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Abstract

Objective:  This study examined women’s mood responsiveness on work and off days during 

different phases of the menstrual cycle.  Methods: Self reports of negative, positive, and energy 

dimensions of mood were obtained throughout the day on two work and two off days during the luteal 

and follicular phases of the menstrual cycle in 203 women nurses.   Individual differences in daytime 

and nighttime epinephrine, norepinephrine, and cortisol were assessed.  Results: High daytime 

norepinephrine, epinephrine, and cortisol levels were associated with higher ratings of stress and tired, 

and with lower ratings of happy.  Phase of the menstrual cycle and the day factor (work day, off day) 

were also associated with mood differences, and the direction of the effects depended on hormone 

levels and hormone sampling period.  Conclusion: The experience of moods is affected by arousal-

related interaction of hormone levels with phase of the menstrual cycle and occupational stress.

Key words: Arousal, Epinephrine, Norepinephrine, Cortisol, Mood, Menstrual cycle
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Introduction

Reviews of psychological processes associated with the menstrual cycle indicate that depression, 

irritability, insomnia, fatigue, and anxiety are most frequently linked to the luteal phase.  Several 

studies reported higher ratings of negative moods in the luteal than in the follicular phase [1, 2], but 

others concluded that affective fluctuations across the menstrual cycle are uncommon [3, 4].  In a 

previous study [5], we showed that phase of the menstrual cycle was associated with differences in the 

ratings of anxious, stressed, tired, happy, and sad, depending on the day (work, off work) and 

individual differences in affective traits.  We proposed that the follicular and luteal phases per se do 

not determine positive or negative moods, but rather serve to dampen or magnify emotional 

arousability depending on other arousal-related factors such as environmental stress.  This accords with 

studies proposing that a higher level of estrogens in the luteal compared to follicular phase produces 

more general arousal via central effects (e.g., corticotropin releasing factor) on the hypothalamic–

pituitary–adrenal (HPA) and sympatho-adrenomedullary (SAM) systems [6, 7].

The most keenly debated issue concerns the apparent equivocal nature of the relationship between 

HPA or SAM stress hormones (epinephrine, norepinephrine, and cortisol) and self-reported distress 

(anxiety, depression, and stress).  Although a substantial literature has identified increased stress 

hormone levels in populations reporting high levels of distress [8, 9, 10] and in clinically depressed 

patients [11, 12]; other investigations have not shown these associations [13, 14, 15] or have reported 

effects in the opposite direction [16, 17].  Inconsistencies in findings may be a function of different 

methods of sampling hormone levels [18] or differences in the kinds of acute and chronic stressful 

events studied [19].  With morning samples, the relationship between stress hormones and affective 

states was positive [20, 21, 22], whereas daytime or evening samples showed a negative relationship to 

distress onset (anxious or depressed moods) and poor performance [17, 23], at least for cortisol and 

norepinephrine.  Distress may affect not only absolute hormone levels but also the diurnal profile of 

hormone release [18, 19].  In contrast to acute stress, in prolonged occupational stress the circadian 



4

stress hormone rhythm decreases below minimum levels [24].  Occupational stress increases 

physiological arousal (e.g., SAM hormone levels) during work days in contrast to off days [7].

Although Eysenck's arousal/activation theory is not associated directly with positive and negative 

emotional states apart from the notion that there are optimal and suboptimal levels of cortical arousal 

for hedonic tone (pleasure vs. displeasure, [25]), this framework suggests that valence differences in 

moods may be unobservable in the absence of a difference in physiological arousal (see, e.g., [26]).  

Moreover, a pattern of arousal factors should be considered for proper assessment of more enduring 

states of mood-related arousal (see, e.g., [27]).  In accordance with arousal/activation theory, the prior 

studies suggest that individuals who are in a midarousal state will show less disturbance in their 

behavior or emotional state [28, 29, 30, 31], whereas either downward or upward deviation from 

optimal arousal level will be associated with greater disturbance.  Thus, a hyperarousal condition (e.g., 

complex of higher stress hormone level, higher arousal menstrual phase, greater environmental/social 

stress) should determine negative mood states, and a hypoarousal condition (e.g., complex of low stress 

hormone level, lower arousal menstrual phase, lower stress) should also be related to negative mood 

states, whereas a midarousal condition should be related to positive mood states.

