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Both the menstrual cycle and caffein ingestion 

reportedly affect cyclic AMP levels, and therby CNS func-

tioning. This study was directed toward investigating 

effects of menstrual cycle stages and caffein ingestion on 

various physiological and psychological processes. 

Subjects were 11 females of reproductive age. Test 

sessions took place 5 days a week for 2 menstrual cycles. 

Subjects maintained a daily log of basal waking temperature 

(BWT), occurrence of menstruation, and consumption of caffein-

containing beverages and medications. 

Prior to individual testing, subjects ingested decaffe-

inated coffee during one menstrual cycle and decaffeinated 

coffee with 195 mg citrated caffein added during the other 

cycle. Subjects were blind as to the caffein content of 

the beverage. At each session, visuo-spatial discrimination, 

depth perception, and time estimation (15 and 30 sec) were 

assessed. The Menstrual Distress Questionnaire (MDQ), The 

Measurement of Depression (MOD), and a self-report scale 

were completed. Physiographic measures included external 

body temperatures (cervical, thoracic, lumbar, saccral, 

breast, abdomen, forehead, finger, and toe). Pulse rate, 



respiration rate, skin resistance level (SRL), and muscle 

tension (EMG) were monitored until subjects reached baseline 

for 30 seconds on all 4 measures. Several times during the 

menstrual cycle, a noxious stimulus was presented after 

initial baseline was reached and recordings continued until 

subjects again reached baseline for 30 seconds on all 4 

measures. 

Multiple linear discriminant analyses were conducted 

on menstrual cycle and caffein ingestion data. Variables 

that contributed significantly to the discrimination of 

menstrual cycle stages included BWT, respiration rate, time 

required to reach baseline, depth perception, time estima-

tion, 3 MDQ scales (Water Retention, Pain, Negative Affect), 

MOD Physiological Scale, and daily cola consumption. All 

phases of the menstrual cycle except follicular/ovulatory 

differed significantly from one another. When startle 

response measures were included in the analysis, time 

required to return to baseline was the only variable that 

added significantly to the discrimination of menstrual 

cycle stages. 

Variables that contributed significantly to the 

discrimination of level of caffein ingestion were 

visuo-spatial discrimination; MDQ Water Retention and 

Control; cervical, lumbar, and saccral temperatures; 

time required to reach baseline; and total daily consump-

tion of caffein-containing beverages. When startle response 

measures were included in the analysis, SRL was the only 



variable that added significantly to the discrimination 

on the caffein level dimension. 
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MENSTRUAL CYCLE AND CAFFEIN EFFECTS ON PHYSIOLOGICAL 

AND PSYCHOLOGICAL PROCESSES 

The menstrual cycle, with its systematic changes in 

hormone levels, affects physiological and psychological 

processes. It modifies concentrations of drugs in the 

blood stream and, therefore, their effectiveness (Winek, 

1976) . Caffein, a stimulant drug which increases cellular 

metabolism, also influences physiological and psychological 

functions. It distributes freely into intracellular water of 

all body tissues including gonadal tissues (Goldstein & 

Warren, 1962). 

Caffein, a potent central nervous system stimulant, is 

one of the most widely used drugs in the world. It appears 

in the daily diet of a majority of the world's population in 

the form of coffee, tea, chocolate, and cola, as well as in 

many prescription and nonprescription medications. Caffein 

has been classified as a general cellular stimulant which 

exerts nonspecific behavioral stimulation secondary to its 

primary effect of increasing cellular metabolism. While the 

exact mechanism of this stimulation has not been determined, 

most of the evidence indicates that caffein increases cellular 

metabolism by inhibiting phosphodiesterase. This enzyme 

inactivates cyclic AMP (adenosine monophosphate), an 

energy-carrier nucleotide that acts as a biochemical 



regulator in the cell (Truitt, 1971). Cyclic AMP exists in 

greater abundance in the central nervous system than in any 

other body tissue (Horovitz, Beer, Clody, Vogel, & Chasin, 

1972). Although it has been shown that caffein is found in 

almost equal concentrations in all parts of the body, it has 

also been determined that its primary effect is stimulation 

of the central nervous system (Grollman & Grollman, 1970; 

Julien, 1975; Truitt, 1971). 

Research indicates that the level of urinary cyclic 

AMP excretion changes during the menstrual cycle phases. 

Hamadah, Holmes, and Stokes (1973) and Taylor, Davis, Paulson, 

Josomovitch, and Mintz (1970) reported a peak of cyclic AMP 

excretion in the middle of the menstrual cycle when the 

urinary excretion of steroid horomones was consistent with 

ovulation. 

Published research on the effects of caffein on physio-

logical and psychological functions has been conducted with 

a preponderance of male subjects (Adler, Burkhardt, Ivy, & 

Atkinson, 1950; Barmack, 1940; Goldstein & Kaizer, 1969; 

Goldstein, Kaizer, & Warren, 1965; Goldstein, Kaizer, & 

Whitby, 1969; Goldstein, Warren, & Kaizer, 1965; Hollingsworth, 

1912; Mash, 1962; Weiss & Laties, 1962). While some para-

meters such as the fluctuation of hormones during the phases 

of the menstrual cycle have been well-established (Julien, 

1975; Marshall, 1962), other physiological concomitants have 

been less well defined. Considerable research has been 

generated on affective changes during the phases of the cycle, 



but data are notably lacking in the areas of cognitive, motor, 

and perceptual performance. Even in areas where consistent 

sex differences have been reported, such as visuo-spatial 

processes, the possible influence of the menstrual cycle has, 

for the most part, been ignored (Hobson, 1947? Sandstrom, 

1953; Wechsler, 1958; Witkin, 1949). 

Physiological Processes 

Menstrual cycle. It is axiomatic that the study of 

phenoma must be based on a knowledge of what is normal. 

In women of reproductive age, normal is not a static condi-

tion but a dynamic rhythm, the menstrual cycle. 

During each menstrual cycle, estrogen and progesterone 

levels vary significantly (Julien, 1975). In the normal 

ovulatory menstrual cycle there are two peaks of estrogen 

secretion, an "ovulation peak" which occurs about 14 days 

before the onset of menstruation (Marshall, 1963), and a 

"luteal peak" which is accompanied by a peak in the level of 

progesterone. Progesterone is secreted by the corpus luteum 

beginning in midcycle and reaches a peak 4 to 7 days prior 

to onset of menstruation, after which both estrogen and 

progesterone fall off rapidly. 

While the hypothalamic-pituitary-ovarian axis under-

lying the menstrual cycle has been clarified, many mechanisms 

at the biochemical level that produce physiological, psycho-

logical, and behavioral phenomena have not been determined 

definitively. Some explanations have centered on an estrogen-

progesterone imbalance (Morton, 1950). However, since this 



imbalance is greater in the preovulation period when few 

women report symptoms, than in the luteal period, when more 

symptoms are reported, this premise remains in doubt. Some 

laboratory and clinical studies support the notion that 

behavioral changes during the menstrual cycle, particularly 

during the premenstrual stage, might be related to the changes 

in progesterone (Hamburg, 1966). It has also been suggested 

that the relationship between fall-off in progesterone and a 

rise in aldosterone secretion causes sodium and water 

retention, resulting in the weight gain and bloated feelings 

often experienced premenstrually (Janowsky, Berens, & Davis, 

1973; Laidlaw, Ruse, & Gornall, 1962; Reeves, et al., 1971; 

Reich, 1962) . Another possibility is that hormonal changes 

act directly or indirectly on brain centers regulating 

autonomic nervous system (ANS) activity. Since ANS activity 

has traditionally been associated with states of anxiety and 

tension (Martin, 1961; Malmo, 1959) and since women frequently 

report changes in these emotions over the course of the mens-

trual cycle, this could be a reasonable expectation. 

The evidence for ANS changes has thus far been equivocal. 

The studies reviewed by Schroder (1928) and Seward (1934) 

did not indicate any typical ANS changes during the cycle. 

In contrast, Healy (1928), after reviewing the literature 

on the cycle's relationship to menstrual disorders, concluded 

that the changes occurring in the premenstrual phase are 

sympathetic-like and those in the menstrual phase are 



parasympathetic-like. Haigh, Kitchen, and Pickford (1963) 

and Reynolds (1941) drew a parallel between sympathetic 

nervous system denervation and a high level of estrogen. 

Wieland, Cullen, and Wenger (1958) also reported decreased 

sympathetic nervous system functioning during high estrogen 

levels. 

Wineman (1971) concluded that sympathetic activity is 

significantly greater during the luteal phase of the cycle. 

The criterion used was an autonomic balance measure (A) 

developed by Wenger (1948): sublingual temperature, heart 

period, diastolic blood pressure, palmar and volar conduc-

tance, salivary output, and log conductance change. This 

composite measure was developed with a male population and 

weighted sublingual temperautre heavily. In the Wineman 

study the only basic autonomic measure which showed a signif-

icant change was sublingual temperature. It may be that 

the significant (A) scores obtained by Wineman merely 

reflected the well-known postovulatory temperature rise. 

ANS research has concentrated on changes in heart rate, 

respiration rate, sweat gland activity, and skin potential. 

Heart rate and respiration rate reportedly increase in the 

postovulatory phase of the cycle (Doring, 1955; Lyons, 

1969; Mackinnon, I. L., 1954). P. C. B. Mackinnon (1954) 

concluded that sweat-gland activity decreased in the luteal 

phase; Kopell, Lunde, Clayton, and Moos (1969) did not 

verify any cyclic changes in skin potential level. 



Little and Zahn (1974) conducted a study on changes in 

ANS functioning during the menstrual cycle in which they 

measured heart rate, respiration rate, basal temperature, 

skin temperature on the 4th finger, and skin conductance at 

both resting and response/levels (time estimation and reaction 

time). Subjects ranged in age from 18 to 42. Overall 

results indicated significant increases in heart rate, 

respiration rate, and basal temperature along with a signif-

icant decrease in skin conductance level during the luteal 

phase. During the ovulatory phase, there were significant 

increases in autonomic responsivity as measured by greater 

amplitude of skin conductance response levels in time 

estimation and reaction time situations as well as faster 

skin conductance drop-rate and greater heart rate variability. 

There were nonsignificant trends for shorter skin conductance 

recovery times during ovulation. The change in skin conduc-

tance level from resting to the reaction time situation showed 

preovulation and luteal peaks. 

These researchers reported differences in the patterns 

of response between younger (18 to 24 years) and older 27 

to 42 years) women. The younger women had lower basal 

temperatures and greater heart rate variability. They also 

experienced greater heart rate increases at ovulation and 

heart rate remained high until just before onset of menses. 

Skin conductance response measures were fastest for the 

younger women at ovulation. 



It has been well established (Lacey, 1967) that there 

is dissociation between the different indices of autonomic 

arousal. More specifically, Little and Zahn (1974) demons-

trated dissociation between heart rate and respiration rate 

on the one hand and skin conductance on the other during the 

luteal phase of the menstrual cycle. They interpreted their 

findings in terms of arousal as a multidimensional rather 

than unitary concept; i.e., different measures are governed 

by physiological determinants independent of whatever general 

"arousal" effects may also be present. They interpreted 

the increase in heart rate and respiration rate along with 

decreased sweat gland activity during the luteal phase as 

being consistent with the maintenance of higher body tem-

peratures during that time. 

In another study which investigated autonomic reactivity 

during the menstrual cycle, Kopell et al. (1969) measured 

skin'potential changes while subjects performed tasks involv-

ing time estimation, reaction time, and two-flash threshold. 

Subjects participated 5 times during each of 2 menstrual 

cycles. Results on changes in skin potential under these 

circumstances were nonsignificant. 

A study which measured galvanic skin response (GSR) 

to an auditory stimulus (doorbell) was done by Zimmerman 

and Parlee (1973). They tested 14 women 4 times each over 

the course of the menstrual cycle. Ten responses for each 

subject were recorded at each session. Results were 

nonsignificant. It may be that habituation to the stimulus 
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developed because of the nature of the experimental 

design. 

Caffein. In all parts of the world, a majority of the 

population uses some form of stimulating beverage, such as 

coffee, tea, cola, cocoa, or mate, as part of the daily 

diet. The active chemical agents in this group of stimulating 

beverages are caffin, theophylline, and theobromine, which 

together constitute the xanthine group. These substances 

are also used therapeutically and thus are important both as 

drugs and as components of the average diet. Coffee contains 

eaffein; tea contains caffein and theophylline, cola contains 

caffein and theobromine, as does chocolate. 

