiovascular responses to mental 

arithmetic (Ditto, 1986; Falkner, Onesti, Angelakos, 

Fernandes, & Langman, 1979; Jorgensen & Houston, 1981; 

Manuck & Proietti, 1982; Manuck, Proietti, Rader, & 

Polefront, 1985), reaction-time tasks (Gintner, 

Hollandsworth, & Intrieri, 1986; Hastrup, Light, & Obrist, 

1982), shock avoidance (Jorgensen & Houston, 1981), the 

stroop word-color interference test (Ditto, 1986; Jorgensen 

& Houston, 1981; Shapiro, 1~61), and a concept formation 

task (Manuck & Proietti, 1982). While significant 
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1 
differences have also been observed for the cold pressor 

test (Shapiro, 1961), these differences were not replicated 

in subsequent studies (Hastrup et al., 1982). Interestingly, 

both within and across studies, there is a tendency to 

observe group differences on active but not passive coping 

stressors, which is consistent with Obrist's (1981) theory 

that risk for hypertension is related to exaggerated cardiac 

responsivity to active coping stressors. 

In sum, while it is as yet unclear whether 

cardiovascular responses to stress play a causative or 

correlative role in the pathogenic process of hypertension, 

both longitudinal investigations and studies of at-risk 

populations support the notion that psychological stressors 

are, in sorne individuals, related to the hypertensive 

disease process. Further, the preceding review clearly 

illustrates the interactive nature of biological, 

psychological, and social factors in the pathogenesis of 

hypertension. Therefore, an ultimate understanding of the 

relationship between psycholngical stressors and risk for 

essential hypertension will require a consideration of other 

biological, psychological, and social factors that may 

modulate the stress-reactivity relationship. 

The remainder of this introduction will focus on one 

factor which has received increasing attention as a 

potential modulator of risk for cardiovascular disease 

caffeine consurnption. Information will be presented on the 
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1 
relationship between dietary caffeine intake and risk for 

cardiovascular disease, followed by a more specif~c 

consideration of the notion that caffeine may moderate risk 

for hypertension, and hence cardiavascular disease, via its 

influence on cardio~ascular responses ta psychalogical 

stressors. 

Caffeine Use in North America: 

Caffeine is a common constituent in the diet of North 

Americans, present in a wide range of produccs including 

coffee, tea, cocoa, chocolate, many soft drinks, and a 

variety of prescription and non-prescription medications. 

The results of a survey of United states adults indicated 

that 80% of respondents over 20 years of age drink coffee an 

a regular basis (Bonham & Leaverton, 1979). Canadian surveys 

reveal similar statistics, with one survey in the province 

of Ontario reporting that more than 90% of adults drink a 

caffeine-containing beverage each day (Gilbert, Marshrnan, 

Schwieder, & Berg, 2976). The popularity of caffeine­

containing beverages is usually accredited to the belief 

that caffeine has stimulant properties which elevate rnood, 

decrease fatigue, and increase capacity for work. While 

there is evidence to support claims for the beneficial 

effects of caffeine (Goldstein, Kaizer, & Warren, 1965; 

Goldstein, Kaizer, & Whitby, 1969), there is aiso evidence 

to Ruggest that these beneficial effects may come at sorne 

cost to bath physical and psychological well-being (Curatolo 
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& Robertson, 1983). As a stimulant of both the central and 

peripheral nervous systems (Curatolo & Robertson, 1983), 

caffeine may be associated wi th a variety of undesirabl c 

psychological and physiological effects. For example, 

caffeine has been shown to increase levels of anxiety and 

exacerbate the symptoms of anxiety disorders (Charney, 

Heninger, & Jatlow, 1985). It has also been suggested that 

caffeine may enhance Ievels of aggression, as observed in 

one study in which mice given caffeinated water on a chronic 

basis exhibi ted increased levels of aggressive behav ior 

(Henry & Stephens, 1980). Although speculative at this 

point, these results merit further attention given the 

increasing evidence of the relationship between emotional 

responses such as anger and hostil i ty and risk for 

cardiovascular disease (Diamond, 1982). While caffeine has 

been implicated in a variety of physiological disorders 

(Curatolo & Robertson, 1983), the present discussion will 

focus on the potential pathogenic role of caffeine in the 

development of cardiovascular disease. A number of l ines of 

evidence support the notion of a relationship between 

caffeine consumption and risk for cardiovascular disease, 

including 1) the resul ts of animal experimentation, 2) human 

epidemiological E'vidence, 3) the association between 

caffeine and stimulation of cardiovascular activity, and, 

most recently, 4) evidence of a possible potentiation of 

cardiovascular responses to psychological stress by 

15 



1 
caffeine. 

Before proceeding with a presentation of the evidence 

concerning a relationship between caffeine and 

cardiovascular disease, a brief literature review will be 

presented on the putative mechanisms of caffeine' s effects 

on cardiovascular activity. 

Pharrnacological Effects of Ca ffeine: 

Oral administrati on of caffeine leads to a rapid and 

virtually complete absorption of caffeine into the 

bloodstrearn. Greater than 99% of ingested caffeine is 

absorbed into the bloodstream, and peak plasma levels are 

typically reached in 15 to 45 minutes (Bonati et al., 1982; 

Neims & von Borstel, 1983). Once absorbed into the 

bloodstream, caffeine continues to exert its effects for 

several hours. The elirnination half-life of caffeine can 

range from three to eight hours (Curatolo & Robertson, 

1983). Individual differences in caffeine metabolism may be 

related to environrnental factors su ch as smoking, which 

significa'1tly reduces caffaine elimination half-life 

(Parsons & Neims, 1978; Whitsett, Manion, & Christensen, 

1984), oral contraceptive use, which significantly increases 

elimination half-life (Patwardham, Desmond, Johnson, & 

Schenker, 1980), as weIl as genetic factors (Grant, Tang, & 

Kalow, 1983). 

A number of mechanis!l'ls have been posi tell to account for 

the cardiovascular effects of caffeine. One direct 
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peripheral mechanism which has been put forward suggests 

that caffeine inhibits the breakdown of cyclic adenosine 

monophosphate (cAMP) by the enzyme cAMP phosphodiesterase 

(Beavo, Rogers, & Crofford, 1970). Because cAMP appears to 

mediate the actions of many neurotransmitters and hormones 

in the nervous system, it was believed that caffeine could 

enhance this activity b~' inhibiting its degradation. 

However, i t has been observed that even high doses of 

caffeine fail to influence tissue cAMP levels in animaIs 

(Burg & Warner, 1975), leading to the conclusion that levels 

of caffeine required to significantly increase cAMP levels 

in vitro would be toxic or lethal to animaIs. 

A second direct peripheral mechanism which has been 

hypothesized to account for the cardiovascular effects of 

caffeine is antagonism of endogenous adenosine activity. 

Adenosine receptors are widely distributed in neural, 

cardiovascular, respiratory, and other tissues. Endogenous 

adenosine is know to have a variety of effects on various 

tissues, including 1) modifying release of neurotransmi tters 

or hormones, 2) al tering the actions of neurotransmi tters, 

drugs, or hormones, and 3) acting directly upon tissues (von 

Borstel & Wurtman, 1984). In the cardiovascular system, 

adenosine has been shown to decrease the rate and force of 

contractions of the heart and to produce widespread 

vasodilation of the vasculature (Drury, 1936). RaIl (1980) 

reported that plasma caffeine levels obtained following 
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consumption of one te three cups of coffee are sufficient to 

competitively antagonize the actions of endogenous 

adenosine. Although adenosine antagonism may explain such 

cardiovascular responses to caffeine as increases in blood 

pressure, caffeine and adenosine share sorne common effects, 

such as bradycardia (von Borstel & Wurtman, 1984), 

suggesting that a simple adenosine antagonism model may not 

account for aIl of the cardiovascular effects of caffeine. 

Indirect peripheral mechanisms proposed to explain the 

effects of caffeine on cardiovascular activity include 

enhancement of catecholamine release and/or inerease in 

plasma renin activity. Robertson and colleagues (1978) 

observed plasma epinephrine increasps of 207% and 

norepinephrine increases of 75% following consumption of 250 

mg of caffeine in non-eoffee drinkers. Subsequent studies of 

regular caffeine consumers have generally confirmed these 

findings, consistently dernonstrating significant increases 

in plasma epinephrine with smaller increases, or no 

significant change, in plasma norepinephrine following 

caffeine consumption (Izzo, Ghosal, Kwong, Freeman, & 

Jaenike, 1983; Smits, Hoffmann, Thien, Houben, & van't Laar, 

1983; Smits, Pieters, & Thien, 1986; Smits, Thien, & van't 

Laar, 1985a; Smits, Thien, & van't Laar, 1985b). However, 

there is convincing evidence that increases in plasma 

catecholamines following caffeine consumption eannot account 

for observed pressor responses. On rot and colleagues (1985) 
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examined the effects of caffeine on a group of patients with 

autonomie failure. Although there were no significant 

changes in plasma epinephrine or norepinephrine levels in 

these patients following caffeine consumption, significant 

increases in blood pressure were observed. similarly, smits 

et al. (1986) observed significant increases in blood 

pressure in response to caffeine in a group of 

adrenalectomized patients who showed no signific~nt 

increases in plasma catecholamine levels. 1nterestingly, 

increased plasma catecholamine levels following caffeine 

consumption may also be attributable to blockade of 

adenosine receptors, given that adenosine can inhibit 

epinephrine and norepinephrine release (Neims & von Borstel, 

1983) . 

An initial report of significant increases in plasma 

renin activity following caffeine consumption (Robertson et 

al., 1978) supported the hypothesis that saffeine may 

produce its pressor effects through stimulation of plasma 

renin activity. However, subsequent studies have revealed 

either no significant increases, or even decreases, in 

plasma renin activity following caffeine consurnption (1zzo 

et al., 1983; smits et al., 1983; 1985a; 1985b; 1986). 

Further, no significant increases in plasma renin activity 

were observed in patients with impaired adrenornedullary 

activity (Smits et al., 1986; Onrot et al., 1985), despite 

significant increases in blood pressure. 
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Caffeine readily crosses the blood-brain barrier to 

stimulate central nervous system activity (Hirsch, 1984), 

and therefore caffeine may exert sorne of its cardiovascular 

effects through stimulation of vagal and vasomotor centers 

in the brain. Once again, it is possible that any central 

effects of caffeine may be attributable to adenosine 

antagonism given the presence of adenosine receptors in the 

central nervous system (Snyder, 1984). 

In sum, caffeine appears to exert sorne of its 

cardiovascular effects through inhibition of endogenous 

adenosine activity. Since caffeine may antagonize adenosine 

inhibition of sympathetic nervous system (SNS) activity at 

rest, it has been proposed that combining caffeine with 

another SNS stimulant (e.g., psychological stress) may lead 

to a potentiation of SNS activity (Shapiro, Lane, & Henry, 

1986). In this manner caffeine consumption during exposure 

to stress might exacerbate the effects of stress on 

cardiovascular activity. 

Tolerance to Caffeine Effects: One issue which has 

received much attention in relation to the cardiovascular 

effects of caffeine is the presence or absence of tolerance. 

This issue is of particular importance since the development 

of tolerance to the cardiovascular effects of caffeine would 

argue against caffeine as a significant risk factor in 

cardiovascular disease. The earliest studies on caffeine 

effects on cardiovascular activity at rest supported the 
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notion that individuals did not show tolerance to chronic 

caffeine consumption, given that observed pressor effects 

were produced in individuals who were regular eaffeine 

consumers (Horst, \\1i11son, & Smith, 1936), and that these 

effects eould be reproduced despite repeated eaffeine 

consumption over a period of several weeks (Horst, Buxton, & 

Robinson, 1934). More recently, investigators have reported 

evidence of tolerance to the cardiovaseular effects of 

caffeine. Colton, Gosselin, and smith (1968) reported that 

regular eoffee drinkers were significantly less Iikely to 

show bradycardia following consumption of 150 mg of caffeinc 

as eompared to non-drinkers. Robertson, Wade, Workman, 

Woosley, and Oates (1981) investigated cardiovascular 

responses to caffeine in regular eoffee drinkers over a 

period of two weeks. For the first three and last four days 

of the study subjects received a placebo drink. On days four 

through ten, subjects received a drink containing 250 mg of 

caffeine, three times per day, wi th eaeh meal. The resul ts 

indicated that significant increases in blood pressure were 

observ~d on only the first two caffeine days, with a return 

to baseline pressure levels on subsequent days. While these 

findings indicate that tolerance to caffeine 1 s effects on 

cardiovascular activity may be observed under sorne 

conditions, interpretation of these findings must remain 

guarded gi ven the l imi ted sample size (n = 9), the use of 

particularly large daily doses of caffeine (equi valent to 
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approximately eight cups of coffee), and the analysis of 

average daily blood pressure levels rather than response to 

each caffeine administration. This final point is 

particularly important, given that a large number of recent 

studies indicate that smaller doses of caffeine (e. g. , 

equivalent of two ta three cups of coffee per day) can 

produce significant blood pressure and heart rate changes in 

regular caffeine cansumers after periods of caffeine 

abstinence as short as twel ve hours (Greenberg & Shapiro, 

1987; Lane & Williams, 1987; Pincomb, Lovallo, Passey, 

Brackett, & Wilson, 1987; Pincamb, Lovallo, Passey, & 

Wilson, 1988). In order to better understand the issue of 

tolerance to the cardiovascular effects of caffeine, it is 

necessary ta know that a strong correlation exists between 

basal plasma caffeine concentration and blood pressure 

response to caffeine consumption (Smits et al., 1985b). 

Since pressor responses are related to plasma caffeine 

levels, significant changes in blood pressure following 

caffeine consumption may only be observed when abstinence 

from caffeine is of sufficient duration to allow plasma 

caffeine levels to drop below an unspecified level. 

Overnight abstinence would allow for a significant 

elimination of caffeine from the bloodstream in most 

caffeine users, given that the average elimination half-life 

for caffeine in regular caffeine consumers is approximately 

4 hours (Smits et al., 1985b; Whi tsett et al., 1984). In 
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addition, differences in basal plasma caffeine level are nat 

determined exclusively by length of abstinence from 

caffeine. Individual differences in caffeine metabolism may 

be related te environmental factors such as smoking, which 

significantly reduces caffeine elimination hall-life 

(Parsons & Neims, 1978; Whitsett et al., 1984), as weIl as 

genetic factors (Grant et al., 1983). Therefore, caffeine 

consumption may produce cardiovascular effects in daily life 

to varying extents depending on both patterns of consumption 

and individual difference factors related to ratA of 

caffeine clearance. Most impartantIy, significant 

cardiovascular adjustments ta caffeine are likely to emerge 

under typical patterns of usage and therefore caffeine may 

indeed be a significant risk factor in cardiovascular 

disease. 

Caffeine and Cardiovascular Oisease: 

Several retrospective and prospective epidemiological 

studies have investigated the relationship between caffeine 

consumption and heart disease. One of the first reports of a 

positive association ~tween coffee consumption and ischemic 

heart disease in a prospective study concerned the outcome 

of 1,951 men employed at Western Electric in Chicago (Paul 

et al., 1963). Although this early investigation reported a 

significant correlation between coffee consumption and 

ischemic heart disease, a subsequent report indicated that 

this relationship could be accounted for by tobacco use 
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(Paul, MacMillan, McKean, & Park, 1968). 

The Boston Collaborative Drug Surveillance program 

(1972) surveyed 24 hospitals in an attempt to investigate 

the relationship between use of various drugs and the 

development of disease. Caffeine intake was surveyed for 276 

patients wi th myocardial infarction as compared to 1,104 

control patients who were hospitalized with other chronic 

diseases. It was observed that patients wi th myocardial 

infarction drank significantly greater amounts of coffee 

prior to hospitalization. In a related investigation, data 

from 440 patients diagnosed as having had a myocardial 

infarction were examined from among records accumulated from 

12,759 hospitalized patients (Jick et al., 1973). After 

controlling for a variety of patentially confounding 

factors, including age, sex, past ischemie disease, 

hypertension, and smoking, these investigators concluded 

that the risk of myocardial infarction was related to caffee 

consumption. Individuals who drank one to five cups of 

coffee per day had approximately 1.6 times the expected rate 

of infarction, while consumption of six or more cups per day 

was associated wi th a risk which was 2.2 times the expected 

rate. A more recent retrospective investigation eompared 

coffee consumption in 487 women hospi talized for a first 

myocardial infarction against 980 controls who were admitted 

to hospital for aeute emergencies. (Rosenberg et al., 1980). 

This study concluded that eoffee drinking was assoeiated, at 
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most, with a modest increase in risk for myocardial 

infarction in young women. Specific~lly, after controlling 

for factors su ch as age and smoking, women who drJnk five or 

more cups of coffee per day had a relative risk of 

infarction 1.2 times that of non-drinkers. In an attempt to 

reconcile their more modest findings with those of the 

Boston Collaborative Drug Surveillance program (1972), the 

authors suggest that the use of patients with chronic 

diseases as controis may lead to an overestimation of the 

association between coffee consumption and risk for 

infarction since chronic patients may tend to give up 

caffeine. 

A number of prospective investigations have failed to 

support the notion of a significant relationship between 

coffee consumption and risk for heart disease. Data from the 

Framingham study, a prospective study of coronary hcart 

disease begun by the National Heart and Lung Institute in 

1949, vias analyzed to provide information on the 

relationship between coffee drinking and total coronary 

heart disease, angina pectoris, myocardiai infarction, 

sudden death, and death from aIl causes (Dawber, Kannel, & 

Gordon, 1974). The only significant relationship observed 

was for an increased risk of death from aIl causes in men 

drinking more than four cups of coffee per day. Based on a 

subsequent analysis controlling for the effects of smoking 

behavior, it was concluded that the relation of overall 
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mortal i ty to coffee consumption was based on the association 

between coffee drinking and cigarette smoking. Similarly, 

prospective studies of various populations, including 

Swedish males (Tibbl in, Wilhemsen, & Werko, 1975), Japanese 

men li v .ing in Hawai i (Yano, Rhoads, & Kagan, 1977), and 

residents of Evans county, Georg ia (Heyden, Tyroler, Heiss, 

Hames, & Bartel, 1978), have failed to find a significant 

relationship between coffee consumption and various 

cardiovascular diseases. In contrast, a more recent 

prospective study of 1,130 male medical students reported a 

strong, posi ti ve, dose-dependent relationship between coffee 

consumption and risk for coronary heart disease, even after 

controll ing for such risk factors as age, smoking, 

hypertension, and serum cholesterol (LaCroix, Mead, Liang, 

Thomas, & Pearson, 1986). Consumption of one to two, three 

t~") four, and more than four cups of coffee per day was 

asscci~'ced wi th a 1.3, 1.9, and 2.5 times increase in risk 

of coronary heart disease, respectively. Interestingly, data 

collected from participants at five year intervals, allowing 

assessment of changes in personal habits, revealed that the 

association between coffee consumption and risk for coronary 

heart disease was strongest when the most recent consumption 

figures prior to the coronary event were used. This suggests 

that current coffee consumption is a much better predictor 

of heart disease, and may explain the failure to observe a 

significant relationship in some of the previous prospective 
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investigations. 