It follows that stress hormone level should affect mood valence in different ways depending on 

menstrual cycle phase and stress.  A high stress hormone level coupled with one or several other

arousal-related factors (e.g., with higher estradiol during the luteal phase and/or stress) should 

determine high negative mood states, and a low stress hormone level coupled with lower estradiol 

during the follicular phase and/or lower stress should also determine high negative mood states.  In 

these cases, a change of stress hormone level to a lower value in the former case and to a higher level 

in the latter case should convert negative to more positive mood. 

We examined self reports of moods throughout the day on both work and off days in two phases of 

the menstrual cycle in a large sample of nurses.  Based on previous research, we assumed that the work 

day involves greater stress than a nonwork or off day.  The data were obtained in a study of 

psychosocial factors affecting ambulatory blood pressure and hormones (see Goldstein et al. [7], 
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Goldstein and Shapiro [32], Shapiro et al. [33], and Davydov et al. [5]).  The moods were rated by the 

nurses each time their blood pressure and heart rate were recorded throughout the day.  In this paper, 

the relation between moods and endocrine measures is examined as a function of menstrual cycle 

phase (follicular, luteal) and day (work day, off day).  We predicted that women in a stressful 

occupation would exhibit fluctuations in moods as a function of hormone levels, menstrual phase, and 

work/nonwork day.  We focused on moods that from the literature seem relevant to women’s 

biological and behavioral conditions.  In view of the findings that stress-related hormonal activation 

can not only accompany but can also follow mood changes [16, 19], samples of stress hormones 

(epinephrine, norepinephrine, cortisol) were obtained both at the end of the day and at the end of the 

nighttime period following the day in which the mood ratings were obtained.

Method

Subjects

The subjects were 203 healthy registered nurses with at least one year of experience in nursing, 

premenopausal women between the ages of 24 and 50 (37.7 (6.6), mean (SD)) employed in hospitals 

and clinics.  Subjects worked on daytime 8-hour (48%), 12-hour (50%), or 10-hour shifts (2%).  

Exclusions were health problems, use of medications or oral contraceptives, severe obesity (BMI 

>30kg/m2), pregnancy or childbirth within the last 12 months, or irregular menstrual cycle.  The 

sample included 58% White, 14% African, 15% Latino, and 13% Asian Americans.

Design

Subjects were studied during two phases of their menstrual cycle.  For the follicular phase, subjects 

were scheduled on days 4 to 8 after the beginning of menstruation; for the luteal phase, subjects were 

scheduled 5 to 10 days after the surge in luteinizing hormone, as determined by the Clearplan home 

ovulation testing kit (Fisons Consumer Health, Sydney, Australia).  This kit uses monoclonal antibody 

technology to detect the amount of luteinizing hormone normally occurring 24 to 36 hours before 

ovulation [34].  Days were adjusted for women with cycles longer or shorter than 28 days.  To confirm 
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the occurrence of ovulation in the postovulatory phase, plasma progesterone levels were measured 

during the luteal phase.

Subjects participated in an initial orientation session followed by 4 24-hour ambulatory recording 

days during which blood pressure and heart rate were recorded every 30 minutes on a variable 

schedule.  The recording was done on 2 work days and 2 off work days over a period of a few months.  

Half the subjects began the 4-day sequence in the follicular phase and half in the luteal phase, followed 

by the other study days in succession.  Within phase, day (work, off) was counterbalanced.  Recordings 

within cycle were done at least one day apart.  Complete data were obtained on 171 nurses, and 32 

subjects completed at least one work day and one off day in one or the other phase.

 Moods

Subjects filled out a paper-and-pencil diary each time they felt the blood pressure cuff inflate.  

