
 

1 

CORTISOL DYSREGULATION AND MOOD DISTURBANCE IN WOMEN 
UNDERGOING SURGERY FOR SUSPECTED ENDOMETRIAL CANCER 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By  
 

TIMOTHY S. SANNES 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

A DISSERTATION PRESENTED TO THE GRADUATE SCHOOL OF THE UNIVERSITY 
OF FLORIDA IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF DOCTOR OF PHILOSOPHY 
 

UNIVERSITY OF FLORIDA 
 

2013 



 

2 

 

 

 

 

 
© 2013 Timothy S. Sannes 

 
 

 
  



 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To my father, whose patience, support and mentorship have made shaped me into the 
individual I am today and for whom I credit with instilling the drive in me to pursue an 

advance degree. 
 
 

 



 

4 

ACKNOWLEDGMENTS 

First and foremost, I would like to acknowledge my mentor, Deidre Pereira. 

Without her constant guidance, attention to detail and supportive mentorship, this 

project would not have been possible. She has always been there throughout my 

graduate training, ensuring that my work is the highest quality possible. She also always 

makes time to laugh, which I have found particularly helpful throughout this graduate 

school adventure! In addition, I would like to thank my co-mentors, Naser Chegini and 

Michael Marsiske. Naser provided unrelenting positivity and enthusiasm for the scientific 

process. Despite rarely having space for me to sit in his office with the stacks of 

scientific papers adorning his furniture, he always made time to share his scientific 

thinking and honesty about his opinions surrounding academia. Michael has nurtured 

my growth as a scientist since being a student in courses and serving as his teaching 

assistant.  Without his considerate teaching style and patience, I would not have 

learned the analytic techniques applied throughout this project. I would also like to 

briefly acknowledge a number of student-colleagues, each of who have encouraged me 

and pushed me to excel in my graduate work and beyond. This includes, Daniel Kay, 

Joe Dzierzewski, Stephanie Garey Smith, Burel Goodin and Elizabeth Spehalski. 

Furthermore, I express my sincerest gratitude to the members of the Gynecologic 

Oncology team at the University of Florida that helped to make this research possible; 

specifically, Linda Morgan and Insley Baldwin for their upbeat spirit and constant 

support. I would also like to thank all of the women who volunteered for this study – 

without them; this work would not have been possible.  

 



 

5 

TABLE OF CONTENTS 
 
 page 

ACKNOWLEDGMENTS .................................................................................................. 4 

LIST OF TABLES ............................................................................................................ 8 

LIST OF FIGURES ........................................................................................................ 10 

LIST OF ABBREVIATIONS ........................................................................................... 11 

ABSTRACT ................................................................................................................... 12 

CHAPTER 

1 INTRODUCTION .................................................................................................... 14 

Epidemiology and Treatment of Endometrial Cancer ............................................. 14 

Psychological Functioning among Women with Endometrial Cancer ..................... 15 
Psychoneuroimmunology in Cancer ....................................................................... 16 
Cortisol: Statistical Approaches and Calculating Variability .................................... 18 

Biobehavioral Relationships with Cortisol ............................................................... 21 
Coping as a Potential Buffer against Effects of Stress/Mood Disturbances on 

Cortisol ................................................................................................................ 23 

Comparing Methods of Operationalizing Cortisol Dysregulation ............................. 25 

Purpose of the Current Study ................................................................................. 27 
Specific Aims and Hypotheses ............................................................................... 28 

Aim 1: ............................................................................................................... 28 

Aim 2: ............................................................................................................... 28 
Aim 3: ............................................................................................................... 28 

Secondary/Exploratory Aim 4: .......................................................................... 29 

2 METHODS .............................................................................................................. 30 

Participants ............................................................................................................. 30 

Procedures ............................................................................................................. 31 
Psychosocial Assessment ...................................................................................... 31 

Beck Scale for Suicide Ideation (BSS; Appendix A; Beck & Steer, 1991) ........ 31 
Psychotic Screening Module of the Structured Clinical Interview  for DSM-IV 

for Non-clinical Populations (SCID-NP; Appendix B; First, Spitzer, 
Williams, & Gibbon, 1995) ............................................................................. 32 

Brief COPE (Appendix C; Carver, 1997) .......................................................... 33 
Recent Health Behaviors (RHB; Appendix D; Pereira, unpublished) 

Questionnaire ................................................................................................ 34 

Structured Interview Guide for the Hamilton Anxiety and Depression Scale 
(SIGH- AD; Appendix E; Williams, 1988) ...................................................... 34 

Biomedical Measures.............................................................................................. 35 



 

6 

Biobehavioral Control Variables ....................................................................... 35 
Prescription medications ............................................................................ 35 
Disease status and tumor subtype ............................................................. 36 

Charlson Comorbidity Index (Charlson, Pompei, Ales, & MacKenzie, 
1987) ...................................................................................................... 36 

Salivary Cortisol Collection ............................................................................... 37 
Statistical Procedures ............................................................................................. 38 

Data Preparation .............................................................................................. 38 

Cortisol Slope ............................................................................................. 38 
Area under the Curve with Respect to Increase (AUCi) ............................. 38 
Cortisol variability via Multi-level Modeling ................................................. 39 
Morning-to-Evening Ratio .......................................................................... 39 

Descriptive Statistics .................................................................................. 40 
Specific Aims and Hypotheses ......................................................................... 40 

Aim 1: ......................................................................................................... 40 

Aim 2: ......................................................................................................... 42 

Aim 3: ......................................................................................................... 43 
Secondary/Exploratory Aim 4: .................................................................... 45 

Power and Sample Size.......................................................................................... 45 

3 RESULTS ............................................................................................................... 47 

Participant Characteristics ...................................................................................... 47 

Depressive and Anxious Symptomatology .............................................................. 47 
Cortisol values ........................................................................................................ 48 

Results: AIM 1: ....................................................................................................... 48 
Results: Aim 2: ........................................................................................................ 51 

Linear Time Trend (Cortisol Slope) .................................................................. 51 

Depressive/Anxious Symptoms and Cortisol Slope .......................................... 52 
Results: Aim 3: ........................................................................................................ 53 

Descriptive Statistics for Acceptance and Positive Reframing Items ................ 53 
Relations among Acceptance, Positive Reframing and Cortisol Variability ...... 53 
Positive Reframing and Acceptance as Moderators of Anxiety/Depressive ..... 53 

Symptoms and Cortisol Variability .................................................................... 53 
Results: Secondary/Exploratory Aim 4:................................................................... 55 

Cortisol Slope ................................................................................................... 55 
Area Under the Curve with Respect to Increase (AUCi) ................................... 56 

Morning-to-evening Ratio of Cortisol ................................................................ 56 
Comparison among Cortisol Calculations......................................................... 56 

4 DISCUSSION ......................................................................................................... 73 

Biobehavioral Control Variables and Intraindividual Cortisol Variability and 
Cortisol Slope ...................................................................................................... 73 

Depressive Symptoms, Anxious Symptoms, and Intraindividual Cortisol 
Variability ............................................................................................................. 74 

Depressive Symptoms, Anxious Symptoms, and Cortisol Slope ............................ 76 



 

7 

Examining Unique Contributions of Anxiety and Depression to Intraindividual 
Cortisol Variability and Cortisol Slope .................................................................. 78 

Moderating Effects of Positive Reframing and Acceptance .................................... 79 

Comparisons among Calculations of Cortisol Output ............................................. 82 
Clinical Implications of the Current Study ............................................................... 84 
Study Limitations .................................................................................................... 86 
Future Directions .................................................................................................... 90 
Conclusions ............................................................................................................ 92 

APPENDIX 

A BECK SCALE FOR SUIDICAL IDEATION ............................................................. 94 

B BRIEF COPE .......................................................................................................... 97 

C PSYCHOTIC SCREENING MODULE OF THE STRUCTURED CLINICAL 
INTERVIEW FOR DSM-IV FOR NON-CLINICAL POPULATIONS ......................... 99 

D RECENT HEALTH BEHAVIORS QUESTIONNAIRE (RHB) ................................. 105 

E STRUCTURED INTERVIEW GUIDE FOR THE HAMILTON DEPRESSION 
AND ANXIETY SCALES ....................................................................................... 106 

LIST OF REFERENCES ............................................................................................. 115 

BIOGRAPHICAL SKETCH .......................................................................................... 126 

 
 



 

8 

LIST OF TABLES 

Table  page 
 
3-1 Comparison of Participants Included and Excluded in Data Analyses. ............... 57 

3-2 Predicting Intraindividual Cortisol Variability from Depressive Symptoms. ......... 58 

3-3 Predicting Intraindividual Cortisol Variability from Anxiety Symptoms. ............... 58 

3-4 Predicting Intraindividual Cortisol Variability from Anxiety Symptoms; 
Controlling for Concurrent Depressive Symptoms. ............................................. 58 

3-5 Predicting Intraindividual Cortisol Variability from Depressive Symptoms; 
Controlling for Concurrent Anxiety Symptoms. ................................................... 58 

3-6 Unconditional Growth Models of Cortisol Values. ............................................... 59 

3-7 Relationships Between Potential Covariates and Cortisol Slope using 
Multilevel Modeling ............................................................................................. 60 

3-8 Predicting Initial Cortisol Value from Anxiety and Depressive Symptoms. ......... 61 

3-9 Predicting Cortisol Slope from Anxiety and Depressive Symptoms. ................... 61 