I.1 attempt to better understand the relationship 

between caffeine intake and increased risk of cardiovascular 

disease, epiderniological studies have also examined the 

relationship between caffeine consumption and cardiovùscular 

disease risk factors such as blood pressure Ievel and blood 

cholesterol level. Studies of blood pressure Ievels in 

caffeine consumers have typically revealed a modest, 

positive association between these variables, usuaIIy on the 

order of a 1 or 2 mmHg difference between coffee drinkers 

and non-coffee drinkers (Birkett & Logan, 1988: Lang, 

Bureau, Degoulet, Salah, & Benattar, 1983a: Lang et al., 

1983b). In an epidemiological study of 5147 Australians, 

caffeine consumption was found to be associated with 

significantly higher mean systol ic and diastol ic blood 

pressure (Shirlow, Berry, & Stokes, J988). However, this 

association disappeared after controlling for time since 

caffeine consumption. These findings support the notion that 

caffeine can produce modest elevations in blood pressure 

levels on a time-limi ted bas is, even in habituaI ca freine 

consumers. These findings also suggest that chronic caffeine 

use does not necessariIy Iead to sustaincù bIooù pressure 

elevations, rather higher blood pressure levels in caffeine 

consumers appear directIy related to contlnued exposure te 

caffeine. It is important to note that while caffeine may 

not lead to sustained blood pressure elevations, the 
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repeated acute blood pressure rises produced by caffeine may 

have detrirnental physiological effects. 

As weIl, based on evidence of the relationship between 

serum cholesterol levels and heart disease (Marx, 1976), a 

number of cpiderniologieal studies have investigated the 

potential relationship between caffeine eonsumption and 

cholesterol level. These studies have revealed that eoffee 

eonsumption is significantly related to higher levels of 

total cholesterol and low-density lipoprotein cholesterol, 

even after controlling for potentially confounding factors 

such as age, body rnass index, smoking, and alcohol use 

(Forde, Knutsen, Arnesen, & Thelle, 1985; Haffner et al., 

1985; Heyden et al., 1979; Pietinen, Geboers, & Kesteloot, 

1988; Thelle, Arnesen, & Forde, 1983; Williams et al., 

1985) . 

ln surn, while caffeine consurnption rnay be related to 

several risk factors for cardiovascular disease (e.g., blood 

pressure and cholesterol levels), there have been 

conflicting results regarding the direct relationship 

between caffeine consurnption ~d risk for cardiovaseular 

disease. These discrepancies may be largely attributable to 

experiment-specific rnethodological issues such as 

rneasurernent of caffeine intake, as weIl as general 

rnethodological problems inherent in attempts to 

statistically control for associated risk factors. In a 

recent article, Schreiber, Maffeo, Robins, Masters, and Bond 
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(1988) argue that sorne of the failures to link caffeine 

intake to cardiovascular disease may be due to imprecise 

measurement strategies. For example, the majority of studies 

have focused exclusively on reported levels of coffee 

consumption, despite the wide range of dietary sources of 

caffeine. Therefore, estimates of the relationship between 

caffeine intake and development of disease will be 

inaccurate for both experimental and control samples. 

Moreover, because there is a good deal of variability in 

individual habits of caffeine consumption, prospective 

studies may be c~,lfounded by a failure to ascertain caffcine 

consumption pa~terns at regular intervals to detect 

potentially important fluctuations. This point has empirical 

support in the findings of LaCroix et al. (1986), in which 

the more recent assessment of caffeine consumption was a 

better predictor of risk for heart disease. As weIl, other 

problems cloud the interpretation of previous results. 

statisti~al control of associated risk factors, typically 

using regression procedures, is carried out in 

epidemiological studies in order to tease apart the relative 

contributions to disease of various health-related 

variables. While such procedures are widely accepted, a 

decision to statistically remove the effects of one 

independent variable on the dependent variable before 

assessing the effects of another requires the assumption 

that the two ind~pendent variables are not operating via the 

29 

1 



1 

r 

same causal pathway. In the case of smoking, it is possible 

that both caffeine and smoking are operating via a common 

causal pathway to influence risk for heart disease, such as 

sympathetic adrenal-medullary stimulation. Therefore, it is 

possible that caffeine consumption a~d smoking interact 

synergistically, and it would thus be inappropri~te to 

control for one factor or the other. Rather, it wOllld be 

necessary to consider the joint effects of these factors on 

risk for cardiovascular disease. 

The epidemiological studies provide suggestive evidence 

that caffeine may be an important risk factor for 

cardiovascular disease. Perhaps more irnportantly, these 

studies provide the impetus for additional research 

strategies that will supplement epidemiological findings. 

Specifically, there is a need to examine both the acute and 

long-term effects of caffeine in conjunction with other 

naturally-occurring risk factors, such as stress and 

nicotine, in laboratory and field settings. 

Caffeine and Cardiovascular Activity: 

Information on the effects of caffeine on resting 

cardiovascular activity in humans has been available for 

over fifty years (Grollman, 1930; Horst, Buxton, & RObinson, 

1934; Horst, Robinson, Jenkins, & Baa, 1934; Horst, Willson, 

& Smith, 1936). In general, these early studies indicated 

that caffeine produced a combination of slight decreases in 

heart rate (approx. 5 bpm) and slight increases in blood 
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pressure (approx. 5-10 mmHg). Since these initial 

investigations, a large number of studies have confirmed 

the se findings using both regular consumers and non­

consumers of caffeine (Greenberg & Shapiro, 1987; Izzo et 

al., 1983; Lane, 1983; Lane & Williams, 1985; 1987; Pincomb 

et al., 1985; 1987; 1988; Robertson et al., 1978; smits et 

al., 1983; 1985a; 1985b; 1986; Whitsett et al., 1084). While 

the more recent studies have tended te yield a greater 

variability in heart rate and blood pressure responses to 

caffeine, this variability is largely attributable to 

differences in experimental protocol including dose of 

caffeine administered, length of abstinence from caffeine, 

previous experience with caffeine, and length of time after 

consumption that measures were obtained. While the ability 

of caffeine to produce small bleod pressure elevations may 

not be sufficient reason for concern for individuals without 

borderline or established hypertension, combined with other 

sources of cardiovascular stimulation, such as psychological 

stress, caffeine may prove a significant risk factor for a 

larger segment of the population. 

Caffeine and Psychological stress: 

Increasingly, research on the etiology of 

cardiovascular disease has focused on multiple risk factor 

models of causation which assert that a variety of 

environmental and genetic factors combine to determine risk 

for cardiovascular disease. In line with this approach, 
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studies on the interaction between two potential risk 

factors for cardiovascular disease, caffeine and 

psychological stress, began to appear in the literature in 

the 1980s. There are several reasons to believe that 

caffeine and psychological stress could combine to increase 

risk for cardiovascular disease, including 1) both stimuli 

have been independently linked to risk for cardiovascular 

Olsease in epidemiological studies, 2) both stimuli are 

known to affect cardiovascular activity, including acute and 

possibly chronic increases in blood pressure, and 3) both 

stimuli are omnipresent in the day-to-day lives of many 

North Americans, making their simultaneous exposure a common 

occurrence. In fact, there is evidence that caffeine 

consumption may actually increase during times of stress 

(Conway, Vickers, Ward, & Rahe, 1981). Because caffeine and 

psychological stress may act through similar physiological 

mechanisms to stimulate cardiovascular activity (e.g., 

enhanced sympathetic nervous system activity), it is 

possible that the combination of these stimuli may lead to 

more than a cumulative relationship in which the effects of 

caffeine add to the effects of stress. Caffeine may 

potentiate cardiovascular responses to a psychological 

stressor and in so doing may further enhance risk for 

cardiovascular disease. 

Sorne of the strongest initial evidence for the 

potential interaction between caffeine and stress was 
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reported by Henry and Stephens (1980). In this study, mice 

were reared in a competitive social environment and receivcd 

either regular drinking water or water with added caffcinc. 

Over a period of months, the mice who received caffeine 

exhibited greater stress-induced incleases in blood 

pressure, plasma corticosterone, plasma renin, and adrenal 

weight. Further, morbidity and mortality rates were 

significantly higher in mice receiving caffeinated drinking 

water as compared to normal drinking water. 

In one of the first published reports concerning the 

effects of caffeine on cardiovascular responses to stress in 

humans, Lane (1983) observed that caffeine elevated systolic 

and diastolic blood pressure during a mental arithmetic task 

in ten male college students who were not regular caffeine 

consumers. The pressor effects of caffeine were cumulative, 

su ch that blood pressure increases produced by caffeine 

combined in an additive fashion with the increases produced 

by stress. Measures of heart rate revea1ed no significant 

effects of caffeine. This initial study was followed by a 

larger study in which the cardiovascular responses of 33 

college students, who also did not normally consume 

caffeine, were assessed at rest and during a mental 

arithmetic task CLane & Williams, 1985). Once again, the 

increases in blood pressure produced by caffeine at rest 

were observed to combine in an additive fashion with the 

increases produced by the stressor, and there were no 
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significant effects of caffeine on heart rate. In addition 

to measures of heart rate and blood pressure, forearm blood 

flow and forearm vascular resistance responses were 

assessed. While caffeine had no significant effect on either 

measure at rest, caffeine potentiated the forearm blood flow 

respo~ses to the stressor. This observed potentiation was 

important in that it suggested a possible mechanism whereby 

acute exposure to the combination of caffeine and stress 

could lead to the pathological effects in mi ce following 

chronic exposure (Henry & Stephens, 1980). specifically, in 

line with existing models of hypertension development 

(Folkow, 1987; Obrist, 1981), it was hypothesized that 

caffeine's ability to enhance stress-related increases in 

blood flow could lead to increases in vascular resistance as 

part of an autoregulatory process. Further, with repeated 

exposure to these stimuli che increases in resistance could 

become permanent due to structural changes in the 

vasculature, leading to sustained elevations in blood 

pressure. These hypotheses were highly speculative since the 

effects of caffeine and stress had been tested only on non­

regular consumers of caffeine. The possibility remained that 

regular caffeine consumers would exhibit some form of 

tolerance to the cardiovascular effects of stress and 

caffeine, and therefore would not reveal similar 

cardiovascular adjustments. As a result, Lane and Williams 

(1987) replicated their earlier study using a group of 
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regular coffee drinkers. Consistent with the previous 

findings, caffeine produced additive increases in blood 

pressure, no effects on heart rate, and a potentiation of 

forearm blood flow responses to a mental arithmetic 

stressor. In contra st to the previous study, caffeine aiso 

potentiated forearm vascular resistance respanses ta the 

stressor. 

Pincomb and colleagues (1987; 1988) have also examincd 

cardiovascular responses to stress and caffeine in regular 

caffeine consumers. In 1987, Pincomb et al. published a 

study on cardiovascular responses to the combinat ion of 

caffeine and a naturalistic stressor. Male mcdicai students 

were tested for the effects of caffeine on cardiovascular 

activity during a period of low stress (a week with no 

exams) and high stress (final exam week). The results 

indicated that caffeine produced significant increascs in 

systolic and diastolic blood pressure and significant 

decreases in heart rate. The exams produced increases in 

systolic blood pressure and heart rate and these effects 

combined in an additive fashion with the effects produced by 

caffeine alone. In a subsequent laboratory study (Pincomb et 

al., 1988), cardiovascular responses to the combination of 

caffeine and a reaction-time task were assessed in regular 

caffeine consumers. In this study impedance cardiography 

techniques were used to collect a variety of cardiovascular 

indices beyond the more common measures of blood pressure 
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and heart rate. Blood samples were also obtained in order to 

assess norepinephrine and cortisol activity in response to 

stress and caffeine. At rest, caffeine produced significant 

increases in systolic blood pressure, diastolic blood 

pressure, and plasma norepinephrine, and significant 

decreases in heart rate. During performance of the reaction­

time task, caffeine produced additive increases in blood 

pressure, potentiated increases in cardiac output and plasma 

cortisol, and potentiated decreases in vascular resistance. 

This pattern of results indicated that at rest caffeine 

increased blood pressure prirnarily through increases in 

vascular resistance, but during stress caffeine's pressor 

effects were related to elevations in cardiac output. 

Consistent with a view of mu:tiple risk factors for 

cardiovascular disease, a number of researchers have looked 

at cardiovascular responses to caffeine and psychological 

stress in combination with other potential risk factors such 

as a family or personal history of hypertension (Goldstein & 

Shapiro, 1987; Greenberg & Shapiro, 1987; Greenstadt, Yang, 

& Shapiro, 1988; Lane & Williams, 1987; Lovallo et al., 

1989; MacDougall, Musante, castillo, & Acevedo, 1988), race 

(strickland, Myers, & Lahey, 1989), smoking (MacDougall et 

al., 1988), and the Type A behavior pattern (Greenstadt et 

al., 1988; Lane & Williams, 1985; 1987). 

A number of researchers have examined cardiovascular 

responses to the combination of stress and caffeine in 

36 



1 
offspring of hypertensives. Lane & Williams (1987) reported 

no differences between individuals with and without a 

parental history of hypertension in terms of blood pressure 

responses, however offspring of hypertensives did show 

enhanced forearm blood flow and forearm vascular resistance 

responses to stress following caffeine consumption. 

Greenberg and Shapiro (1987) assessed systolic blood 

pressure and heart rate responses to the combinat ion of a 

mental arithmetic stressor and caffeine in regular caffeine 

consumers with and without a parental history of 

hypertension. Although the offspring of hypertensives showed 

a greater systolic blood pressure response to the stressor, 

both groups revealed additive increases in blood pressure to 

the combination of stress and caffeine. No significant 

caffeine effects were observed for heart rate. This study 

was subsequently replicated using a population of Chinese 

males (Greenstadt et al., 1988). Consistent with the first 

study, in both groups caffeine and stress produce~ additive 

increases in blood pressure and caffeine r.ad no significant 

effect on heart rate. Interestingly, the offspring of 

hypertensives showed significantly higher systolic blood 

pressure levels at rest following caffeine consumption, in 

large part due to an absence of a pressor response to 

caffeine in the offspring of normotensives group. Most 

recently, Lovallo and colleagues (1989) reported equivalent 

additive increases in blood pressure in response to the 
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combination of caffeine and a reaction-time stressor in 

offspring of hypertensives and normotensives. However, while 

the offspring of normotensives had similar cortisol 

increases in response to the stressor on both caffeine and 

placebo days, offspring of hypertensives revealed 

significantly greater increases in plasma cortisol in 

response to the combination of stress and caffeine. In sum, 

these studies indicate that potentiation of cardiovascular 

or neuroendocrine responses to the cornbination of stress and 

caffeine may be more pronounced when these stimuli are 

assessed in conjunction with other risk factors for 

cardiovascular disease. Comparatively little information is 

available on the interaction between stress and caffeine and 

other cardiovascular disease risk factors. Goldstein and 

Shapiro (1987) examined the effects of caffeine on 18 male 

hypertensives who were taking diuretic medication. Results 

revealed that caffeine produced blood pressure increases at 

rest, but there were no significant differences in blood 

pressure levels during a mental arithmetic task on the 

caffeine versus placebo day. However, as noted by the 

authors, given the large pressor responses to mental 

arithmetic observed in these hypertensive individuals (who, 

by definition, already have elevated baseline blood pressure 

levels), it is possible that the failure to observe additive 

effects of caffeine and stress may have been due to a 

ceiling effect. In support of this position, very high 
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average blood pressures levels were observed during stress 

on the caffeine day (163/100 mmHg). 

In a recent study of cardiovascular reactivity to 

caffeine and stress in black and white normotensive females 

(strickland, Myers, & Lahey, 1989), it was revealed that 

there were no significant racial differences in response to 

caffeine or stress. While these female subjects did not show 

significant systolic blood pressure responses to caffeine, 

diastolic blood pressure responses were consistent with 

previous investigations in that the pressor effects of 

caffeine and stress combined in an additive fashion. 

Finally, consistent with a number of the aforementioned 

studies, this study revealed no significant differences in 

pressor responses to caffeine or stress as a function of 

parental history of hypertension. 

The joint effects of cigarette smoking and caffeine 

consumption on blood pressure and heart rate responses to 

mental arithmetic and video games stressors was examined in 

male and female college students who smoked and consumed 

caffeine on a regular basis (MacDougall et al., 1988). 

MacDougall and colleagues observed a potentiation of bath 

systolic bload pressure and heart rate responses to the 

mental arithmetic stressor in the caffeine group versus a 

placebo control group. While a potentiation of blood 

pressure reactivity is inconsistent with previous findings, 

this discrepancy may be due to the use of a between-subject 
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design. That is, subjects in the control condition may have 

been less reactive ta the stressor resulting in an apparent 

caffeine-induced potentiation effect when comparing the 

caffeine and placebo groups. While it is also possible that 

within-subject designs fail to observe potentiation due to 

an attenuation of cardiovascular reactivity with repeated 

exposure to the stressors, this possibility is less likely 

given the failure to observe significant order effects in 

previous investigations. While smoking combined with stress 

to produce additive increases on aIl cardiovascular measures 

obtained, the combined effects of smoking and caffeine on 

cardiovascular responses to stress were no different from 

the effects of either smoking alone or caffeine alone. 

Finally, in general there were no sex differences in 

response to smoking, caffeine, and stress. While this study 

suggests that the combination of caffeine and smoking does 

not elicit significantly greater reactivity to psychological 

stress than either stimulus alone, the results also suggest 

that the findings must be interpreted with caution given the 

use of between-subject comparisons. A final verdict on the 

joint effects of these stimuli awaits a replication using a 

within-subjects design. 

Investigations of the relationship between the Type A 

behavior pattern and cardiovascular responses to stress and 

caffeine have revealed mixed results. While Type A scores 

derived from the Jenkins Activity Survey have not been 
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significantly related to cardiovascular responses to stress 

and caffeine (Greenstadt et al., 1988; Lane & Williams, 

1985; 1987), a significant relationship has been observed 

using the structured interview (Lane & Williams, 1987). Lano 

and Williams (1987) observed that caffeine significantly 

enhanced forearm blood flow and forearm vascular resistance 

responses to stress in Type Bs but not Type As. Further 

analyses revealed that this effect was restricted to 

individuals with a positive family history of hypertension, 

although these results should be interpreted with caution 

since they are based on an extremely limited sample of 

positive family history Type Bs (n=5). 

The review presented here suggests that caffeine, 

stress, and other cardiovascular disease risk factors may 

combine to exacerbate cardiovascular reactivity. 

Nonetheless, information about the potential pathogenic 

consequences of the combination of stress and caffeine 

continues to be limited by several factors, including 1) the 

narrow range of stressors whlch have been examined, 2) a 

tendency to restrict measurement of cardiovascular activity 

to the more common indices of blood pressure and heùrt rate, 

and 3) a lack of information concerning the degree to v'hich 

existing findings are applicable to the day-to-day 

experiences of regular caffeine consumers. 

Existing studies of caffeine-stress interactions have 

focused almost exclusively on active coping stressors. 
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Active coping stressors can be diff9rentiated from passive 

coping stressors on the basis of the degree of control the 

individual may exert during an unpleasant event. In a series 

of investigations, Obrist (1981) observed that stressors 

which differ on the active-passive coping dimension tended 

to elicit different patterns of cardiovascular activity. 