They completed the diary on 90% of the scheduled occasions.  On the average, 46 sets of diary entries 

per day per subject were available for analysis.  Subjects used a 5-point numerical scale from "none" to 

"extreme amount" to rate the following moods: stressed, happy, frustrated, alert, angry, sad, conflicted, 

tired, anxious, in control.  The ratings tended to be clustered in three dimensions reflecting negative, 

positive, and energy components of mood (see [33]).  As the analyses showed consistent patterns for 

most of the moods, to simplify this presentation one mood was selected for analysis from each 

dimension: stressed, happy, and tired.  These mood terms had the widest dispersion of ratings.

 Biochemical Assays

For each of the four sessions, urine was collected over a 24-hour period and stored in two separate 

bottles for the waking (daytime and evening) period and the period at night during sleep at the end of 

the day.  Nighttime samples included all urine output collected during the night.  Complete details on 

the biochemical assays and methods can be found elsewhere [7].
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In keeping with our previous analytic approach [7], hormones levels were each split at the median 

into high and low groups.  The split was made as close as possible to 50%.  Instead of a common value 

based on the average hormonal level for all sessions of a given subject, we dichotomized each session's 

hormonal data into high and low daytime (D) and nighttime (N) groups.  The variables were as 

follows: Depi, Dnor, and Dcor for daytime epinephrine (Epi), norepinephrine (Nor), and cortisol (Cor) 

and Nepi, Nnor, and Ncor for nighttime epinephrine, norepinephrine, and cortisol.

Data Analysis

The data consist of longitudinal self-ratings of moods on four days.  As exemplified in recent 

papers [35], random effects regression models are appropriate for the longitudinal data obtained in 

ambulatory studies.  The models consider both within- and between-subject variability, and allow for 

random and fixed effects as well as a variable number of observations per subject and missing data.  

PROC MIXED (SAS Institute) was the program used for general linear mixed modeling.  Modeling 

each subject as a random effect accommodates interindividual variation in mood-phase-day-hormone 

relationships, and allows a standardized evaluation of these relationships.  Each subject acts as her own 

control over time.  The repeated measures of each one of the six moods related to Day (off, work) and 

Phase (follicular, luteal) independently of other factors were reported in the previous paper (see [5]).  

In each model, we added the six dichotomized hormonal groupings (levels) one at a time.  Phase, day, 

and hormone level were treated as class variables in the analyses.  For significant interactions (p values 

< .05), PROC MIXED compared cell means by t test.  Inasmuch as we tested specific hypothesis in 

terms of the direction of effects and as the analyses of the other moods not presented here showed 

consistent significant patterns, statistical significance for t tests was attributed to p values <.10 for 

predicted directions.  For all PROC MIXED F tests the df are 1/34000.

Results

Means and standard errors of mood scores for main and interaction effects are presented in Tables 

1 and 2.  Table 2 includes an interpretation of the interactive effects in terms of overall arousal.
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Main Effects

Main Phase and Day effects were reported in the previous paper (see [5]).  Significant main effects 

for Depi were obtained for stress (F = 28.20, p<.0001) and tired (F = 4.76, p<.05).  Ratings of stress 

and tired were lower in the low Depi level compared to the high Depi level. Significant main effects 

for Dnor were obtained for stress (F = 7.64, p<.01) and happy (F = 4.45, p<.05).  Ratings of stress were 

lower and ratings of happy were higher for low Dnor compared to high Dnor.  Significant main effects 

for Dcor were obtained for stress (F = 13.15, p<.0005).  Ratings of stress were lower for low Dcor

compared to high Dcor.  No main effects were obtained for nighttime hormone samples (Nepi, Nnor, 

Ncor) for these mood ratings.  

Interaction Effects

Interaction Phase X Day effects were reported in the previous paper (see [5]).  No interaction Epi 

X Phase X Day effects were obtained for the reported mood ratings.  

Significant interactions were found between Nnor, Phase, and Day for happy (F = 9.81, p<.005).  

Higher ratings of happy were found during the luteal phase compared to the follicular phase for high 

Nnor (t’s p=.032), and the effect was opposite for low Nnor (t’s p=.081).  Higher ratings of happy were 

found for low Nnor compared to high Nnor (t’s p=.002), but only for the follicular phase.  The 

differences were significant only during the off day. 