3-10 Predicting Initial Cortisol Value from Iso-Anxiety and Iso-Depressive 
Symptoms........................................................................................................... 61 

3-11 Predicting Linear Cortisol Slope from Iso-Anxiety and Iso-Depressive 
Symptoms........................................................................................................... 62 

3-12 Examining Positive Reframing as a Potential Moderator of a Relationship 
between Depressive Symptoms and Cortisol Variability. .................................... 63 

3-13 Examining Acceptance as a Potential Moderator of a Relationship between 
Depressive Symptoms and Cortisol Variability. .................................................. 63 

3-14 Examining Acceptance as a Potential Moderator of a Relationship between 
Anxiety Symptoms and Cortisol Variability. ........................................................ 63 

3-15 Examining Positive Reframing as a Potential Moderator of a Relationship 
between Anxiety Symptoms and Cortisol Variability. .......................................... 64 

3-16 Examining Positive Reframing as a Potential Moderator of a Relationship 
between Depressive Symptoms and Cortisol Slope. .......................................... 65 

3-17 Examining Acceptance as a Potential Moderator of a Relationship between 
Depressive Symptoms and Cortisol Slope. ........................................................ 66 



 

9 

3-18 Examining Acceptance as a Potential Moderator of a Relationship between 
Anxiety Symptoms and Cortisol Slope. ............................................................... 67 

3-19 Examining Positive Reframing as a Potential Moderator of a Relationship 
between Anxiety Symptoms and Cortisol Slope. ................................................ 68 

3-20 Pearson Correlations among Methods of Operationalizing Cortisol 
Dysregulation. ..................................................................................................... 69 

 
  



 

10 

LIST OF FIGURES 

Figure  page 
 
2-1 Calculation for Area under the Curve with Respect to Increase (AUCi) .............. 46 

3-1 Average Cortisol Values Across the Four Timepoints of Collection. ................... 70 

3-2 Cortisol Variability among Participants with the Highest Depressive (HD) 
Symptom Scores. Cortisol values and corresponding regression lines are 
displayed. ........................................................................................................... 71 

3-3  Cortisol Variability among Participants with the Lowest Depressive (LD) 
Symptom Scores. Cortisol values and corresponding regression lines are 
displayed.. .......................................................................................................... 72 

 



 

11 

LIST OF ABBREVIATIONS 

ACTH Adrenocorticotropic Hormone 

AIC Akaike’s Information Criteria 

AUCi Area under the Curve with Respect to Increase 

ANS Autonomic Nervous System 

BIC Schwarz’s Bayesian Criteria 

CAR Cortisol Awakening Response 

CRF Corticotrophin Releasing Factor 

HLM Hierarchical Linear Modeling 

HPA Hypothalamic-Pituitary-Adrenal Axis 

ISD Intraindividual standard deviation 

PCA Principal Component Analysis 

PNI Psychoneuroimmunology 

SE Standard Error 

TAH-BSO Total Abdominal Hysterectomy and Bilateral Salpingo-
oopherectomy 

-2LL Negative 2 log likelihood 



 

12 

Abstract of Dissertation Presented to the Graduate School  
of the University of Florida in Partial Fulfillment of the  
Requirements for the Degree of Doctor of Philosophy 

 
CORTISOL DYSREGULATION AND MOOD DISTURBANCE IN WOMEN 
UNDERGOING SURGERY FOR SUSPECTED ENDOMETRIAL CANCER 

 
By  

 
Timothy S. Sannes 

 
August 2013 

Chair: Deidre B. Pereira 
Major: Psychology 

 
Endometrial cancer, the most common gynecologic cancer in the United States, 

represents a substantial public health burden.  In spite of this, very little research has 

examined the biopsychosocial factors associated with quality of life and health 

outcomes in endometrial cancer.  Cortisol is a potent anti-inflammatory stress hormone 

that may promote tumorigenesis.  Multiple methods of operationalizing cortisol 

dysregulation, including diurnal cortisol rhythm (slope), have been used in the cancer 

literature.  However, little research has examined cortisol variability as an indicator of 

cortisol dysregulation in individuals with cancer.  Recent published research in 

psychiatric populations has suggested that mood disorders, such as depression and 

bipolar disorder, are associated with a more erratic, or highly variable, production of the 

stress hormone, cortisol.  This study examined the relationship between mood 

disturbance (anxious/depressive symptomatology) and (a) cortisol variability and (b) 

cortisol slope in women undergoing surgery for suspected endometrial cancer.   In 

addition, frequency of use of positive reappraisal and acceptance coping were 

examined as moderators (buffers) of the relationship between mood disturbance and 

cortisol dysregulation.  A secondary, exploratory, aim of the current study examined 
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how multiple methods of operationalizing cortisol dysregulation (i.e., diurnal slope, 

variability, total output, and ratio of evening to morning values) compare. Participants 

were 82 women with nonmetastatic endometrial cancer.  Anxious symptoms were not 

associated with either cortisol slope or intraindividual variability, and depressive 

symptoms were unrelated to cortisol slope.  However, after controlling for presence of 

poorer prognosis cancer subtypes, greater depressive symptoms (excluding symptoms 

possibly/definitely due to health/treatment factors) in the week preceding surgery were 

significantly related to greater cortisol intraindividual variability (β  = .21, p = .048). This 

relationship was not moderated by either greater use of positive reappraisal or 

acceptance as adaptive coping strategies. Overall, these results suggest that 

depressive symptoms prior to surgery for suspected endometrial cancer are related to 

greater cortisol intraindividual variability, which is suggestive of more erratic HPA axis 

arousal and may represent a unique conceptualization of HPA-axis dysregulation.   

Future research should examine whether mood symptoms may be associated with 

compromised health outcomes via erratic HPA axis arousal in this population.  
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CHAPTER 1 
INTRODUCTION 

Epidemiology and Treatment of Endometrial Cancer 

Endometrial cancer is the most common gynecologic cancer in the United States 

and the fourth most common cancer among women. The American Cancer Society 

(ACS, 2010) estimated that 43,470 new cases were diagnosed and 7,950 women died 

from the disease in 2010.  It is estimated that 80% of endometrial carcinomas are of the 

endometrioid type. More aggressive forms of the disease include papillary serous and 

clear cell carcinomas, both of which are classified as high-grade cancers (Amant et al., 

2005). Many of the risk factors of endometrial cancer are related to exposure to 

unopposed estrogen, including early age at menarche, late age at menopause, and the 

use of unopposed estrogen replacement therapy. Other risk factors include family 

history of certain cancers, obesity, hypertension, and diabetes (Purdie & Green, 2001). 

Conversely, combined oral contraceptive use, smoking, low-fat diets, and physical 

exercise decrease the risk for endometrial cancer; likely via their reduction in 

unopposed estrogen exposure.  While many cases of endometrioid adenocarcinomas 

are caught at an early stage and have a very favorable prognosis and survival rate, the 

5-year survival-rate for stages III and IV endometrial cancers are 58% and 17% 

respectively (American Cancer Society [ACS], 2010).   Compared to the mortality rates 

of breast and ovarian cancers, which have decreased steadily over the past several 

decades, the mortality rate of endometrial cancer has remained stable since 1991 

(ACS, 2010).  In summary, these statistics underscore the fact that endometrial cancer 

remains a significant public health burden.  
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Most women with suspected endometrial cancer undergo total abdominal 

hysterectomy and bilateral salpingo-oopherectomy (TAH-BSO), which involves the 

removal of the uterus and surrounding organs, including the cervix, ovaries and 

fallopian tubes, depending on the extent of the disease. With aggressive surgical 

treatment, 83% of all women diagnosed with endometrial cancer will survive at least 5 

years (ACS, 2010). Once the uterus is removed, the depth of myometrial invasion can 

be assessed, which is critical for determining cancer stage in women without evidence 

of regional/advanced disease.  Radiation therapy and/or adjuvant chemotherapy are 

generally recommended following surgery for women with regional/advanced 

endometrioid cancer and women with non-endometrioid morphologies. As the 

endometrioid type is the more common type of endometrial carcinoma, it is the focus of 

the remainder of the following review and the current study. 

Psychological Functioning among Women with Endometrial Cancer 

Women faced with the diagnosis and corresponding treatment for gynecologic 

cancer may experience significant psychological distress and/or mood disturbance. In a 

review of the literature on psychiatric disorders in gynecologic malignancies, greater 

prevalence of depression, anxiety and adjustment disorder were noted compared to the 

general population. Similarly, in this review, mood disturbance was observed to worsen 

over the course of cancer treatment (Thompson & Shear, 1998). More recently, it has 

been estimated that the prevalence of depression in gynecologic cancer patients is 

12%-23% (Massie, 2004). Other studies have demonstrated significant psychological 

distress in ovarian (Norton et al., 2004) and cervical cancer (Cull et al., 1993), 

specifically. While poorer health-related quality of life has been observed in endometrial 

cancer patients compared to age matched, healthy controls (Klee & Machin, 2001), 
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recent reports have suggested that quality of life may not be affected in gynecologic 

cancer. Specifically, in 57 gynecologic cancer patients undergoing treatment over the 

one-year study period, anxiety and depression ratings remained low and did not change 

over the year of treatment (Yavas et al., 2012). However, there was not a control group 

in this report and the sample was comprised of various gynecologic cancers. In 

endometrial cancer specifically,  recent published work suggested that while sexual 

dysfunction remained a significant concern over the first five years following treatment, 

minimal levels of depression were reported  (Onujiogu et al., 2011).  Indeed, the 

heterogeneity of reviewed studies as well as the paucity of literaure examining 

psychological functioning in this population was has been recognized (Thompson & 

Shear, 1998), and could account for a predictable inconsistency in study outcomes.  