Caffein, theophylline, and theobromine resemble one 

another in general pharmacological action but they differ 

markedly in the relative intensity with which they act on 

various functions (see Table 1). As a stimulant of the 

central nervous system respiration and skeletal muscles, 

caffein is reported to be the most potent. Theophylline is 

less active; theobromine exerts practically no stimulant 

action on the central nervous system and respiration but 

does stimulate skeletal muscles. On the other hand, as a 

relaxant of smooth muscle, as a diuretic, as a coronary 

dilator, and as a cardiac stimulant, theophylline is most 

effective. Theobromine, in general, is much less active and 

caffein acts mildly on these functions being the least active 

of the three in diuretic action. 



Table 1 

Physiological Effects of Xanthine Derivatives 
(Purines) 

Action Caffein Theophylline Theobromine 

Stimulate CNS +++ ++ + 

Stimulate Respiration +++ ++ + 

Stimulate Skeletal 
Muscles +++ ++ +++ 

Relax Smooth Muscle ++ +++ + 

Diuretic + +++ ++ 

Coronary Dilation ++ +++ + 

Cardiac Stimulation ++ +++ + 

Relative Effect: +++ most; ++ intermediate; + least. 

Coffee contains caffein 

Tea contains caffein + theophylline 

Cola contains caffein + theobromine 

There is a wide range between the minimum dose of 

caffein which has any effect and the maximum amount that 

can be tolerated at a single administration without toxic 

symptoms. The range reported by Landis (1958) is .005 gm 

minimal to 1 gm maximal. Some of the factors which influ-

ence the range of effectiveness are: body weight, amount 

of food in the stomach, degree of tolerance, combination 

with other drugs, and existing autonomic conditions. Toler-

ance does not develop with moderate use of caffein. Some 
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slight tolerance, however, may develop after prolonged 

ingestion of larger daily doses (750 to 1500 mg). Caffein 

content of popular beverages and nonprescription drugs is 

presented in Table 2. 

A survey of the literature on the various actions of 

caffein gives the impression that the numerous contradictory 

statements are not necessarily due to faulty observation, 

but possibly because the action of caffein on any given 

function is extremely variable, often diametrically opposite 

in different individuals, and in the same individual with 

varying dosage. 

When taken orally, some caffein is absorbed directly 

from the stomach into the blood stream; it begins to exert 

its effects almost immediately upon ingestion. Since caffein 

is distributed throughout the body tissues, its effects on 

the body are widespread but variable in intensity. Small 

amounts of caffein (50 to 200 mg) affect the cerebral cortex; 

this results in increased mental alertness, decreased drowsi-

ness, and lessened fatigue. Caffein quickens respiration 

through three principal actions which influence the lungs: 

(a) it stimulates the medullary respiratory center, (b) it 

relaxes bronchiolar and alveolar smooth muscle, and (c) 

it causes pulmonary arteriolar vasodilation accompanied by 

increased pulmonary flow. 

The effect of caffein on the cardiovascular system is 

complex. Involved are stimulation of the myocardium, 

relaxation of arterial smooth muscle, contraction of 
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Table 2 

Average Caffein Content of Popular Beverages 
and Nonprescription Drugs 

Source 

Beverages 

Brewed Coffee 
Instant Coffee 
Tea 
Decaffeinated Coffee 
Cola Drinks (12 oz.) 

Nonprescription Drugs 

Approximate Amount of 
Caffein per Unit 

100-150 mg per cup 
86-99 mg per cup 
60-75 mg per cup 
2-4 mg per cup 
40-60 mg per can 

No-Doz 100 mg per tablet 
Anacin 21 mg per tablet 
Cope 32 mg per tablet 
Counterpain 30 mg per tablet 
Easy-Mens 32 mg per tablet 
Excedrin 60 mg per tablet 
Empirin Compound 30 mg per tablet 
Femicin 65 mg per tablet 
Medache 32 mg per tablet 
Midol 32 mg per tablet 
PAC 32 mg per tablet 
Pre-mens 66 mg per tablet 

Most over-the-counter cold 
preparations 30 mg per tablet 

Most over-the-counter stimulants 100 mg per tablet 

peripheral vessels, autonomic nervous system reflex actions, 

drug dose, degree of tolerance, and existing autonomic 

condition. 

Caffein exerts a stimulant action on the myocardium, 

causing increased contractility which results in an increase 

in the total amount of blood pumped by the heart per minute 

(increased cardiac output). At the same time arterial 
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smooth muscle is being relaxed and the autonomic nervous 

system is exerting its regulatory influence. Caffein 

constricts cerebral blood vessels, resulting in decreased 

cerebral flow and increased vascular resistance without a 

reduction in oxygen consumption by the brain. Cerebrospinal 

fluid pressure is consequently reduced. Peripheral vessels 

are constricted due to stimulation of the vasomotor centers. 

The effect of caffein on pulse rate, blood pressue, 

and cardiac rhythm is variable. Small doses (50 to 200 mg) 

usually have little or no effect on pulse rate or blood 

pressure. The main effect is most often bardycardia, which 

is the result of the preponderant effect of central vagal 

stimulation over myocardial stimulation. However, in some 

individuals the effect may be a rise in blood pressure and 

pulse rate and/or tachycardia. Larger doses (over 200 mg) 

generally result in tachycardia but the effects on pulse 

rate and blood pressure generally remain negligible. 

Stimulation of the skeletal muscle is produced by a 

combination of central nervous system and direct action on 

voluntary musculature. It is diffiuclt to separate central 

from peripheral influences, but the cerebral stimulation is 

probably more important. This conclusion is supported by 

the observation that caffein, with the greatest central 

nervous system activity of the xanthines, is more effective 

in fatigue states than is theobromine, which is a potent 

stimulator of isolated muscle. 
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Caffein appears to have a dual action in ulcerogenesis. 

While the primary mode is augmentation of gastric secretions 

resulting from direct stimulation of internal gastric myen-

teric and submucous nerve networks, a secondary effect comes 

from central nervous system stimulation via cholinergic 

autonomic nerves (Material for the foregoing summary was 

obtained from various sources: Grollman & Grollman, 1970; 

Julien, 1975; Landis, 1958; Truitt, 1971). 

Psychological Processes 

Psychotropic effects: Menstrual cycle. Substantial 

literature has accumulated on the affective changes associ-

ated with the menstrual cycle. Until recently most of these 

studies were of a clinical nature, but the advent of oral 

contraceptives served as an impetus to investigate larger 

samples of the population (Moos, 1968; Paige, 1971). It has 

been reported that a large proportion of women, estimated to 

be as high as 90% (Dalton, 1964; Kessel & Coppen, 1963; 

Takayama, 1971), experience subjective feelings of tension, 

irritation, tiredness, and/or depression on the day or so 

preceding menstrual flow, and often during the first day 

or two of the menstrual period as well (Moos, 1968; Reeves, 

Garvin & McElin, 1971; Sutherland & Stewart, 1975). 

It has also been reported that during the immediate 

pre and postmenstrual periods there is a greater tendency 

to commit violent crimes (Dalton, 1961; Morton, Addition, 

Addison, Hunt, Sullivan, 1953) and to commit suicide or think 

seriously about it (Dalton, 1961; Mackinnon, Mackinnon, & 
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Thompson, 1959? Mandell & Mandell, 1967; Ribiero, 1962; 

Wetzel, McClure, Reich, 1971). Dalton (1966) stated that 

women were more likely to bring their children to see a 

doctor and were more likely to be admitted to a hospital 

with mental illness at that time (Dalton, 1959). 

Psychotropic effects; Caffein. Studies have generally 

shown that moderate amounts of caffein (50 to 200 mg) result 

in improvement in mood, with subjects rating themselves as 

more alert and active after caffein ingestion. After intake 

of larger amounts of caffein (over 250 mg) the most prominent 

symptoms included nervousness, feverishness, headache, 

irritability, and disturbed sleep (Adler, Burkhard, Ivy, 

& Atkinson, 1950; Barmack, 1940; Goldstein & Kaizer, 1960; 

Goldstein, Kaizer, & Warren, 1965; Goldstein, Kaizer, & 

Whitby, 1969; Goldstein, Warren & Kaizer, 1965; Hollingsworth, 

1912; Nash, 1962; Seashore & Ivy, 1953). Tolerance was a 

factor in reported symptoms: abstainers or light caffein 

users reported dysphoric symptoms at lower doses of caffein 

than did heavy caffein users. Most of these studies included 

only male subjects; a few included a disproportionately small 

number of females; only two were done exclusively with females. 

Goldstein and Kaizer (1969) and Goldstein, Kaizer, and 

Whitby (1969) conducted studies on the psychotropic effects 

of caffein on women. In the first study, a questionnaire 

was used to collect data. Subjects were 239 housewives, 

185 of whom were under age 30. They were divided into 

groups according to daily coffee consumption: abstainers; 
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light users (1 to 2 cups); moderate users (3 to 4) cups; and 

heavy users (5 or more cups). Heavy users reported less 

wakefulness caused by coffee at night and less nervousness 

caused by coffee in the morning as compared with abstainers 

and light users. Heavy users reported more desirable stimu-

lant and euphoric effects than did light users. Heavy users 

also described dysphoric symptoms attributed to omission of 

morning coffee: irritability, inability to work effectively, 

nervousness, restlessness, lethargy, and headache. The 

validity of these findings was confimred by a follow-up 

experimental study. 

In the follow-up blind study (Goldstein, Kaizer, Whitby, 

1969) two levels of caffein (150 and 300 mg) and placebo 

were alternately administered over a 9-day period to women 

who were either abstainers (N = 18) or heavy coffee drinkers 

(N = 32). The abstainers reported feeling normal when placebo 

was administered but reacted negatively to caffein. Heavy 

coffee drinkers reported sleepiness and dysphoric symptoms 

when placebo was administered or before caffein was given. 

They reacted positively to caffein. 

Mental, motor, and sensory-perceptual processes: 

Menstrual cycle. While considerable literature has been 

assembled on affective changes associated with the menstrual 

cycle, it has remained sparse with regard to cognitive, motor, 

and sensory-perceptual variables. Even in areas where sex 

differences have consistently been reported, such as visuo-

spatial processes, the possibility that the menstrual cycle 
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may be a factor has, for the most part, been ignored 

(Hobson, 1947; Sandstrom, 1953; Wechsler, 1958; Witkin, 

1949). The available data on cognitive performance are in 

general agreement with the conclusion of Wickham (1958) 

that, for predictive purposes, the menstrual cycle day on 

which a test of mental abilities is given need not be a 

consideration. 

In general, physical performance measures have not 

shown significant drops in activity at the time of menstrua-

tion. Morris and Udry (1970), using pedometers, reported a 

nonsignificant increase in activity around the time of 

ovulation. Smith (1950) found no significant cyclic differ-

ences in performance among women working in factories. This 

conclusion, however, was qualified by the finding that 

premenstrual production fell the most with tasks that 

possessed a high level of mental difficulty. 

Tests of motor performance have been concerned for the 

most part with reaction time studies, presumably because of 

the hypothesized relationship between reaction time and 

accidents, the rate of which fluctuates during the menstrual 

cycle (Dalton, 1960). Consistently negative results have 

been reported in these studies (Herren, 1933; Kopell et al., 

1969; Loucks & Thompson, 1968; Pierson & Lockhart, 1973). 

Space perception is an area in which clear-cut sex 

differences in performance have been reported (Hobson, 1947; 

Sandstrom, 1953; Wechsler, 1958; Witkin, 1949). These sex 

differences have been attributed by some to genetically 
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determined, sex-linked factors that result in differences in 

degree of cerebral lateralization for spatial and verbal cog-

nitive processes (Baken & Putnam, 1974; Hannay & Malone, 

1976; Lake & Bryden, 1976; Landsell, 1962; McGlone & Davidson, 

1973; McGlone & Kertesz, 1973). 

Another hypothesis, however, seems particularly cogent. 

Women, for the greater part of their lives, are affected by 

cyclical physiological changes. It follows that sex-differences 

on measures of psychological-differentiation may be a function 

of the fact that, in any group of females, a considerable 

proportion may be affected by these cyclic changes. 

Variability over the course of the menstrual cycle has 

been noted in a number of sensory-perceptual processes. Herren 

(1933) reported greater sensitivity to two-point touch and 

tactile sensitivity at ovulation. Two studies (Aaron, 1975; 

Wright & Crow, 1973) noted fluctuations in subjective evalu-

ations of sweetness during the cycle. Wynn (1972) reported 

increased accuracy in recognition of the pitch of a tone at 

ovulation. Semczuk, Prezesmycka, and Pomkalski (1976) con-

cluded that acoustic sensitivity changes during the cycle, with 

heightened sensitivity occuring at mid-cycle. Vierling and 

Rock (1967) specified two peaks in olfactory acuity, one just 

before ovulation and the other during the luteal phase. 