Significant interactions were found between Nnor and Phase for tired (F = 14.49, p<.0001).  

Higher ratings of tired were found during the luteal phase compared to the follicular phase for high 

Nnor (t’s p=.041), and the effect was opposite for low Nnor (t’s p=.001).  Higher ratings of tired were 

found for low Nnor compared to high Nnor (t’s p=.044) during the follicular phase, and the effect was 

opposite during the luteal phase (t’s p=.003). 

Significant interactions were found between Dcor, Phase, and Day for happy (F = 5.66, p<.05).  

Higher ratings of happy were found during the luteal phase compared to the follicular phase for low 

Dcor (t’s p=.068), and the effect was opposite for high Dcor (t’s p=.064).  Higher ratings of happy 
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were found for low Dcor compared to high Dcor (t’s p=.026) during the luteal phase.  However, the 

differences were significant only during the work day.

Significant interactions were found between Dcor and Day for tired (F = 10.58, p<.001).  Higher 

ratings of tired were found during the work day compared to the off day for high Dcor level (t’s 

p=.000).  Higher ratings of tired were found for high Dcor compared to low Dcor (t’s p=.001), but only 

on the work day. 

Significant interactions were found between Ncor and Phase for stress (F = 6.01, p<.05).  Higher 

ratings of stress were found during the follicular phase compared to the luteal phase for high Ncor (t’s 

p=.007).  Higher ratings of stress were found for high Ncor compared to low Ncor (t’s p=.014) during 

the follicular phase.

Significant interactions were found between Ncor and Phase for happy (F = 5.30, p<.05).  Higher 

ratings of happy were found during the luteal phase compared to the follicular phase for high Ncor 

level (t’s p=.073).  Higher ratings of happy were found for high Ncor compared to low Ncor (t’s 

p=.043) during the luteal phase.

Discussion

Although the observed differences in mood reports were relatively small in magnitude, they yielded 

consistent significant effects related to level of stress hormones, type of day (work, off) and menstrual 

cycle phase (follicular, luteal) in this sample of healthy women.  Note that the mean differences are 

based on dichotomized hormone measures.  The study findings supported the hypothesis that negative 

or distressful mood states are related to concurrent (daytime) as well as following (nighttime) response 

levels of two arousal- or stress-related HPA and SAM systems.  Independently of phase and day, high 

daytime cortisol level was related to higher ratings of stress, high daytime epinephrine was also related 

to higher ratings of stress as well as tired, and high daytime norepinephrine was related to higher 

ratings of stress as well as lower ratings of happy.  In contrast, compared to daytime hormone 

measures, the relation between nighttime hormone values and the moods stress and happy was in the 

opposite direction and depended on phase of the menstrual cycle and/or day.
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Other findings confirmed the hypothesis that the follicular and luteal phases per se do not 

determine positive or negative moods, but rather serve to dampen or magnify emotional arousability 

depending on other factors.  Relatively high or low stress hormone levels were related to both high and 

low levels of stress depending on the general arousal level as determined by cycle phase and day.  This 

accords with the proposal of Morgan and Pfaff [6] that a higher level of estrogens produces more 

general arousal (“arousal-up” estrogen effect) via effects on corticotropin releasing factor, which may 

be expressed behaviorally as increased reactivity (e.g., anxiety/fear) in a potentially stressful 

environment.  However, the interactive effects of phase and hormone levels on some moods (e.g., 

happy and stress) showed results in the opposite direction for nighttime samples of stress hormones as 

compared to daytime samples (see Table 2).  The same consistent daytime/nighttime contrast was 

found for other negative moods (anxiety and sad), not presented in this paper.