Responses to active coping stressors (tasks where the 

participant can exert some degree of control over outcome, 

e.g., shock-avoidance reaction-time tasks) resulted in 

primarily beta-adrenergic sympathetic activity, with 

consequent cardiac stimulation and increases in systolic 

blood pressure. In contrast, passive coping stressors (tasks 

where the participant has no control over outcome, e.g., 

uncontrolled electric shock) resulted in primarily alpha­

adrenergic sympathetic activity. Under these circumstances, 

cardiovascular responses included increases in peripheral 

resistance and relatively larger increases in diastolic 

blood pressure. since different stressors may elicit 

different patterns of cardiovascular activity, an ultimate 

understanding of caffeine-stress interactions will require a 

consideration of a variety of different types of stressors. 

A second limitation of the existing literature on 

caffeine-stress interactions is the tendency to restrict 

measurement of cardiovascular activity to blood pressure and 

heart rate responses. Consequently, information on the 

potential mechanism(s) which account for ~~served blood 
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pressure and heart rate changes is limited. This is 

particularly important given that studies which have 

explored other physiological responses have observed 

potentiation effects as compared to the purely cumulative 

effects typically observed for blood pressure responses. 

Moreover, since different stressors rnay elicit 

cardiovascular adjustrnents through different mechanisms, 

combining multiple indices of physiological responsivity 

with multiple stressors may provide information on 

potentially divergent underlying mechanisms of 

cardiovascular effects. 

Finally, despite the fact that caffeine has been shown 

in a number of studies to exacerbate cardiovascular 

responses to laboratory stressors in regular caffeine 

consumers, the extent to which these findings are 

generalizable to the day-to-day experiences of regular 

caffeine consumers remains to be determined. While 

psychological responses to laboratory stressors are often 

assumed to mimic responses in real-life circumstances, this 

assumption remains largely untested. Pincomb and colleagues 

(1987) examined cardiovascular respol!:-,es to caffeine and the 

naturalistic stressor ~f ex am stress ir medical students. 

Hcwever, measurement of cardiovascular activity was not 

L' ~~ined concomitant with performance of the stressful task 

but during periods when the students were studying quietly. 

Thus the degree to which these results are comparable to 
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responses observed during stressful tasks, as assessed in 

previous laboratory studies, is unclear. 

The studies to be presented address the previously 

mentioned issues. The first two papers, "Caffeine effects 

on several indices of cardiovascular activity at rest and 

during stress" (France & Di tto, 1988) and "Cardiovascular 

responses to the combination of caffeine and active coping, 

passive coping, and exercise stressors" (France & Ditto, 

1990), address the issue of multiple indices of 

cardiovascular activity. In these studies measures of blood 

pressure and heart rate are supplemented by additional 

indices of cardiovascular activity in an attempt to provide 

additional information as to the mechanisrn(s) responsible 

for caffeine-stress interactions. The second paper also 

addresses the issue of caffeine effects on different types 

of stressors by comparing cardiovascular responses ta an 

active coping stressor (mental arithrnetic), passive coping 

stress or (cold pressor), and exercise stressor (isometric 

leg exercise). Finally, the third paper presented, 

"Cardiovascular responses to occupational stress and 

caffeine in telemarketing employees" (France & Ditto, 1989), 

examines cardiovascular responses to caffeine during 

performance of a challenging occupational activity 

(telernarketing sales). By exarnining regular caffeine 

consurners in their normal working environments this paper 

provided one of the first "real-world" assessrnents of 
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cardiovascular responses ta caffeine and stress. 
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The effeets of caffeme on card/Ovascular responses (0 a mental artthmetlc 
task were assessed usmg a between-subJects. double-blmd design Th"tY-!J/'( 
male undergraduates were randomly asslgned to ellher a placebo group or 
a group whlch recelved 250mg of caffelne. Repeated measurements of sys­
tollc and d,astol,c blood pressure (SBP, DBPJ, heart raIe (HRJ, dlgllal blooo 
volume pulse (DB VP), and finger pulse tranSit tlme (FPTT) were oblomed 
durtng a predrug baselme, a P051drug restmg perlOd, and a mental artlhmel­
IC task Slgmficant Pertod (I.e, stress) effo:cls were observed on ail mea!J­
ures, excepl DBVP whleh revealed a marginaI/y 5/gntfieant Pertod effeet 
Slgmfieanl main effeets of Drug were observed on DBP and DBVP There 
were no slgntficant Drug x Per/od interactIOns These resullS md/cale that 
Ihe ,"creases ln DBP and (he deereases ln DBVP produced by eaffeme were 
addllive wllh effeels produced by stress 

KEV ~ORDS: caffelOe, Slress, cardlOva5Cular aCI/VIly 

INTRODUCfION 

Recently, researchers have begun to focus on the pomblhty of addi­
tive and/or synerglstlc effects of psychologlcal stress and laffelne These ef­
forts have been motlvated, 10 part, by the posslbllny that ... affeme rT'dy 

ThiS research WolS lupporled by a MedlLal Research Councii of <- ar1d<!a ~luderll ~hlp iwarded 
10 the firs! aUlhor and by Grant (:\1;\-9224) (rom the \1edl~dJ Re~earch <- ùun"l of Canada 
awarded to the second 

1 Departmen! of Psychology, \1cGIIi Um~erslty. 1205 Avenue Docteur renfleld. \1ontrcal, (Juc 
bec, H3A IBI, Canada 

0160- 1115, Il, IfX.O-0I7)ll.Jt, 00, 0 ~ 1 y88 Pltnum f'ubll\hln, ( orpofiliOn 

thesis page 67 



1 
474 France Ind Dilto 

exacerbate the potentlal pathogemc effects of stress ln the development of 
dlsorders such as hypertensIOn and heart dlsease. 

When admmlstered to a subJect at rest, caffeine has conslstently been 
shown to produce mcreases m systollc and dlastolic blood pressure (Lane, 
1983; Pmcomb et al, 1985, Sawyer t't al., 1982; Smlts el al, 1986; Whitsett 
et al., 1984) and often a slgmflcant decrease m heart rate (Pincomb el al , 
1985. Smlls el al, 1986. Whmett et al, 1984). Based on addlllonal evidence 
of no slgmficant mcrease m cardlac contractlllty or, ln general, cardlac out­
put, caffeme's pressor effect has becn attnbuted to an IOcrease 10 systemlc 
vascular resistance (pmwmb et al , 1985, 1986). 

Relative 10 the number of studles avatlable on the effects of caffeme 
at rest, there eXlsts a pauclty of researeh on the combmed mtluences of 
caffeme and psychologlcal stress The results of early researeh m thls area, 
whlch was conducted wlth mdlvlduals who were not regular eaffeme users, 
suggested that the elevatlOns m blood pressure produeed by caffeme and psy­
chologlcal stress comblOe m an additive fashlOn (Lane, 1983; Lane and 
Williams, 1985). Presently, reports of only a few studles on the effeets of 
caffeme and stres~ on cardlOvascular aCllvlty 10 regular users of caffeine have 
been publlshed Whlle thls research has been consIstent 10 fmding cumula­
live pressor responses to stress and caffeme, few of the reports provlde in­
fOrmallon beyond blood pressure and hean-rate rcsults. Con.sequently, mformabon 
on the potentlal mechamsm(s) of these eardlOvascular .tdjustments IS lack­
mg ln one of the few studles to mcJude measures other than blood pressure 
and heart rate, Pmeomb el al. (1986) found that caffeme potentlated the in­
creases m heart rate, cardlac mdex, and eJectlOn acceleratlon produced by 
a slgnaled reactIOn-lime task The pattern of results obtamed by these 
resealchers suggests that cardlac effects are Important m mediaung the ef­
fects of caffeme durmg stress 

ln sum, caffeme has been shown to produce mcreases m blood pres­
sure al rest and dunng stress. However, whlle the pressor effeet of caffeme 
at rest appears to be related 10 changes ln vascular actlvlty, 115 ablhty to m­
erease stress-mdueed blood-pressure elevatlons appears to be related to 
changes m cardlac actlVlly. One possible explanatlon for these apparently 
contradlctory actions IS that eaffetne dlfferenually mfluences vascular and 
cardlac actlvtty Il IS possible that the effeet of caffeme on vaseular acttvtty 
IS ~omewhat more pronounced, aIlowmg tts appearance at rest However, 
active copmg stressors (e g , mental anthmettc) ehctt mcreases ln cardlac ac­
tlvlty (ObrlSt, 1981), perhaps allo~tng the observation of caffeme's actions 
on thls system 

The present 5tudj ",as conducted to evaluate the posslbIllty that 
caffetne's mfluences on cardlOvas.::ular aCllvlly are Itmlted pnmanly to changes 
ln vascular funcllon wh Ile the subJect IS at rest but are VISible ln measures 
reflecttng both cardlae and vascular funetlon whlle the subJect IS exposed 
to an acllve COptng stressor lherefore, an Index of card\O\aseular acttvtty 
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which reflects predommantly vascular changes (blood volume pulse) and an 
additlOnal mdex of cardlac acuvlty (pulse transit t1me) were added to the 
more corn mon measures of blood pressure and heart rate. 

METHOD 

Subjects 

Thirty-six healthy male undergraduates were randomly assigned in equal 
numbers to elther a placebo or a caffeme condition. There was no slgmfl­
cant group difference JO reported dally caffemc consumptlon between the 
placebo (X = 158.6 ± 140.1 mg)andthecaffeme{X = 1611 ± 149.8 mg) 
groups. Each subject received $6.00 for partlclpatmg m the study. 

Appllratus 

Measurements of systohc (SBP) and diastohc (OBP) blood pressure were 
obtamed at 2-mm mtervals throughtout the expenment us mg a Cnl/kon 
Oinamap 84SXT automatlc blood-pressure momtor The blood-pressure cuff 
was placed on the subject's nondommant arm. Other physlOloglcal meas­
ures were obtamed usmg vanous transducers and electrodes, a Grass Model 
70 polygraph, a set of Med Assoclates signaI processmg modules, and an 
IBM Persona! Computer Heart rate (HR) was denved from an electrocardl­
ogram obtamed usmg sm ail Beckman electrodes. Finger pube transJl I/me 
(FPTT) was obtamed by measunng the tlme between the oc\:Urrence of the 
electrocardlOgram R-wave and the upswmg of the linger pulse wave as de­
tected by a Grass Model PTIL-6 photoplethysmograph attached to the se­
cond fmger of the subject's dommant hand. Digital blood-yolume pulse 
(OBVP) was obtamed from the same photoplethysmograph. 

Arlthmetlc problems were presented on audlotape u!>mg a Sony Walk­
man, Model WM-14. The subject was glven d foot re~ponse box !O be used 
10 respondmg to the anthmetlc problems. The respon\e box conSISted of an 
mclined platform on whlch ID rest the fOOI, wllh two buttons labeled "true" 
and "false" at elther slde of the foot The response box WJ.S de~lgned to per­
mit the subject to answer the anthmetlc problems wlthou{ the u~e of \peech 
and wJ{h a minimum of movement of the foot 

Procedure 

Ail sub)ecIs were tested 10 the mornwg ln arder 10 enhance adherence 
to the dietary restrictions. Dletary restrIcllonS lOvolved fa!>uog from the prevI­
ous evenmg and aVOIdlOg caffemated beverages dunng t hls iame mterval 
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Upon arfll/al at the laboratory, the subJect was seated in a quiet, car­
peled room. 1 he expenmental procedures were dlscussed and tnformed con­
sent was obtamed Once the blood-pressure cufr, electrodes, and transducers 
were attached, two casual blood.pressure readmgs were obtamed The phys­
IOloglcal record mg eqUlpment was housed tn a room adjacent to the subJect 
room An average restmg SBP of 140 mm Hg or greater and/or DBP of 90 
mm Hg or greater was consldcred grounds for dlscontmuatlOn. However, 
no subJecl cxhlblted such a restmg blood·pressure level. 

fhe \ubJect was Ihen a"ked 10 pUI on hls headphones so Ihat the re­
mamder of Ihe cxpenmental prolocol could be governed by laped mstruc· 
tlon For the flr~t 2 mm Ihe subJccl was Instructed on Ihe use of the response 
box and wa~ encouraged 10 ask Ihe expernnenter If he had any remamtng 
que\tlom ThiS was followed by instructions to 511 qUletly and relax for 10 
mm .... hile basehne measuremenls \'-ere laken Followtng the relaxation pen­
od, the ~'jbjcct recclved 100 ml of orange·flavored water contamlOg ellher 
Ihe plaLebo (5 mg of qUlnldme) or caffeme (250 mg) plus the placebo Ad­
mml~lrallon \'-as double-bhnd Smce caffeme was admtnlstered 10 a between­
subJects manner, the order of presentation of the dflnk was randomly deler­
rnmed for Ihe 36 subJccts pnor 10 commencement of the study Before record­
mg conttnued, the subJecl rested for 30 mm to allow for absorptIOn of caffeme 
lOlO the bloodstream 

After thls peTlod, physlologlcal recordmg resumed and the subJect w?s 
a~ked 10 conllnue 10 rest for 10 min This was folloy.ed by a mental arith­
rnctlc task y.hlch tncluded a set of anthmetlc problcrns developed and used 
by Carroll el al (1986). The anthmetlc problems were presented 10 four 4-mm 
blocks, wuh 2-mm rest penods between each block ln aIl, the task com­
pmed 96 dl~crele, lü·sec problellj mals Each problem tflallOvolved a 6-sec 
problem deh~ery, followed 2 sec later by an answer, whlch \'-as dehvered 
ln 1 sec and flnally, 1 sec JO whlch to respond as 10 Ihe correclness of Ihe 
gl~en answer The ~ubJect was promlsed a monetary reward for correct 
problem solutions Before each black of problems, the subJect was mformed 
as to the amount of mcentlve to be recelved for correct solutions durmg that 
block. On half of the blocks the subJect was glven $025 for e\-ery two 
problems correct, and on the olher half he recelved $0.01 for every two 
problems correct The artt hmcllc problems ~ere dl\ Ide(, mto Ihree levels of 
dlfflculty cas~, dlfflcult, and Impossible SubJecls ln IJOth the caffelOe and 
the pla~ebo groups were randomly asslgned In equal numbers to elther the 
cas\', 1 he dIffICUlt, or Ihe Impossible problems cond:t1on ThiS dl\lslon was 
cMrled ouI as part of a separale Imesllgatlon, and the results for each 
dIlflcull) le\cl are 001 presented due 10 tnsufflclent sam pie sizes Dunng each 
2'11110 re~t pmod bel\'-.:eo problem sets, subjects Taled levels of arousal, ef· 
ton, and pCrêCI\ed problem dllflculty for the prevlOus set uSlOg visuai ana-
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log scales. The total protocol lasted 74 mm, exdudmg explanallon of the 
procedures, elc 

Ph)siological Dafa Reducrion 

PhyslOloglcal data collectcd dunng the 74-mm ~e~SlOns were reduced 
in the followmg manner The rccorded values of SBP and DBP "ere aver­
aged ta obtain mean levels (mm Hg) for each of the followlOg pcnods IO-mm 
predmg basellne. JO-mm postdrug restlOg, and stre~s (exc1udmg betwccn­
block rest periods) HR, FPTT, and DBVP values were analyzed on-hne by 
the computer and a .. eragcd \\lthm l-mlP pcnods. The~c \ .. Iues "cre ,ub~c­
quently reduced 10 the sam!' !nâllner as the blood-pressure .. alues 10 order 
to obtalO mean levels for each of the three penods 

RESULTS 

The expenmental design for the analysis of the combllled effects of ~tre'iS 
and caffelne included the bet~een-subJect factor of drug wltn .wo leve1s 
(caffelOe. placebo) and the WlthlO-subJect factor of penod wlth three levels 
(predrug baseline. postdrug restlOg, stress). The effects of caffeme at re~t 
were evaluated by a sertes of 2 Drug Condlllon (caffeme, placebo) )( 2 Pen­
od (predrug basehn~. postdrug restlllg) ANOVAs The comblOed effects of 
caffelOe and stresc; were tested ln a sertes of 2 Drug Condlllon (caffeme, plale­
bol )( 2 Penod (postdrug restJng, stress) ANOVAs 01 change \core~ cor­
rected for predrug baseline value~. The mean values for each of the three 
penods are presented m Table 1 

Caffeine Eneefs on Cardiovascular ACflvily af Re,1 

The results of the 2 (caffeme, placebo) x 2 (predrug basellnt'. post­
drug restlng) ANOV As are presented 10 Table Il 

As can be seen by the slgOlflcant IIlteracllons, only DBP and DBVP 
exhlblted slgmflcant effects of caffelne at rest DBP Increa<,ed 5 mm Hg m 
the caffeme group, compared to 0 mm Hg ln the placebo group lilmtlarly, 
DBVP decreased approXJmately 12 1770, compaled co a 111'0 Inlfea!>c ln [he plare­
bo group ln addition, consistent wlth prevlOUS research, HR \ho .... eà a mar­
gmally slgmflcant (p < 10) decrease of 2 bpm 111 the I.àffelnc group relative: 
ta the placebo group The ~Igmflcant Penod effecl for HR rcneLted d reduL· 
lion ln bath groups (6 bpm for caffeme, 4 bpm for plaleho) followlng the 
30-mm rest between the baselme and the postdrug restlng perlOds 
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T.bl~ 1. 'Acam and Slandard Devlallons of Cardlo\aseular Vanables al Different Pomls 
ln the 'llud) 

"'easure 
------- -

SBP DBP HR FPTT DBVP 
l'hd\e (mm Hg) (mm Hg) (bpm) (msee)" (unns)' 

~---- - -~-- .-
Cdffelne group (". ~ 18) 

Prcdrug haselmc 120 (10) 71 (7) 78 nO) 245 (15) 2691 (590) 
PU\ltlrug rC\lIng 122 ( 9) 76 (7) 72 (10) 248 (12) 236S (463) 
'>trc\s 128 (II) 79 (7) 78 (12) 244 (17) 2131 (518) 

PlaLcbo group (fil = 18) 

Prcdrug bJ\ehne 123 \ 7) 75 (7) 76 (121 246 (12) 2386 (508) 
PU\ldrug re\tlng 123 ( 6) 75 (7) 72 (10) 250 (13) 2405 (605) 
')1 re" 126 ( 8) 78 (8) 77 (1)) 240 (19) 2370 (564) 

·Lo .... \dluc' arc al\OLlaled .... lIh hlgh aroulal 

hble Il rrreLls of Ca(feme on Cardlo\ascular Acmlly al Resl Reluits 
of Predrug Balehne. POlldrug Resllng AnalYles 

'>ource 

Drug 
Penot! 
Drug " Penod 

FU. 34)' 

SBP DBP HR FPTT DBVP 

56 79 05 17 67 
53 Il 64'" 29 2S'" ~ 23"" 368" 

112 999'" 2 96' 64 464" 

'df of \ome an.i1) ,es .... ere lower due 10 mlsllOg <.la13 
'p < 10 

"p < 05 
'''p < UI 

Caffeine [((eels on Cardiovascular Response 10 Stress 

The results of the analyses of caffelOe effecrs on cardiovascular response 
to stress are presented m Table III. 