Despite these apparent conflicting findings examining quality of life in endometrial 

cancer, no published research has examined mood disturbance in endometrial cancer 

at the time of diagnosis, specifically.   

Taken together, these studies suggest that  psychological distress may occur in 

women with gynecological cancers.  This is significant to the extent that potential 

psychological distress may be associated with neuroendocrine functioning and immunity 

associated with tumorigenesis.  This theoretical model is described below. 

Psychoneuroimmunology in Cancer 

The biobehavioral model of tumorigenesis provides a testable model for examining 

pathways by which stress may impact health outcomes in cancer populations (Antoni, et 

al., 2006). This model (also referred to as the psychoneuroimmunologic [PNI] model) 

integrates theoretical concepts and research findings from psychology, neuroscience, 

endocrinology, and immunology.  According to this model, stressors activate two 
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physiological systems: the autonomic nervous system and the hypothalamic-pituitary-

adrenal (HPA) axis, (for review see Antoni et al, 2006).  These systems are thought to 

correspond to the fight-or-flight and defeat-withdrawal responses, respectively.  The 

autonomic nervous system releases catecholamines, such as epinephrine and 

norepinephrine, which exert a powerful influence on the tumor microenvironment by 

upregulating tumor promoting, inflammatory factors such as matrix metalloproteinases 

(Lutgendorf et al., 2008; Lutgendorf et al., 2005) and interluekin-6 (Lutgendorf, 

Anderson, Sorosky, Buller, & Lubaroff, 2000).  These catecholaminergic effects may be 

potentiated by molecules released by the HPA-axis (Nakane et al., 1990).  Once this 

stress system is activated, the hypothalamus releases corticotrophin releasing factor 

(CRF), which in turn stimulates the pituitary to release adrenocorticotropic hormone 

(ACTH), which in turn stimulates the adrenal medulla to release a host of hormones, 

including cortisol. Cortisol, a potent immunosuppressive agent, exerts downstream 

effects on tumor biology by inhibiting immune cells (e.g., inhibiting lymphocyte 

proliferation and increasing lymphocyte apoptosis) and impairing cell mediated immunity 

by decreasing natural killer cell and T-lymphocyte cytotoxicity (Reiche, Nunes, & 

Morimoto, 2004); both of which are critical for the immune system’s tumor surveillance 

and inhibition of apoptosis (cell death; Wu et al., 2004). These data highlight how 

cortisol significantly suppresses cell-mediated immunity, resulting in downstream effects 

on the tumor microenvironment. As such, examining dysfunction of the HPA-axis via the 

analysis of cortisol rhythms provides a model by which psychological factors may 

influence health outcomes in endometrial cancer.  
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Cortisol: Statistical Approaches and Calculating Variability 

Cortisol production corresponds to a circadian rhythm, with a peak in the early 

morning upon awakening (referred to as the “cortisol awakening response”), declining 

values throughout the day, and a slight increase in cortisol before bedtime (Krieger, 

1979).  Although there are a number of approaches to modeling this diurnal pattern in 

cortisol (Adam & Kumari, 2009), it remains difficult to compare cortisol as an outcome 

variable across studies when different calculations are presented between published 

work. Indeed, an initial meeting on the study of HPA-axis dysregulation identified the 

lack of a firm consensus on the most appropriate method for the analysis of cortisol 

(Stewart & Seeman, 2000). Recent work highlighted that up 13 different calculations of 

cortisol can been applied to the same dataset (Fekedulegn et al., 2007), highlighting the 

myriad of cortisol calculations presented in the published literature. One commonly used 

approach has been to calculate cortisol slope across multiple days of cortisol collection 

(Kraemer et al., 2006; Sephton et al., 2000; Simonelli, Fowler, Maxwell, & Andersen, 

2008).  Using this method, values of cortisol throughout the day are regressed on time, 

and the resulting regression weight (or slope coefficient; ß) is assigned to each 

individual. With this approach, a flattened cortisol rhythm throughout the day 

(represented by a less negative ß weight) corresponds to a dysregulation of the HPA-

axis in its ability to respond to continued endogenous cortisol production. Such 

dysregulation is observed in adrenal disorders such as Cushing’s disease (Laudat et al., 

1988), as well as under conditions of chronic psychological stress (Gregory, Cohen & 

Kim, 2002). In sum, while many methods exist for quantifying the diurnal rhythm 

observed in cortisol output throughout the day, cortisol slope remains one of the most 

widely applied.    
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There is a rich literature linking dysregulated diurnal cortisol slope with 

disturbances in mood. In patients with major depressive disorder, a flattening or blunting 

of this cortisol slope is often observed, which suggests that the body becomes less 

responsive to the repeated exposure of endogenous cortisol (Miller, Cohen, & Ritchey, 

2002).  By the body responding to a lesser degree to continued endogenous cortisol, it 

is hypothesized that cortisol production continues throughout the day, resulting in higher 

cortisol levels at the end of the day.  Higher evening cortisol, resulting in a flatter cortisol 

slope throughout the day, has been observed in those suffering from chronic stress 

(Adam et al., 2006), patients with psychotic major depression (Belanoff, Kalehzan, 

Sund, Ficek, & Schatzberg, 2001), and depressed patients with coronary artery disease 

(Bhattacharyya, Molloy, & Steptoe, 2008).  In addition, those who repressed their 

emotions and were classified as highly anxious displayed flatter cortisol slopes (Giese-

Davis et al., 2006). Taken together, these data suggest that disturbances in mood 

(depression and anxiety) are related to a flatter cortisol slope throughout the day.  

More recently, investigators have focused on capturing individual differences in the 

cortisol response through multilevel modeling techniques (Adam & Kumari, 2009; 

Hruschka, Kohrt, & Worthman, 2005), including hierarchical linear modeling (HLM) 

(Singer & Willet, 2003), which allow for the estimation of individual differences in cortisol 

slope and overall output.   Moreover, these techniques remain flexible in the presence 

of incomplete data, such that individual trajectories are still estimated in the presence of 

missing data points. This is a common occurrence in cortisol sampling, as individuals 

may be asked to collect repeated salivary samples throughout the day and thus may 

miss collections (Adam & Kumari, 2009). These models will still estimate an individual 
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cortisol slope (for a day or for a person), even if one data point is missing; an advantage 

over ordinary least squares regression analyses (reviewed above in the assigning of a ß 

weight to each individual) that may employ list-wise deletion, thereby eliminating 

valuable data.   

Despite this trend in the research to increasingly apply flexible models such as 

HLM, very little work has incorporated measures of intraindividual variability in 

examining HPA-axis functioning.  Using these methods, one may calculate cortisol 

intraindividual variability or intraindividual standard deviation (ISD; MacDonald, Hultsch, 

& Bunce, 2006), a variable that represents the amount of variability in an individual’s 

cortisol values when compared to that same individual’s average cortisol rhythm.   This 

variability estimate is similar to what has been termed “beep-level variance” (Peeters, 

Nicolson, & Berkhof, 2004), cortisol pulsatility (Young, Abelson, & Lightman, 2004) and 

approximate entropy in cortisol production (Posener et al., 2004).   Recent reports 

suggest that, for men but not women, older age is related to greater variability in cortisol 

rhythm (Almeida, Piazza, & Stawski, 2009), suggesting an interaction of age and gender 

in cortisol variability.  However, it should be noted that this investigation examined only 

variability around the cortisol awakening response (CAR), which describes the initial 

spike seen in cortisol upon waking (Fries, Dettenborn, & Kirschbaum, 2009), possibly 

providing a variability estimate distinct from variability estimates across an entire day. 

Other predictors of change in cortisol variability suggest that variability decreases during 

the first years of life (Tollenaar et al., 2010).   

These emerging studies raise the possibility that operationalizing cortisol output as 

intraindividual cortisol variability may provide information about HPA-axis functioning 
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that is not captured through other methods of operationalizing cortisol regulation.  

Furthermore, the possibility exists that psychosocial factors may have unique 

relationships with intraindividual cortisol variability.  Consistent with this, research is 

beginning to identify how mood factors may be associated with intraindividual cortisol 

variability.  For instance, in the clinical mood disorder literature, Peeters and colleagues 

found greater cortisol variability in individuals with major depressive disorder compared 

to controls (Peeters et al. 2004).  Similarly, Posener and colleagues found the men with 

major depressive disorder had significantly more erratic cortisol production compared to 

healthy controls; however, there were no significant differences between depressed 

men and healthy controls on cortisol slope or total cortisol output (Posener et al., 2004).  

Other research has revealed greater cortisol variability among individuals with remitted 

bipolar disorder compared to controls. More specifically, there was a significant 

association between greater depressive episode severity and more frequent episode 

recurrence and greater cortisol variability (Havermans, Nicolson, Berkhof, & Devries, 

2010). Altogether, these findings suggest that mood disturbances are associated with a 

more erratic pattern of cortisol production, even when similar relationships fail to 

emerge between mood disturbances and cortisol slope or total cortisol output.   