LeMagnen (1972) reported women to be most sensitive to 

olfactory stimuli during the ovulatory phase. Sensitivity 
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to pain has been ascertained to be significantly lower 

at expected time of ovulation (Tedford et al., 1978). 

Dalton (1960) reported, in a study of accident admis-

sions to hospitals, that, in a sample of 84 women with regular 

menstrual cycles, more than half of the accidents accounting 

for hospital admission occurred either in the 4-day pre-

menstrual period or within 4 days after onset of flow. 

Increased lethargy associated with hormonal changes was 

suggested as the underlying cause of the accident increase 

in the premenstrual and menstrual phases. Accidents involve 

interaction with the environment. Interaction with the 

environment in turn involves a sense of timing, visuo-spatial 

processes, and three-dimensional visual processes. 

The literature concerning visual perception during the 

course of the menstrual cycle is sparse. That which is 

available suggests that cyclic hormonal changes may well 

have an effect on visual functions. Better night vision 

has been reported at the time of ovulation (Time, 1978) . 

Diamond et al. (1973) tested 4 subjects for visual sensiti-

vity as measured by ability to detect a test light and noted 

that performance was significantly better at mid-cycle. 

Performance remained high until onset of menses when it-

declined abruptly. Dor-Shav (1976) tested visual-cognitive 

functioning with 116 female subjects on an embedded-figures 

task. Subjects were tested weekly for four trials and 

results, while nonsignficant, showed a definite trend with 



19 

best performance corresponding to expected time of ovulation 

and the early luteal phase. 

Time estimation is another perceptual area where sex 

differences and physiological, affective, and menstrual 

cycle influences have been reported. In 1904, McDougall noted 

sex differences in time estimation. He stated that men were 

more accurate than women in estimating the passage of 15, 30, 

60 and 90 seconds while listening to the experimenter read, 

and further, that women demonstrated a strong tendency 

to overestimate the interval. The noting of sex differences 

was incidental to the primary purpose of the research and 

McDougall did not speculate on possible reasons for the 

results. 

Hoagland (1933) reported that judgments of short 

duration vary with internal body temperature. He observed 

that absolute judgments of time by the same subject differed 

from day to day but that the effect of temperature on time 

judgments was constant; as temperature increased time seemed 

to be passing faster. 

Heart rate, blood pressure, and respiration rate were 

systematically varied by Schaefer and Gilliland (1938) in 

order to determine the effects of each on the estimation of 

time. No relationships were established between any of these 

variables and time estimation. 

Hare (1963) studied time estimation with female nursing 

students. Results showed a significant negative correlation 

between anxiety and estimation of a 20-second interval. 
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Kopell et al. (1969) reported that estimation fo time 

intervals varied significantly during the menstrual cycle. 

Data on the 8 women in the study were collected 5 times 

during each of 2 menstrual cycles. This study concluded 

that women tended to estimate the intervals of 15 and 30 

seconds as longer in the premenstrual stage. The researchers 

suggested that this reflected a general state of slowing of 

the "internal clock" or lowered arousal at this time. Poor 

concentration was also reported during this period. Another 

speculation by these researchers was that the subjective 

changes experienced during the premenstrual period were an 

expression of a distortion of the basic time sense which, 

in turn, might be part of a very mild, transient confusional 

state. This distortion would be occurring at the time of 

progesterone withdrawal during the cycle. 

Zimmerman and Parlee (1973), as did Kopell et al. 

(1969), had women produce intervals of 15 and 30 seconds 

during the course of the menstrual cycle. Their results, 

while nonsignificant, did reflect a trend toward longer 

estimations premenstrually. 

Mental, motor, and sensory-perceptual processes: 

Caffein. Reserach into the effects of caffein on human 

performance has focused on mental and motor functions with 

very little attention to sensory—perceptual processes. 

The first systematic, well-controlled study on the 

effect of caffein on mental and motor functions was conducted 
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by Hollingsworth (1912) over a 40-day period. Subjects were 

10 men and 6 women. Mental functions tested were classified 

as perception, association, discrimination, attention, and 

judgment. Motor tests included speed, steadiness, and 

coordination. Hollingsworth concluded that mental performance, 

in general, was enhanced by caffein. Its effect on motor 

performance was varied: speed was increased, steadiness was 

disrupted, and coordination was stimulated by small amounts 

of caffein but retarded by larger quantities. 

Weiss and Laties (1962) reviewed the literature on the 

effects of caffein on human performance in several areas: 

physical endurance and capacity; motor coordination and 

control-monitorining; learning; simple and complex verbal and 

arthmetical tasks; judgment and mood. The overall conclusions 

confirmed Hollingsworth's results. 

Studies conducted since the publication of that review 

have, for the most part, reiterated its conclusions (Baker 

& Theologus, 1972; Frnaks, Hagedorn, Hensley, Hensley, & 

Starmer, 1975; Lehman, Black, & Ban, 1970; Lovingood, Blyth, 

Peacock, & Lindsay, 1967; Regina, Miller, Keiper, & McKelvey, 

1974; Sulc, Brozek, & Cmiral, 1974; Sulc & Poradkova, 1975; 

Vila Grafula & Diego Garcia, 1971) . Subjects in these 

studies were overwhelmingly male; e.g., Baker and Theologus 

(1972) tested 100 males; Lovingood et al. (1967) used 24 

males; Regina et al. (1974) also used 24 males; Sulc and 

Poradkova (1975) tested 58 males. This had also been the 
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case with the articles included in the Weiss and Laties 

(1962) review; e.g., Barmack (1940) included 27 males, 2 

females; Hawk (1929) used 100 males; Hull (1935) tested 8 

male subjects. 

The effects of caffein on sensory-perceptual processes 

has, for the most part, been ignored in research. Nash 

(1962) included several tests of "visual thinking" which could 

be classified as visual-perceptual. They were: Gottschaldt 

Figures; Mutilated Words; Street Gestalt Competion; and a 

"Perceptual Speed Composite," which was a test of clerical 

speed. These "visual thinking" measures were consistently 

enhanced by caffein but results were not significant. 

In one of the few studies which included an adequate 

number of female subjects (31 males, 37 females), Franks, 

Hagedorn, Hensley, Hensley, and Starmer (1975) used a test 

battery which included a measure of "perceptual speed." 

The task was similar to Mash's Perceptual Speed Composite. 

It consisted of checking pairs of numbers and marking on a 

separate sheet whether they were the same or different. As 

did Nash, they reported that caffein improved performance 

but to a nonsignificant degree. Except for the Gottschaldt 

Figures, the perceputal tasks used in these studies contained 

a high verbal component in addition to the sensory-perceptual 

processes involved. 

In one of the few sensory-perceptual studies involving 

caffein ingestion, Sterzinger (1946) gave subjects several 



23 

different drugs for the purpose of determining their effects 

on time estimation. Caffein gave inconsistent results. 

Sterzinger came to the conclusion that time estimation depends 

upon metabolic rate. 

The foregoing review of pertinent research findings 

indicates that further investigation regarding the effects 

of caffein and the menstrual cycle on certain physiological 

and psychological processes is indeed justified. To date, 

studies on various changes during the course of the menstrual 

cycle and on the effects of caffein ingestion have not resulted 

in a consistent picture on either dimension. This stems, 

in part, from the number and complexity of the relevant 

variables and from difficulties in clarifying the conceptual 

and methodological problems. It was felt that a study of 

menstruating females, using a within-groups design, and 

analysis of data by means of multivariate techniques could 

contribute to better understanding of the variables under 

s tudy. 

On the basis of past research, it was postulated that 

caffein would influence physiological measures such as pulse 

rate, respiration rate, skin resistnace level, muscle tension, 

time required to reach resting baseline on those measures, 

and recovery time after evocation of a startle response as 

well as perceptual processes such as visuo-spatial discrimin-

ation, depth, and time perception. It was further hypothesized 

that these same processes would be differentially affected 
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during the stages of the menstrual cycle (menstrual, folli-

cular, ovulatory, luteal, and premenstrual) as would 

subjective self-evaluation responses. Additionally, it was 

speculated that there would be an interactive effect between 

caffein consumption and the stages of the menstrual cycle. 

Method 

Subjects 

A total of 38 prospective subjects responded to a notice 

requesting research participation. Each completed a ques-

tionnaire (Appendix A) regarding descriptive data: age, 

height, weight, marital status, number of children, average 

daily caffein consumption, medications and vitamins taken 

regularly, use of birth control pills, use of cigarettes and 

marijuana, and menstrual cycle information. Prospective 

subjects were screened for normal visual acuity. Informed 

consent forms (Appendix B) were signed by the 11 volunteers 

selected. They were paid for participation in the study. 

Descriptive data obtained on these subjects (Appendix C) 

show that ages ranged from 18 years to 28 years (average 21.9); 

weights varied between 100 and 130 lbs. (average 117.15 lbs.); 

heights measured between 5 ft. 0 in. to 5 ft. 9% in. (average 

5 ft. 5 in.). The subjects were all students and/or 

employees of the Department of Psychology, North Texas State 

University. 

Apparatus 

1. Visual screening was done with a Bausch & Lomb 

Visual Tester, Model No. 71-22-41. 
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2. Body temperatures, pulse rate, respiration rate, 

skin resistance level (SRL), and muscle tension (EMG) were 

monitored with physio/programming equipment, Med Associates 

Inc. modular system with compatible printer. 

3. Depth perception was measured with equipment manu-

factured by Educational Device Company. The apparatus 

consisted of two minatnre cars on tracks with a minature 

stop sign between them. The position of the cars could be 

adjusted on the tracks by means of a continuous string. 

4. Visual discrimination was evaluated by use of a 

Kodak Carousal 650 H projector and a screen with a centered 

fixation point. Each slide consisted of a single white dot 

on dark background. The dot could be presented in any of 

25 positions; exposure time was 125 msec. The nearest dot 

was 4 in. from fixation, the farthest was llh in. from fixa-

tion. The matrix of the 25 different positions of the dot 

is presented in Appendix D. 

5. Time estimation was measured with a Heuer stopwatch, 

calibrated to .2 second. 

Procedure 

Subjects were briefed on the experimental procedure: 

that test sessions would take place 5 days per week over the 

course of two menstrual cycles, what types of measures would 

be involved, and that they would be expected to keep a 

daily log (Appendix E). This log was a record of basal 

waking temperature, whether subject was menstruating, spotting, 

or having any discharge, amount of caffein ingested, how 
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often subject awoke during the night, evaluation (on a scale 

of 1 to 3) of how well subject had slept, and medications 

used. Subjects were also told that the study involved 

measuring the effects of caffein but not that more than one 

level of caffein would be involved. Caffein levels were a 

6 oz. cup of decaffeinated coffee (Taster's Choice) and a 

6 oz. cup of decaffeinated coffee (Taster's Choice) with 

195 rag citrated caffein (Lilly, 1 gr, 65 mg) added (augmented 

caffein). This method and amount of caffein administration 

were chosen for several reasons: (a) coffee is a commonly 

used beverage, (b) one purpose of the study was to evaluate 

effects of "normal" caffein use by women and 195 mg caffein 

approximately equals the content of two cups of average 

strength coffee or one very strong cup of coffee, (c) it 

allowed for accurate measuring of the amount of caffein 

administered, (d) using decaffeinated coffee with and without 

added citrated caffein permitted a blind-study, and (e) sub-

jects were light to moderate caffein users; therefore 195 mg 

caffein would be expected to exert some effect. 

Prior to testing each day, subjects were given a 

6 oz:. cup of decaffeinated coffee during the course of one 

menstrual cycle; during the other cycle 195 mg. citrated 

caffein was added to a 6 oz. cup of decaffeinated coffee. 

Approximately half the subjects were in one group and half 

in the other group at any given point during the experiment. 

Subjects were blind as to caffein content of the beverage. 

They were allowed to decide whether or not to add cream 
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and/or sugar to the coffee at the first session and then 

maintained this choice throughout the study. This procedure 

was decided on in order to help insure subject cooperation 

in the experimental setting. It was felt that asking subjects 

to ingest a beverage they found distasteful could engender 

a negative/hostile set. Further, the intent of this study 

was to investigate the effect of "normal" caffein use. 

Subjects' preferences are reported in Appendix F. 

The beverage was ingested 30 minutes to lh hours prior 

to testing. These time limits were established because the 

half-life of caffein has been established as 3.5 hours 

(Axelrod & Reichenthal, 1953) and peak plasma levels follow-

ing oral administration have been reported to occur after 

30 minutes (Sant'Ambrigio, Mognoni, & Ventrella, 1964). 