ConSIStent wlth the prevlOUS analySlS, DBP showed a sigmficant Drug 
main effect The SBP ANOV A also revealed a margmally slgmficant mam 
effect of Drug. Interestmgly, post hoc lests revealed that whlle there was no 
\Igmflcant efrect of Drug on re~llng SBP, mdlvlduals who received caffelne 
exhtbltcd margmally greater SBP responses to stress than Indlvtduals who 
recetved placebo [/(1,34) = -199, P < 06, two tatled) Glven the absence 
(If a stgmflcant t\ NOVA mteractton, thls fmdmg should be mterpreted wlth 
caution However, It suggests thlt caffeme may potentlate SBP responslvlty 
\0 ,>tress, as opposed to addmg to the DBP resp0nse to stress This fmdlng 
IS conSIStent wuh the expenmental hypothesls m that the ratio of vascular 
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to cardlae mfluences on DBP IS hlgher Ihan on SBP Both DBP and SBP 
revealed slgntflcanl Period effects, related to lIlcreases durmg stre\s 

Analysls of the H R dala re"ealed a slgntflcant Penod clfec! but no \Ig­
mfieant Drug effeet of Drug )( Penod Interactlon The InCredSe ln HR m 
response to the mental anlhmetlc task averaged 5.5 bpm lor bath group" 
As wl!h HR, FPIT showed a slgntflcant re~ponse 10 ~Irc~\ but dIt! 1101 re­
vea/ a slgmflcanl Drug effeel or Drug >( Penod mteraCIiOIl 

Finally, DBVP showed a slgntflcant Drug cffect and a ll1argll1.lfly "Ig­
mflCant (p < .07) Penod cllcet Once agam, there "as no \lgnlf\(.1111 Drug 
x Penod interactIOn It wou/d appear that OBVP bcha"cd much tn the ~dme 
manner as DBP. In fact, the correlatlon bet"een change ln DBP from the 
predrug basehne to the stress penod was slgntflcant/y correl,\!cd "Ith change 
m DSVP from Ihe predrug basehne 10 the stres pcnod (r = - 50) The 
!'>Ignlflcant deereases m OBVP produced by caffell1e appcar 10 have corn­
bmed m an addItive fashlon wllh Ihe decreases produccd by ,>trc\, 

Caffeine Hfecls on Subjective Raling!l and Performancl' 

There were no observed effecl" of caffelOe on any of the !'>ub)ecll\'e rat­
mg seales or on the actual performance of the mental anthmetlc ta"k Ac­
cordmg 10 a senes of one-way ANOVAs, mbJecllve ratmg\ of arou\,lf, cl fOr! • 
and task dlfficulty showed no slgmlicam dlfferenlC\ bctweell groups A ,Iml­
lar analySlS of number ('If correct responses !o the math problcm'i rcvealcd 
no slgntft<.:ant dlfference bet\\een the calfetne (,y - 79 QUIO LOrrcll) Mid Ihe 
placebo (X = 76 ü()7o correct) groups. 

DISCt;SSION 

The cumulative mcrease III DBP produced by the lOmbmatlon of ,trcss 
and caffeme is consistent wllh the results of recent re'iearch uSlOg regular 

Tablt III. [ffeLls of Caffeme on ( ardlO\ al.uJdr Relpllll\rI III ~I reH 
Results of ANOVA\ of Po\tdrug RC\[Ing dnd )lrC\\ ( hJnge )\.orel 

fil. 34)' 
- ------- - -

50urcc '>BP DBP HR 1 Pl r 
--------- ------~ - -- -
Drug 302· R 98" 1 51 1 10 
PenoG 21 31·' 22 59" J3 OS" Y"2" 
Drug ( Perlod 2 10 042 o t5 o 79 

Gdf C j lome analvses .... ere lower due to mllslng ddla 
'p < 10 

"p < 01 
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caffelne users (lane and Williams, 1987; Plncomb el al., 1987). However, 
the fallure to obtam a slgOl flcant mcrease ln restlOg SBP 10 response 10 

çaffelne 15 a rare fmdmg m lhlS hteralure Il IS possible thal a slgOlficanl 
SBP rC'iponse was not obser-..ed due to the fact that poslcaffeine baseline 
measure5 were taken Just 30 mm after caffeme ingestion, thereby mlOlmiz­
mg the opportunlty to absorb caffeme lOto the bloodstream Although thls 
IOterval hds proven sufflclent to produce SBP effects ln the past (Greenberg 
and I)haplro, 1987), there IS comlderable mdlvldual vanablilly ln the rate 
of I:affclnc ab\orpuon (Robertson et al • 1978). ConSIStent \Iolth eVldence of 
comldcrablc mdlvldual \anablhty 10 caffeme absorptIOn rates, the between­
\Ub)Clts dC~lgn uscd m the present ~tudy would tend ta mlligate agamst tlOdmg 
an effecl of caffelne on SBP 

To the authors' knowledge, the present report rcpresents the flfSI 10-

formallon on thc re~pome of pul,c transit Ume and blood-volume pulse mea­
\ures to cdffclne The InLiuslon of these variables pro'ved Informallve ln at 
lea~t two re\pects The observed effects of caffelne on blood-volume pulse 
but not pube tramlt lime dunng the postdrug restIng penod support the no­
tIOn that caffeme mfluences predomlnantly vascular aCllvlty under restlng 
conditions Therefore, the present results are consistent wllh prevlOus repons 
of no slgOlfllant cardlac slimulatlOn by caffeme under restlOg condillons (Pin­
comb et al . 1')85, Smlts et al • 1983) and provlde ongmal eVldence of change 
ln va~cular aCllvlty ~oreover. on the JaSIS of the slgmflcant Drug eHeet 
and marglllally slgnlficant Penod effeet observed on blood-\olume pulse dur­
mg ,tress, Il appears (hat caffellle and stress combme to produce addni ... e 
changes In \ascular functlon The DBP results are conSIStent ..... Ith thls behef. 

GI\en the eqUivocal nature of the SBP results, the present study faJled 
ta prm Ide much C\ Idence of a caffeme-mduced enhancement of cardlac ac­
t1Vlly dunng stress. Although both pulse transll ume and heart rate revealed 
slgmflcant responses to the stressor, suggestmg an mcrease ln cardlac actlvlty, 
Il IS pOSSible that a caffelOe-tnduced enhancement of thls aCllvlly was not 
observed because the mental anthmetlc task was msufflclently demandmg 
1 n fact, the dlrrerenl levels of dlfftculty of aflthmetlc problems used ln the 
pre~ent study have been shawn to produce dlffertng levels of cardlac aClJVl!y 
(Carroll et al • 1986) Speclflcally, the mcluslOn of easy and Impossible men­
tal anthmetlc problerns may have attenuated the 1000hemem of these sub­
Jccts ln the task, rhereby decreasmg the cardlac respOn'ie and the strength 
of the Drug '1( Penod InteraCllons ThiS explanallon IS supported by the rela­
tl .. el, mode,t Increases ln blood pre~sure and heart raIe obsened Although 
flrm conclmlons cannat be drawn from the present result~, the hypothcsis 
thal caffeme dlfferenllally affects the vasculature and the heart IS physlO­
loglcally plaUSible JO several respects. Flrst, whlle caffeme does not appear 
10 mtluence cardlOvascular actlvl!y by dlrectly stlmulatlng adrenerglc recep-
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tors. there IS eVldence that Il reduces the uptake and/or melabohsm of 
noreplOephrlOe 10 nonneura/ tissues. Ka/sncr and colleagues (1971, 1975) 
found that caffeine enhanced the effeets of norepmephnne at both cardl­
ovascular alpha- and cardlOvascular beta-adrenerglc receptors Therefore. 
the present pattern of results may be related 10 the fact that, ln contra!>t to 
the vasculature, parasympathetlc control of the heart at rest IS much greater 
than sympa[he[lc con[rol (Ganong, 1985) Stressors whlch ellclI active cop­
mg behavlOr tend !O ellca IOcreases ln cardlac sympathe[lc actlvlly (Obn'il, 

1981), mcreaslOg the hkehhood of ob~enlOg an effel! of laffclIle on thl~ 
response system Alternal1veJy. Il IS pOSSible that the pre~ent pdttern of resuhs 
may correspond 10 sorne manner 10 dlffcrences m Ihe nalure ,.,:- the adrcner­
glc receplor wes ln the vasculalure (prrmarrly alpha) dnd tl'e heart (prlman­
ty beta) Il IS pos~lble [hat caffeme IOtluences preferentlally acllvlly al 
alpha-adrenerglc recep[or slte~, permlltrng [he ob'ienatlon of .ln effeet on 
vascular reslstance at test 

ln conclusion, the results of the pre,ent study are dearly comlsten! wlth 
the notIOn [ha[ caffelne enhances ~a~cular aC[Jvlty a[ re\1 and dUflng sirc,><; 
Glven Ihe mourttmg eVldence thal caffeme dnd stress combine to produce 
changes rn carl" 'ovascular aCtlvlly, IOcreased efforts are reqUlred m order to 
elucldate more fully the mechaOlsms of the'ie mteractlons. 
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The study described in "Caffeine effects on several 

indices of cardiovascular activity at rest and during 

stress" proved informative in demonstrating the role of 

vascular activity in mediating blood pressure responses to 

caffeine. The results suggested that caffeine enh~nccd 

vascular activity, but not cardiac activity, at rest and 

during a moderately challenging mental arithmetic task. 'rlle 

following study "Cardiovascular responses to the combination 

of caffeine and active coping, passive coping, and exercise 

stressors" addressed a number of limitations of the earlier 

study. First, the earlier study used a menti'll arithmetic 

task that may not have elicited maximal task involvement in 

all subj ects, possibly attenuating observed levels 0 f 

cardiac stimulation. Thus the following study used a set of 

uniformly challenging mental arithmetic problems combincd 

with a potentially greater monetary incentive for successfu l 

performance. In addition, subj ects were exposed to several 

different types of stressors, known to elicit varying 

degrees of cardiac or vascular acti vi ty, in order to test 

the hypothesis that caffeine effects on cardiovascular 

responses to stress are dependent on the prevailing stimulus 

condi tions. As weIl, measurements of cutaneous vascular 

resistance responses were supplemented by assessment of 

vascular responses in the forearm skeletal muscles. Because 

vascular beds in the forearm skeletal muscles are innervated 

by neurons having sympathetic beta-adrenergic receptors, 

77 

1 



• forearrn blood flow and forearrn vascular res istance responses 

allow for a differentiation of active versus passive coping 

stressor effects on vascular activity. Fina lly, the 

potential correlations between physiological and 

psychological responses to stress and caffeine were assessed 

using a set of standardized psychological questionnaires. 
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Abstract 

The present study examined cardlovascular responses to 

the comblnatlon of caffelne (250mg) and actIve coplng, 

pdSHlve ~oplng, and exerClse stressors ln 48 healthy males. 

Subjec·ts were tested ln a Wl thln-subject, placebo­

contrnlled, dauble-bllnd desIgn. Repeated measurements of 

syatolle, dlastollc, and mean arterlal blood pressure (SBP, 

DBP, MAP), heart rate (HR), flnger temperature (TEMP), 

resplratory Slnus arrhythmla (RSA), and forearm blood flow 

(FBF) wpre obtained durlng a pre-drug restlng basellne, a 

pos t -drug rest l ng base Ilne, the t hree st ressor tasks, and a 

recovery basel1ne. The pnmary analyses were 2 (~rug) x 5 

(perlod) x 6 (stress order) MANCOVAs uSlng pre-drug basellne 

values as covarlates. Slgnificant perlod maIn effects were 

observed for aIl measures. Significant drug maIn effects 

wcre observed for SBP, DBP, MAP, TEMP, RSA, and FBF. The 

slgnlflcant changes ln blood pressure and flnger temperature 

produced by caffelne comblned ln an addItIve fashlon wlth 

the effects produced by the stressors. Slgniflcantly greater 

Increascs ln FBF and HR durlng mental arithmetic on the 

caffelne day suggested a potentlatlon of sympathetlc, beta­

adrenerglc actlvlty. Questlonnalres administered during 

basellne perlods to assess psychological responses to stress 

dnd cdffcIne revealed a potentlation of anxlety and anger 

responses ta stress on the caffelne day. 
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Cardiovascular Responses to the Combination of Caffeine 

and Active Coping, Passive Coping, and Exercise Stressors 

Although information on caffeine's effects on 

cardiovascular activity at rest has been available for many 

years (Grollmann, 1930; SolIman & Pilcher, 1911), it is only 

in the last decade that researcners began to examine 

caffeine's effects on cardiovascular responses to stressful 

stimuli. This information has become important with emerginq 

evidence that lifestyle factors, such as caffeine 

consumption, may interact with life stress to contribute to 

risk for pervasive and chronic disorders su ch as 

hypertension and heart disease. 

One of the first studies of the interaction between 

caffeine and psychological stress found that mice reared in 

a competitive social environment exhibited greater stress­

induced increases in blood pressure, plasma corticosterone, 

plasma renin, and adrenal weight when caffeine was added to 

their drinking water (Henry & Stephens, 1980). As weIl, 

morbidity and mortality rates were significantly higher in 

mice receiving caffeinated water as compared to normal 

drinking water. In humans, caffeine and acute stress combine 

to produce additive increases in systolic and diastolic 

blood pressure (France & Ditto, 1988; Greenberg & Shapiro, 

1987; Lane, 1983; Lane & Williams, 1985; 1987; Pincomb, 
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Lovallo, Passey, & Wilson, 1988). That is, the increases in 

blood pressure produced by caffeine combine in a cumulative 

fashion with the increases produced by stress. Moreover, it 

has been observed in humans that caffeine may interact in a 

syner~istic fashion with stress, potentiating such 

physiological responses as heart rate, stroke volume, and, 

hence, cardiac output (Pincomb et al., 1988), forearm blood 

flow (Lane & williams, 1985; 1987), and plasma cortisol 

levels (Lovallo et al., 1989; Pincomb et al., 1988). 

Published reports on the effects of caffeine on 

cardiovascular responses to stress have included a variety 

of psychological stressors su ch as mental arithmetic, 

reaction-time tasks, and the naturalistic stressors of exam 

(Pincomb et al., 1987) and occupational stress (France & 

oitto, 1989). In general, the se studies have been largely 

consis~ent in fillding additive blood pressure increases in 

response to the combination of stress and caffeine. However, 

this consistency may be related to the fa ct that the 

stressors sampled to date have been predominantly examples 

of active coping stressors. Active coping stressors can be 

differentiated from passive coping stressors on the basis of 

the degree of control the individual may exert during an 

unpleasant task. Obrist (1981) conducted a number of studies 

which indicated that opportunity for control (active coping) 

resulted in primarily beta-adrenergic sympathetic activity, 
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with conse4uent increases in cardiac activity and systolic 

blood pressure. In contrast, when opportunity for control 

was minimdl or non-existent (passive coping) alpha­

adrenergic sympathetic activity predaminated. Under thesc 

circumstances, cardiovascular responses includcd incrcases 

in peripheral resistance and relatively larger increases in 

diastolic blood pressure. since stressors which di ffer on 

the active-passive coping dimension tend ta produce 

different patterns of cardiovasclliar activity, an ultimate 

understanding of caffeine-stress interactions will require a 

consideration of both active and passive coping stressars. 

Consistent wi th a broader focus on the effects of 

caffeine on cardiovascular responses to stress, it is 

important ta consider the potential effects of caffeine on 

psychological reactions tu stress. As with the physiolagical 

caffeine literature, there is a long tradition of 

investigations of caffeine's effects on one's psychologicùl 

state (Ho11ingworth, 1912). Once again, however, thcre has 

been relatively little information on psychological 

responses ta stress following caffeine consumption. This 

information may praye important given the hypothesized role 

of emotional factors su ch as anger in mediating risk far 

both hypertension and heart disease (Diamond, 1982; Siegel, 

1984). Henry and Stephens (1980) provided an anecdotal 

report of caffeine' s effects on psychological responscs ta 
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stress, indicating that caffeine increased aggressive 

behavior in mice living under stressful conditions. In 

humans, Lane and Willia~s (1985) used visval analog scales 

to assess subjective reports of effort, importance, task 

difficulty, and relaxation to a mental arithmetic task on 

both placebo and caffeine days. Although the task produced 

significant decreases in reporteJ "relaxatIon", thp.re were 

no significant effects of caffeine or caffeine-stress 

interactions. In a subsequent study (Lane & Williams, 1987), 

sUbjects were asked to provide ratings on eleven affective 

dimensions, once again using visual analog scales, in 

response to a mental arithmetic task on both a caffeine and 

a placebo day. Caffeine and stress each produced independent 

increases in ratings of "alertness" and decreases in ratings 

of "relaxation". Moreover, a caffeine-stress interaction was 

observed for the subjective dimension of fear such that 

ratings of "afraid" were significar. '..ly higher followj ng the 

stressor on the caffeine versus the placebo day. ln sum, the 

limited information wnich exists on psychc10gical responses 

to stress following caffeine consumption suggests that 

further studies are warranted. 

In the present study, subjects were exposed to three 

different types of stressors (mental arithmetic, cold 

pressor, isometric 1eg exercise), and were required to 

complete standardized mood questlonnair8s in an attempt to 
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address both the need for a diversity of stressful stimuli 

and for addition..:!l information on psychological responses to 

stress following caffeine consum~tion. A variety of 

physiological rneasures were obtained to investigate the 

joint effects of caffeine and stress on blood pressure and 

blood pressure control mechanisms, and their relationships 

to subjective rnood. 

Method 

Subjects 

Forty-eight heal t:.hy young males aged 16 to 36 were 

recruited for the study. Descriptive characteristics of the 

subjects are shown in Table 1. Subjects received $7. 50/hr 

for participating in the study. 

Apparatus 

Measurements of systolic blood pressure (SBP, ln mmHg) , 

diastolic blood pressure (DBP, in rnmHg), and mean arterial 

pressure (MAP, in mmHg) were obtained at 2-min intervals 

throughout the experirnent using a critikon Dinamap 845XT 

automatic blood pressure monitor. The blood pressure cuff 

was placed on the subj ect 1 s right arm. Other physiological 

measures were obtained using various transducers and 

electrodes, a Grass Model 70 polygraph, a s~t of Med 

Associates signal processing modules, and an IBM XT person~l 

computer. Heart rate was derived from an electrocardiograrn 
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recorded using two disposable Medi-Trace el~ctl·odes placf'd 

ln a bipolar confIguratIon on OppOSIte sldes of thp rlb 

cage. The SIgnal was ampllfled and a contlnuous record of 

heart rate (HR, ln bpm) was obtalned uSlng a Grass Madel 7P4 

tachograph and the computer. Flnger temperature (TEMP, in 

degrees CelsIus) was obtalned from the rIng flnger of the 

subject's rlght hand uSlng a Thought Technology Madel ~OOT 

temperature module connected to the computer. ReSpIratIon 

was recorded uSIng a Grass Model TCTIR thermIstor, and 

ampiified uSlng a Grass Model 7P5 amplIfIer. As ln preVlous 

studies conducted ln thIS laboratory (e.g., DLlto & Miller, 

1989), forearm blood flow (FBF, ln ml/mIn/dl of forearm 

volume) measures were obtalned accordlng te the claSSlC 

procedure descrlbed by Whitney (1953). Th l S procedure re l U'<:i 

on mercurY-ln-Sllastlc straIn gauge plethysmography Wl th 

intermIttent OCclUSIon ln the left arm by a blood pressure 

cuff concurrent with IsolatIon of the wrlst dnd hand 

circulatIon by a second cuff. Measurements were obtalned 

during mInutes 2 and 3 of every 4-mInute block durlng the 

basellne and stressor tasks and averaged by comp~ter. 

Forearm vascular reslstance (FVR) was ca lculatf'd for ecH'h 

perI0d by dlviding the average MAP by the average FBF. 