Biobehavioral Relationships with Cortisol 

In addition to the various methods applied to cortisol data in the extant literature, a 

number of research studies in clinical oncology populations have linked cortisol to 

important clinical outcomes.  Much of this research has been performed in women’s 

cancers, including breast and ovarian cancers.  The earliest of this research examined 

psychosocial relationships with cortisol among breast cancer patients.   Porter and 

colleagues examined cortisol responses to follow-up mammography, a stressor 
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associated with the threat of cancer diagnosis/recurrence, among breast cancer 

survivors and controls.  They found that, in response to follow-up mammography, breast 

cancer survivors experienced higher levels of cortisol a month prior to their scheduled 

mammography (baseline) and displayed a suppressed cortisol response (i.e., 

decreased levels of cortisol from baseline to mammography) compared to healthy 

controls (Porter et al., 2003). These data suggest that breast cancer patients may 

experience higher initial levels of HPA-axis output (cortisol) but experience blunted 

physiological reactions to cancer-related stressors.  Furthermore, Giese-Davis and 

colleagues found that breast cancer patients who suppress emotions or display high 

anxiety display a flatter cortisol rhythm (slope) (Giese-Davis et al., 2006) compared to 

their counterparts, highlighting that anxiety and emotional regulation strategies are 

related to cortisol dysregulation.  In addition, women with more advanced breast cancer 

had greater average cortisol output compared to those with less advanced disease 

(Abercrombie et al., 2004), suggesting that cortisol may be a marker of disease status.  

Additionally, flatter diurnal cortisol slope, an abnormal diurnal rhythm, predicted earlier 

mortality in breast cancer patients with metastatic disease (Sephton, Sapolsky, 

Kraemer, & Spiegel, 2000), implicating HPA-axis in cancer survival. More recently, 

follow-up analyses of this group of metastatic breast cancer patients uncovered that a 

decrease in depressive symptoms, irrespective of receiving supportive therapy or 

education, was related to a significantly longer survival time (Giese-Davis et al., 2011), 

suggesting that reductions in depressive symptoms may also be related to longer 

survival time in breast cancer.  In sum, cortisol responses to psychological stress may 

be disrupted in breast cancer patients, and these disruptions cortisol rhythm, in addition 
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to reductions in depressive symptoms, may be related to important clinical outcomes, 

such as survival. 

In ovarian cancer, relationships have begun to emerge on the underlying pathways 

through which HPA-axis dysregulation may impact health outcomes. For instance, 

greater afternoon, evening, and total cortisol output are associated with greater 

circulating interleukin-6 (IL-6), a proinflammatory cytokine implicated in ovarian 

carcinogenesis (Lutgendorf et al., 2008a). Moreover, higher vegetative depression 

scores are related to higher evening cortisol levels (Lutgendorf et al., 2008b; Weinrib et 

al., 2010), as well as lower morning to evening cortisol ratios in ovarian cancer (Weinrib 

et al., 2010).  Thus, dysregulated cortisol production represents one mechanism by 

which psychological factors may be associated with health outcomes in ovarian cancer. 

Overall, these data highlight that cortisol is related to important inflammatory pathways 

that may exert downstream effects on tumor biology in cancers affecting women.  

Coping as a Potential Buffer against Effects of Stress/Mood Disturbances on 
Cortisol 

While stress and mood disturbances may impact tumorigenesis through 

dysregulated cortisol production, adaptive coping strategies may buffer this relationship. 

The Transactional Model of Stress and Coping (Lazarus & Folkman, 1984) posits that 

the use of adaptive coping strategies may buffer the negative effects of stress on mood, 

behaviors, and physiological functioning.  Coping has been defined as “cognitive and 

behavioral efforts to manage specific external and/or internal demands that are 

appraised as taxing or exceeding the resources of the person” (Lazarus & Folkman, 

1984, p. 141). When viewed from this definition, the demands of a given situation are 

evaluated, in addition to the evaluation of the given resources to handle that demand. If 
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the resources are deemed inadequate, then the demands are often considered 

stressful; if the individual’s resources are able to effectively manage the demands, then 

a given event is likely considered manageable (e.g., not stressful). 

A large body of work has examined coping in women with cancer, suggesting that 

maladaptive coping may hinder psychological adjustment. For example, avoidant coping 

is significantly related to poorer well being and a greater distressed mood in extensively 

treated gynecologic cancer patients (Costanzo, Lutgendorf, Rothrock, & Anderson, 

2006) suggesting that avoidance may represent an ineffective method of coping. 

Negative spiritual coping (defined as those reporting a less secure relationship with a 

higher power) also confers a risk to depression following a diagnosis of gynecologic 

cancer (Boscaglia, Clarke, Jobling, & Quinn, 2005). A lower reported meaning in life has 

been shown to partially mediate the relationship between physical sequelae and 

depressive symptoms in gynecologic cancer survivors (Simonelli et al., 2008), 

suggesting that feelings of meaning and purpose may be important components of 

successful coping strategies. Overall, these results suggest that the use of maladaptive 

coping strategies (e.g., avoidance) are related to mood disturbance in women 

diagnosed with, and treated for, cancer. 

However, use of adaptive coping strategies may facilitate positive adjustment and 

well-being among women with cancer.  Lutgendorf and colleagues found that women 

reporting greater positive reframing and acceptance coping skills report better functional 

and emotional well-being a year following a diagnosis of gynecologic cancer, even after 

controlling for the effects of medical treatments on well-being (Lutgendorf et al., 2002). 

In addition, the feeling of “mastery” has been shown to significantly mediate the 
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relationship between uncertainty and the appraisal of danger and opportunity in 

gynecological cancer (Mishel & Sorenson, 1991), suggesting that remaining active in 

one’s emotional response to cancer may be beneficial. Furthermore, the use of 

acceptance, religious coping, and distraction were rated by patients as very helpful in 

the adjustment to a diagnosis of breast or gynecologic cancers (Lauver, Connolly-

Nelson, & Vang, 2007), further elucidating what patients’ perceive as effective coping 

strategies.   Changes in appraisals, such as increased benefit finding and perceived 

ability to relax have been shown to mediate the effects of a stress reduction program on 

levels of serum cortisol among women with breast cancer (Antoni et al., 2009; Phillips et 

al., 2008).  Taken together, these results suggest that adaptive coping may moderate 

(exacerbate or buffer) the relationship between perceived stress/distress and a variety 

of outcomes in women with cancer.  

Comparing Methods of Operationalizing Cortisol Dysregulation 

As previously reviewed, there is virtually no consensus as to the “most 

appropriate” method of operationalizing cortisol dysregulation.   For instance, during a 

consensus conference examining the different measures of cortisol dysregulation held 

in 1999 by the MacArthur Research Network on SES and Health, area under the curve 

(AUC) was identified as “a promising measure most notably in establishing a link 

between cortisol levels and psychological functioning” method of capturing cortisol 

dysregulation.  However, none of the methods of operationalizing cortisol dysregulation 

was determined to be superior to the others (Stewart & Seeman, 2000). Furthermore, 

very few investigators have examined the relationship between psychosocial factors 

and multiple methods of operationalizing cortisol in a single study, making it difficult to 

determine whether some psychosocial factors may be more closely associated with 
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certain methods of operationalizing cortisol dysregulation than other methods.  

Moreover, it is unclear the extent to which various methods of operationalizing cortisol 

dysregulation may be associated.  One report (Vedhara, Tuinstra, Miles, Sanderman, & 

Ranchor, 2006) identified significant correlations among cortisol slope, cortisol area 

under the curve with respect to increase (AUCi), area under the curve with respect to 

ground (AUCg) and early morning cortisol peak; however, these relationships were 

different for the breast cancer patients and the control group studied.  Both breast 

cancer patients and control subjects demonstrated a significant negative relationship 

between AUCi and cortisol slope, suggesting that higher cortisol reactivity was related 

to a flatter cortisol slope, regardless of health status.  However, only the breast cancer 

patients demonstrated a significant positive relationship between morning cortisol peak 

and AUCg (higher morning cortisol values were associated with greater cortisol output), 

while only control group subjects demonstrated a significant negative relationship 

between AUCg and AUCi (greater cortisol output was associated with lower cortisol 

reactivity; Vedhara et al., 2006).  Thus, different methods of operationalizing cortisol 

dysregulation may contain unique information about HPA-axis functioning, and 

potentially, may offer singular information about how psychosocial factors may be 

associated with clinical outcomes in cancer. However, no other published research has 

examined the extent to which these multiple methods may be related to one another in 

a sample of individuals with a highly prevalent cancer.  The examination of this research 

question in a sample of women with endometrial cancer may advance the field by 

establishing whether individual methods of operationalizing cortisol dysregulation 



 

27 

represent unique aspects of cortisol functioning, suggesting that each method is worthy 

of investigation in its own right.  

In summary, there remains little consensus on the most appropriate way to 

characterize diurnal cortisol rhythms in stress research, although modeling slope via 

HLM is becoming increasing popular.   HLM allows for the estimation of individual 

differences and for the calculation of intraindividual cortisol variability.  While recent 

work has examined cortisol variability in healthy and psychiatric populations, no 

research to date has extended this approach to cancer populations. Therefore, applying 

an estimate of cortisol intraindividual variability to women undergoing surgery for 

endometrial cancer 1) is timely as an extension of the current literature on various 

methods of quantifying cortisol production and 2) fills a gap in the literature on stress 

and cortisol functioning in a population that has been largely ignored from a PNI 

framework. 