When subjects were to be tested within the minimum 

time they waited in an anteroom; when the time was longer 

subjects went to work or to class and then returned for 

testing within the time limit. Subjects were instructed 

not to ingest any caffein-containing beverages or substances 

and to refrain from eating for a minimum of 3 hours prior 

to testing. 

After the caffein had time to take effect (30 minutes 

minimum to lh hours maximum) individual testing commenced 

and lasted for approximately 40 minutes. At each test 

session subjects were asked whether or not they were 

menstruating, spotting, or experiencing any discharge and 

what their basal temperature had been that morning. This 
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procedure was established in order to help determine the 

phase of the menstrual cycle and to help insure that subjects 

were measuring temperatures correctly and consistently. 

They were also asked if there was anything unusual to report 

such as illness, medication, etc. 

Subjects completed the visuo-spatial discrimination 

task, making one response to each of the 25 stimuli. Res-

ponses were recorded by the experimenter. Subjects sat at a 

table, using a chin rest, 14 feet from the screen. They 

were instructed to fixate the central fixation point. 

Before each stimulus was presented, a ready signal was given. 

After exposure of the stimulus, subjects reported the 

position of the dot by a number on the matrix card containing 

all 25 possible positions (Appendix D). The response card 

was on the table next to the subject. Dots were presented 

in a different order each day. Maximum possible score was 

25. 

Next, the depth perception task was completed. Subjects 

were seated 12 feet from the apparatus. Three trials were 

given with instructions to line up one of the cars so that 

the back of the car was even with the stop sign. Three 

trials were given each day, alternating the cars on either 

side of the stop sign; i.e., LRL one day RLR the next day. 

Subject's score was the average of three trials, measured 

as distance from the stop sign by means of a metric ruler 

placed alongside the tracks. 
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Subjects were then asked to estimate intervals of 15 

and 30 seconds by starting and stopping a stopwatch without 

seeing the face. Two estimates were made of each of the 

intervals. The daily score was the sum of the errors on the 

four trials. 

There are several methods commonly used to measure time 

judgment: verbal estimation, production, reproduction, and 

comparison. According to Clausen (1950), while both produc-

tion and verbal estimation deal with the relationship between 

objective and subjective time, production is the more reli-

able and consistent method. The method of production was 

chosen for this reason. 

At each test session, subjects completed the Menstrual 

Distress Questionnaire (Moos, 1977) as shown in Appendix G; 

The Measurement of Depression (Zung, 1967) as presented in 

Appendix H; and a self-rating scale (Appendix I) patterned 

after Nash (1962). 

Lastly, physiological measures were taken. Body 

temperatures were recorded along the spinal column at the 

3rd cervical, 6th thoracic, 3rd lumbar, and 3rd saccral 

vertebrae, on a mid-upper part of the left breast, on the 

abdomen 3 inches below the navel, at the center of the 

forehead, on the left index finger, and left big toe. 

Electrodes were then attached to monitor pulse rate, 

respiration rate, skin resistance level (SRL), and muscle 

tension (EMG). Levels were recorded every 10 seconds until 

subject had reached baseline (consistent recordings on all 
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four of the measures) for a minimum of 30 seconds. Moni-

toring equipment was then detached. 

At various times during each menstrual cycle, a noxious 

stimulus (a buzzer) was sounded once after baseline had 

been reached. Sessions when the buzzer was presented were 

determined by the experimenter so as to insure that each 

subject was exposed to this stimulus during each of the 

menstrual cycle stages (defined below). It was felt that 

infrequent presentation of the noxious stimulus would 

preclude habituation. After the stimulus was presented, 

physiological recordings were continued until subjects again 

reached baseline for a minimum of 30 seconds, and then 

physiographic recording equipment was detached. 

In order to analyze the data for cyclic variations 

despite differences in the lenths of individual menstrual 

cycles, each cycle was divided into 5 stages: menstrual, 

follicular, ovulatory, luteal, and premenstrual. These 

stages were defined in terms of two points in each cycle: 

the onset of menstrual flow and a point corresponding to 

expected time of ovulation. Two criteria were used to 

determine expected time of ovulation: (a) basal temperature 

charts, and (b) general acceptance that ovulation almost 

invariable occurs 14 days prior to onset of menses, regard-

less of length of the individual cycle (Marshall, 1963). 

The premenstruum was defined as the 3 days preceding onset 

of menses. This determination was made based on numerous 
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reports in the literature of maximum experienced and measured 

change during this time and because it is also the time of 

the most dramatic drop in estrogen and progesterone levels. 

In most menstrual cycle studies, day of onset of 

menses has been designated as "Day 1," the following day 

as "Day 2," and so on consecutively until the onset of the 

next menstrual period which was again designated as "Day 1." 

In this study the method of designating days of the cycle 

was reversed with "Day 1" being the day preceding onset of 

menses and counting backwards with day of onset being the 

last day of the cycle. The stages of the cycle were defined 

as follows: 

Days 1 through 3 = Stage 1: Premenstrual 

Days 4 through 12 = Stage 2: Luteal 

Days 13 through 15 = Stage 3: Ovulatory 

Days 16 through 24 = Stage 4: Follicular 

Days 25+ = Stage 5: Menstrual 

Stepwise multiple linear discriminant analyses (one 

on the overall data and another only with data obtained on 

days when startle response measures were included) were 

conducted to determine the best model for predicting each 

of these stages. Similar analyses were conducted with the 

data on caffein ingestion. 

Results 

Because of the nature of the data, several separate 

multivariate analyses were conducted. Some of the physio-

logical measures (i.e., changes in respiration rate, pulse 
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rate SRL, and EMG, and time to return to baseline after a 

startle stimulus) were taken only periodically during the 

course of the investigation. When these measures are included 

in the analyses, the number of observations is considerably 

less than when these are not included as criteria. Therefore, 

separate discriminant analyses were conducted, on both the 

menstrual cycle and caffein ingestion dimensions, on the 

overall data and on data that included startle response measures, 

Although the study included a total of 11 subjects, the 

data used are basically that collected on 9 subjects. One 

withdrew from the study after participating for one menstrual 

cycle. With the last subject, the problem was equipment 

failure, resulting in incomplete data for that participant. 

Means and SDs of the overall data can be found in Appen-

dix J. Table 3 presents data regarding the total number of 

days each subject was tested, as well as a breakdown of number 

of days tested at each of the two caffein levels. 

Analysis of Menstrual Cycle Data 

The means, SDs, and Ns and of variables which make a 

significant contribution to the discrimination of menstrual 

cycle stages are shown in Table 4. Physiological 

measures include basal temperature, respiration rate, and 

time to reach baseline on heart rate, respiration rate, SRL, 

and EMG. Perceptual measures included are time estimation 

and depth perception. Subjective variables which contribute 

significantly are three scales of the Menstrual Distress 
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Table 3 

Number of Days Tested for the 
Experimental Conditions 

Subject 
Experimental 

Augmented 
Caffeina 

Conditions 

Decaffeinated 
Coffee 

Total Days 

1 19 18 37 

O 17 19 36 

3 17 20 37 

4 19 19 38 

5 20 17 37 

6 17 16 33 

7 19 18 37 

8 16 17 33 

9 30 25 55 

10 14 9 23 

11 14 0 14 

11 202 178 380 

Decaffeinated coffee with 195 mg citrated caffein 
added, 

Questionniare (MDQ): Water Retention, Negative Affect, and 

Pain as well as the Physiological Scale of The Measurement 

of Depression. The only measure from the Daily Log that 

makes a significant contribution is the amount of cola 

drinks consumed daily. 

Analysis of the relationship between stages of the 

menstrual cycle and the variables that contribute 



34 

CD 
X; 
-P 

0 
-P 

>I 
RH 

G 

FD CD 
O I—1 
•H O 
MH >I 
•H O 
G 

TR>RH 
•H RD 
W D 

TJ» 4-> 
G C/) 
•H G 
-P A) 

,Q 

•H 0 
JH .G 
4-» -P 
G 

CD 0 M-L 
RH U O 
JQ 
RTJ W OT 

E-i 0 0) 
R-I CN 
rQ FD 
FD -P 
•R-F CO 
N 
FD M-I 
> O 

^ G 

0 0 
•H 

CN -P 
£ 1 FD 

G 

T3 -H 
G G 

FD "H 

- O 
W w 
QL-H 
W L Q 

W 
G 
FD 
Q) 
S 

XI 
FD 

FD 
> 

t—i \ 
\ 
TO 

CM 
\ 

O 
CM 

\ 
CM 

CN 
\ 
O 

\ 
CN 
CN 

R-I 

X 

O 

CR> 
IN 

Q) 
JH 
•H 
#rt «0 
G 

CD A 
0 

P •H G 
-P -P O 
FD W -H 

<D -P 
(D D C 
A - O CD 
E 4-> 
A W A) 

W 05 
CD 

R-F SH M 
FD -P AJ 
W W -P 
FD •H FD 
M A £ 

X 

\ O 

\ 
IN 
O 

R-« 
CM 
\ 
00 

R- O 
O 
• ^ 

RH CM 

\ \ 
R- CN 

CO 
CN 

\ 
CR\ 
00 

VO 
VD 
00 o\ • 

• 00 VD 
CM • CM 
\ \ 
O O RH 
VD R- OO 

VD CTI 

IN RH OO 

RO (N IN 
\ \ \ 

CT> •̂ R 
VD RH RH 

0^ 
RH RH 

CO 0\ RH 
CM O 
• • • 

CM IN 
\ \ \ 
R- OO M 
RH UD 

RH VD 
RH I-H RH 

CM -̂ R O 
CN RH CN 

CM CM IN 
\ \ \ 
VD M <R> 
RH O CM 

CTI RR RO 
RH RH 

CM 
\ 

R-
CN 

\ O 
R-

00 CN CO 
O RH R-

00 CM RR 
\ \ \ 
RH o\ 
"NT 

CN TT "<T 
RH 

CM 
\ 
OO 

VD 
\ 
LO 
00 

C A> 
O V4 H 
•H 0 •H 
4J SH FD 
A SH C 
E W G 

0 
W C 
C 0 +J 
0 "H W 
O 4J AJ 

FD D 
FD G A 
RH •H 
0 +J W 
CJ W W 

W A) 
>1 W JH 
RH C GJ -P C, 
•H FD B CO -H 
FD O -H •H TD 
a — E-« A A 

0) 
u 
FD 

RH •H 
FD G 
O G 
•H 0 

•H -P 
0 -P U 
R-H W A) 
0 <D ^ 
•H P M-L 
CO O < 
>I 

O < 

XI W <D 
A W > 

CD -H 
V U 4-» 
TN -P N3 
C W CN 
3 •H <L> 
!NJ Q 2 

RH 
00 

VD • RH 
•̂ R VD 
• CN • 

\ \ 
R- IN 

00 LO O 

00 
VD 
RH 

00 
O 

O VD 00 
IN O VD 
• R-H • 

\ \ \ 
VD CM RH 
00 IN CM 
• • • 

VD CO 

RH 

VD 
IN 

CO • VD 
IN 00 VD 
• A-\ • 

\ \ 
CN VD 
CTI RH 

O CO 
R-
RH 

RH 
CM 
• 

CO 00 CM 
RO O VD 
• «H • 

\ \ 
00 CO 00 

CO O 
• • • 

R- CO 
CO 
RH 

O 
00 

00 • •̂ R 
CO RH R-
• CN • 

\ X \ 
IN RH 

00 CO CN 

VD CO 
VD 
R-H 

00 

RH \ CTI 
IN CM 

\ 
CTI 
V. • 

\ 
O 

N 
VD 

\ 
CO 

CN CM O 
• • • 

CM 00 
VD 
RH 

CO 
CM 

U 
o 
u 
U 
Q) 

G 
0 
•H 
-P 

A 
<U 
O 
u 
0) 

PU 

-P 

A 
A; 
A 

O 
<D 
W 

W 
<D CD G 
G -P 0 
•H FD -H 
RH « — 4-> 
QJ • FD 
W G O > 
FD O <D u « •H W <U 

-P W 
0 FD O JQ 
4J JH I—I 

•H 
O 

A) Oi U MH 
E W (U O 
•H <D 0, 
EH K — 2 1 



35 

significantly to the discrimination of the cycle stages yields 

two discriminant functions. These results are presented in 

Table 5. The first discriminant function is marked by a 

Table 5 

Summary Statistics from Discriminant Function Analysis 
of Menstrual Cycle Stages 

Variable Function 1 Function 2 
Wilks' 
Lambda P 

Basal Temperature 1.12 0.10 0.35 < .001 

Time to Baseline 
(seconds) -0. .09 -0.08 0.14 < .001 

Respiration Rate 
(per 10 seconds) -0. ,04 -0.36 0.13 < .001 

Daily Cola Consumption 
(cans) -0. .20 0.04 0.24 < .001 

MDQ, Water Retention 0. .31 -0.66 0.27 < .001 

Depth Perception Error 0. ,09 -0.36 0.14 < .001 

Time Estimation Error -o, .29 0.15 0.21 < .001 

MDQ, Negative Affect 0. 14 -0.14 0.15 < .001 

Zung, Physiological -0. 18 0.35 0.17 < .001 

MDQ, Pain -0. 20 -0.54 0.19 < .001 

Function 1: 

Function 2: 

Lambda = 0 
df = 44; p 

Lambda = 0 
df = 30; p 

13, chi-square = 542.99; 
< .001, Canonical R = .91 

79, chi-square = 63.27; 
< .001; Canonical R = .37 

suppresed loading on basal te 

correlation matrix suggests 

mperature. Examinaition of the inter-

that, except for time required to reach 
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baseline, depth perception error, the physiological scale 

of The Measurement of Depression, and the Pain Scale of the 

Menstrual Distress Questionnaire, the other variables con-

tribute to this suppression. Also weighing on this factor 

are the Water Retention Scale of the Menstrual Distress 

Questionniare and time estimation scores (the negative loading 

with an error score). Inspection of Figure 1 shows that 

groups 1: Premenstrual and 2: Luteal tend to be separated 

from the other three groups by this function. 