Resplratory SInus arrhythmia (RSA, ln msec) was oblalnpd 

according to the method described by Crossman dnd Svcbak 

(1.987). 
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Procedure 

AlI subjects were tested on two consecutive mornings. 

Testing began between 8:00 and 10:00 a.m. in arder to 

enhance adherence to the dietary restrictions. Dietary 

restrictions included ;~~~ing from the previous evening and 

avoiding caffeinated beverages, alcohol, nicotine, and non­

prescription drugs during this same interval. 

On each morning, upon arrivaI at the laboratory, the 

subject was seated in a quiet, carpeted room. The 

experimental procedures were dis~ussed and informed consent 

was obtained. Once the blood pressure cuffs, electrodes, and 

transducers were attached, two casual blood pressure 

readings were taken. The physiological recording equipment 

was housed in a room adjacent to the subject room. An 

average resting SBP of 140 mmHg or greater and/or DBP of 90 

mm Hg or greater was considered grounds for discontinuation. 

However, no subject exhibited such a resting blood pressure 

level. 

For the first 10 min the subject was asked to sit 

quietly and relax while pre-drug baseline measurements were 

obtained. Following the relaxation period, the subjecl 

received grapefruit juice that either contained or did not 

contain 250 mg of caffeine. The caffeine was administered in 

a double-blind fashion, with order of presentation 

counterbalanced across subjects. Grapefruit juice was chosen 
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based on previeus evidence that it masks the somewhat bitter 

taste of caffeine (Pincomb et ~l., 1985). Befere recording 

centinued, 42 min were allowed for absorption of caffeine 

into the bloodstream. At the beginning of thls rest period 

the subject completed the Profile of Mood states 

questionnaire (POMS; McNair, Lorr, & Droppleman, 1971) and 

the Spielberger State Anxiety questionnaire (STAI; 

Spie1berger, Gorsuch, & Lushene, 1970). On the first day the 

subject a]so completed questionnaires concerning personal 

and family health history, daily caffeine intake, and the 

Jenkins Activity Survey (JAS; Jenkins, Zyzanski, & Rosenman, 

1979). Durinq the remainder of this period the subject read 

quietly. Immediately prior to the post-drug bascline pcriod, 

the subject once again completed the POMS and STAI 

questionnaires. 

Following the caffeine absorption period, physiological 

recording resumed and the subject was asked to rest for a 10 

min post-drug baseline. This was followed by the 

presentation of alternating 3 min task and 5 min rest 

periods. Three stress or tasks were presented. Order of 

stressor presentation was consistent across days for each 

subject, but was counterbalanced across subjects. The 

stressor tasks included (1) mental arlthmetic, (2) cold 

pressor, and (3) isometric 1eg exercise. The mental 

arithmetic task inv01ved the addition and subtraction of two 
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and thrf'F' dlglt numbers presented on flashcards. Each of the 

36 problems was pre'3ented for 5 s. At the end of 5 s the 

hlJbj('cl was requlred ta report hlS answer aloud. The 

PXpf! r Imenter rec;ponded el ther "cor rect" or" l ncorrect" to 

(~ach answer, and rccorded the total number correct at the 

end of lhe task. Pnor to the task the subject WiiS Informed 

, hat the person wllh the hlghest total score for both days 

would WIn $50.00. The cold pressor task 1.nvolved the 

lInmerSlon of the subject's left foot ln 4 degree CelsIus 

water for 2.5 min. The lsometrlc leg exerClse task, which 

1 dsted 3 ml n, l nvo 1 ved a hor 1 zonta l extensIon of the t" Ight 

leg to a helght of 38cm whde seated. Immedlately followlng 

each slressor the subject was asked to rate the prev:;..ous 

task ln Lerms of subjectIve "arousal", "d1.fflculty", and 

"stressfulness" uSlng vlsual analog scales. Followlng the 

th l rd st ressor, the sub ject was once aga 1. n asked ta rest 

qUletly dUrJng a 10 mIn recovery basellne. Finally, the 

subject completed a third set of POMS and STAI 

gUf'Ht lonnd 1 res. 

~~ta ~_~?UctlOn and Analyses 

Repeated measures of cardiovascular activity 'Nere 

ave raged fa!" the follow Ing per lOds: pre-drug resting 

basellne, post-drug restlng basel.t.ne, mental arlthmetic, 

cold pressor, lsometric leg exerCIse, and recovery baseline. 

A regresslon analysls to predict RSA uSlng resplrat1.0n rate 
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was conducted. The z-score residual values (ZRSA), corrected 

for respiration rate, were used in subsequent ani11yscs as 

recommended by Grossman, Stemmler, Karemaker, and \\Tiel ing 

(1988). Analyses of the effects of caffeine on 

cardiovascular activi ty at rest were conducted using 2 Drug 

(caffeine, placebo) x 2 period (pre-drug resting, post-drug 

resting) :x 2 Drug Order (caffeine day Ijplacebo day 2, 

placebo day 1jcaffeine day 2) repeated measures analyses of 

variance (ANOVAs). These analyses were conducted to 

determine whether caffeine exerted significant effects on 

cardiovascular activity prior to the stress session. 

Analyses of the effects of caffeine on cardiovascular 

responses to stress were conducted using 2 Drug (caffeine, 

placebo) :x 5 period (post-drug resting, mental ari thmetic 1 

cold pressor, isometric leg exercise, recovery) x 6 stress 

Order repeated meas'Jres MANCOVAs using pre-drug resting 

values as covariates. Previous studies have reported 

significantly greater increases in HR (MacDougall, Musante 1 

castillo, & Acevedo, 1988; Pincomb et al. 1 1988; Strickland, 

Myers, & Lahey, 1989) and FBF (Lane & Williams, 1985; 1987), 

and significantly greater decreases in FVR (Lane & Williams, 

1987) in response to active coping stressors following 

caffeine consurnption. Therefore, in the present study, 

planned cornparisons of change in HR, FBF 1 and FVR responses 

te stress on caffelne versus placebo days were conducted in 
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order to determine whether enhancement of these responses is 

consistent across different types of stressors. Planned 

compar i sons were conducted using the madi f ied Bonferroni 

test (Keppel, 1982). 

Results 

The Effects of Caffeine on Cardiovascular Activl tv at Rest 

A 2 Drug (caffeine, placebo) x 2 Period (pre-dr.'ug 

resting, post-drug resting) x 2 Drug Order (caffeine day 

Ijplacebo day 2, placebo day Ijcaffeine day 2) MANOVA was 

conducted using the eight physiological dependent variables 

(SBP, DBP, MAP, HR, TEMP, FBF, FVR, ZRSA). Significant main 

effects of drug condition (Wilks' lambda=.41, f(8,28)=4.98, 

12.<.01) and period (Wilks' lambda=.30, f(8,28)=8.35, ]2<.01) 

were observed. The interaction effects of drug x period 

(Wilks' lambda=.25, f(8,28)=10.67, 2.<01) and drug order x 

drug (Wilks' lambda=.59, F(8,28)=2.44, ]2<.05) were also 

significant. No other significant effects were observed. 

G i ven these resul ts, the drug, per iod, drug x per iod 1 and 

drug order x drug effects of the comparable univariate 

ANOVAs were examined. The means and standard errors for the 

physiological dependent measures are displayed in Table 2. 

There were no signif icant drug order x drug 

interactions observed in the univariate ANOVAs. A 

significant drug x period interaction indicates a 

significant effect of caffeine on resting cardiovascular 
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activity. Significant drug x period interactions were 

observed for SEP, DBP, MAP, and TEMP (E(1,46)=24.21, 91.24, 

49.14, and 8.78, respectively, aIl 2<.01). The signific~nt 

effects on bluod pressure reflected post-drug resting blood 

pressure levels approximately 6 mmHg higher on the caf fe inc 

day as compared to the placebo day. The significont ringcr 

temperature effect reflected a greater decrease in fingcr 

temperature during the post-drug resting baseline on the 

caffeine versus the placebo day. The observed significant 

effect of caffeine on TEMP, a measure of pE:..:-ipheral 

resistance, but not on any indices of cardiac output, 

suggests that the increases in blood pressure obscrveù at 

rest may be attributable to increases in peripheral 

resistance. This finding is consistent with other studies in 

which measures of peripheral resistance wcre obtained at 

rest following caffeine administration (France & Ditto, 

1988; Pincomb et al., 1985, 1988). 

The Effects of Caffeine on Cardiovascular Response to stLcsS 

A 2 Drug x 5 Period (pre-drug resting, post-drug 

resting, mental arithmetic, cold pressor, leg exercise, 

recovery) x 2 Drug Order x: 6 stress arder MANCOVA using pre­

drug baseline values as covariates was conducted using the 

eight dependent variables. significant effects of drug 

conditior, (Wilks' lambda=.15, E(8,9)=6.34, 2<.01), period 
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(Wilks' lambda=.ll, L(32,330)=8.48, 2<.01), and stress order 

x period (WiJks' lambda-=.15, E(160,679)=1.22, 12.<.05) were 

obser'led. No other significant effects were observed. Given 

these results, the drug and period main effects and stress 

order x period interaction effects from a series of repeated 

measures MANCOVAs were examined. Means and standard errors 

are displayed in Table 2. 

Blood Pressure. Significant drug and period effec.ts 

wcre observed for SBP, OBP, and MAP (Table 3). As 

illustrated in Figure 1, these significant effects indicate 

that the increases in blood pressure produced by caffeine at 

rest combined in an additive fashion with the increases in 

blood pressure produced by the stressors. These findings 

provide original evidence of caffeine's ability to produce 

additive increases in blood pressure to a variety of 

different types of stressors. 

Heart Rate. As indicated in Table 3, the heart rate 

analysis revealed a significant period effect and a 

warginally significant drug effect. Planned comparisons were 

conducted to compare change in heart rate (stressor task -

post-drug resting baseline) on each day. As can be seen in 

Figure 2, these analyses revealed a significantly greater 

response to mental arithmetic on the ca=feine versus the 

placebo day (t(47)=2.31), but not to the cold pres30~ 

(t(47)=0.36) or leg exercise (t(47)=0.40) tasks. T~ese 
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resul ts are consistent with previous evidence of enhanccment 

of HR resp()nsivity during an active c::oping stressor 

(MacDougall et al., 1988; Pincomb et al., 1988; strickland et 

.91., 1989), and suggest that such enhancement may not occur 

during passive caping or exercise stressors. 

F inger Temperature. As indicated in Table 3, 

significant drug, period, and stress order x period effects 

were observed for finger temperature. The observed 

significant stress arder x period effect suggests caution is 

required in attr j buting finger tempe rature changes ta 

specifie stressors. Visual insp ~ction of [inger tcmperùture 

curves wi thin stress order suggested that the stress order x 

period interaction was due to a tendency of finger 

tempe rature to increase following the cold pressor task, 

regardless of the subsequent stressor. That is, previ'Jus 

exposure to the vasoconstrictive co Id pressor stimulus 

appears to have resul ted in rebound vasodilation. 

Nonetheless, the significant drug and period main effect:s 

suggest that the significant decreases in finger temperature 

produced by caffeine at rest combined in an additive fashion 

with the decreases produced by the stressors. These rcsul b; 

are consistent wi th previous evidence of addi ti ve decreases 

in digital blood volume pulse to the combination of stress 

and caffeine (France and Ditto, 1988), since both of thcse 

rneasures respond to changes in digital vascular resistance. 
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Moreover, the present f indings prov ide original evidence of 

caffeine' s abili ty to produce additive decreases in f inger 

temperature to a variety of different types of stressors. 

Forearm Blooo Flow. Analyses of forearm blood flow 

responses revealed signi ficant drug and period effects. 

Planned comparisons were conducted to compare change in 

forearm blood flow (stressor task - post-drug resting 

basel ine) on each day. As can be seen in Figure 3, these 

analyses revealed signif icantly greater increases in FBF on 

the caffeine versus the placebo day during t.he mental 

arithmetic task (t(45)=2.81) and the cold pressor 

(t(44)=2.16) task, but not during the 1eg exercise task 

Ct(44) =1. 54). These results are consistent with previous 

evidence of caffeine-induced enhancement of FBF responsivity 

during slress (Lane & Wi lliams, 1985; 1987). 

Forearm Vascular Resistance. As indicated in Table 3, 

analyses of forearm vascular resistance responses revealed a 

significant period effect, but no significant drug effect. 

visual inspection of Figure 3 suggests that the period 

effect is attributabl e to decreases in FVR during the mental 

arithmetic task and either no change or increases in FVR 

during the co1d pressor and leg exercise tasks. Planned 

compar isons were conducted to compare change in forearm 

vascular resistance (stressor task - post-drug resting 

basel ine) on each day. These analyses revealE.d no 
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slgnlflCant dlfferences ln FVR responses on the caffplnp 

versu'J placebo day dur1ng each stressor. PreVlOUS reports nf 

FVR responses to the combIna t 1.on of stres s and ca f f E' 1 ne 

pres,"'nt contrad1.ctory f 1nd1ngs. Lane and WIlllams (985) 

reported that caffelne had no slgn1.f1.cant effect on FVR 

responses to a mental a r l thmet 1.C st ressor, aIt hough the 

mental ar1.thmetic task produced slgn1flcant d('cr(~dSI~H ln 

FVR. A subsequent report (Lane & W1.lllams, 1987> Inchcated 

that caffelne and mental arlthmetlc stress comblnpd lo 

produce synergist lC decreases in FVR. The present fI nd l ngs 

are consistent w 1. th the ear 11.er report (Lane & W 1111 ams, 

1985), and extend the negat1. ve fl nd l.ngs to a va r let y 0 [ 

dlfferent stressors. 

Resp1.ratory SInus Arrhythmla. As Ind1.cated ln 1'.:ible 1, 

analyses of res1dualized respiratory SInus drt'hythmla sr.on~s 

revealed bath s1gnlflcant drug and penod eff(~cts. A1lhou rJh 

the lncreases ln ZRSA observed at rest followlng cdffelne 

consumptlon were not s1.gniflcant, the slgnIflcant drug mdln 

effect observed dunng the stres30rs refl ecls the fdf.:t th,ll 

caffelne produced slgnlflcantly hlghcr ZRSA levels ,H'rO'-,Y 

the d lfferent st ressors. rhl s f Ind 1 ng suggesLH lha t ca f fe 1 nf> 

consumption results ln an Increase 1.n tonic vagal Clet IVILy, 

WhlCh may explaln eXIstlng eVldence of cafff'lne'S abIllty lo 

produce slgnlflcant decreases 1.n resling hf:'art l"dtf:' (Plflcomb 

et 21..,1985; Smlts, Pl.eters, & Thlen, 1986; Whllsr-!tt, 
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Manion, & Christensen, 1984). 

The Effects of Caffeine on Psychological Responses 

As with the analyses of caffeine effects on 

physiological activity at rest, analyses of caffeine effects 

on r~sting psychological state began with a 2 Drug x 2 

Period x 2 Drug Order MANO VA of seven dependent measures 

(state anxiety, and the POMS subscales of anxiety, 

depression, anger, vigor, fatigue, and confusion). The drug 

x period interaction effect was not significant, indicatir.g 

that caffeine did not have a significant effect on these 

measures at reste 

Analyses of caffeine effects on psychological responses 

to the stressors began with a 2 Drug x 2 period (post-drug 

resting, recovery) x 2 Drug Order x 6 stress Order MANCOVA 

using pre-drug resting values as covariates of the seven 

dependent rneasures. A significant drug x period effect 

(Wilks' larnbda=.58, F(7,29)=3.04, 2<.05) was the only 

significant effect observed. Given these results, the drug x 

period effects of tte comparable univariate ANOVAs were 

examined. These analyses revealed significant drug x period 

effects for state anxiety (f(1,47)=4.91, 2<.05), the Anger 

subscale of the POMS (f(1,46)=7.24, 2<.01), and the Fatigue 

subscale of the POMS (f(1,46)=5.50, 2<.03). The Anxiety 

subscale of the POMS revealed a rnarginally significant drug 
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x period effect (f(1,46)=3.01, 2<.09). As can be seen in 

Figure 4, these results indicate that the subjects reported 

significantly higher levels of anger and anxiety following 

the stressors on the caffeine versus the placebo day. The 

significant interaction effect observed for the Fatigue 

subscale reflects a significantly lower reported fatigue 

level following the stressors on the caffeine day versus 

placebo day. There were no significant correlations between 

POMS Anger, POMS Anxiety, or STAI and cardiovascular 

responses of SBP, DBP, or HR on either the caffeine or 

placebo day. The fa ct that psychological measures were 

obtained only after aIl tasks were completed, rather than in 

response ta each task, rnay have decreased the chances of 

observing significant correlations. 

Analyses of subjective ratings of "arousal", 

"difficulty", and "stressfulness" irnrnediately following each 

stressor were carried out using 2 Drug x 3 Task (mental 

arithmetic, cold pressor, leg exercise) repeated measures 

MANOVAs for each measure. These analyses revealed 

significant task effects for ratings of "arousal" (Wilks' 

lambda=.66, f(2,46)= 12.00,12<.01) and "stressfulness" 

(Wilks' larnbda= .57, E(2,46)=17.17, 12<.01), and a marginally 

significant task effect for "difficulty" (Wilks 1 larnbda= 

.90, f(2,46)=2.51, 2<.10). These task effects reflect higher 

ratings on aIl subjective measures following the cold 
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pressor as compared to the other tasks. There were no other 

significant effects. 

Finally, there was no significant difference in mean 

percentage of mental arithmetic problems correctly solved on 

the caffeine versus placebo days (55.4% and 58.3%, 

respectively). 

Discussion 

The findings of the present experiment extend the 

results of previous studies by providing original evidence 

that caffeine and stress combine to produce additive 

increaseE in blood pressure to several different types of 

stressors. Moreover, these results suggest that although 

additive increases in blood pressure appear consistent 

across stressors, the underlying cardiovascular adjustments 

may be quite dif~erent. Specifically, during the mental 

arithmetic task caffeine produced significantly greater 

increases in both FBF and HR. These changes suggest that the 

additive increases in blood pressure observed during the 

mental arithmetic task were related to 1) an increase in 

peripheral vasoconstriction produced by caffeine that 

combined in an additive fashion with the increase produced 

by stress, and 2) an increase in cardiac output and 

decreases in vascular resi~tance in the large muscles that 

were produced by synergistic interactions between caffeine 
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and stress, that is, reactions that were greater than those 

produced by the sum of caffeine alone and stress alone. A 

synergistic interaction between caffeine and stress 

influencing systemic vascular resistance has been reportcd 

previously in response to an active coping reaction-time 

task (Pincomb e~ al., 1988). Similarly, Lane and Williams 

(1987) reported synergistic interactions between caffeine 

and stress in FBF and FVR in response to a mental arithmetic 

task. In contrast, caffeine did not appear to potcntiate 

increases in cardiac output in response to either the cold 

pressor or leg exercise stressors in the present study 

which, presumably, did not affect beta-adrenergic activity 

to the same extent as mental arithmetic. Collectively, the 

nature of the variables involved (i.e., HR and FBF), the 

stressor (mental arithmetic), and the interactions suggests 

that caffeine may potentiate activity at beta-adrenergic 

receptor sites in some unspecified manner. In contrast, the 

additive increases in BP produced by caffeine and stress 

during cold pressor and leg exercise appear to be due to 

additive effects of caffeine and stress on vasoconstriction. 