Purpose of the Current Study 

Virtually no published research has examined the relationship between 

psychosocial factors and cortisol in endometrial cancer.  Furthermore, no published 

research has examined relationship between psychosocial factors and cortisol variability 

in any cancers affecting women. This study adds to the current body of research on PNI 

in women’s cancers by pursuing the following specific aims:  1) to examine the 

relationship between cortisol variability and anxious and depressive symptoms in 

endometrial cancer, 2) to examine the relationship between cortisol slope and anxious 

and depressive symptoms in endometrial cancer, and 3) to examine adaptive coping 

strategies as moderators of the relationship between mood and cortisol variability and 

slope in endometrial cancer.  Across the literature examining psychosocial factors and 
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cortisol dysregulation, there is little consensus on the most appropriate way to 

statistically operationalize cortisol.  Therefore, a secondary, exploratory aim was to 

examine how the four different operationalizations of cortisol dysfunction compare to 

one another.  

Specific Aims and Hypotheses 

Aim 1:  

To examine the relationship between mood disturbance (depressive 

symptomatology, anxious symptomatology) and intraindividual cortisol variability among 

women with suspected endometrial cancer prior to surgical resection. 

 Hypothesis 1a:  Women with greater depressive symptomatology will have 
greater cortisol variability than those with less depressive symptomatology.  

 Hypothesis 1b:  Women with greater anxious symptomatology will have greater 
cortisol variability than those with less anxious symptomatology.   

Aim 2: 

To examine the relationship between mood disturbance (depressive 

symptomatology, anxious symptomatology) and cortisol slope among women with 

suspected endometrial cancer prior to surgical resection. 

 Hypothesis 2a: Women with greater depressive symptomatology will have flatter 
cortisol slopes than those with less depressive symptomatology. 

 Hypothesis 2b: Women with greater anxious symptomatology will have flatter 
cortisol slopes than those with less anxious symptomatology. 

Aim 3:  

To examine moderating effects of adaptive coping (positive reframing, 

acceptance) on relationships between mood disturbance (depressive symptomatology, 

anxious symptomatology) and cortisol (intraindividual variability and slope) in women 

with suspected endometrial cancer prior to surgical resection.  
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 Hypothesis 3a:  Greater use of adaptive coping skills will moderate the 
relationship between mood disturbance and cortisol variability, such that women 
with mood disturbance and more frequent use of adaptive coping will have less 
cortisol variability than those with mood disturbance and less frequent use of 
adaptive coping. 

 Hypothesis 3b:  Greater use of adaptive coping skills will moderate the 
relationship between mood disturbance and cortisol slope, such that women with 
mood disturbance and more frequent use of adaptive coping will have steeper 
cortisol slopes than those with mood disturbance and less frequent use of adaptive 
coping.   

Secondary/Exploratory Aim 4:  

To compare four operationalizations of diurnal cortisol rhythm/output (i.e., 

intraindividual variability, slope, AUCi, and morning-to-evening ratio) as indicators of 

cortisol dysregulation. 

 Hypothesis 4: Greater morning-to-evening ratio cortisol will be significantly 
related to cortisol slope, given that the two calculations appear to contain 
redundant information. However, due to the exploratory nature of this aim, other 
than this hypothesized relationship, no specific hypotheses are offered about 
which operationalizations of cortisol will be significantly related to one another. 

 

 



 

30 

CHAPTER 2 
METHODS 

The current study pursued the above specific aims in a sample of women who 

underwent surgical consultation at UF & Shands for suspected endometrial cancer 

between 2003 and 2009.   The sample was comprised of women recruited and enrolled 

into a larger, longitudinal study examining psychoneuroimmunologic relations in women 

with endometrial cancer immediately prior to surgery and six to eight weeks following 

surgery (ACS Grant #: IRG-01-188-01 and NIH Grant #: R03 CA 117480).  Specifically, 

this study examined the relations between mood disturbance and cortisol dysregulation 

at the presurgical timepoint only; therefore, the study design was nonexperimental and 

cross-sectional.  Mood data were collected via psychosocial interview at subjects’ pre-

operative visit, typically the day immediately prior to surgery.  Cortisol data were 

collected via saliva sampling at four times points per day for the three days preceding 

their pre-operative study visit.  All procedures were conducted according to the rules 

and regulations of the Institutional Review Board (IRB) of the University of Florida. This 

study is IRB approved (approval number 69-2004). 

Participants 

Participants were women 18 years of age and older who were scheduled to 

undergo surgery (TAH–BSO) for suspected endometrial cancer.  All participants were 

fluent in spoken English. Exclusion criteria included recurrent endometrial cancer, 

cancer originating from a site other than the endometrium, neoadjuvant chemotherapy, 

pre-surgical radiation therapy, or documented severe psychiatric illness. 
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Procedures 

Recruitment for the study took place in the Gynecologic Oncology clinic at 

UF&Shands hospital. The medical team at this clinic included an attending physician, 

residents and one nurse practitioner.  Potentially eligible participants were approached 

by a study staff member during their initial consultation visit with Gyncologic Oncology 

for an abnormal endometrial biopsy.  If they were interested in study participation, they 

reviewed and signed a University of Florida Institutional Review Board approved 

informed consent form. Once consented, participants underwent a brief suicidal and 

psychosis screening, and those screening negative for these mental health issues were 

scheduled to return to the clinic one week later for their pre-operative study visit.  They 

were also provided with a packet of psychosocial questionnaires, and a salivary cortisol 

collection kit.  At this pre-surgical appointment, participants returned these materials 

and completed a psychosocial interview to assess depressive and anxious 

symptomatology.  Participants received $20 compensation for study participation.  

Saliva samples were immediately transported to the laboratory for processing and 

storage. Following participants’ surgeries, study staff reviewed participants’ medical 

charts and abstracted history of comorbid medical conditions and tumor cellular 

classification, stage, and grade data. 

Psychosocial Assessment 

The following measures were administered at the initial consultation visit to 

determine study eligibility. 

Beck Scale for Suicide Ideation (BSS; Appendix A; Beck & Steer, 1991)   

The BSS is a 21-item, self-report measure of the presence and severity of suicidal 

ideation. The BSS has 5 initial screening items. If these items are rated as zero by the 
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participant, they do not complete the rest of the measure, as suicidal ideation is not 

present. All items are rated on a 3-point scale from 0 to 2, and all 21 items contribute to 

the total BSS score with a range of 0 to 42 points. The BSS has been shown to have 

adequate test-retest reliability and a Cronbach’s  of .96 in psychiatric populations 

(Pinninti, Steer, Rissmiller, Nelson, & Beck, 2002).  Any participant endorsing suicidal 

ideation on the BSS underwent more comprehensive psychological evaluation under 

the licensed supervision of the Principal Investigator (DBP) and was deemed ineligible 

for further study participation.  

Psychotic Screening Module of the Structured Clinical Interview  for DSM-IV for 
Non-clinical Populations (SCID-NP; Appendix B; First, Spitzer, Williams, & 
Gibbon, 1995)  

The SCID-NP is a semi-structured interview for the diagnosis of DSM-IV Axis I 

disorders in non-psychiatric populations. The Psychotic Screening Module screens for 

the presence of hallucinations and delusions that may herald an underlying psychotic 

disorder.  This screening measure has been used with other patients with major medical 

illness, such as HIV (Penedo et al., 2003) and demonstrates excellent interrater 

reliability, with Kappa’s ranging from .65 to .98 (Maffei et al., 1997).  As with the BSS, 

any participant endorsing current psychotic symptoms underwent more comprehensive 

psychological evaluation under the licensed supervision of the Principal Investigator 

(DBP).  Women with current psychotic symptoms were not eligible for participation in 

this study.  

The following measures were completed by participants between their initial 

consultation and their pre-operative study visit. 
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Brief COPE (Appendix C; Carver, 1997)   

The Brief COPE was developed to measure various ways individuals cope with 

stressful events.  Originally, the COPE measure was tested in a college student sample 

and contained 60 items with 15 scales contained within. In this form, the COPE 

demonstrated an acceptable mean Cronbach  value of .71 across the various 

subscales (Carver, Scheier, & Weintraub, 1989). However, it in an effort to reduce 

participant burden, a shortened version was developed containing 28 items.  This 

version was then tested on a population of breast cancer patients (Carver, 1997), and 

has been applied to other medical populations, such as those living with HIV (Singh, 

2004) and those with severe psychopathology, such as schizophrenia, major depressive 

disorder and schizophrenia (Meyer, 2001). Reliability estimates are good, ranging from 

0.72 to 0.84 for the various subscales (Cooper, Katona, & Livingston, 2008). While 

these studies compiled various items together to create these subscales, the 

instrument’s author (Carver, 2007) distinguishes the 14 scales based on pairs of items. 

These include: self-distraction, active coping, denial, substance use, use of 

emotional/instrumental support, behavioral disengagement, venting, positive reframing, 

planning, humor, acceptance, religion and self-blame items.  For the current study, the 

acceptance and positive reframing items (highlighted in Appendix C) were selected 

based on the relevant literature previously reviewed. The combination of these items 

demonstrated adequate reliability in our sample, with Cronbach’s ’s .55 and .62 for the 

acceptance and positive reframing items, respectively. 
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Recent Health Behaviors (RHB; Appendix D; Pereira, unpublished) Questionnaire  

To collect information on health and/or eating behaviors during the days of salivary 

cortisol collection, a short questionnaire was administered. Based on the relevant 

literature (Ranganathan, et al., 2009; Lovallo, et al., 2005), each of the following was 

identified as impacting cortisol output caffeine, bananas, plantains and any illicit drug 

use.  Thus, the RHB asked about participants’ consumption of these during the three 

days of saliva collection. The measure was developed by the Principal Investigator 

(DBP) for the purposes of this study.  Two scores were created from this measure for 

the current study: a dichotomous variable for whether or not participants endorsed 

smoking during the days of collection and a sum score of the remaining variables on the 

measure. Smoking was examined separately as its impact on cortisol output is well 

documented (Steptoe & Ussher, 2006)  

The following was administered during the pre-operative study visit. 