Function 2, which represents considerably less vari-

ability in the group membership variables, is marked by the 

MDQ scores of Water Retention and Pain. Reference to Figure 

1 suggests that the Stages 1: Premenstrual and 5: Menstrual 

on the one hand and Stage 3: Ovulatory on the other are 

separated by this function from Stages 2: Luteal and 

4: Follicular, which are the two groups with the largest 

number of observations. 

The F matrix and corresponding probability values for 

these data are presented in Table 6. The only stages of 

the menstrual cycle which do not differ significantly from 

one another on the discriminant functions are the follicular 

and ovulatory phases. The premenstrual and luteal differ-

ences are significant at the .05 level; those between time 

of menstrual flow and the follicular phase at the .01 level. 

Differences between time of ovulation and menses differ 

at the .005 level of significance. All other differences 

between cycles are significant at the .001 level (ovulatory/ 
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F 2 
i 
i * 

Ovulatory 
-31;.54 

Follicular 
-31;.25 

Luteal -42;.03 , 

Menstrual 
-24;-.47 

.5 -
1 

Premenstrual 
.54;-.70 

Figure 1. Centroids of menstrual cycle groups in 
reduced space. 
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Table 6 

F Matrix and Corresponding Probability Values 
~ for Variables Contributing Significantly 

to Menstrual Cycle Stage Discrimination 

Menstrual 
Folli-
cular 

Ovula-
tory Luteal 

Premen-
strual 

Menstrual .01 .005 .001 .001 

Follicular 2.35 .20 .001 .001 

Ovulatory 2.51 1.00 .001 .001 

Luteal 8.73 12.99 7.24 .05 

Preraenstrual 6.07 9.03 7.33 1.75 

premenstrual, ovulatory/luteal, follicular/premenstrual, 

follicular/luteal, menstrual/premenstrual, menstrual/luteal. 

In order to facilitate ease of interpretation of the 

contribution of these variables to the discrimination, each 

variable which is statistically significant is examined on 

the basis of mean scores and SDs over the course of the 

cycle. 

Basal temperature. Basal waking temperature data 

reflect the well-known postovulatory rise (Table 7). Basal 

temperature is lowest during the menstrual flow. It increases 

during the follicular phase, maintains the same average 

value during the luteal phase, followed by a slight decline 

during the premenstrual period. There is less variability 

in basal temperatures during the menstrual and premenstrual 

phases of the cycle than during the other three stages. 
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Table 7 

Basal Temperature: Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 97.98 98.02 98.02 98.31 98.12 

SD .53 .63 .66 .66 .42 

Water Retention Scale, Menstrual Distress Questionnaire. 

Subjective evaluation of water retention, as measured by 

that scael on the Menstrual Distress Questionnaire (Table 8) 

indicates that the level of water retention was experienced 

as being at its lowest level during expected time of ovulation, 

that it increased after that until it reached a high point 

premenstrually, and then declined until the next ovulatory 

stage. There is less variability on this measure 

Table 8 

Water Retention Scale, Menstrual Distress Questionnaire: 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 6.60 5.59 5.07 5.90 7.61 

SD 2.86 1.73 1.41 2.43 2.52 
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during expected time of ovulation and during the follicular 

phase than during the other stages of the cycle; greatest 

variability is evident during actual menstrual flow. 

Daily cola consumption (cans). Data indicate that, on 

an average daily basis, subjects consumed more cola drinks 

during the premenstrual period of the menstrual cycle than 

during any other phase, and cola consumption was lowest 

during actual menstrual flow. This same patter is reflected 

in SD values (Table 9). 

Table 9 

Daily Cola Consumption (Cans): 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premens trual 

Mean 0.70 1.11 0.87 1.05 1.22 

SD 0.89 1.17 1.07 1.14 1.20 

Error in time-estimation scores. Error scores are the 

sum of errors from 2 estimates of the passage of 15 seconds 

plus those from 2 estimates of the passage of 30 seconds. 

Subjective estimates of the passage of objective time fluc-

tuate systematically over the course of the menstrual cycle 

(Table 10). All means on this measure have negative values, 

indicating that subjects judged time to be passing faster 

than it actually was during all phases of the cycle. 

However, the most accurate judgments were made during the 

period of expected ovulation with the least negative error 
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Table 10 

Error in Time-Estimation Scores: 
Means and, SDs 

Menstrual Follicular Ovulatory Luteal Premens trual 

Mean - 9.31 - 8.89 - 4.42 - 9.48 -17.10 

SD 26.46 25.23 24.04 27.24 23.61 

at that phase. Time was judged to be passing fastest during 

the premenstrual stage. Variability among scores is least 

during this same phase of the cycle. 

Pain Scale, Menstrual Distress Questionnaire. Subjec-

tive evaluation of experienced pain, as measured by the Pain 

Scale of the Menstrual Distress Questionnaire, is highest 

premenstrually, slightly lower during menstrual flow, and 

lowest at expected time of ovulation. Variability of the 

scores is highest during menstruation and lowest at expected 

time of ovulation (Table 11). 

Table 11 

Pain Scale, Menstrual Distress Questionnaire: 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 10.89 9.41 8.27 9.16 11.17 

SD 4.70 3.08 2.46 2.92 4.23 
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Physiological Scale, The Measurement of Depression. The 

subjective evaluation of physiological symptoms, as scored 

on The Measurement of Depression (Zung, 1967), is lowest at 

expected time of ovulation (Table 12). The next lowest 

scores appear during the luteal phase. Highest scores occur 

during the follicular (an unexpected observation) and pre-

menstrual (as expected) phases. Variability amond the 

scores is highest during the follicular stage and lowest at 

expected time of ovulation. 

Table 12 

Physiological Scale, The Measurement of Depression: 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premens trual 

Mean 14.13 14.44 13.80 14.05 14.43 

SD 2.08 2.19 1.81 2.14 2.09 

Negative Affect Scale, Menstrual Distress Questionnaire. 

Subjective reports of negative affect are lowest during 

expected time of ovulation, highest premenstrually. Greatest 

variability among the scores occurs at time of menstrual flow? 

least variability is found during the follicular phase of 

the menstrual cycle (Table 13). 

Depth perception. Depth perception, as measured by an 

error score (average of 3 trials) calibrated in millimeters, 

is most accurate at expected time of ovulation and least 

accurate during the luteal phase of the menstrual cycle. 
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Table 13 

Negative Affect Scale, Menstrual Distress Questionnaire: 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 14.85 14.49 12.47 13.29 16.65 

SD 6.36 4.73 4.93 5.20 5.41 

Variability is highest during the luteal, premenstrual, and 

menstrual stages of the cycle; lower during the follicular 

phase, and lowest at expected time of ovulation (Table 14). 

Table 14 

Depth Perception Error Scores: 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean .90 .84 .78 .92 .86 

SD .51 .38 .33 .53 .50 

Time to baseline (seconds). Initial time to reach 

baseline (as measured by physiographic recordings of res-

piration rate, pulse rate, EMG, and SRL) is shortest at 

expected time of ovulation and longest during the premen-

strual stage of the cycle. Variability among the scores is, 

however, highest at expected time of ovulation, with least 

variability during the follicular stage (Table 15). 



44 

Table 15 

Time to Baseline (Seconds): 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 

SD 

162.26 

92.48 

166.35 

91.30 

137.33 

108.21 

170.46 

98.56 

176.52 

106.02 

Respiration rate. Respiration is fastest during the 

premenstrual phase of the menstrual cycle and slowest during 

the follicular stage. The greatest variability among scores 

appears during the menstrual flow, the least variability at 

expected time of ovulation (Table 16). 

Table 16 

Respiration Rate (per 10 seconds) 
Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 3.03 

i—1 • 
C

M
 3.08 3.14 3.21 

SD .79 .74 .62 .66 .63 

Menstrual cycle data including startle response measures, 

When startle response measures are included in the analysis 

of the menstrual cycle data (time required to return to 

baseline after presentation of a startle stimulus and mean 

chnage in respiration rate, pulse rate, EMG, and SRL), the 

only variable that adds significantly (p < .023) to the 
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discrimination of the stages of the cycle is the time required 

to return to baseline (Table 17). More time is required to 

return to baseline during the premenstrual stage of the cycle 

than during any other phase; variability among the scores is 

also greatest during that time. The least amount of time 

required to return to baseline is during the luteal phase; 

variability of scores -is also then at the minimum. 

Table 17 

Time in Seconds Required to Reach Baseline After 
Presentation of a Startle Stimulus: Means and SDs 

Menstrual Follicular Ovulatory Luteal Premenstrual 

Mean 83.33 75.46 65.29 58.00 141.43 

SD 39.79 42.04 37.77 19.89 163.43 

N 21 11 17 20 7 

Total N = 76 

Analysis of Caffein-Ingestion Data 

Separate discriminant analyses were conducted on the 

overall data and with data that includes startle response 

measures. Table 18 presents the means, SDs and Ns of the 

variables which contribute significantly to the discrimina-

tion between responses made by subjects when they drank 

decaffeinated coffee and when they ingested 195 mg citrated 

caffein in decaffeinated coffee. 
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A single discriminant function differentate the obser-

vations grouped by level of caffein ingestion. Summary 

statistics of the discriminant function analysis are shown 

in Table 19. 

Table 19 

Summary Statistics from Discriminant Function 
Analysis of Caffein Levels 

Variable 
Function 1 
Loading 

Wilks' 
Lambda 

Reported total daily 
caffein intake (cups 
coffee/tea, cans cola) -0 .37 0. 97 < .001 

Number of dots correct -0 .59 . 0. 94 < .001 

Menstrual Questionnaire, 
Water Retention 0 .55 0. 92 < .001 

Menstrual Questionnaire, 
Control -0 .43 0. 90 < .001 

Cervical Temperature -0 .42 0. 89 < .001 

Saccral Temperature 0 .96 0. 87 < .001 

Lumbar Temperature -0 

i—1 • 0. 87 < .001 

Time to baseline 
(seconds) -0 .22 0. 86 < .001 

Function 1: Lambda = 0.87; chi-square = 42.08; df = 8 
p = 0.001?-. Canonical R = 0.37. 

Centroids of the Groups in Reduced Space: 

Function 1 

Augmented Caffein Group 0.34 

Decaffeinated Coffee Group -0.39 
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This function is marked at its positive end by higher 

skin temperature at the saccral site. At its negative end, 

the function is associated with higher skin temperature at 

the lumbar site and by better performance on the Number-of-

Dots perceptual task. The group centroid for observations 

taken after ingestion of the augmented coffee is on the 

positive side of the function expected value (mean). 

Caffein—ingestion analysis including startle response 

measures. When startle response measures are included in 

the analysis of the caffein ingestion data (time to return 

to baseline after presentation of a startle stimulus and 

average change in respiration rate, pulse rate, EMG, and 

SRL), SRL level is a significant contributor to the dis-

crimination between caffein levels (Loading = .30; Wilks' 

Lambda = .79, p < .003). 