Since caffeine can induce additive blood pressure 

increases to a range of stressors, caffeine may exacerbate 

the potentially detrimental effects of a variety of 

stressful tasks. More important, perhaps, is the finding 

that the cardiovascular effects of caffeine appear to 
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interact in a synergistic fashion with those produced by 

active coping stressors, which stimulate sympathetic, beta­

adrenergic activity, but not with passive coping stressors. 

This finding rnay be of clinical significance given that 

repeated, exaggerated beta-adrenergic responsivity has been 

hypothesized to be related to increases in peripheral 

resistance and sustained elevations in blood pressure 

(Obrist, 1981), possibly through changes in the arterioles 

(Folkow, 1987) or by intrinsic autoregulatory mechanisms 

(Coleman, Granger, & Guyton, 1971). 

Although the mechanisrn of caffeine-induced potentiation 

of sympathetic, beta-adrenergic responsivity to stress 

rernains to be elucidated, recent evidence suggest that 

caffeine effects on neuroendocrine responsivity may play a 

role in this relationship. Lane, Adcock, Williams, and Kuhn 

(1990) reported that caffeine potentiated epinephrine 

responses to a mental arithmetic stressor. As weIl, there is 

physiological evidence of caffeine's ability to enhance 

beta-adrenergic receptor-mediated activity via blockade of 

catecholamine uptake (Kalsner, Frew, & smith, 1975). 

Caffeine's ability to produce a combination of enhanced 

catecholamine release and reuptake blockade rnay explain the 

observed potentiation in cardiovascular measures which 

reflect syrnpathetic, beta-adrenergic ?crivity. 

The present findings of significantly greater levels of 
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anxiety and anger following the stressors on the caffeine 

versus placebo day suggest that the ingestion of caffeine 

prior to a stress fuI task may potentiate negative emotional 

responses to that task. Consistent with this hypothesis, 

Lane and Williams (1987) reported that caffeine potcntiated 

subjective levels of fear following a mental arithmetic 

stressor. As weIl, these findings appear to parallel Henry 

and Stephens' (1980) observation of increased aggressive 

behaviour in rnicG in stress fuI social environments when they 

received only caffeinated water. Presently, the notion that 

caffeine may exacerbate emotional responses to stress has 

only limited ernpirical support. Nonetheless, this appears to 

be a promising line of inquiry given that existing evidence 

has been obtained despite the use of stressors which have 

not been chosen specifically for their ability to produce 

negative emotional reactions. Future studies should focl'~ on 

stressors known to elicit particular patterns of emotional 

reactivity in order to examine the relationship between 

caffeine's effects on physiological and emotional responses 

to psychological stressors. Such research would enhance our 

understanding of the potential contributions of central and 

peripheral mechanisms to cardiovascular responsivity to 

caffeine, and rnay provide an important link between studies 

of cardiovascular reactivity, ernotional reactivity, and risk 

for cardiovascular disease. 
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Table 1 

Oesel' ipti ve Characteristics of Subjects 

Variable Mean (8D) 

Age (years) 21 (4) 

Height (cm) 177 (7) 

Weight (Kg) 72 (9) 

Caffeine use (mgjday) 148 (195) 
a 

Smoking (eigjday) 16 (8) 

a 
Values are for 7 smokers. 
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Table 2: Means and Standard Errars of Cardlovascular Varlables 
throughout the Study on Placebo (PLA) and CaffelOe (CAF) days. 

Penad 

------------

COLO LEG 
PRE-DRUG POST-DRUG MATH PRESSOR EXERCISE RECOVERY 

----~- ----

PLA 119(1.0) 117(0.9) 129( 1.9) 133(1.8) 1290.4) 119(1.2) 
SBP 

CAF 1190.0) 122(1.0) 135(1.7> 137(1.7> 134( 1.4) 125 ( 1. 3 ) 

PLA 67(1.1) 67<1.1) 77(1.5) 84(1.7) 80 ( 1 .2) 6711.2) 
OBP 

CAF 67(1.0) 73(1.1) 8H1.3) 87<1.6) 83(1.2) 73(1.2) 

PLA 83(1.0) 82(0.8) 94 (1. 5) 99( 1.8) 95 ( 1 .3) 83(1.0) 
MAP 

CAF 83<0.9) 88 (Q .9) 97(1.4) 104(1.6) 100 ( 1 • 1 ) 88 ( 1 .2 ) 

PLA 65 ( 1. 7) 64 (1.4) 77(2.0) 7)(1.8) 77( 1.6) bJ ( 1 .4) 
HR 

CAF 630.4) 61<1.4) 76(1.8) 70(1.6} 740.4) 6H!.3) 

PLA 32.4(0.4} 31.0<0.5) 29.7(0.5) 29.4(0.6) 30.1 (0.6) 29. '1(0.7) 

TEMP 
CAF 32.1<0.5) 29.3(0.6) 28.2<0.6) 27.9(0.5) 28,1~ (Q. 6) 28.5(0.7) 

PLA 2.29(0.2) 2.17(0.1) 2.88<0.2) 2.39<0.2) 2.23(0.2) 2.1210.2) 
FBF 

CAF 2.29(0.2) 2.24(0.1) 3.36(0.2) 2.9HO.2) 2.57(0.2) 2.16/0.2) 

PLA 45.00.5) 48. 4( 4.1 ) 39.9(3.1) 53.2(1 •• '3) 56.1(6.6) 4Q.1i),Fs) 

FVR 
CAF 44.40.3) 47.90.6) 35.7(2.6) 48.1(4.5) 54.1(5.9) 50.513.~) 

PLA 0.07(0.2) 0.05<0.2) -0.29 (0.1 ) 0.10(0.2) -0.37(0. 1 ) -o. III O. ) ) 
ZRSA 

CAF 0.06<0.2) 0.29<0.2) -0.19(0.1) 0.22(0.21 -0.08(0.1 ) 0.2810.2> 

------- -- ------- -----
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Table 3 

Effects of Caffeine on Cardiovascular Respanses ta stress: 
Results of MANCOVAs of Periods with Pre-Drug Covariates 

Drug periad stress arder x periad 

a a wilks' a Wilks' 
f(1,41) E(4,39) lambda f(20,130) lambda 

SBP 48.64** 70.78** 0.12 0.86 0.66 

DBP 115.22** 101.37** 0.09 0.89 0.65 

MAP 63.23** 95.47** 0.09 0.74 0.70 

HR 3.99+ 82.88** 0.11 0.95 0.63 

TEMP 15.23** 15.44** 0.39 2.11** 0.39 

FBF 5.30* 14.00** 0.38 0.85 0.64 

FVR 0.10 9.26** 0.49 1. 29 0.52 

ZRSA 8.69** 3.17* 0.69 0.83 0.58 

a 
df of some analyses lawer due ta missing data. 

+}2<.10 
*}2<.05 
**12<·01 
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Figure Captions 

Figure 1. systolic and diastolic blood pressure at each period 

(pre-drug, post-drug, mental arithmetic (MA), co1d pressor 

(CP), 1eg exercise (LE), and recovery) on placebo and caffeine 

days. 

Figure 2. Heart r~te at each period (pre-drug, post-drug, 

mental arithmetic (MA), cold pressor (CP), 1eg exercise (LE), 

and recovery) on placebo and caffeine days. 

Figure 3. Forearm blood flowand forearm vascular resistance 

at ~ach period (pre-drug, post-drug, mental arithmetic (r~), 

cold pressor (CP), leg exercise (LE), and recovery) on placebo 

and caffeine days. 

Figure •. Subjective ratings of anger and anxiety (subscales 

of the profile of mood states questionnaire) at pre-drug, 

post-drug, and recovery on placebo and caffeine days. 
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In the preceding studies evidence was obtained to 

support the notion that caffeine and laboratory stressors 

combine to produce additive increases in blood pressure in 

regular caffeine consumers. Further, despite consistent 

additive effects on pressor responses to a variety of 

different stimuli, assessment of additional indices of 

cardiovascular activity revealed that caffeine may 

potentiate cardiovascular responses to stressors which 

elicit significant beta-adrenergic sympathetic activity. 

This finding provides insight into one potential mechanism 

whereby caffeine consumption may promote structural or 

physiological adaptations in the peripheral vasculature 

leading to sustained elevations in blood pressure. The final 

paper "Cardiovascular responses to occupational stress and 

caffeine in telemarketing employees" provides an assessment 

of the effects of caffeine on cardiovascular responses 

during performance of a challenging occupational activity 

(telephone sales). Because the telephone sales staff were 

remunerated on the basis of total weekly sales, and since 

these indivlduals were accustomed to daily caffeine 

consumption at work, it was believed that this environmcnt 

would provide an ecologically-valid assessmcnt of the 

effects of caffeine and psychosocial stress on regular 

caffeine consumers. As weIl, this study presented an ideal 

opportunity to assess the influence of the Type A behavior 

pattern on cardiovascular responses to stress and caffeine, 
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given the competitive and interpersona1 nature of the 

naturùlistic stressor of telephone sales. 
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Cardiovascular Responses to Occupational Stress and Caffeine in 
Telemarketing Employees 

CHRISTOPHER FRANCE AND BLAINE DITTO. PHD 

CardlO\ascular re~pon~ro, 10 1 hl' combl ndllon of ( "ffpmt· ,lIld .l ( hd IIt'ngllll< [l! 1 IIp,IIIOI1.tl ,II III III 
were exammed usm!! d \\llhm ~uhJe( 1 dOllblt'-blmu dl'~l!!n "1'1't'1I11'1'11 f"II1.111' .llld Il 111.11" 
lelemarketlng emplolt'e~ rect'llpd drtnJ.-~ Ihdl dit! .lnd dld nol (Onl.1I1l ~~() 1111< of, .tfl"lIIl' 'III 
IWO consetull\ {' d.l\'~ wlth arder of prt'~t'ntatlon (uulllrrlldl.lIl( "d .11 ro'" ~lIhJ!" '" R"I"'<Ill'd 
measurements of ,lsloItr <lnd dldstOItL blond IHe~"url' hl'drt rdtt' dllli ,i1!>:II.ll blund l "lul\I" 
pulse were obtamcd dunllg d pre-dru/« re.,llI1g h.",plmp .llld d po.,t drug \\orJ.-llIg pl'fI"d "11,'01' h 

da\ Rrpealed medsure~ anah.,es of \artilllcr rPlt'dlcd "'glllf" dnt mdlll plfp, h "fl','ru"t '"1 ,III 
measures of cardIO\a~Clllar aclllitl mdlLatlll)o1lhdl UI (llpdtllln,ll dt'm.HHI- l'lu Itl"\ 0,11;1111".1111 

cardJOl'ascular adJuslmrnt~ Onl, >Istollt blood prt',~url' rrlP.lll'd d "'!lllifu dlll Drill< )( l'I'flod 
effecl. Illdlca\lng Ihal re~ponses were slglllflcdnlll gre,ilt'r on the [dflelnp \l'r.,uo, pl,H (·ho d,1\ 
The change~ III dla~to\tc blood pressure and heart rate ollthough not ,IKllIfll dnt Wt'fI" ')Il'l't"lIt 
ln dtrectlon wlth Ihe results lrom prel'lOu" lahordtofl ,tud,,", fhf'rf' WPf!' no '1~llIf\( 01111 

dlfferences bet\\ pen malps and females ln cardlovilo,cular rt'~p[)n,(' to Ihl' [OlTlllllI.IIIU!I nf o,t II'''' 
and caffeme 

INTRODUCTION 

Caffeme is one of the masl wldely 
consumed drugs m North America The 
results of a survey pubhshed by Banham 
and Leaverlon ln 19ï9 (1) suggested that 
80% of U S adults over 20 years of age 
drink coffee on a regular basis Moreover. 
caffewe 1., oblamed from a vanety of ot her 
sources mcludmg lea. coeoa. choc,olalp. 
many soft drInks. and a number of 
medlcatlOns 

Although cVldence of caffemc'<; mflu­
ence on reslmg cardlOvasculdr actlvlty 
has eXlsted for many years (2). Il 15 only 
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wlthln the IJd~t few vpar.. Iholt 
IOvestlgalors hdve bpgull tn ~tlld\' Ihl' 
cffect~ of c,lffellH' 011 (,lfdIOVd'>( uldr 
ddlustmt'nt~ producpd bv ,tn".". ,1Ild Iht'lr 
rpldllOoo,llIp 10 cdrdIOVd~( 1I1.Ir dl~I'd~1' l'or 

example. Henry and St('plH'lI~ ( il f('porll'd 
Ihdt wht'11 mlee IlvlI1g III ,1 (Olllpt'tlIIVI' 

~ocldl 1'11\ Ir0I1111PIII Wf'fI' ,HIIlIIIII~It'[f,d 

coff()c 1l1~le,H.l of lIornl<II drtnl<..lIlg w,III'I. 

Ihev (·,llIbllC'd .ln IIltl' Il "dll dll()11 ot ~I[('~~­
f('ldlpd 1Il( red"p~ If] blo()(l pf"~~IIf(', 
dClrenal Wl'tght. (orll< o.,t"ro/lI'. ,11111 

pld.,md fPllIn J\~ wl'll. Ihl'rI' Wt'f(' 
~Igndirant !n( n'oI~('~ ln Iltlirlllditv ,tIld 
Illorldltty rdlf'~ ,11JIO/lg JIll! t' rPI t'IVln/-( 
loffpp ln hllllldll~. (.tfft'III(' d/Hl ~horl­

tefm o;lrcs~ hdVC bef'11 "hoWIl lu prorlll( f~ 
cumuldtl\e lf1uetl~l''> 111 bulh 'iy~I()Il! 
(SBP) dnd dla"lol!c blood pf('~~lln! (lJBP) 
(4-5). as weil as (umul,tllvl' ,lIId "ylll'rgl"­
tIC effccts on a vdflely of ollwr Indlr.l'~ (jf 
cardlOvao;culdf dctlVlty (7-- 1)) 

\VhJlI' tht'rn ,HI' " IIll!TIl)('f of fI'IHlIt ... of 
(dffell1c\ abdltv lu eX,1( "r!ldll! (rlfdlO­

Vd"( Ulrlf fl'''I)(HI''('~ 10 "If('''~ III hlllllrlll'> 
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1 
there are <;everal limitatIOns ta these 
studws One limitatIOn IS the restncted 
range and non-nalurahc;t1c nature of 
p~ychol()glral stressors whlch have been 
Il,>pd ln falt. \VIth only one exceptIOn (10). 
dll of the prc\ IOUS ~tudles usrd laboratory 
.,trc<;<,ors. ~uc.h as challengmg mental 
dflthlTH'tlc ta<;k~ Pmc.omb et al (10) 
pllbiI~hed the flrst report of the effects of 
(affellle on canhovasclIlar re~ponses to a 
ndfllrrlll<,tlc !>fre'isor In thl<; study. male 
rnechral ~tudents were tested for the 
cffpcts of caffeme on cardlOvasrular 
dctlVlty dunng il penod of low stress (a 
week wlth no exams) and hlgh stress (fmal 
(JXdm wrek) The results ICldlcated tha! 
cxam .,trp~~ alone produced increases ln 

SBP and 11I'art rate (HR). but nat OBP 
CaffPlne diane produced slgmflrant 
lnC.fI!d"PS ln hoth SBP and DBP and a 
df'Lrecl~' ln HR Flndllr. conslstenl wllh 
Ihe re"ulls of prevlOus labordtor~ sludles. 
Ihl' mcreasr<, ln SBP produced by caffeme 
lOnüJlnpd ln dn dddillve fashlOn wllh Ihe 
Incrpa<,l'S produced Ilv stress Although 
1,lllddblp III Its use of naturallstlc testmg. 
one problern wlth Ihls study IS thal Ihe 
(!xpt'nl11rntal deSIgn dld not allow 
IlW,l<'llrl'!11pnt of rardlovdscular acllvlty 
(OI1COllllt,lllt \Vllh performance of a 
!.tre-;~flll tels!... In fael. ail measuremenls 
wt'rp obtillllPd whlie sublects were 
"qull>tlv <,Iudymg course \Vork .. Although 
,>tlld\'lng ut cOllr~e work dUrlng the f1l1al 
1",1111 \VCt'/... Wd~ consldpred d stres~ful 
tcl~!... (OrnpdfPd to ~tud}'1 ng dl 01 h e r IHlles. 
tht-' dt'!,(ft,l' 10 whlch the reslilts oblaIned 
111 thl!. ~tlld\' .He compardble la tho~e of 
1,IIJOrdtor\' .. tudte!. IS uncledf 

:\ spcond IImllatlOn of the research on 
(drdlO\ d5( uldr re,<,pon!>cs 10 ~tress and caf­
feme reldtes to the exclUSIOn of 
femdle<, JS slIbJ('cls Smce lt remalns ta be 
),een whether women respond ta the corn-
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bmation of stress and caffeme ln a manner 
slmIiar to men. the present study in­
c1uded both males and females 

ln sumrnary. the present study was de­
slgned to examme the cardlOvaseular re­
sponses of men and women to the corn­
blnatlOn of caffelne and a chal­
lengmg. real-life occupatlOnal actlvlly 
Measurernenls of blood pressure. HR. and 
bload volume pulse were obtamed be­
fore and durmg work ln a group of tele­
marketmg employees Adm1l11strahon of 
elther caffeme or a placebo followed a 
pre-work resting baseline penod The 
subJect then began work as normal Meas­
urements of cardiavascular aClivlty were 
oblamed agam 45 mm later whlle the 
subJect wa'i at work Since ail employees 
were pald on the basls of total sales. lt was 
expected that the task of telephone sales 
would ehcl! sigmflcanl cardlOvaseular re­
sponses. Although a post -drug resting 
basehne penod wauld have been mterest­
mg in order to evaluate the nature of 
caffeme-slress mteractlOn effects. such a 
period was nol feaslble gl\,'en the con­
stramts of the naturalistlc settmg. There­
fore. the main question thls study ad­
dressed was not whelher caffeme inter­
acls wlth stress m an additive or 
synerglstlc fashlOn. bul wh ether caffeme 
enhances cardlOvascular responses 10 a 
naturahsllc stressor ln males and females 
who are regular users of caffell1e 

METHODS 

Sublects 

Twenl~ -elght healthv normoten!.lve sublects were 
recrulted from h\e telemarketmg COmpdnleS ln the 
Montreal area DeSlrlptl\ e charactenstlcs of the 
final sample of 17 females and 11 males are shawn 
ln Table 1 Edch sublert recel' ed $2500 for 
parllclpdling 111 the stud\' 

Psychosomatic Medicine 51:145-151 (1989) 
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CARDIOVASCULAR RESPONSES TO STRESS AND CAFFEINE 

Apparatus 

Measuremenls of SBP OBP and HR wt'rt' 
oblamed U~tng il portablt' Lumlseope Imodel 10701 
digital sph\ gmomdnOnlt'ler Aceordlng to Ihe 
manufacturer Ihe de\lce IS accuratt' WllhIn !:3 mm 
Hg Cor blood prl'SS1He and ::1 bpm for HR Thf' cuff 
was placed on Ihp ~ublerl' non-donlllhlnt dml 
Digital blood volume pul<e IllB\'P} mt'd<urenwoh 
were obtatned USIng a portable Thou!(ht Technol­
ogy blOfeedback module (HRjB\'PlOOTI The photo­
plethysmographlc Iransducer \\.as attached to the 
second finger of Ihe sub,ect's dominant hand 