Structured Interview Guide for the Hamilton Anxiety and Depression Scale (SIGH- 
AD; Appendix E; Williams, 1988)  

Mood disturbance (anxious and depressive symptoms) during the week prior to 

surgery was measured using the SIGH-AD. This measure has been used widely in 

medical populations, demonstrating adequate reliability and validity in breast cancer 

populations (Cruess, Antoni, Kumar, & Schneiderman, 2000) and patients living with 

HIV (Brown, et al., 1992). In prior work, Cronbach’s  for the anxiety and the depression 

scales were .84 and .75, respectively (Prado, et al., 2002).  

Doctoral students in clinical health psychology administered SIGH-AD interviews 

after being trained to administer the interview by the PI, a licensed psychologist. An 

abbreviated (24 item) version of the SIGH-AD was used in order to reduce patient 
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burden and to remove items confounded with endometrial cancer symptomatology, 

including genitourinary symptoms or weight loss.  This abbreviated version includes 15 

depression items and 9 anxiety items to be scored by the interviewer. Following the 

interview, symptom severity ratings are summed to yield total scores for depressive 

(possible range of 0-44) and anxious symptomatology (possible range of 0-29): both of 

which are scored in the direction of greater scores signifying greater symptomatology. 

Any of these ratings judged by the interviewer as possibly or definitely due to 

health/treatment factors were then subtracted from the total depressive symptomatology 

score to yield total score not confounded by organic factors.  For the purposes of the 

current study, the anxious and depressive symptomatology scales were examined 

separately with both scales demonstrating excellent reliability (Cronbach ’s of .83 and 

.79, respectively). Further, the depressive scale in the current study demonstrated 

excellent concurrent validity, as it was significantly correlated with Beck Depression 

Inventory-II (BDI-II) scores (Beck, Steer & Brown, 1996) when organic symptoms were 

included r(54) = .71, p < .001, as well as when organic symptoms were excluded, r(54) 

= .67, p < .001.  

Biomedical Measures 

Biobehavioral Control Variables 

Prescription medications   

Medical record review and abstraction of current medications was performed.  In 

particular, use of medications known to affect HPA-axis functioning (Granger, Hibel, 

Fortunato, & Kapelewski, 2009) was collected via medical record review and 

abstraction. This included progesterone, NE-dopamine reuptake inhibitors, anti-

hypertensives, and adrenocortical steroids.  The total number of HPA-axis modifying 
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medications currently prescribed was examined as a potential biobehavioral control 

variable in subsequent analyses.      

Disease status and tumor subtype 

More advanced disease status has been associated with dysregulated cortisol 

rhythm in breast cancer patients (Abercrombie et al., 2004), and therefore, participants’ 

disease status was abstracted via medical record review.  Disease status was classified 

using International Federation of Gynecology and Obstetrics (FIGO) cancer stage (I, II, 

III, IV), and FIGO cancer grade (low-grade, intermediate-grade, high-grade).  In 

addition, to control for the potential relationship between adenocarcinoma subtype 

(Type I versus Type II; Bokhman, 1983) and cortisol, a dichotomous variable was 

created. Specifically, participants with preinvasive endometrial disease (complex 

hyperplasia with atypia) and Type I adenocarcinoma were coded as “0,” while those 

with Type II adenocarcinomas (clear cell, mucinous, or uterine papillary serous) were 

coded as “1.”  

Charlson Comorbidity Index (Charlson, Pompei, Ales, & MacKenzie, 1987)  

Given that greater medical comorbidity is associated with more dysregulated 

cortisol output (Rotman-Pikielny, et al., 2006), medical comorbidity was assessed using 

the Charlson Comorbidity Index.  This index contains a list of 17 medical conditions 

(e.g., dementia, peptic ulcer disease, cancer).  Each condition is assigned a weight, with 

more serious conditions (e.g., metastatic solid tumor) being assigned a higher weight (6 

points) than less serious conditions (e.g., peptic ulcer disease; 1 point).  Medical record 

review and abstraction were used to assess for and document the presence of these 

comorbid medical conditions, and each participant was assigned an index score 

comprised of the sum of all weighted items.   
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Salivary Cortisol Collection 

Participants collected saliva samples at four time points across three consecutive 

days immediately prior to their surgery. The timepoints included 8:00, 12:00, 17:00 and 

21:00 hours and were selected based upon prior literature linking cortisol with mortality 

in cancer populations (Sephton et al., 2000).  Participants were provided with a 

collection kit comprised of 13 Salivettes and instructions within a small, insulated cooler.  

Instructions were provided for participants not to brush their teeth, eat or drink, or 

smoke for a half hour prior to collecting salivary samples. Participants were also asked 

to record the exact time of samples collection and store/refrigerate their samples in the 

insulated cooler provided until their return to study staff. 

Once study personnel received the saliva samples, saliva samples were frozen at 

-80 degrees Celsius until they were shipped to Salimetrics Inc. (State College, PA) for 

assaying.  Samples were assayed for salivary cortisol in singlet using a highly sensitive 

enzyme immunoassay (ELISA; Salimetrics, State College, PA). In brief, ELISA is a 

technique used to measure levels of various biological compounds. The “direct” method 

used by Salimetrics applies antibodies to a particular substance of interest (e.g., 

cortisol), and then a secondary antibody is then applied which includes an enzyme 

known to react with the substance of interest. This enzyme is then mixed with a specific 

substrate, creating a change in color that signifies the amount of the substance present; 

in this case, cortisol.  The change of color can be measured with a spectrometer and 

the amount of absorbance then predicts the precise amount of cortisol through a 

previously established standard curve calculation. The test used 25 µl of saliva per 

determination, has a lower limit of sensitivity of 0.003 µg/dl, standard curve range from 

0.012 µg/dL to 3.0 µg/dL, an average intra-assay coefficient of variation of 3.5% and an 
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average inter-assay coefficient of variation of 5.1%. Method accuracy determined by 

spike and recovery averaged 100% and linearity determined by serial dilution averaged 

91.7% (Curran, 2010).   

Statistical Procedures 

Data Preparation  

Four calculations were employed to estimate cortisol output: 1) cortisol regressed 

upon the time of collection to create a beta weight value (Sephton et al., 2000), 2) AUCi 

(Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003), 3) intraindividual cortisol 

variability via multi-level modeling techniques (Hruschka et al., 2005) and 4) cortisol 

morning-to-evening ratio (Jehn et al., 2006; Weinrib et al., 2010).  The specific 

calculation of these four techniques is described in greater detail below. 

Cortisol Slope 

Cortisol slope was calculated by applying ordinary least squares regression 

Sephton et al, 2000), which regresses the four-cortisol values collected on the 4 

timepoints of collection (8:00AM, 12:00PM, 5:00PM and 9:00PM). Given that there are 

three days of collection, the cortisol value of each time point was averaged for each 

person in this calculation. By estimating the linear slope for each individual, a ß is 

assigned, which then can be used as a separate variable for subsequent analyses.  

Area under the Curve with Respect to Increase (AUCi) 

Cortisol AUCi was calculated from a previously published formula (Pruessner, et 

al., 2003). The two formulas presented by Pruessner et al. (2003) are thought to 

measure different processes and include AUC with respect to ground (AUCg) and AUC 

with respect to increase (AUCi). The former calculation measures total cortisol output 

and is a proxy for total hormonal output over the day, whereas the latter formula is a 
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proxy for HPA-axis reactivity, as the basal level of cortisol for a given individual is not 

included in the formula (Pruessner, et al., 2003). The current study was interested in 

stress reactivity, given the previously reviewed literature on HPA-axis reactivity 

alterations in women with cancer (Porter et al., 2003) only AUCi was used in the current 

analyses. The calculation for AUCi is presented in Figure 2-1.  Greater (less negative) 

values signify more total cortisol output and greater HPA-axis reactivity. 

Cortisol variability via Multi-level Modeling 

In order to examine variability in the context of data with significant time trends, the 

data were first “detrended,” in order to eliminate the linear and quadratic time trends as 

potential confounds (Hultsch & MacDonald, 2004). To this end, HLM was applied to 

model accurately the diurnal time trend of cortisol, and the residuals were saved. In the 

present study, the intraindividual standard deviation of each individual’s residual was 

then saved as a separate variable, creating a variable of cortisol intraindividual 

variability.  

Morning-to-Evening Ratio  

The formula for the calculation of the morning-to-evening ratio in this study was 

calculated based on published literature (Jehn, et al., 2006) as follows: ((morning 

cortisol-nocturnal cortisol)/morning cortisol) x 100).  Lower numbers signify a more 

abnormal cortisol rhythm due to either (a) a smaller positive difference between morning 

and evening cortisol levels (i.e., creating a flattened, but negative), or (b) a greater 

negative difference between morning and evening cortisol levels (i.e., creating a truly 

positive slope).   
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Descriptive Statistics 

All variables (including the aforementioned cortisol calculations) were examined 

for normality to ensure the appropriate use of parametric statistics. Additionally, outliers 

were examined, and if data remained nonnormal, values above/below three standard 

deviations were eliminated from subsequent data analysis. If appropriate, a 

transformation was applied to ensure normality of all data.  