In order to facilitate ease of interpretation of the 

contribution of each of the variables making a significant 

contribution to the discrimination between the levels of 

caffein ingestion, each is examined on the basis of means 

and SDs. 

Reported total daily caffein intake (cups coffee/tea, 

cans cola). The total amount of caffein ingested in caffein-

containing beverages was reported by each subject in the 

Daily Log. Reported intake of caffein is significantly 

higher during the "decaffeinated coffee" condition, indicat-

ing that subjects consumed more caffein—containing beverages 
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outside the testing situation when they were consuming 

decaffeinated coffee in the experimental setting. Means/ 

SDs are: augmented caffein, 3.28/1.37; decaffeinated coffee, 

3.79/1.33. 

Number of dots correct. Scores on this visuo-

discrimination task are significantly higher when subjects 

received decaffeinated coffee than with the augmented 

beverage. Means/SDs are: augmented caffein, 16.69/3.01; 

decaffeinated coffee: 17.87/3.25. 

Menstrual Distress Questionnaire, Water Retention. 

Subjective evaluation of water retention as measured on 

this scale are significantly higher when subjects consumed 

decaffeinated coffee with added citrated caffein. Means/SDs 

are: augmented caffein, 6.42/2.71; decaffeinated coffee, 

5.81/1.90. 

Menstrual Distress Questionnaire, Control. Subjects' 

subjective jdugement of self-control are lower under the 

augmented caffein condition than with decaffeinated coffee. 

Means/SDs are: augmented caffein, 6.92/1.73; decaffeinated 

coffee, 7.05/1.63. 

Cervical, saccral, lumbar temperatures. Temperatures 

along the spinal cord at the cervical, lumbar, and saccral 

sites differ significantly under the two experimental 

conditions. With augmented caffein, cervical and lumbar 

temperatures are lower (as shown in Table 20). Saccral 

temperatures, on the other hand, are higher with agumented 

caffein. 
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Table 20 

Cervical, Lumbar, and Saccral Temperatures 
at Two levels of Caffein Ingestion 

Augmented Decaffeinated 
Spinal Cord Site Caffein Coffee 

Cervical 92.40/2.71 92.81/3.25 

Lumbar 90.50/2.77 90.61/3.30 

Saccral 90.63/2.58 90.36/3.10 

125 mq citrated caffein added to decaffeinated coffee, 

Time to baseline (seconds). When subjects consumed 

decaffeinated coffee they required a longer period of time 

to reach the point of stabilization as measured in terms of 

pulse rate, respiration rate, SRL, and EMG. Means and SDs 

are: augmented caffein, 161.43/95.67; decaffeinated coffee, 

172.16/100.14 

Discussion 

Results of the study support the contention that 

systematic changes occur during the course of the menstrual 

cycle in some physiological and psychological processes and 

that caffein ingestion likewise produces variability on 

some of these dimensions. Results also suggest that there 

may be some interactive influences between caffein ingestion 

and the menstrual cycle stages on certain physiological and 

psychological functions. 

Several factors preclude direct comparison with previous 

research. Menstrual cycle studies differ considerably in 
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design. Division of the cycle into stages varies a great 

deal. Some studies are longitudinal, others cross-sectional. 

Ns range from 1 to 100+. The number of times subjects 

participate over the course of the menstrual cycle varies 

from once during the cycle to several times daily. Also, 

the number of cycles during which subjects participate 

differs from study to study. Different indices are used to 

measure similar or identical variables. Sometimes variables 

are measured individually; sometimes the data are combined 

into composite measures. Data analysis techniques differ. 

Some of the foregoing observations also apply to caffein 

studies. Another relevant factor with regard to this branch 

of research is the preponderance, to date, of male subjects. 

The present research includes a number of diverse 

variables. In the interest of clarity, the discussion of 

results incorporates a format similar to that used in the 

discussion of the relevant literature, with the variables 

classified as physiological or psychological processes. 

Physiological Processes 

Body temperature. As expected, results indicate that 

basal waking temperature fluctuates significantly over the 

course of the menstrual cycle. The pattern emerges as a 

smooth progression from a low point during menstrual flow, 

a gradual increase during the follicular stage and main-

tenance at that level until after ovulation, followed by 

a sharp rise to a high point during the luteal phase, and 

then a slight decline premenstrually. 



52 

Although external body temperatures apparently do not 

vary to a significant degree over the course of the mens-

trual cycle, they do show systematic fluctuation. Torso 

temperatures (cervical, thoracic, lumbar, saccral, breast, 

and abdomen) tend to be lowest during the follicular stage 

and highest during the luteal phase, generally following 

the trend of basal waking temperature. External tempera-

tures at extremeties (forehead, finger, toe), on the other 

hand, tend to be highest during the menstrual flow and 

lowest at expected time of ovulation. 

With caffein ingestion, a definite trend is apparent 

for external body temperatures to be lower, some to a signif-

icant degree. Since caffein reportedly constricts peripheral 

blood vessels and mediates lowering of cerobrospinal fluid 

pressure through constriction of cerebral blood vessels, 

the lower external body temperatures may be the result of 

reduced blood flow. Results indicate that, of the external 

body temperatures monitored, that of the saccral area is the 

only one to increase with caffein intake. Higher readings 

in this area are plausible. The saccrum is below the end 

of the spinal cord (obviating the influence of lowered 

cerobrospinal fluid pressure) and in the indentation between 

the buttocks so that it is an external but not an exposed 

surface of the body. Therefore, it may be more susceptible 

to the influence of caffein on internal body temperatures, 

which is reported to be an increase. 
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It appears that the influence of caffein on external 

body temperatures is stronger than that of physiological 

changes associated with the various stages of the menstrual 

cycle. However, since there is a systematic trend associated 

with the menstrual cycle, it may be that interactive factors 

between caffein ingestion and menstrual cycle stages influ-

ence body temperatures. 

Respiration rate. Results indicate that respiration 

rate peaks menstrually. The following pattern emerged: 

slowest respiration during the follicular phase, a gradual 

increase during expected time of ovulation and the luteal 

stage, a premenstrual peak followed by a drop with the on-

set of menstrual flow. This contrasts with several earlier 

studies (Doring, 1955; Lyons, 1969; Little & Zahn, 1974) 

which reported that respiration rates peak during the luteal 

phase of the menstrual cycle. One difficulty incurred in 

comparing results of various studies is lack of uniformity 

in defining the menstrual cycle stages. It is felt that 

the determinants of the menstrual cycle stages outlined in 

the present research, based on physiological and psycho-

logical parameters, are both valid and logical. The narrow 

definition of the premenstruum (3 days preceding onset of 

menstrual flow) precludes arguing that the rise observed 

premenstrually actually took place during the luteal phase 

as the earlier studies reported. 

Results on respiration rate and caffein intake indicate 

that, contrary to expectation based in reports in the 
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literature (Grollman & Grollman, 1970; Julien, 1975; 

Ritchie, 1970, Truitt, 1971), caffein ingestion lowers 

respiration rate to a nonsignificant degree. One must keep 

in mind that the pharmacological literature cautions that 

the effect of caffein on any given function is extremely 

variable; sometimes being diametrically opposite in differ-

ent individuals, and in the same individual with varying 

dosage. Also to be considered is the fact that the reported 

physiological effects of caffein are based largely on studies 

with male subjects whereas subjects in the present study 

were women of reproductive age. Since respiration rate did 

fluctuate to a significant degree during the stages of the 

menstrual cycle and since results contradict some earlier 

reports, it may be that there is an interactive effect 

between caffein ingestion and the physiological changes that 

occur during the course of the menstrual cycle. 

Pulse rate. Results of the effect of caffein on pulse 

rate (nonsignificant increase) are consistent with expecta-

tion. Small doses of caffein (50 to 200 mg) reportedly 

have little or no effect on pulse rate. 

Although the present study does not substantiate other 

studies that reported significant changes in heart rate 

during the menstrual cycle, the trend follows that of 

earlier work by Little and Zahn (1974). Those researchers 

stated that rates were lowest during the follicular phase, 

followed by a gradual increase to a peak during the luteal 
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stage, after which there was a gradual drop premenstrually 

and a further drop during menstrual flow. 

Time to baseline. Muscle tension and skin resistance 

measures are not assessed in terms of mean levels, but are 

used together with pulse and respiration rate to determine 

the amount of time required to reach baseline on all four 

of these measures. Because of considerable inter-subject 

variability on the muscle tension and skin resistance level 

measures it is felt that average values are not meaningful. 

Another reason for the use of this composite measure is that, 

in the course of the investigation, it soon became apparent 

that subjects demonstrated considerable response specificity, 

a confirmation of the work of Lacey (1967). 

Lacey (1967) established that there is dissociation 

between the different indices of autonomic arousal. More 

specifically, Little and Zahn (1974) demonstrated dissocia-

tion between heart rate and respiration rate on the one 

hand and skin conductance level on the other during the 

luteal phase of the menstrual cycle. Thayer (1970) 

reported correlations between self-report of activation 

and physiological indices to be consistently higher whenever 

combinations of physiological variables are used in contrast 

to single physiological indices. 

The determination that time to reach baselin (as 

measured by physiographic recordings of respiration rate, 

pulse rate, muscle tension, and skin resistance level) is 

least at expected time of ovulation and greatest premenstrually 
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corresponds with reports in numerous studies which, in 

general, concluded that there is evidence of an increase in 

level of autonomic arousal premenstrually. Reports of 

nonsignificant changes used single autonomic indices 

separately; those that showed premenstrual increase in 

autonomic arousal used combined measures of autonomic 

activity. In spite of problems of interpretation of results 

based on a composite measure of arousal, it nonetheless 

seems justified to conclude that there is an increase in 

the overall level of autonomic arousal premenstrually. 

The results of the evaluation of autonomic responsivity 

during the course of the menstrual cycle further substan-

tiate the rationale for the use of a composite measure of 

autonomic arousal. The measure of autonomic reactivity 

includes determination of mean change in pulse rate, 

respiration rate, muscle tension, and skin resistance level, 

along with time required to return to baseline onthese four 

measures following presentation of a noxious auditory 

stimulus after initial baseline was reached. 

Mean change in pulse rate, respiration rate, muscle 

tension, and skin resistance level are, apparently, not 

good discriminators of menstrual cycle stages on an individ-

ual basis. Time required to return to baseline on all four 

of these measures, however, does differentiate the various 

stages of the menstrual cycle. More time is required to 

return to baseline during the premenstrual stage of the 

cycle than during any other phase (as is the case in time 
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required to return to baseline). Least amount of time to 

return to baseline occurs during the luteal phase, a time 

when base resting levels of heart rate and respiration rate 

are relatively high. This result to some extent substan-

tiates that reported by Little and Zahn (19 74) of dissociation 

between heart rate and respiration rate on the one hand and 

skin conductance on the other. 

The method of presentation of the startle stimulus is 

such that it discouraged habituation: the stimulus was 

presented only once at any given session; presentations 

were distributed throughout the menstrual cycle so that 

subjects were not aware of when the stimulus would be part 

of the session. Therefore, it is felt that the outcome of 

the present research is more representative of autonomic 

reactivity during the different stages of the menstrual 

cycle than are results of earlier studies. 

In one previous study (Zimmerman & Parlee, 197 3) 

the stimulus used was capable of evoking a startle response 

(doorbell) but repeated presentations during each session 

and the fact that subjects were or soon became aware that 

this was part of every experimental session very likely 

induced habituation. Little & Zahn (1974) and Kopell et al. 

(1969) used stimuli which evoked orienting rather than 

startle responses and also obtained measures at every 

experimental session. 

On the caffein dimension, amount of time required to 

reach baseline on measures of pulse rate, respiration rate, 
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muscle tension, and skin resistance level is significantly 

less with caffein ingestion. Since caffein is considered 

to be a stimulant, this would on first impression, seem a 

paradoxical finding. But consideration of other factors 

suggests that this result is not at all paradoxical. 

Caffein exerts its main effect on the central nervous system 

which, according to the literature, results in "increased 

mental alertness, decreased drowsiness, and lessened 

fatigue." Cursory attention to that statement might lead 

one to think that this description excludes relaxation as 

a response to caffein intake. However, drowsiness arid 

fatigue are not essential components of a state of relaxa-

tion. "Increased mental alertness" may actually increase 

the ability to concentrate on achieving a state of relaxa-

tion. 

The young women who participated in this experiment 

often remarked that they looked forward to the physiographic 

recording portion of the session in their day because it 

gave them a chance to relax. Perhaps a combination of 

this cognitive set, together with the cues in the experimental 

setting, and enhanced ability to concentrate due to caffein 

ingestion enabled them to achieve relaxation faster when 

they drank the augmented-caffein beverage. 