Procedure 

Ali sub,ects were tesled on tw,' consecutive 
worlr.mg days Teslll1g oLcurred a! the be!!tnl1lng of 
the sub,ect's worktng dav In order 10 enhance 
adherence to a \anet} of re<trIctlOns tndlldln!! 
fastmg for 6 hr and a\ Dlddnce of caffPlnp .tlrohol 
nIcotme, and non-prescnpllOn drug. for 12 hr pnor 
10 the expenmenl 

Upon arrI\al dl work Ihesuhwct \\a< famlliarIlI'd 
wlth the exppnmpntal procedure. and II1fOflllPd 
consent was oblalnpd Once Ihe blood pr('~Cll fP (uff 
and the Ctnger pholoplethvsmograph \\err attached 
Iwo casual blood pre<sure reddlng~ Wl're obtatnl'd 
An average resllng SBP of 140 mm Hg or greater .1I1d 
or DBP of 90 mm Hg or grl'ater was lOn'ldered 
grounds for dl« ont 111 uallOn HO\\ e\ Pr no slIb,eLI 
exhlblted such a re~llng blood pre~<ure le\el 

Whiie thp <ubll'cls sat dl thelr dp,k. and engagpd 
ln casual comersatlOn \VIth the e\ppnmenler 
basehne mea~urements were taken for a 10-mIn 
penod The subIPcts were encouraged 10 carry on d 

TABLE l, DeSCriptive Charac\erlslics of Sub,eLts 

Mean I~D) 

Van.lble 

Age Iyearsl 
Helght (lml 
Welght (kgl 
Caffeme USE' Im~/dav) 

Smokmg' ICig/rla\ 1 
TelemarkplJO~ e~peflenc e 

Imonth .. 1 

Males 
("< = III 

26 ( 121 
175 (8) 

67 191 
271 (1881 

21 1141 
19 (221 

Femdle~ 

IN = 171 

J' ~) (9) 

163 (SI 
63 (16' 

lOO (267) 

22 111) 
8 (141 
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'd'ual (on\t'r'dllol1 dUfll1!ot Ih,' l'n' \\(1r~ r,',lIn~ 
ha,ehm' ln ord.'r to llll1lrol fnr Ih .. t'lI,'( t, nI 'lit'''' h 
on ,anhm.I'Clildr d' IIVII\ dunn~ \\Ofl.. ,\ lotdl nf 
fl\p rl'ddln!(~ nf ~Hf' IlBI' .lnd HR \\t'rt' ft'( urd .. d .11 
2 111111Inll'r\dl~ IlB\'1' r ... ldlll~' \\l'fI' obt.IIIIl'd 1'\1'1\ 
lU 'cc dUrIl1!( tht' "dd mll1ult', Inr .1 Inl.11 lit 10 

rpadll1gs ~OIl(l\\II1!>! Ih,' b.l,,'linl'I','nlld Iht' 'lIhwl 1 
rpLI'I\ l'd ~r.lpt'frtlll 11I1l ,. Ih.11 "III1I'r 1 ()111.1I11l'd tir dHI 
nol 1 ont.lIn 2~il 1l1~ III 1.llfl'lllI' 1 h,' ,.dll'II\I' \\01' 

.Idl11ll'l,tNcd 11\ .1 doubll'-hllnd f,i'hl()11 \\llh 'Jn!.'r 
of pr"'1'nldllOn Lounh'rb.tldllll'd .11 rll" 'lIh"" l, 
Crapelrtlll ,ulCe \\a .. 111I>'I'n b,I,,'d tlll pr," IOll' 
PVldprue Ihdl Il 111,"~" Ih .. "OI1lI'\\h.lt hltll'r t.!' .. ft' nt 
caffplnl' (111 1 hl' ,ubl!'(" \\','rl' Ihl'l1 11l,lnll h'd 10 
bpgln \\or~ <l' thl'\ wou Id Il.lfll1dlh ,\flt'r .1110\\ Ill!>! 
45 mIn for Ihl' .Ih~orplllln of (.lfft'1111' Inlo IIIt' 
blood~trl'dm Ihl' ("pt'rlmpnlrr fI,tllrtwd tn ... tt h 
sub)Cct\ offl[(' and rl'~unll'd pb\'i(lln!otl< .,1 rl'I ordln~ 
whlll' tilt' 'Ubfl'LI ,onlll1l1l'd 10 worl.. ,\11 nU',I' 
url'ml'nl .. \\Pre oblalllrd for 10111111 .tt 1 Ilrdln~ III 1111' 
~dm(' .. dll'dull' 1I,pd dllrIl1!>! 1111' n',III1!! h,,,.'lilll' 
ppnod 

:\flf'r tilt' ph\'llllo!>!II.11 nll'.l'lIfi" Wt'ro' 1l11t.llllt'd 
dunn!>! \\ork Ihl' 'llbJl'( h r.Jlt'd Ihl' l'n'I t'dln~ pI'nllll 
ln Il'rm~ of dIfflCultv 11lt' "II bil'l 11\1' Ip\ .. 1 Ilt drllll',11 
and ~trl' ... flllr1t' .. ~ nf Ih .. lub u'ln~ "1 .. 1l.11 Ml.li,,!>! 
~c.llr~ A~ weil Ihl'v IOlllplplt·d .1 f)lI"'IIIlIIIl.IIrI' 
betwl'l'n Ihe fIr .. 1 al1d "'Iond ,p"lon.. 1 hl' 
qUf'\lIol1l1dIrI' rt'qut',>ll'd 1f110rll1.IIIlJO 1 Il/II l'rIlinK 
l'aeh .. ub,e, 1 ~ nll'dl< dl hl .. lor\ 111I1 .. urnpt1l1ll ot 
caffPlOated b"\,prdKe\ .111<1 'I!!.lfl'ttl' '!110kIlIK .11111 
tncludpd thf> IpnkIn\Alllvll\ "Ur\"\ !J.\'» Imm ( 
( 121 

Te~lIng on Ih,' ~PI()l1l1 d .. v W.I" Idf'lItll.tI tu Ih .. 
hr .. 1 wllh thp f'x,ppllon Ih.11 Ih .. "Ilfl)f'! 1 rl'I "l\l'd 
Whdle\pr ht' or .. III' dld Ilot gpl (pl.lIl't)() or l.dlt'ln"l 
the prl'vlOu~ dav 

Data Reriu( tlOn dnd Andlv'>l', 

Thl' n'corded V.lIII(>\ of "BP DilI' III{, ,111111111\'1' 
were dV{Hd!!l'd 10 ohl.lln rTl"<Il1 r!'\lllIg .Hld wflrklll!! 
levels for both (affcllle "nd pl.1I l'bo lIdV .. 1'111' l'X­
pPrImenlal d"'l!!n for Ihl' dndlym of Ih" 1 omllllll'd 
effetl~ of ~Ir(> .. ~ dlld 1.llf"IIII' Illlllldf'cI Ihl' wllilln­
sublerl fdLlor 01 Drug wlth Iwo 1f!"f!ls Il .. tfp/llI· 

pld' l'ho) the \\ 1IIIIn ~uh)t'( t f.1I lor of F'Prlod wIth 
two levels (rl'~lln!! work III 10\) .lIld 111f> Ilt'IW!'PII ,lIh 
)eL! fa, lor of Ordf'r wlth t\\.1) Il'vf'l~ Il .lff"IlIl' 011 d.lv 
l/pla( pbo on riav 2. dllri VI( ,·-vl'r\.11 1 hf'rf'lorl' lor 
pa(h (.wl!ovd\lular lI1 .. d~IHI'.1 2 IJluK (.on,IIIIIHI " 
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l Perrod x 2 Drder repeated-measures anal VSIS of 
1,ITldnU! 1 t\"-':O VA) Y.d~ condulted ln addItIOn, a 
~l'rlf'S of :\ \;OVAs was conduclpd la assess the 
"lfe, Is of ~t'~ 011 , hange ln cath of! he rardlO\ a!'>cular 
fI',ponsI' rnl'ihUrl'S on catrelnp ,lIld pldcebo davs 
( hange s(ore~ wl're ralculdtrd bl ~ubtralltn~ nH'dn 
"'~IIOI< from \'\orktng \'alU/,~ on carh dal ,Hld l ~e, 

Illldlp fpmdlp) )( 2 Orug ConditIOn Ichange on 
(,tffptne dal (h,lflge on pld( .. bo da\) -\ '1:0\ -\~ \\l'rr 
• ondu<lerJ rtlldlh ,."Hllal mrrelallOllS (OIlITallIng 
for pos~lhl,' .I~r ,ilia ~I" l'tf''cIS wprr rompulpd 
twt\\een thp ,elf·rl'por! rd!ln~S I:\~ rIpe .\ ~core 
,1I1d, hall!!'" III ',lfIJIU\'a~ruldr dLtI\'l!1 on hll.h dal 

RESUL TS AND DISCUSSION 

Mean levels of c.ardiovascular actlvlty 
on the placebo and caffeme da ys are 
thsplayed ln Table 2 

C. FRANCE AND 8. DITTO 

Results of the repeated measures 
ANOVAs used la analyze the effects of 
caffeme, stress, and arder of drug pres­
entatIOn are presented ID Table 3 

Slgmflcant Penod main effects were 
obser\'ed for all measures, IDdlcallDg that 
occupallOnal demands ehclted slgmflcant 
cardlOvascular adjustments Speclflcally . 
as can be seen ID Table 2. elevallOns ln 
SBP. DBP. and HR. and decreases ln Davp 
were observed ID response 10 occu­
pallOnal acllVlty on bath placebo and 
caffelne days Although not surpnsmg, 
there are, In facl. very few controlled 
demonslralJons of the impact of real-hfe 
stressful events on cardlOvascular actn:ity 
(13-15). and Ihls is one of the mam 
conlflbullOns of the present study 

T ABtE 2 \Ieans and Slandard Errors or Cardiovascular Variables al Different Pomts ln the Study 

~BP DBP HR DBVP' 
Imm Hgl Imm Hgl Ibpml lunlt~1 

Res!Jn~ 108;' 12 01 i2 1 1221 74 1 12 11 5741251 
?I.u l'bo d,lV \\orklng 11161221 780 1161 7861241 4661221 

Change 29 Il 81 59 Il 81' 45 Il 41' -1081321' 

Rt'Stlllg 107 3 1201 716 1191 73 3 12 61 573(261 
C .1111'1111' (i.Jy Worklng 1178 (1 81 804 1181 76 8 Il 91 48 1 (281 

Chan~e 105 Il 51' 88 1161' 35 Il 61' -92 1291' 

, 1 Ill' v.llut', .HI' ,1,,(J( t.lll'd I\lth hl~h MOUSJI 

'~'f\fllh( .H1I11 I(fl',lll'f lor ln thl' l,l'''' 01 DaV? lowl'rI Ihan 0, p < 0 05 

TABLE 3. Effecls or Caffeme on CardlOvascular Aclivitv al Rest and during Work 

~OUf( t' SBP DBP HR DBVP 

( )rd!'f 156 071 043 482' 
Ilru~ i t)S· 076 052 o 16 
l'l'fl<,d 2853" 2q 72" 1382" 1733" 

()fOl'r X [1rll~ 163 077 117 000 
( lrdl'f x l'pond 006 026 1 58 1 25 
[)ru~ x Pl'rlod 1147" 1 84 0'" ~, o 16 

Order X Dru\( x Pt'rlod 053 040 056 o 15 

• p<OO'> 
.. Il < () 01 
111 Jill 
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CARDIOVASCULAR RESPONSES TO STRESS AND CAHEINE 

Furthermore. mosl sludH:'s ha\ t' used 
uncommon real-Iife stressors such dS 
dental procedures (14) and parachutlng 
(15) 

As can be seen ln Table 3 onl ... SBP 
displayed a slgmflcant Drug x Penod 
mteractlOn. mdlcatlng that SBP respome., 
were slgmflcantly greater on the cdffPIIH' 
versus placebo day The mcrf'mpntlO SHP 
response produced bv the additIOn of 
caffeme to stress wa~ lust over 7 mm Hg. 
whlch IS Identlcal ta the addillve eÎfect of 
caffeme on SBP observed ln prevlOUS 
laboratory sludws of bath ndlve and 
regular users of caffeme (5. 8) As can be 
seen ln Table 2. the observed changes 111 

DBP and HR. although not slgnlflcdnl. 
were consistent ln directIOn wlth the 
results from prevlOus laboratory Inve~ll­
gallOns (5. 5. 9) Thal IS. sub}ects dlspla\ cd 
larger DBP elevatlOns on the caffelne 
versus placebo dav. whlle thclr HR 
responses were slighlly smaller on the 
caffeme day It 15 pOSSible Ihdt thp 
preservatIOn of naturali.,tlc conditIOns 
prevented Ihe equalllatlOn of accu­
palional stress on the two days. and 
slronger drug ettecb were ma!>ked bv 
variatIOns In stressor mtenslt} Although 
there were no slglllfIcdnt dlfferencp~ 
betwecn the placebo and caffel[]C days III 

self-reported ch ffIculty of work. slress ot 
work. or sub)ectl\ e levels of drousdl. 
mdlvlduals ofren reporled hlgher valups 
oflhese \'dflables on one of the two ddy'i 
Regardless. the present fmdlllg., tir l' 

consistent In Iwo Important respect,> wllh 
results obtal!l(·d by Pmcomb elal (10) ln 
thelr study on the elfeLts of caffeme under 
nalurahstIc conditions Flrst. caffelne and 
stress combmed ta produc.e Lllmulatlve 
mcrea!>es ln SBP Second. a drug eHecl 
was observed desplte the fael that subJects 
mcluded regular USE'fS of eaffelnf'. and 

Ps~chosomatic Medicine 51: 145-151 (1989) 

Tt:'''pon.,I\·\1\ to l'dffp1I1P \\ ,l', 1lI1',\<;urt>d 
dttt'r only 12 hr db.;tll1!'11l1' rhl~ r('.,ult I~ 

consl.,tent wlth e\'ldt'Ill t' Ih,1I IlIdl1\ 

rpgu lM u <;(,f~ of ca ff(,llIt' do nol t' '\ 111111 t 
tolprdnce la II~ l ,lrdIO\,.!.,lllldf t'tit'I 1., ,It 
rp'it (ltl. 17) 1 

The rp~ull~ tWill Iht' tUUf ~ [)rut: 
CO!1chllon x 2 St''\ ;\:\lO\·.h ot 1 h,lIlgt' 
.,corp., rt'\I',t1pd nu ,.lgndH ,Illt IlItl'f"l 1 10 li 

effpcts. 1I1dH ,II 1 ll\.( 110 dl!tt'ft'Ill t'., III 
rl'~pOl1sl' bl'I\\Pl'11 m,tlf~ ,\Illi fl'l1\,1I1''' III 

the LOrnblll.!tlOlIlJf qf('~" .Inti l ,df!'11l1' :\~ 
WOU Id 1)(' exp!'l It'd glvt'n 1111' rp.,ulh 01 th" 
prevlOus :\:\lO\·:\!,. ttH' "'BP dll,lh.,,, 
revedled d ~lgl1lfIcdnl IIldIn t'lft'I toi 1 hug 
IFII.2h)=IO 70. P < 0 (1) SIIH l' Ihl" .,Iud\, 
reprp~t'nts thp IIr~1 fI'porl ni l "rdllJ' 
vdsLulùr respome., lu .,Ir".,., dlld l ,,1I1'1I!t, 

ln women. Ihe.,!' ft,.,ulh <1ft' IlIIpOlt.lllt III 
... uggp.,llng th.!t pre\ IlJU., II ntllIIg., lll.!\ 
gClwrdh7e 10 Ihe tl'tn,tll' POPUI,IIIOIl 

Thp pdrtl,d lorreldtllllh Iwlwt't'll " .. II· 
fallngs of work ... Irl' ... .,. wor).. ddlll uIt\'. 
drou~al. dlHI rhdl1gl''> III (drdl()\'d.,( ulM 
dctlVltv .!re prl'~!'ntl'd III 1 dbl .. .J :\., 1 .Ill 

be ~cen 111 Tdble 4. 'ilgndl< .\lI1 1 (lm·l.11 IOlh 
\\ere ob~l'n'pd l)I>twl'l'lI "1'\'1'1,11 rdllllg., 
dnd C.!fdIO\'d~( ul<lr fl,.,POIIo,P ln \\'or!.. Oll 
the plolcebo d,t)' S!J('( Ill! ,dIv. HH r""l'llll"" 
Wd~ .,lglllflC .JIltlv (orrt'ldtl'd wlth rdtll1g., 
of lob dlffI( ulty tint! "trt,.,.,fulnl'''''. \\ 11111' 
SUP re~puno,e Wol'> .,Iglldll d!lliv (orrt'ldll'd 
\VIth surl)f!ctlvl! ,Irou."d ,1lIc! lIIdrgllldll\' 
Lorreldtpd wlth pl'rr f'IVl'd Joh dllft( tlltv 
Intere,>tlllgl\'. rdtlllg" of (II ( Updlltllidi 

, llH\'P rl'\l',dl'd .1 "IKllIfll 01111 111.1111 "fI," l ,,1 ()r 

dl'r ""'Ill" lion Ilf 1111' d,llo! rl'\,·,d"d Ihdl 'laI'I'" h 

who fI'If'IVf'd ()rdl'r 1 I[ .Jff'·llIl'/pl,j[ l'bill h.1I1 hll(hl'r 
rO~lln!\ bd'l'lult'" UII bolh 'Iol\' Ih.trI "lIb,I'[(., ""h" 
rel l'IVl'd Ord('r 2 Ipl,H ,·bll/[ .IIfI'JrI"J Il l' 1" r1ldP' 
dup 10 Ihl~ hlKhl'f 111111,11 h.I, .. 1 1 III' Ih.11 1 h,'''' 'II hl'" h 

,how('11 KfI'oll"r r .. dlll 111111' III /111\'1' 1I11<11'J ,IJ"'" 
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C. FRANCE AND B. DIHO 

TABLE 4 Parfial CorrelaHons between Selr-raflngs and Changes IR Cardlovascular !Weasures 

Placebo t-ldv 
Vandble 

'>HP DBP HR 
-------

()1f!1t IIltv ratlng () 3b' 004 046" 
r\roll .. dl rdllll)! 040" () 04 032 
'">1 rl' .... ralln~ rU2 () 24 046' , 

Tvp" A "C Off' -I)[n o li -012 
-------

P <: 0 J() •• p < ou) twu-tdtlt'd 

Jemands were nat slgmflcantly carrelated 
wlth cardlOva'ieular respanse ta work on 
Ihe caffetnP day ThIS may have been due 
la mdlvldual dlfferences lf1 sensltlvity la 
the effeet'i of caffeme. whlch masked 
relatlOn~hlps wlth Ihe sub/ectlve state 
ratmgs Perhaps of greater mterest. JAS 
Tvpe A ,rare and SBP, HR. and OSVP 
resp()l1'ie~ ta the combmatlOn ot stress and 
(affmnr, hut not stress alone, were 
slgnlflCdl1tly rorrplated The slgmflcant 
positive corrpldtlons for bath SBP and HR 
'iuggpst that Type A mdlvlduals respond­
pd \'VIth grPdter cardlac responses to the 
comblllation of stress and caffeme The 
.,eemll1glv (ountenntllltlve pOSItIve 
correlatIOn hetwcen Type A score and 
J)UVP re"poI1'>p was most Iikely a product 
of thl'> plt'vdted cardldc output The 
db"pn( f' of d relatJOn~hlp between Type A 
,1Ild C,lf(hOVdSCuldr respanslvlty ta stress 
,1I1d cdtfetnp III prevlous II1vc~tlgatJOns (6. 
B) fiù\' h.lve bren due 10 the rehance on 
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a laboratary stressor, Furlhermore. Il 

seems reasonable ta suggest that the 
II1terpersonal. compehtJve nature of the 
nalurahsllc slressor task used ID the 
present sludy-telephone sales-would 
be more hkely 10 ellcit Type A behavlOr 
than the mental anthmehc lask used by 
Lane and Williams (6, 8) 

ln summary, the results of the present 
111\ estJgallOn Illd1cate that caffeme may 
enhance cardiovascular respanses 10 a 
naturahslic stressor Moreover, thlS con­
clUSIOn appears valtd for both males and 
females who regularly consume caffelne, 
and may be most natlceable among Type 
As 
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• General Conclusions and Directions for Future Research 

Because the research in this thesis is presented as a 

compilation of articles, conclusions derived from the 

results obtained in each study are provided in their 

respective discussion sections. Therefore, in the following 

pages a brief synthesis of the findings from the three 

studies will be presented in order to arrive at a set of 

general conclusions. In addition, issues which remain to be 

addressed in the caffeine-stress literature will be 

presented as directions for future research. 