Specific Aims and Hypotheses 

Aim 1:  

To examine the relationship between mood disturbance (depressive 

symptomatology, anxious symptomatology) and intraindividual cortisol variability among 

women with suspected endometrial cancer prior to surgical resection. 

To examine support for hypotheses 1a and 1b, which assert that women reporting 

greater depressive and anxious symptoms will have greater cortisol variability, multi-

level modeling (MLM) was used.  Specifically, MLM was used to create an 

intraindividual cortisol variability estimate, and then bivariate Pearson correlation 

analyses were conducted to examine the relationship between cortisol intraindividual 

variability and the psychological variables of interest (depressive and anxious 

symptoms).   If found to be significant, significant psychological variable-cortisol 

variability correlations were explored further using hierarchical regression (ordinary least 

squares regression in which predictors are entered in theoretically ordered blocks), 

while controlling for variables associated with cortisol variability. The following control 

variables, reviewed above, were examined and included in the analyses if they were 

significantly related to cortisol variability:  number of HPA-modifying medications 
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currently prescribed, current cigarette smoking, FIGO cancer stage, FIGO tumor grade 

and Charlson Comorbidity Index score.  

As exploratory analyses within this Aim, the unique contributions of anxiety and 

depression to cortisol variability were examined.  To do so, hierarchical regression 

analysis was used to orthogonalize depression and anxiety scores (Little, Boviard & 

Widaman, 2006). By regressing out the depression and anxiety scores from the total 

score, two variables were created: depression excluding any anxiety effects, and 

anxiety excluding any depression effects. These variables will be referred to hereafter 

as “iso-anxiety” and “iso-depression,” given the application of this nomenclature in other 

work using similar statistical approaches (Kubzansky, Cole, Kawachi, Vokonas, & 

Sparrow, 2006).   Based upon the majority of published work in cortisol variability 

focusing on major depressive disorder (Peeters et al., 2004; Posener et al., 2004), in 

conjunction with the paucity of literature examining anxiety-cortisol variability relations, it 

was hypothesized that anxiety would not be significantly related to cortisol variability 

once the contribution of depression was regressed out of the relationship. Conversely, it 

was hypothesized a significant relationship would emerge between cortisol variability 

and depressive symptomatology, once the contribution of anxiety was regressed out of 

the relationship.  

All analyses for Aim 1 were conducted using SPSS version 20.0 (SPSS Inc., 

Chicago IL).  MLM modeling of the cortisol trend was used to create the intraindividual 

cortisol variability estimate with the MIXED feature within SPSS. 
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Aim 2: 

To examine the relationship between mood disturbance (depressive 

symptomatology, anxious symptomatology) and cortisol slope among women with 

suspected endometrial cancer prior to surgical resection. 

To examine support for hypotheses 2a and 2b, which assert that women who 

report greater depressive symptoms will have flatter cortisol slopes, MLM was also 

used.  As previously reviewed, MLM has been increasingly used to model the diurnal 

time trends observed in cortisol (Adam & Gunnar, 2001; Almeida, Piazza, & Stawski, 

2009; Hruschka, Kohrt, & Worthman, 2005).  Following Singer and Willett (2003), only 

the k-2 polynomial trends can be identified; therefore we tested for linear and quadratic 

time trends. The quadratic trend was orthogonalized to remove multicollinearity with the 

linear trend. To make estimates of cortisol more interpretable, saliva collection times 

were rescaled to have the starting value equal zero while keeping the original scale 

between points of time to preserve the original distance between points of collection. 

The sample average time at which each of the four-cortisol measurements was taken 

(over the three days) was used as the time-of-day predictor.  Data in this study were 

represented by 3 levels of data collection: time of cortisol collection within day of 

collection (Level 1), time of cortisol collection across all 3 days of collection (Level 2) 

and between-persons differences within day (Level 3).  The possible effect of day of 

cortisol collection was also estimated (Level 2).   The final analyses included two levels 

of analysis: time within day and between-person estimations of cortisol within day, as 

we did not anticipate a significant cortisol time trend across days of collection. To 

examine between-person predictors of interest, two separate models were constructed: 

one including SIGH-AD Depression as a continuous predictor (Hypothesis 2a) and one 
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including SIGH-AD Anxiety as a continuous predictor (Hypothesis 2b).  These were 

entered as Level 2 predictors to explain individual differences in linear cortisol slope.  

Both depression and anxiety scores from the SIGH-AD were centered to ensure that 

parameter estimates are more interpretable (Blackwell, de Leon, & Miller, 2006). As in 

Aim 1, the following control variables were examined and included in the analyses if 

they significantly predict the cortisol time trend or if they significantly improved the 

model fit based on comparing -2 log likelihood ratios in maximum likelihood estimation: 

number of HPA-modifying medications currently prescribed, current cigarette smoking, 

FIGO cancer stage, FIGO tumor grade, and Charlson Comorbidity Index score. As 

exploratory analyses, these models were re-run excluding the 8AM timepoint, which has 

been well documented in the research literature as being highly reactive to psychosocial 

stressors (e.g., Chida & Steptoe, 2009).  The exclusion of this timepoint allowed for the 

examination of the relationship between depressive/anxious symptoms and afternoon-

to-evening cortisol slope, as this relationship may differ once 8AM cortisol has been 

eliminated.  Similar to the approach used to model cortisol trend in specific aim 1, this 

aim used the MIXED feature within SPSS.    

Aim 3:  

To examine moderating effects of adaptive coping (positive reframing, 

acceptance) on relationships between mood disturbance (depressive symptomatology, 

anxious symptomatology) and cortisol (intraindividual variability and slope) in women 

with suspected endometrial cancer prior to surgical resection.  

To examine support for hypotheses 3a and 3b, which asserts that the greater use 

of adaptive coping skills will moderate the relationship between mood disturbance and 

cortisol variability and cortisol slope, HLM (Hypothesis 3a) and ordinary least squares 
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regression analyses (Hypothesis 3b) were used. To test Hypothesis 3a, coping scores 

were entered as a Level 2, between-person predictors, in addition to depressive and 

anxious symptom scores.  The two coping scores (Acceptance and Positive Reframing) 

were tested as moderators of the predicted anxiety/depression and cortisol 

relationships, following the criteria put forth by Aiken & West (1991).  In summary, four 

separate MLM models were conducted, including: 1) depressive symptoms and positive 

reframing items, 2) depressive symptoms and acceptance coping items, 3) anxious 

symptoms and acceptance coping items, and 4) anxious symptom and positive 

reframing scores – all as predictors of the within-day linear cortisol trend.  Additionally, 

to examine the potential moderating effects of coping on cortisol variability (Hypothesis 

3b), ordinary least squares regression analyses were conducted, with cortisol 

intraindividual variability as the dependent variable. As above, four models were tested 

to predict cortisol intraindividual variability, controlling for variables that were 

significantly related to cortisol variability (as listed in specific aims 1 and 2) in the first 

block of the regression equation.  

Moderation was examined using the methods of Aiken & West (1991).  

Specifically, cortisol variability was regressed on the presence of high-risk 

adenocarcinomas, the main effects of each mood variable, the main effects of each 

moderator variable, and the cross-product of each mood/moderator variable.  To control 

for the potential impact of multicollinearity inherent with the use of interaction terms, the 

unique effect of each interaction was computed by orthogonalizing the product term.  

Specifically, residuals are saved from a linear regression in which interaction term is 

regressed on the predictor and moderator variables, and these residuals are used as 
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the interaction term in subsequent regressions (Little et al., 2006). Similarly, interaction 

terms were entered into the multilevel model to predict the within day linear trend. For 

these analyses, each predictor (anxious/depressive symptoms and acceptance/positive 

reframing) was orthogonalized with the time variable, to control for the potential 

confound of multicollinearity between predictors.  

Secondary/Exploratory Aim 4:  

To compare four operationalizations of diurnal cortisol rhythm/output (i.e., 

intraindividual variability, slope, AUCi, and morning-to-evening ratio) as indicators of 

cortisol dysregulation. 

As described above, four separate methods of operationalizing cortisol output were 

calculated.  Relations among these estimates were examined using Pearson correlation 

analysis.     

Power and Sample Size 

 Prior to data analyses, a priori power analyses were conducted to determine the 

sample size that would be necessary to detect specific effect sizes with power = .80 and 

α = .05.  These specific effect sizes were drawn from prior published literature.  Studies 

by Havermans et al (2010) and Peeters et al. (2004) suggest that correlations between 

psychological factors, such as depressed mood, and cortisol variability range from r = 

.28 to r = .29, values approximating “medium” effect sizes according to Cohen’s effect 

size convention (Cohen, 1992).   Using multiple linear regression with 2 predictors (e.g., 

a control variable and a predictor of interest) and α = .05, it was determined that a 

sample size of 113 would be necessary to detect an f2 = .088 (equivalent to r = .285) 

with power = .80.  At the time of data analyses, it was determined that 85 participants 

contributed complete data on the variables of interest.  With a sample size of 85, the 
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achieved power to detect an f2 = .088 with 2 predictors and α = .05 was .68, while the 

achieved power to detect this effect size with 1 predictor and α = .05 was .79.  Thus, in 

order to maintain adequate power, efforts were made to limit the number of predictors 

used.   