When the startle response condition is added and 

autonomic responsivity is evaluated the only measure that 

discriminates at a significant level between the two 

caffein conditions is mean change in skin resistance level, 
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which is higher with augmented-caffein ingestion. This 

result could be interpreted in terms of change in 

external body temperatures. Lower external body tempera-

tures with augmented caffein may be reflected in less sweat 

gland activity in the hands and consequent increased 

reactivity on the skin resistance level measure, rather than 

a true change in autonomic responsivity. Change in pulse 

rate, respiration rate, muscle tension, and time to return 

to baseline do not differ significantly under the two 

caffein conditions. 

Results of this research suggest that effects exerted 

by caffein, as it influences external body temperatures 

and the circulatory system are stronger than those due to 

menstrual cycle influences. The autonomic nervous system, 

on the hand, is apparently more susceptible to factors 

associated with the menstrual cycle. The results are sugges-

tive of possible interactive effects between caffein 

ingestion and the menstrual cycle stages. 

Psychological Processes 

Psychotropic measures. Since the Menstrual Distress 

Questionaire (Moos, 1977) and The Measurement of Depression 

(Zung, 1967) rate subjective evaluations of physiological 

and psychological variables, it seems appropriate to subsume 

results obtained with them under Psychological/Psychotropic 

measures. Of the subscales on the Menstrual Distress 

Questionnaire, one (Water Retention) discriminates signif-

icantly both on the menstrual cycle and caffein level 
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dimensions; another (Control) shows significant differences 

on the caffein dimension, and two (Pain and Negative Affect) 

demonstrate significant changes in scores during the mens-

trual cycle stages. On The Measurement of Depression, the 

Physiological Scale discriminates between the various 

phases of the menstrual cycle at a significant level. 

Scores on all but one of the eight scales on the 

Menstrual Distress Questionnaire are highest premenstrually 

and lowest at expected time of ovulation. These are: 

Pain, Concentration, Behavior Change, Autonomic, Water 

Retention, Negative Affect, and Control, with high scores 

reflecting a negative change. The exception is the Arousal 

Scale which is highest during menstrual flow and then 

descends, in order, during the follicular, ovulatory, and 

premenstrual stages to a low during the luteal phase. A 

high score on this scale reflects high ratings of affection, 

orderliness, excitement. Scores obtained on this scale 

may reflect the often reported release of tension with the 

onset of menstrual flow. These results, in general, 

follow those of the standardization of the Menstrual Distress 

Questionnaire and of most of the literature on this scale. 

The Water Retention Scale of the Menstrual Distress 

Questionnaire discriminates at a significant level on 

both the menstrual cycle and caffein level dimensions. 

This result is as expected on the menstrual cycle variable 

but not on the caffein dimension, since caffein is generally 
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considered to have diuretic properties. Perusal of Table 1, 

however, indicates that, of the xanthines, caffein is the 

least effective as a diuretic. The literature suggests that 

the diuretic effects of coffee are mainly due to the fact 

that the caffein is consumed in a large quantity of water. 

Ross (1971) reported that in some cases coffee drinking can 

actually result in water retention. This is, obviously, 

one of the areas involving the effects of caffein that is 

in need of further research. 

It is interesting to note that the Control Scale of 

the Menstrual Distress Questionnaire shows significant 

differences on the caffein dimension but not on that mens-

trual cycle variable. Moos (1977) reported that this scale 

is not particularly reflective of cyclical changes related 

to the menstrual cycle. The items on this scale include 

concern with feelings of suffocation, chest pains, ringing 

in the ears, heart pounding, numbness and/or tingling, and 

blind spots/fuzzy vision, all of which could be considered 

autonomic symptoms. If one considers the items on the 

control scale to reflect autonomic symptoms, then these 

results (lower scores with augmented caffein) coincide 

with earlier reported results of subjects reporting feelings 

of well-being after ingesting moderate amounts of caffein 

(Hollingsworth, 1912; Nash, 1969). 

None of the other scales on the Menstrual Distress 

Questionnaire discriminates on the caffein variable at a 

significant level. However, the fact that two of the 



62 

scales on a questionnaire designed to discriminate mens-

trual cycle changes do also differ significantly with caffein 

ingestion suggests a possible interactive effect (especially 

on some of the individual items such as insomnia, school 

or work performance, forgetfulness, headache, anxiety, 

ability to concentrate). 

Subjective evaluation of physiological symptoms on 

The Measurement of Depression are significantly higher 

prementrually than at expected time of ovulation. It should 

be noted that although this result is statistically signif-

icant, its clinical significance may be negligible since 

differences in means are small. 

Subjects complained that this scale was difficult to 

complete on a daily basis because they did not feel that 

different from day to day. It should be noted that the 

scale nonetheless differentiates expected time of ovulation 

as the time of least negative physiological symptoms, a 

result that corresponds with Menstrual Distress Questionnaire 

scores and with physiographic measures. 

Sensory-perceptual processes. Time estimation, depth 

perception, and visuo—spatial discrimination were chosen 

as relevant measures of sensory-percpetual processes for 

several reasons. There has been little research on possible 

effects of caffein in the area of perception in any modality, 

and what research has been done was primarily with male 

sublects. Possible effects of menstrual cycle changes on 

perceptual variables has also been little studied. These 
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measures were chosen because they are important factors 

in interaction with the environment and they may be relevant 

elements in the reported increase in accident rates among 

women during the premenstrual and menstrual phases of the 

menstrual cycle. 

Time estimation. Results indicate that women judge 

time to be passing faster than it actually is during all 

phases of the menstrual cycle. Their judgments are most 

accurate during expected time of ovualtion; that is, 

estimates most closely approximate objective passage of 

time at expected time of ovualtion. Time seems to pass 

most swiftly during the premenstrual phase of the cycle. 

This contrasts with previous research. For example, 

Zimmerman and Parlee (1973) reported that time seemed to 

pass slowest premenstrually and that estimates throughout 

the menstrual cycle were overestimated. Kopell et al. 

(1969) also reported longest estimates to occur premenstru-

ally. Those researchers suggested that their results 

reflected a lower level of arousal premenstrually. They 

further speculated that the distortion they reproted in time 

esitmation might be part of a mild, transient, confusional 

stage and pointed out that it was happening at the time of 

progesterone withdrawal, the time when various other 

behavioral and central nervous system phenomena have been 

noted to occur (Hamburg, 1966). 

Results of the present research on time estimation, 

on the other hand, suggest heightened arousal during the 
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premenstruum. This result is in keeping with that on 

autonomic arousal: heightened arousal premenstrually. 

Results suggest that the level of arousal is most "in tune" 

with the "world clock" during expected time of ovulation 

and most "out of sync" and highest during the premenstrual 

period. Heightened arousal premenstrually could, indeed, 

be a contributing factor to the decrease in performance 

reported on many dimensions during this stage of the 

menstrual cycle. Other results in the present research 

that argue for heightened arousal premenstrually are respira-

tion rate (significantly higher premenstrually) and time 

required to reach baseline, both initially and after a 

noxious stimulus (significantly longer premenstrually). 

Timing is one of the parameters involved in interactions 

with the enviornment and in making numerous judgments. 

When timing is "out of sync" it could be a contributing 

factor in such things as the high rate of accidents which 

reportedly occurs premenstrually as well as in decreased 

efficiency in many areas of performance at that time. 

Although differences on the caffein dimension are not 

significant, subjects did experience time to be passing 

faster when they ingested the caffein-augmented beverage. 

This result coincides with research by Sterzinger (1946), 

who postulated, based on his research, that time estimation 

might depend upon metabolic rate. Caffein has been reported 

to be a factor in increased metabolism which could, in turn, 



65 

be a factor in perceived passage of time (Feinberg, 

Sandberg, deCastro, & Bellet, 1968, Means, Aub, & Dubois, 

1917) . 

Visual perception. The literature concerning visual 

perception during the course of the menstrual cycle is 

sparse. That which is available suggests that cyclic 

hormonal changes may well have an effect on visual functions. 

Reserach into the effects of caffein in this area is even 

scarcer. Those studies which did monitor visual—perceptual 

processes used tasks that contained a high verbal component. 

The present research includes two tests of visual 

performance: a test of accuracy of depth perception and 

one of visuo-spatial discrimination. Results suggest that 

accuracy of depth perception varies significnatly over the 

course of the menstrual cycle with most accurate performance 

corresponding to expected time of ovulation. Evaluation 

of the data on the caffein dimension indicates better 

performance (to a nonsignifcant degree) on depth perception 

under the augmented caffein condition. Results on the visuo-

spatial discrimination task, on the other hand, show 

nonsignificant differences during the menstrual cycle, but 

significant differences on the caffein dimension with 

worse performance associated with caffein ingestion. 

Differences in results on these tasks, both involving 

visuo-perceptual functions may be due to differences in the 

demands of the tasks. The depth perception task requires 
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concentration and judgment, with no time limit on the task. 

The subject manipulates the materials (cars on tracks). 

While the visuo-discrimination task also involves concen-

tration and judment, other aspects of the task are quite 

different. This task requires attention and concentration 

on a very brief (125 msec) two-dimensional stimulus, and 

judgment of its location among 25 possibilities. 

The presence of significnatly better depth perception 

at expected time of ovulation suggests a possible connection 

with sexual arousal levels and the role of visual perception 

in that arousal. Vision may be one of the mechanisms that 

intercede in the sexual arousal process. It has been found 

to be an important contributor to sexual response in nonhuman 

species (Hale, 1966). It has also been accorded an important 

role in the sexual arousal of humans. Udry and Morris 

(1968) conducted an extensive study of 4 0 women who reported 

daily on incidence of coitus for several menstrual cycles 

and reported that coitus was more likely to occur at or 

around the time of ovulation than at any other time in the 

cycle. Earlier, McCance, Luff, and Widdowson (1937) had 

similarly reported that coitus was more probable during the 

middle of the cycle. Hamburg, Moos, and Yalom (1968) kept 

records of 15 women over two menstrual cycles and reported 

that self-ratings of sexual arousal were highest at time of 

ovulation. 

Depth perception, like time estimation, is a factor 

involved in interaction with the environment. It is suggested 
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that the decrease in accuracy in depth perception may be a 

contributing factor in the increase in accident rates among 

women during certain stages of the menstrual cycle. 

While results on the caffein dimension concerning 

depth perception are not significant, the trend is for 

more accurate depth perception with caffein ingestion. This 

suggests that the preorted increase in mental alertness 

with caffein ingestion may exert an influence on accuracy 

on depth perception. 

Related to the visuo-spatial discrimination task results 

in the present reserach is a study by Ward, Stone, and 

Sandman (19 78) in which they examined pattern discrimination 

during the menstrual cycle. As in the present study, the 

stimuli were presented for very short intervals. Again as 

in the present work, they reported performance to be best 

premenstrually but to a nonsignificant degree. 

The observed improved performance without caffein on 

the visuo-spatial discrimination task may be due to the 

nature of the task: brief stimulus, discrimination. Tan-

gentially related results are those of Hollingsworth (1912) 

and Cheney (1935). Both these studies reported that caffein 

interfered with discrimination reaction time and noted 

that subjects made numerous false first choices. Those 

researchers speculated that caffein causes quick reactivity 

at the expense of accuracy. 

Caffein use. While total consumption of caffein-

containing beverages, as reported by subjects on the Daily 
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Log, does not vary significnatly during the course of the 

menstrual cycle, the type of caffein-containing beverage 

consumed does. The amount of cola subjects reported 

drinking is significantly higher during the premenstrual 

stage of the cycle and lowest during menstrual flow. 

Differences in reported coffee and tea consumption are not 

significant, but tea consumptoin is highest premenstrually, 

while coffee consumption is lowest at that time of the 

cycle. Many factors could account for these differences, 

but there is little research in the area to substantiate 

any speculation. One factor could be differences in the 

chemical composition of coffee, tea, and cola drinks. All 

of these beverages contain xanthine derivatives (purines such 

as caffein, theophylline, and theobromine) but they are not 

chemically identical. As indicated in Table 1, the xanthines 

vary in their physiological effects. Aside from the differ-

ential content and effect of the various beverages, other 

factors should also be considered. There could be a 

difference in sensitivity to bitterness during the menstrual 

cycle. Taste senstivity to and preference for sweetness has 

been shown to fluctuate with the menstrual cycle (Aaron, 

1975? Wright & Crow, 1973). The carbonation in cola drinks 

could also be a factor, as could the temperature of the 

beverages. Cola drinks are cooled before drinking and 

subjects in the present research almost invariable drank 

their tea iced. Since consumption of cola drinks and tea 
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is highest during the premenstrual phase of the menstrual 

cycle, the temperature of the drinks could be a contributing 

factor. Regarding the change in preference for cola bever-

ages premenstrually, it is also noteworthy that there is 

almost no change in reported total caffein consumption 

during the luteal, premenstrual, and menstrual stages. 