One consistent finding in the studies presented is that 

the pressor effects of caffeine and psychological stress 

combine to produce elevated levels of blood pressure in 

regular caffeine consumers. While this appears to be an 

additive, as opposed to synergistic, relationship across 

different types of stressors, the increases in blood 

pressure observed in response to the combination of these 

stimuli deserve serious attention. Pincomb and colleagues 

(Pincomb, Lovallo, Passey, Brackett, & Wilson, 1987; 

Pincomb, Lovallo, Passey, & Wilson, 1988) observed that the 

combination of caffeine and stress produced a significant 

increase in blood pressure, with peak systolic blood 

pressure levels reaching into the borderline hypertensive 

range in sorne individuals. They noted that such effects 

could be of clinical significance if they reflect responses 
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1 
in everyday life. While it remains to be determined whether 

frequent exposure to elevated blood pressure levels leads ta 

pathophysiological consequences, the observation that 

regular caffeine consumers exhibit higher blood pressure 

levels in response to occupational stress and caffeine 

(France & Ditto, 1989) suggests that there i~ ample 

opportunity for such a process to occur. Moreover, 

epidemiological investigations indicate that an increase in 

blood pressure of 10 rnmHg, which is weIl within the range 

produced by the combination of stress and caffeine, is 

associated with a 30% increase in risk for cardiovascular 

disease (Page, 1983). Although the epidemiological findings 

are based on resting levels of blood pressure and therefore 

may not hold for measures of blood pressure responsivity ta 

chronic stress and caffeine, they nonetheless highlight the 

importance of even small changes in blood pressure level. 

Finally, in addition to caffeine's ability to produce 

cumulative blood pressure responses to different stressors, 

caffeine has been shown to potentiate other physiological 

responses to stress. 

Ir '-he second study presented (France & Ditto, 1990), 

caffeine potentiated heart rate and forearm blood flow 

responses to a mental arithmetic stressor. These findings 

corroborate those of previous investigations in which 

caffeine potentiated heart rate (McDougall, Musante, 

castillo, & Acevedo, 1988; Pincomb et al., 1988: strickland, 
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Myers, & Lahey, 1989) and forearm blood flow (Lane & 

Williams, 1985; 1987) responses to active coping stressors. 

Moreover, this study suggested that the synergistic effects 

of caffeine may involve beta-adrenergic sympathetic 

activity, given that 1) potentiation was observed on 

measures which reflecc beta-adrenergic activity, and 2) this 

pattern of effects was observed for mental arithmetic, which 

is known to stimulate beta-adrenergic activity, but not for 

c~ld pressor or isometric exercise stressors. 

Interestingly, a pattern of beta-adrenergic sympathetic 

activity enhancement was not observed in the first study 

presented, which also used a mental arithmetic task (France 

& Ditto, 1988). In this study caffeine and stress produced 

additive increases in diastolic blood pressure and digital 

blood volume pulse responses, but failed to produce either 

additive or synergistic effects on measures of cardiac 

sympathetic activity (i.e., heart rate and pulse transit 

time). Based on previous eVldence of the importance of task 

involvement in determining cardiac stimulation effects, this 

failure was attributed to the fact that the mental 

arithmetic stressor rnay nct have been sufficiently 

dernanding. Obrist and colleagues (1978) reported that a 

shock-avoidance reaction-tirne task elicited significant 

cardiac syffipathetic activity when the task was difficult, 

but not when it was easy or impossible. These results were 

explained on the basis of degree of subject involvement in 
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the task. That is, the difficult task required effortful, 

active coping; the easy task was perceived to require little 

significant effort; and the impossible task was perceived to 

be beyond control. In sum, the degree to which a task 

requires effortful, active involvement is an important 

determinant of beta-adrenergic sympathetic reactivity. 

Therefore, the failure to observe a caffeine-induced 

potentiation of cardiovascular activity in the first study 

may have been due to the use of a combination of easy, 

difficult, and impossible math problems, which attenuated 

subject involvement in the task and consequent beta­

adrenergic stimulation. This hypothesis is supported by the 

fa ct that the mental arithmetic task used in the first study 

elicited an average heart rate increase of only 5 bpm in the 

no-caffeine condition (France & Ditto, 1988), while the 

mental arithmetic task used in the subsequent study elicited 

an average increase of 13 bpm on the no-caffeine day (France 

& Ditto, 1990). 

The combined results from the first and second studies 

lead to a potentially important insight into caffeine's 

effects on cardiovascular responsivity to stress. These 

results suggest that when the prevailing stimulus conditions 

elicit significant beta-adrenergic sympathetlc activity 

(e.g., effortful, active coping stressors), caffeine may 

potentiate responses in cardiovascular measures which 

reflect beta-adrenergic activity. In contrast, caffeine does 
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not potentiate cardiovascular responses to passive coping 

stressors or active stressors which fail to evoke 

significant task involvement, presumably because there is 

insufficient stimulation of beta-adrenergic activity. 

If caffeine enhances beta-adrenergic syrnpathetic 

activity, what rnechanisrn(s) might account for this effect? 

There is sorne evidence that such an effect may be related to 

caffeine's influence on catecholamine activity. A number of 

studies have indicated that caffeine can praduce significant 

increases in plasma epinephrine and norepinephrine levels at 

rest (Lane, Adcock, Williams, & Kuhn, 1990; pincomb et al., 

1988; Robertson et al., 1978; Srnits, Pieters, & Thien, 1986; 

Smits, Thien, & van't Laar, 1985). While the cardiovascular 

effects of caffeine at rest may not be dependent on plasma 

catecholamine levels, given that significant changes in 

resting blood pressure and heart rate responses ta caffeine 

have been observed in adrenalectomized patients (Smits et 

al., 1986), caffeine-induced plasma catecholamine elevations 

may have an impact on stress-induced sympathetic 

stimulation. To date, two studies have reported that 

caffeine-induced increases in catecholamine levels combine 

in an additive and/or synergistic fashion with stress­

induced increases (Lane, Adcock, williams, & Kuhn, 1990; 

Pincomb et al., 1988). Fincomb and colleagues (1988) 

observed that caffeine and an appetitive reaction-tjme 

stressor combined to produce additive increases in plasma 
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norepinephrine levels. Plasma epinephrine levels were not 

obtained. Caffeine also potentiated heart rate, stroke 

volume, and hence, cardiac output, responses to the 

stressor. In addition to additive increases in plasma 

norepinephrine levels in response to caffeine and a mental 

arithmetic task, Lane et al. (1990) observed that caffeine 

potentiated stress-related increases in plasma epinephrine 

levels. There were no significant correlations between 

neuroendocrine measures and any of the cardiovascular 

measures obtained. While cardiovascular measures were 

restricted to blood pressure and heart responses, this study 

used the same mental arithmetic task which had previously 

been shown to potentiate forearm blood flow responses 

following caffeine consumption (Lane & Williams, 1985; 

1987). In sum, investigators have reported both enhancernent 

of catecholamine activity and potentiation of cardiovasculùr 

activity during active coping stressors. Unfortunately, 

assessment of the relationship between neuroendocrine 

responsivity and potentiation of beta-adrenergic activity 

will require the simultaneous assessment of catecholamine 

activity and a wider range of cardiovascular responses than 

has been reported to date. In addition, it should be noted 

that the relationship between caffeine-induced increases in 

catecholamine secretion and potentiation of stress-induced 

increases in beta-adrenergic activity rnay not be adequately 

addressed by correlational analyses, since plasma 
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, catecholamine levels may not accurately reflect sympathetic 

synaptic activity (Folkow, DiBona, Hjemdahl, Toren, & 

Wall in, 1983). 

One related possibility is that caffeine's potentiation 

of cardiovascular activity is not due to elevuted plasma 

catecholamine 1evels, but to direct effects of caffeine at 

adrenergic synapses. In line with this hypothesis, caffeine 

has been shown to enhance the effects of catecholamines on 

beta-adrenergically mediated cardiac stimulation and smooth 

muscle relaxation (Kalsner, 1971; Kalsner, Frew, & Smith, 

1975), which could account for both heart rate and forearm 

blood flow potentiation effects. Kalsner and colleagues 

(1975) indicated that the potentiation of beta­

adrenergically mediated responses were ~ttributable to an 

inhibition of catecholamine uptake and a consequent increase 

in catecholamine concentration at receptor sites. Therefore, 

future studies on the mechanism(s) by which caffeine 

potentiates cardiovascular responsivity to stress should 

focus on activity at adrenergic receptor sites. In this 

regard, a critical test of the hypothesis that caffeine 

potentiates cardiovascular responsivity te stress via 

enhancement of beta-adrenergic receptor activity could 

involve the administration of beta-adrenergic receptor 

blockers. Such an investigation could provide important 

insight into the role of beta-adrenergic activity in the 

cardiovascular effects of caffeine and stress, especially 
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given the availability of drugs which preferentially block 

cardiac beta-1 adrenergic receptors (e.g., metoprolol) as 

weIl as drugs which produce non-selective beta-adrenergic 

receptor blockade (e.g., propranolol). Likewise, the 

potential role of alpha-adrenergic receptor activity in 

mediating cardiovascular responses to caffeine at rest and 

during passive coping stressors could be investigated using 

alpha-adrenergic blocking agents. 

In addition to potential direct effects of caffeine on 

adrenergic receptor activity, caffeine may indirectly 

influence adrenergic receptor activity via stimulation of 

plasma cortisol levels. cortisol is capable of exerting 

diverse effects on catecholarninergic activity, including 

enhanced synthesis, inhibition of degradation, and increased 

receptor sensitivity (Jazayeri & Meyer, 1988; Kvetnansky, 

1980). Therefore, since caffeine has been shown to produce 

both additive and synergistic increases in plasma cortisol 

responses to stress (Lane et al., 1990; Pincomb et al., 

1987; 1988), it is possible that caffeine enhances beta­

adrenergic activity via cortisol stimulation. Further, 

Lovallo and colleagues (1989) observed that caffeine 

produced significantly greater increases in cortisol plasma 

responses to the combination of caffeine and stress in 

hypertension-prone men. Therefore, cortisol stimulation may 

be an important mechanism in determining cardiovascular 

responses to stress and caffeine, and may be of particular 
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concern in individuals who are predisposed to hypertension. 

Regardless of the mechanism(s) ultimately responsible 

for the observed potentiation of beta-adrenergic sympathetic 

responses to active coping stressors, thls finding may be of 

clinical significance. Repeated, exaggerated beta-adrenergic 

responsivity to active coping stressors has been related to 

increases in peripheral resistance and sustained elevations 

in blood pressure. Obrist (1981) hypothesized that, in 

certain individuals, active coping stressors elicit 

metabolically-exaggerated increases in cardiac output and 

may provoke subsequent physiological adjustments such as 

intrinsic autoregulatory mechanisms (Coleman, Granger, & 

Guyton, 1971) and possibly structural changes in the 

arterioles (Folkow, 1987). Such physiological adjustrnents 

could, in turn, lead to sustained elevations in blood 

pressure. While Obrist (1981) focused primarily on 

exaggerated cardiovascular responsivity to active coping 

stressors in offspring of hypertensives, the present 

findings suggest that other factors, such as caffeine, may 

elicit exaggerated cardiovascular responsivity to stress and 

as such rnay contribute to the pathogenic process of 

hypertension development. 

Although the preceding studies have focused on 

cardiovascular responses in attempt to understand the 

potential pathogenic consequences of caffeine-stress 

interactions, it is also possible that caffeine may combine 
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with psychological stress to enhance risk for cardiovascular 

disease by influencing kidney functioning. Renal activity 

exerts significant control over blood pressure levels 

through its influence on vascular resistance and blood 

volume levels. Both caffeine and psychological stress have 

been shown to independently affect renal activity. While 

caffeine is usually described as a diuretic, there have also 

been contrary findings suggesting that caffeine may increùsc 

sodium and potassium excretion rates but not urine output in 

healthy males (Massey & Berg, 1985). Psychological stimuli 

also influence renal functioning since alpha-adrenergic 

sympathetic activity has a direct impact on sodium 

reabsorption (Zambraski, DiBona, & Kaloyanides, 1976) and 

beta-adrenergic activity can alter sodium balance and 

vascular resistance through its influence on renin release 

(Zanchetti, Stella, Leonetti, Morganti, & Terzoli, 1976). 

In an initial investigation of caffeine and stress effects 

on renal functioning, pincomb and colleagues (1987) 

collected urine sa~~les following a stress protocol on both 

a caffeine and a placebo day. The main finding was that 

caffeine exerted a natriuretic, rather than a diuretic, 

effect since it increased sodium and potassium clearance and 

decreased free water clearance. Additional analyses rcvealed 

that individuals who demonstrated high heart rate reactivity 

to a previously administered cold pressor task showed 

decreased glomerular, sodium, and potassium filtration rates 
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following the protocol, and that caffeine tended to further 

decrease glomerular and sodium filtration rates in these 

individuals. Finally, there were no significant differences 

in renal functioning in individuals at high-risk versus 

individuals at low-risk for hypertension as defined by a 

parental history of hypertension and high resting blood 

pressure level. However, the restricted sample of high-risk 

men (n=9) may have limited the generalizability of these 

findings. This possibility is supported by previous evidence 

of significantly larger decreases in sodium excretion rates 

in individuals genetically at-risk for hypertension 

following exposure to an active coping stressor (Light, 

Koepke, Obrist, & Willis, 1983). In any case, these initial 

investigations support the notion that an ultimate 

understanding of the effects of caffeine and psychological 

stress on cardiovascular activity will require a careful 

consideration of the role of changes in renal activity. 

One potentially important consideration for future 

research on caffeine-stress interactions is the ecological 

validity of the stressors presented. The results of the 

third study presented (France & Ditto, 1989) suggest that 

responses to caffeine and psychological stress observed in 

the laboratory studies may generalize to real-life responses 

of regular caffeine consumers. Moreover, in contrast to 

previous laboratory studies which did not find an increase 

in responsivity to stress and caffeine in Type A 
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individuals, Type A individuals responded with greater 

cardiac responses to the combinat ion of caffeine and a 

naturalistic occupational stressor. In revealing that 

cardiovascular responsivity may be modulated by individual 

characteristics and environmental circumstances which m3y 

not be adequately replicated in the laboratory (e.g., 

occupational demands), these results highlight the need to 

verify our findings under naturalistic conditions. 

Therefore, beyond the benefit of verifying the 

generalizability of laboratory findings, naturalistic 

testing has the added advantage of presenting a psychosocial 

environment which may elicit unique physical and 

psychological responses. Another important characteristic of 

the field study is that observations are obtained in the 

context of natural patterns of exposure to the stimuli of 

interest. This characteristic may be particularly important 

for future research on the combined effects of caffeine, 

smoKing, and psychological stress on cardiovascular 

activity. Because individual patterns of exposure to these 

stimuli may differ along varying dimensions (dose, 

frequency, synchronicity of exposure), attempts to precisely 

mimic these effects under laboratory conditions would 

require unduly complex designs and would be of dubious 

generalizability to the normal experience of smokers who 

consume caffeine. Finally, naturalistic paradigms may 

provide an ideal method of assessing psychological responses 
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to the combination of stress and caffeine. 

Possibly due to the existing tendency to focus on 

laboratory stressors, there is presently limited evidence of 

caffeine's ability to influence subjective, emotional 

responses to psychological stress. Henry and stephens (1980) 

provided anecdotal evidence that caffeine jncreased 

aggressive behavior in mice living under a stressful 

psychosocial environment. Lane and Williams (1987) indicated 

that caffeine enhanced subjective fear ratings following a 

mental arithmetic stressor. Finally, in the second study 

presented (France & Ditto, 1990), subjects reported 

significantly higher levels of anxiety and anger following a 

stress protocol on the caffeine day versus the placebo day. 

While these findings are little more than suggestive leads 

for further inquiry, they are particularly compelling given 

that the stressors used in the human laboratory studies were 

not chosen specifically for their ability to elicit 

emotional responsivity. If caffeine is capable of 

exacerbating prevailing emotional states, a significantly 

larger effect rnay be observed in response to stressors 

chosen specifically for their ability to elicit emotional 

reactivity. Given the practical and ethical difficulties 

inherent in any attempt to elicit significant emotional 

responses in the laboratory, the use of naturalistic testing 

rnethods may be particularly helpful in this regard. For 

exarnple, the observed relationship between Type A score and 
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cardiovascular response to caffeine during occupational 

stress (France & Ditto, 1989), but not during laboratory 

stressors (Greenstadt, Yang, & Shapiro, 1988; Lane & 

Williams, 1985; 1987), may have been related to the greater 

llkelihood of observing Type A behavior characteristics 

(e.g., interpersonal competitiveness, hostility) under 

naturalistic testing circumstances. Although speculative, 

this example highlights the potential for real life 

stressors to elicit more intense, genuine emotional 

responses than are likely to be observed in the laboratory. 

Consistent with an emphasis on the importance of emotional 

responses to daily life stressors, a recent study reported 

that anger expression mediated the impact of occupational 

stress on the development of hypertension (Cottington, 

Matthews, Talbott, & Kuller, 1986). Future research on the 

effects of caffeine on emotional responsivity will be 

important in at least two respects. First, this informQtion 

will allow an assessment of the possibility thùt caffeine's 

effects on sympathetic activity may, in part, be mediated by 

its impact on central nervous system activity. Second, given 

the hypothesized role of anger in mediating risk for both 

hypertension and heart disease (Diamond, 1982; Siegel, 

1984), caffeine's ability to exacerba te negative emotional 

responsivity to stress would provide f~rther support for the 

role of caffeine and psychological stress as contrib'1tors to 

the development of cardiovascular disease. 
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In Gurn, research on caffeine-stress interactions is 

still in its infancy. Researchers are only beginning to 

understand the various cardiovascular, neuroendocrine, 

renal, and psychological responses to these stimuli. Further 

studies will be instrumental in addressing the relationships 

among the various physiological and psychological responses, 

and in elucidating thû relationships between these effects 

and risk for cardiovascular disease. 
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