One explanation of this contradiction may be the effect of stress on diurnal variations of stress 

hormones usually observed in chronic stress [24].  These variations (early morning maximum, 

declining levels throughout the day, a quiescent period of minimal secretory activity around midnight, 

and an abrupt elevation during late sleep) are well-known.  However, negative daily events and stress 

have been found to affect diurnal patterns of stress hormone levels as shown by a drop of values below 

‘normal’ following an increase of values above ‘normal’ [18, 19].  The opposite interactive effects on 

moods of daytime vs. nighttime stress hormones may be explained by an enhanced inhibitory or 

negative feedback mechanism in higher distress conditions [19, 36].  Thus, we assumed that this 

nighttime rebound effect would be greater for subjects under higher daytime distress in contrast to 

subjects in lower distress as measured by average levels of daytime moods.  However, for some moods 

(e.g., tired), the relations were in the same direction for both daytime and nighttime samples, which 

could mean that the arousal in these states was maintained from daytime to nighttime (see Table 2).  It 

is possible that the arousal level of these mood conditions reduces or blocks negative feedback 

mechanisms for some stress hormones [19] as may occur in some depressed patients [37].  In future 

studies analyses need to be conducted to confirm that the level of reported distress or negative mood 
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(low happy and high stress moods) can be positively related to the magnitude of the difference between 

daytime and nighttime stress hormone levels.

Although all three daytime hormone measures showed expected main effects for mood, no main 

effects were obtained for the nighttime measures.  For the latter measures, only interactive effects were 

found involving cortisol and norepinephrine but not epinephrine.  However, several main nighttime 

hormone effects and interactive effects involving epinephrine were found for other moods not 

presented in this paper, in particular the negative moods anxiety, sad, and anger.

Following the findings of arousal-related research [28, 29, 30, 31], our study confirmed that an 

increase in arousal beyond the optimal level due to the coupling of several high arousal factors (e.g., 

high SAM or HPA daytime hormones in the luteal phase or nighttime rebound mirror of low SAM and 

HPA hormones in the luteal phase) was associated with an increase in negative moods.  However, an 

increase in arousal helped improve mood in subjects in relatively low arousal conditions (follicular 

phase or off day) by shifting their level of arousal due to high SAM or HPA daytime hormone levels 

increasing to an optimal level.  On the other hand, a decrease in arousal below the optimal level due to 

coupling of several low arousal factors (e.g., low SAM or HPA daytime hormones in the follicular 

phase) also tended to increase distress or negative mood.  Therefore, the results support our main 

proposal and suggest that to the extent that mood differences exist between hyperarousal and 

hypoarousal conditions, we should expect a midarousal state to be associated with positive mood.  

Balanced mild arousal compensated for high or low activation related to cycle phase or stress 

hormones was associated with positive mood.  Hormone/day interactions showed effects similar to 

those found for hormone/phase interactions.  Different levels of stress associated with work or 

nonwork days could dampen (off day) or magnify (work day) arousal effects of phase and hormones.

The findings in this study help explain inconsistencies in the literature showing that subjects 

reporting increased distress or clinically depressed patients had both increased and decreased stress 

hormone levels and reactivity [8, 9, 10, 11, 12, 16, 17, 38, 39, 40].  The results suggests that both high 

and low stress hormone levels can be associated with negative moods in the same subject depending on 
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hormone sampling period in menstrual and diurnal cycles.  A similar homeostatic arousal-related 

influence of CO2 partial pressure on negative (anxious/fear) mood has been reported [41]. Thus, the 

current findings support the view that positive emotional processes normally function within a mild 

arousal level, at a homeostatic midpoint.  Both hyperarousal and hypoarousal may lead to dysfunction 

and distress, as shown in increased negative moods or an aberration in positive moods as an alarm or 

motivational signal [42].

The findings seem to contradict experimental studies of situational (acute) affective responses and 

the two-dimension valence/arousal hypothesis (see, e.g., [43]), which showed that the same high 

autonomic (e.g., SAM system) arousal accompanies responses to both positive and negative emotional 

stimuli.  In these studies a single measure of general arousal has been employed.  However, some of 

their findings demonstrated a difference in autonomic patterning of reactivity.  High sympathetic 

arousal specific to both positive and negative affects has been shown to be coupled with higher 

parasympathetic regulation of cardiac reactivity as a possible compensation for the higher sympathetic 

arousal occurring in negative affective compared to positive affective states (see, e.g., [43]).  That 

suggests that a single measure of general arousal balance is insufficient.  Moreover, another study 

showed that negative pictures elicited increases in norepinephrine, cortisol, and adrenocorticotrophic 

hormone, pleasant pictures had no effect on the stress hormones, but “neutral” (i.e. boring) stimuli 

decreased stress hormone levels [44]. These results seem to support and expand the above-stated 

homeostatic hypothesis of mood and emotion regulation to affective responses.