However, reported total caffein consumption is highest 

at expected time of ovulation, when coffee consumption is 

also highest. One might speculate on stimulation-seeking 

behavior being higher at expected time of ovulation when 

increased sexual arousal reportedly occurs. 

During the time when subjects consumed decaffeinated 

coffee in the experimental sessions, they reported signif-

icantly higher total daily consumption of caffein-containing 

beverages than during the time when they received the 

augmented-caffein beverage in the test session. In actaul 

fact, during the decaffeinated condition their total 

caffein intake was less, but their reporting significantly 

higher intake during that period indicates that subjects 

were increasing caffein intake outside the experimental 

setting, perhaps to some accustomed daily level of caffein 

intake. 

The scientific literature suggests that cyclic AMP 

and caffein interact with one another and also with 

luteinizing hormone, ACTH, glucagon, thyroxine, insulin, 

histamine, and prostagladins. The popular literature 
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{Dallas Times Herald, March 18, 1979) stated that xanthines 

have been linked with fibrocystic breast disease in women 

and that the same effect may occur in male prostate glands, 

which are similar in structure to female breasts. Dan 

Rather on the CBS news reported (February 26, 1980) that 

mice which were given caffein bore deformed offspring and 

suggested that while this was not to be considered a warn-

ing to pregnant women, they might be advised to "watch their 

diets." 

The present study has measured relatively global types 

of functions, the biochemical substrates of which have yet 

to be delineated. To make a summary statement taking into 

account all of the variables under study would be presump-

tuous since the state of knowledge on any one of them is 

far from definitive. When biologists refer to the func-

tioning of a cell (plant or animal) they are actually 

referring to the theory of how a cell functions. When 

chemists refer to the functioning of a single atom they are 

actually referring to the theory of how a single atom 

functions. Thus, it would be rash, indeed, to present the 

results of the present research as being conclusive. The 

results are, rather, presented as being suggestive of 

possible effects of and interactions between the menstrual 

cycle and caffein ingestion on certain physiological and 

psychological processes. 
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Appendix A 

Subject's Screening Form 

Name Age 

Marital Status Number of Children 

Do you take oral contraceptives? 

Are you pregnant? 

Do you take any medication regularly? 

If you do, state what kind 

How much coffee (cups) do you drink daily? 

How much tea (cups) do you drink daily? 

How many cola drinks (cans) do you drink daily? 

Place a check next to any of the follow medications that you 
take on a regular basis: 

No-Doz Empirin Compound 

Vivarin Femicin 

Anacin Medache 

A.S.A. Compound Midol 

Bromo Seltzer PAC 

Cope Sal-Fayne 

Counterpain Stanback 

Excedrin Trigesic 

Do you smoke cigarettes? 

If you do, how many cigarettes do you smoke daily? 

What brand do you smoke? 
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How often do you smoke marijuana? 

Do you take vitamins regularly? 

If so, what kinci? 

What are the dates of your last menstrual period? 

How long do your periods last? 

Do you take medication for menstrual pain? 

If so, what kind? 

How much do you take during each period? 

How long is your cycle? 

Are your periods regular? 

Do you have any history of menstrual problems? 

If you do, please describe: 
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Appendix B 

Consent Form 

RESEARCH INVOLVING HUMAN SUBJECTS 

CONSENT TO SERVE AS A SUBJECT IN RESEARCH 

I consent to serve as a subject in the research inves-

tigation entitled "Menstrual Cycle and Caffein Effects on 

Physiological and Psychological Processes." 

The nature and general purpose of the research procedure 

have been explained to me. I understand that any further 

inquiries I make concerning the procedure will be answered. 

Finally, I understand that I am free to withdraw my consent 

and discontinue participation at any time. 

Signed 
Subject 

Date 
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Appendix C 

Descriptive Data on Subjects 

Subject Age Height Weight 
Marital 
Status 

Number of 
Children 

1 20 5' 9h" 130 Single 0 

2 22 5" 4" 108 Single 0 

3 22 5' 2" 103 Single 0 

4 28 5'6" 125 Married 0 

5 19 5'8" 125 Married 0 

6 18 5'5" 115 Single 0 

7 20 5' 0 " 100 Single 0 

8 23 5'2-3/4" 113 Divorced 0 

9 21 5'5" 122 Single 0 

10 25 5'7" 122 Married 1 

11 22 5' 5" 118 Single 0 

X 21.9 5'5" 117.15 
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Reported Average Daily Caffeine Consumption 

Subject Coffee (cups) Tea (cups) Cola (cans) 

1 1-2 0-1 0-1 

2 1-2 1-2 0-1 

3 1 2-3 2 

4 3-4 0-1 0-1 

5 3-4 0-2 3 

6 0-1 0 0-1 

7 2 2 1 

8 0 0 3-4 

9 1-2 3-4 0 

10 3-4 1 0 

11 0 1 1 
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Appendix D 

Response Card Used in Visuo-spatial 
Task, Showing the 25 Dot Locations 

• • • • • 
1 2 3 4 5 

• • • • • 
6 7 8 9 10 

• • • • • 
11 12 13 14 15 

• • • • • 
16 17 18 19 20 

• • • • • 
21 22 23 24 25 
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Appendix F 

Subject's Use of Cream and/or Sugar 
in Experimental Condition 

Subject Cream Sugar 

1 no no 

2 no no 

3 yes 1 tsp 

4 no no 

5 yes 1 tsp 

7 no no 

8 yes 1 tsp 

9 no no 

10 yes 1 tsp 

11 yes 1 tsp 
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Appendix G 

Menstrual Distress Questionnaire 

Name Date 

Listed below are symptoms which women sometimes experi-
ence. For each symptom, choose the descriptive category 
which best describes your experience of that symptom TODAY. 
Circle the number of the category which best describes your 
experience of the symptom TODAY. Even if none of the cate-
gories is exactly correct, choose the one that best describes 
your experience. Please be sure to circle one number for 
each symptom. 

Descriptive Categories 

1. No reaction at all 4. Present, moderate 
2. Barely noticeable 5. Present, strong 
3. Present, mild 6. Acute or partially 

disabling 

1. Weight gain 1 2 3 4 5 6 

2. Insomnia 1 2 3 4 5 6 

3. Crying 1 2 3 4 5 6 

4. Lowered school or work performance 1 2 3 4 5 6 

5. Muscle Stiffness 1 2 3 4 5 6 

6. Forgetfulness 1 2 3 4 5 6 

7. Confusion 1 2 3 4 5 6 

8. Take naps or stay in bed 1 2 3 4 5 6 

9. Headache 1 2 3 4 5 6 

10. Skin disorders 1 2 3 4 5 6 

11. Loneliness 1 2 3 4 5 6 

12. Feelings of suffocation 1 2 3 4 5 6 

13. Affectionate 1 2 3 4 5 6 

14. Orderliness 1 2 3 4 5 6 

15. Stay home from work or school . . . 1 2 3 4 5 6 

16. Cramps (uterine or pelvic) . . . . 1 2 3 4 5 6 
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17. Dizziness or faintness 1 2 3 4 5 6 

18. Excitement 1 2 3 4 5 6 

19. Chest pains 1 2 3 4 5 6 

20. Avoid social activities 1 2 3 4 5 6 

21. Anxiety 1 2 3 4 5 6 

22. Backache 1 2 3 4 5 6 

23. Cold sweats 1 2 3 4 5 6 

24. Lowered judgments 1 2 3 4 5 6 

25. Fatigue 1 2 3 4 5 6 

26. Nausea or vomiting 1 2 3 4 5 6 

27. Restlessness 1 2 3 4 5 6 

28. Hot flashes 1 2 3 4 5 6 

29. Difficulty in concentration . . . 1 2 3 4 5 6 

30. Painful or tender breasts . . . . 1 2 3 4 5 6 

31. Feelings of well-being 1 2 3 4 5 6 

32. Buzzing or ringing in ears . . . . 1 2 3 4 5 6 

33. Distractable 1 2 3 4 5 6 

34. Swelling (e.g., abdomen, breasts, 
ankle) 1 2 3 4 5 6 

35. Accidents (e.g., cut finger, break 
dish) 1 2 3 4 5 6 

36. Irritability 1 2 3 4 5 6 

37. General aches and pains 1 2 3 4 5 6 

38. Mood swings 1 2 3 4 5 6 

39. Heart pounding 1 2 3 4 5 6 

40. Depression (feeling sad or blue) . 1 2 3 4 5 6 
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41. Decreased efficiency 1 2 3 4 5 6 

42. Lowered motor coordination . . . . 1 2 3 4 5 6 

43. Numbness or tingling in hands or 
feet 1 2 3 4 5 6 

44. Change in eating habits 1 2 3 4 5 6 

45. Tension 1 2 3 4 5 6 

46. Blind spots or fuzzy vision . . . 1 2 3 4 5 6 

47. Bursts of energy or activity . . . 1 2 3 4 5 6 
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Appendix J 

Means, Standard Deviations, and N's 
for Study Variables 

Number of 
Variable Observations Mean SD 

Days of onset of menses 617 15 .34 8. .67 

Number of test days in 
experimental setting 380 34 .54 10. .08 

AM-PM (0 = AM, 1 = PM) 380 .62 

Caffeine levels 
0 = augmented decaffein-

ated coffee 
1 = decaffeinated coffee 380 .50 

Visuo-spatial discirmination 
(number of dots correct) 378 17 .03 3. 48 

Depth perception error 
(positive and negative 
scores in mm) 378 .89 54 

Time estimation 

15 seconds, trial 1 377 12 .83 3. 99 
15 seconds, trial 2 377 13 . 66 4. 41 
30 seconds, trial 1 377 25 .60 8. 81 
30 seconds, trial 2 377 26 .20 9. 09 

Error score, sum of 4 
trials 300 - 9 .76 25. 54 

Menstrual Distress Questionnaire Scales 

Pain 359 9 .71 3. 67 

Concentration 359 11 .86 4. 16 

Behavior Change 359 8 .37 3. 33 

Autonomic Reactions 359 4, .53 1. 27 

Water Retention 359 6, .25 2. 40 
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Number of 
Variable Observations Mean SD 

Negative Affect 359 14. 09 5. 23 

Arousal 359 12. 49 3. 64 

Control 359 6. 97 1. 63 

Total 359 75. 96 16. 58 

The Measurement of Depression 

Physiological 360 14. 27 2. 02 

Psychological 360 17. 71 3. 22 

Total 360 34. 90 5. 20 

Self-rating Scale (from 
Nash, 1960) 359 10. 78 7. 58 

Evaluation of Sleep 
(1 = bad, 2 = so-so, 
3 = good) 557 2. 61 64 

Number of times awoke 558 • 80 1. 25 

Amount coffee consumed 
(cups) 564 1. 65 1. 09 

Amount tea consumed (cups) 563 • 74 1. 05 

Amount cola consumed (cans) 563 . 96 1. 08 

Total caffeine consumed 300 3. 52 1. 37 

Body temperatures 

Basal waking temperature 528 98. 16 • 53 
Over 3rd Cervical vertebra 345 92. 58 4. 96 
Over 6th Thoracic vertebra 345 91. 09 2. 92 
Over 3rd lumbar vertebra 345 90. 54 3. 00 
Over 3rd saccral vertebra 345 98. 37 2. 96 
Breast (top, left) 345 92. 33 2. 94 
Abdomen (3 in below navel) 345 92. 76 2. 55 
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Variable 
Number of 

Observations Mean SD 

Forehead (center) 345 

Finger, left index 345 

Toe, left big 345 

Pulse rate, BPM 375 

Respiration rate (per 10 

seconds) 349 

Time of Baseline (seconds) 376 

Time to baseline after 
startle response (seconds) 95 

Average change in SRL after 
startle stimulus 97 

Averate change in EMG after 
startle stimulus 97 

Averate change in respiration 
rate after startle stimulus 
(per 10 seconds) 90 

89.59 

84.18 

84.14 

70.83 

3.79 

7.69 

7.36 

8.18 

3.06 .68 

173.27 107.25 

79.68 63.27 

175.57* 307.48 

322.85** 694.85 

.95 1.15 

*Kr 
**yV/sec. 
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