Thus, in contrast to males, in women, vulnerability to cardiovascular diseases and affective 

disorders may be related to cyclic activity of reproductive hormones that affect mood fluctuations.  It is 

reasonable to propose that in women the activity of stress-related hormones compensates for the 

variability of arousal level determined by sex hormones via a specific feedback mechanism or via 

coupling by a common functional system.  Changes in mood in some women during the menstrual 

cycle may be a result of disruption in this process.
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In conclusion, by using real-time assessments of mood we have been able to determine that the 

experience of certain moods is associated with daytime and nighttime HPA and SAM hormonal levels 

and their interaction with phase of the menstrual cycle and environmental stress.  This interplay of 

factors suggests the need to develop further and refine arousal-related models of the regulation of 

mood and bodily systems and of risk for disease.

Acknowledgments

This research was supported by NIH Research Grant HL-40406.



14

References

[1] Allen SS, Hatsukami D, Christianson D, Nelson D. Symptomatology and energy intake during the 

menstrual cycle in smoking women. J Subst Abuse 1996;8:303–19.

[2] Mahoney CA, Smith LM. An exercise effect on mood during the menstrual cycle: A preliminary 

investigation. Irish J Psychol 1997;18:397–403.

[3] Compton RJ, Levine SC. Menstrual cycle phase and mood effects on perceptual asymmetry. Brain 

Cogn 1997;35:168–83.

[4] Jarvis TJ, McCabe MP. Women's experience of the menstrual cycle. J Psychosom Res 

1991;35:651–60.

[5] Davydov DM, Shapiro D, Goldstein IB. Moods in everyday situations: Effects of menstrual cycle, 

work, and personality. J Psychosom Res 2004;56:27–33.

[6] Morgan MA, Pfaff DW. Estrogen’s effects on activity, anxiety, and fear in two mouse strains. 

Behav Brain Res 2002;132:85–93.

[7] Goldstein IB, Shapiro D, Chicz-DeMet A, Guthrie D. Ambulatory blood pressure, heart rate, and 

neuroendocrine responses in women nurses during work and off work days. Psychosom Med 

1999;61:387–96.

[8] Schulz P, Kirschbaum C, Pruessner J, Hellhammer DH. Increased free cortisol secretion after 

awakening in chronically stressed individuals due to work overload. Stress Med 1998;14:91–7.

[9] Melamed S, Ugarten U, Shirom A, Kahana L, Lerman Y, Froom P. Chronic burnout, somatic 

arousal and elevated salivary cortisol levels. J Psychosom Res 1999;46:591–8.

[10] Hawk LW, Dougall AL, Ursano RJ, Baum A. Urinary catecholamines and cortisol in recent-onset 

posttraumatic stress disorder after motor vehicle accidents. Psychosom Med 2000;62:423–34.

[11] Gold PW, Drevets WC, Charney DS, Drevets WC. New insights into the role of cortisol and the 

glucocorticoid receptor in severe depression. Biol Psychiatry 2002;52:381–5.



15

[12] Joynt KE, Whellan DJ, O’Connor CM. Depression and cardiovascular disease: Mechanisms of 

interaction. Biol Psychiatry 2003;54:248–61.

[13] Semple CG, Gray CE, Borland W, Espie CA, Beastall GH. Endocrine effects of examination 

stress. Clin Sci 1988;74:255–9.

[14] Kirschbaum C, Klauer T, Filipp S-H, Hellhammer DH. Sex-specific effects of social support on 

cortisol and subjective responses to acute psychological stress. Psychosom Med 1995;57:23–31.

[15] Marshall GD Jr, Agarwal SK, Lloyd C, Cohen L, Henninger EM, Morris GJ. Cytokine 

dysregulation associated with exam stress in healthy medical students. Brain, Behav Immun 

1998;12:297–307.

[16] Ehlert U, Gaab J, Heinrichs M. Psychoneuroendocrinological contributions to the etiology of 

depression, posttraumatic stress disorder, and stress-related bodily disorders: the role of the 

hypothalamus–pituitary–adrenal axis. Biol Psychol 2001;57:141–52.

[17] Odber J, Cawood EHH, Bancroft J. Salivary cortisol in women with and without perimenstrual 

mood changes. J Psychosom Res 1998;45:557–68.

[18] Vedhara K, Miles J, Bennett P, Plummer S, Tallon D, Brooks E, Gale L, Munnoch K, Schreiber-

Kounine C, Fowler C, Lightman S, Sammon A, Rayter Z, Farndon J. An investigation into the 

relationship between salivary cortisol, stress, anxiety and depression. Biol Psychol 2003;62:89–96.

[19] Retana-Marquez S, Bonilla-Jaime H, Vazquez-Palacios G, Dominguez-Salazar E, Martinez-

Garcia R, Velazquez-Moctezuma J. Body weight gain and diurnal differences of corticosterone 

changes in response to acute and chronic stress in rats. Psychoneuroendocrinology 2003;28:207–

27.

[20] Goodyer I, Herbert J, Tamplin A, Altham P. Recent life events, cortisol, dihydroepiandrosterone 

and the onset of major depression in highrisk adolescents. Br J Psychiatry 2000;177:499–504.

[21] Harris TO, Borsanyi S, Messari S, Stanford K, Cleary SE, Shiers H, Brown GW, Herbert J. 

Morning cortisol as a risk factor for subsequent major depressive disorder in adult women. Br J 

Psychiatry 2000;177:505–10.



16

[22] Harris T. Depression in women and its sequelae. J Psychosom Res 2003;54:103–12.

[23] Bemelmans KJ, Goekoop JG, de Rijk R, van Kempen GMJ. Recall performance, plasma cortisol 

and plasma norepinephrine in normal human subjects. Biol Psychol 2002;62:1–15.

[24] Opstad PK. Circadian rhythm of hormones is extinguished during prolonged physical stress, sleep 

and energy deficiency in young men. Eur J Endocrinol 1994;131:56–66.

[25] Eysenck HJ. The biological basis of personality. Springfield (IL): Thomas 1967.

[26] Eckhardt CI, Cohen DJ. Attention to anger-relevant and irrelevant stimuli following naturalistic 

insult. Person Individ Dif 1997;23:619–29.

[27] Gendolla GHE, Krusken J. Mood state and cardiovascular response in active coping with an 

affect-regulative challenge. Int J Psychophysiol 2001;41:169–80.

[28] Tanwar U, Malhotra D. Short-term memory as a function of personality and imagery. Person 

Individ Diff 1992;13:175–80.

[29] Eysenck HJ. The nature of impulsivity. In: McCown W, Shure M, Johnson J, eds. The impulsive 

client: theory, research and treatment. Washington (DC): American Psychological Association 

1993:57–69.

[30] Davydov DM. Baseline autonomic response patterns predict readiness to respond and attentional 

performance on cognitive tasks and their relation to affective processes. Psychophysiology 

2000;37:S35.

[31] Davydov DM, Shapiro D. Single and combined effects of sympathetic and parasympathetic 

activity on perceptual sensitivity and attention. J Russ East Eur Psychol 1999;37:67 -90.

[32] Goldstein IB, Shapiro D. Ambulatory blood pressure in women: Family history of hypertension 

and personality. Psychol Health Med 2000;5:227–40.

[33] Shapiro D, Jamner LD, Goldstein IB, Delfino RJ. Striking a chord: Moods, blood pressure, and 

heart rate in everyday life. Psychophysiology 2001;38:197–204.

[34] Schmutzler RK, Diedrich K, Krebs D. Value of the Clearplan ovulation test in sterility treatment. 

Gebburtsh u Frauenheilk 1995;55:266–9.



17

[35] Bagiella E, Sloan RP, Heitjan DF. Mixed-effects models in psychophysiology. Psychophysiology 

2000;37;13–20.

[36] Altemus M, Redwine L, Leong YM, Yoshikawa T, Yehuda R, Detera-Wadleigh S, Murphy DL. 

Reduced sensitivity to glucocorticoid feedback and reduced glucocorticoid receptor mRNA 

expression in the luteal phase of the menstrual cycle. Neuropsychopharmacology 1997;17:100–09.

[37] Linkowski P. Neuroendocrine profiles in mood disorders. Int J Neuropsychopharmacol 

2003;6:191–7.

[38] Sher L. Daily hassles, cortisol, and the pathogenesis of depression. Med Hypoth 2004;62:198–

202.

[39] Peeters F, Nicholson NA, Berkhof J. Cortisol responses to daily events in major depressive 

disorder. Psychosom Med 2003;65:836–41.

[40] Symonds CS, Gallagher P, Thompson JM, Young AH. Effects of the menstrual cycle on mood, 

neurocognitive and neuroendocrine function in healthy premenopausal women. Psychol Med 

2004;34:93–102.

[41] Ley R. The modification of breathing behavior: Pavlovian and operant control in emotion and 

cognition. Behav Modification 1999;23:441–79.

[42] Mogg K, Bradley BP. A cognitive-motivational analysis of anxiety. Behav Res Ther 1998;36:809-

48.

[43] Bradley MM, Codispoti M, Cuthbert BN, Lang PJ. Emotion and motivation I: Defensive and 

appetitive reactions in picture processing. Emotion 2001;1:276–98.

[44] Codispoti M, Gerra G, Montebarocci O, Zaimovic A, Raggi MA, Baldaro B. Emotional 

perception and neuroendocrine changes. Psychophysiology 2003;40:863–8.



18

Table I. Significant main effects for daytime hormone levels. (Epi = epinephrine, Nor = 
norepinephrine, Cor = cortisol).

Hormone level

High Low Mood (Mean (SE))

Epi High stress (1.62 (0.03))

Epi Low stress (1.52 (0.03))

Nor High stress (1.59 (0.03))

Nor Low stress (1.54 (0.03))

Cor High stress (1.60 (0.03))

Cor Low stress (1.53 (0.03))

Epi High tired (2.01 (0.04))

Epi Low tired (1.94 (0.04))

Nor Low happy (2.99 (0.06))

Nor High happy (3.03 (0.06))
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Table II. Significant interactive effects on mood of High vs. Low hormone level, menstrual cycle 
Phase, and Day.  (L = luteal phase, F = follicular phase, W = work day, NW = off day, Nor = 
norepinephrine, Cor = cortisol)

Hormone level

Daytime Nighttime Relative mood level Proposed general

High Low High Low Phase Day (Mean (SE)) arousal state

Cor L High happy (3.04 (.06)) Midarousal

Cor L Low happy (2.98 (.06)) Hyperarousal

Cor F Low happy (3.00 (.06)) Hypoarousal

Cor L W High happy (2.98 (.07)) Midarousal

Cor L W Low happy (2.90 (.07)) Hyperarousal

Cor F W Low happy (2.92 (.07)) Hypoarousal

Cor F W High happy (2.96 (.07)) Midarousal

Nor F NW High happy (3.13 (.07)) Midarousal

Nor F NW Low happy (3.02 (.07)) Hypoarousal

Nor L NW High happy (3.09 (.07)) Midarousal

Nor L NW Low happy (3.07 (.07)) Hyperarousal

Cor L Low stress (1.55 (.03)) Midarousal

Cor F Low stress (1.55 (.03)) Midarousal

Cor F High stress (1.61 (.03)) Hypoarousal

Cor W High tired (2.07 (.04)) Hyperarousal

Cor W Low tired (1.94 (.04)) Midarousal

Cor NW Low tired (1.92 (.04)) Midarousal

Nor F Low tired (1.94 (.04)) Midarousal

Nor F High tired (2.02 (.04)) Hypoarousal

Nor L High tired (2.01 (.04)) Hyperarousal

Nor L Low tired (1.90 (.05)) Midarousal