Snijders (2005) suggests performing power analyses for MLM procedures in a 

manner similar to those for multiple regression analyses.  Giese-Davis et al. (2004) 

found the effect sizes between psychosocial factors and diurnal cortisol slope in cancer 

patients ranged from d = .75 to d = .85. Using multiple linear regression with 2 

predictors and α = .05, a sample size of 64 would be necessary to detect an f2 = .16 

(equivalent to d = .80) with power = .80.  Given that the sample size for the current 

study was 85, the study appeared to be is adequately powered to detect a true 

relationship between psychosocial factors and diurnal cortisol slope with MLM.   

 
Figure 2-1. Calculation for Area under the Curve with Respect to Increase (AUCi) 
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CHAPTER 3 
RESULTS 

Participant Characteristics 

One hundred thirty-four women were enrolled into the study. Of these participants, 

26 were excluded, as they did not contribute any psychosocial or cortisol data due to 

systematic data collection problems (e.g., participant was discharged from clinic without 

the knowledge of the study researchers and before any data could be collected).  Of the 

108 remaining participants, 85 contributed complete psychosocial data and more than 1 

saliva sample.  Analyses were conducted on these 85 participants.  Comparison of 

these 85 participants to the 23 who provided only partial psychosocial and/or cortisol 

data revealed that there were no statistically significant differences on major 

demographic, psychosocial, or cancer-related variables between the final sample of 85 

and the 23 providing only partial data (see Table 3-1).  

 The sample on which analyses were conducted was primarily Caucasian (93%) 

and older (M = 61.89, SD = 8.96).  Mean BMI was 35.95 kg/m2 (SD = 10.92 kg/m2), with 

56 (66%) of the participants within the obese range (BMI above 30 kg/m2) and 14 

participants (17%) within the normal and overweight ranges. The majority of participants 

had surgically-diagnosed Stage I disease (n = 55, 65% of the sample analyzed) and 

well differentiated FIGO grades (n = 45, 54% of the sample analyzed; Table 3-1). 

Further, the majority of participants had tumors classified as Type I (n = 73, 89%), with a 

small percentage having tumors classified as Type II (n = 9, 11%).    

Depressive and Anxious Symptomatology 

Depression scores ranged from 0 to 30 with a mean of 7.81 (SD = 5.59). 

Excluding those symptoms attributable to organic causes (e.g., medications, direct or 
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indirect effects of the tumor), depression scores ranged from 0 to 30 (M = 6.75, SD  = 

5.64).  Anxiety scores ranged from 0 to 21, with a mean of 5.27 (SD = 4.09).  

Depressive symptomatology scores were non-normally distributed, and therefore a 

square root transformation was applied, resulting in adequate characteristics of 

normality (Shapiro-Wilk’s test, p = .17).   

Cortisol values 

A total of 884 cortisol samples were collected across the 85 participants. 

Participants’ raw cortisol values were examined for normality, and five cortisol values 

were determined to be 3 standard deviations from the mean (M = .19 µg/dL, SD = .48 

µg/dL) and were eliminated from further data analyses. After the removal of these 

outliers, cortisol data displayed adequate characteristics of normality (Shapiro-Wilk’s 

test, p = .11). The mean raw cortisol values for each time of collection are presented in 

Figure 3-1. 

Results: AIM 1: 

To examine the relationship between mood disturbance (depressive 

symptomatology, anxious symptomatology) and intraindividual cortisol variability among 

women with suspected endometrial cancer prior to surgical resection. 

Cortisol variability data were examined for normality. A square root transformation 

was applied to this data. After applying this transformation, the data displayed adequate 

characteristics of normality (Shapiro-Wilk’s p = .34).  Intraindividual cortisol variability 

values ranged from .16 to .58 to (M = .29, SD = .091). Cortisol variability was not related 

to BMI, r(84) = -.06, p = .62, d = -.12; age, r(85) = .17, p = .13, d = .35; any smoking 

across saliva collection days, t(60) =.58, p =.57, d = 1.42; or Charlson Comorbidity 

index scores r(84) = -.10, p =.36, d = .21 . However, the presence of high risk 
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endometrial cancer subtype with cortisol variability; specifically, participants with Type II 

adenocarcinomas had significantly lower cortisol variability than those with Type I 

adenocarcinomas, t(81) = 2.33, p = .023, d = .97. 

Depressive/anxious symptomatology and cortisol variability. Using Pearson 

correlations, cortisol variability was not related to anxiety symptoms, r(85) = .14, p = .19, 

d = .28.  However, cortisol variability was marginally significantly associated with 

depressive symptomatology, r(85) = .21, p = .051, d = .43, suggesting that those with 

greater depressive symptoms had higher intraindividual cortisol variability.   

Given the significant difference in cortisol variability between Type I and Type II 

adenocarcinomas (“high risk subtype”), a hierarchical regression (ordinary least squares 

regression in which predictors are entered in theoretically ordered blocks) was 

conducted on cortisol variability controlling for presence of high-risk subtype.  After 

controlling for the presence of high risk endometrial cancer subtype, greater depressive 

symptomatology was significantly associated with greater cortisol variability (β = .21, p = 

.048, d = .43).  Depressive symptoms explained 4.6% of the variance in intraindividual 

cortisol variability above and beyond presence of high-risk subtype (Table 3-2).  

However, after controlling for high risk endometrial cancer subtype, anxiety remained 

unrelated to cortisol variability (β = .11, p = .30, d = .22) in regression analyses (Table 

3-3).  

To further illustrate the relationship between depressive symptomatology and 

cortisol variability, raw cortisol values were plotted for the five participants reporting the 

greatest depressive symptoms prior to surgery (Figure 3-2) and the five participants with 

the lowest depressive symptoms (i.e., no depressive symptoms) prior to surgery (Figure 
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3-3).  As suggested by these Figures, compared to participants with no depressive 

symptoms, participants reporting the greatest depressive symptoms demonstrated 

greater dispersion of raw cortisol values from their individual regression slopes.  

As exploratory analyses within AIM 1, the anxiety and depressive symptom scores 

were orthogonalized to isolate the unique contributions of anxiety without depressive 

symptoms and depression without anxiety symptoms.  To create these orthogonalized 

variables, linear regression was applied with anxiety as predictor of the total SIGH-AD 

score, controlling for depressive symptoms. The residuals were then saved from this 

regression equation, creating a variable representing anxiety symptoms without the 

contribution of depressive symptoms (iso-anxiety). Cortisol variability was then 

regressed on these iso-anxiety and iso-depressive symptom scores.  

Results revealed that neither iso-anxiety symptoms nor iso-depressive symptoms 

were related to cortisol variability (r(85) = -.064, p = .56, d = .13 and r(85) = .16, p = .16, 

d = .32, respectively). Given the significant relationship between the presence of high 

risk endometrial cancer subtype and cortisol variability, a hierarchical regression was 

conducted to predict cortisol variability with iso-anxiety and iso-depression as separate 

predictors, controlling for the presence of high-risk subtype.  Iso-anxiety symptoms did 

not significantly predict cortisol variability (β = -.12, p = .29, d = .24) (Table 3-4).  

However, greater iso-depressive symptoms approached significance in its association 

with greater cortisol variability after controlling for the presence of high-risk subtypes (β 

= .19, p = .080, d = .39) (Table 3-5). Iso-depression explained 3.6% of the variance in 

cortisol variability above and beyond the presence of high risk endometrial cancer 

subtype.   
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Results: Aim 2: 

To examine the relationship between mood disturbance (depressive 

symptomatology, anxious symptomatology) and cortisol slope among women with 

suspected endometrial cancer prior to surgical resection. 

Linear Time Trend (Cortisol Slope) 

As previously stated, multilevel modeling was applied to model the cortisol data 

and account for the diurnal time trend typically observed in cortisol rhythms.   As 

expected, a significant negative linear time trend was observed in cortisol (β = -0.014, 

SE = .001, p < .001) as well as a significant positive quadratic trend at the end of the 

day (β = .002, SE = .0003, p < .001).  As seen in Table 3-6 each model represented an 

increasingly better fit to the data, represented by decreasing -2 log likelihood statistics. 

Further, when the nested model tests were compared, each iteration remained highly 

significant (p values < .001; data not shown). Also as expected, there were significant 

random effects, in both the first measurement of cortisol at 8AM (p < .001), linear time 

trend within the day (p < .001) and the quadratic trend observed at the end of the day (p 

< .001; data not shown).  There was not a significant trend of cortisol across days (β = -

.002, SE = .005, p = .67; data not shown). Further, inclusion of this nonsignificant day 

trend resulted in convergence problems and it was therefore excluded in subsequent 

analyses.  

Control variables were entered into the multilevel model prior to testing for the 

predictor variables of interest (depressive/anxious symptoms) and retained if a) the 

model improved based on a significant chi-square nested model tests or b) the 

coefficient estimate significantly contributed to the model. Out of the possible control 

variables investigated (smoking across saliva collection days, cancer stage, tumor 
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grade, adenocarcinoma subtype, medication use), only Charlson Comorbidity Index 

score was significantly related (β = .004, SE = .002 p = .006) to cortisol slope in the 

multilevel model; therefore, Charlson Comorbidity Index score was retained as a control 

variable in the depression and anxiety conditional growth models (Table 3-7). 

Depressive/Anxious Symptoms and Cortisol Slope 

After controlling for Charlson Comorbidity Index score, neither depressive nor 

anxious symptoms predicted the initial value of cortisol (β = .013, SE = .012, p = .30 and 

β = .0008, SE = .003, p = .81; respectively) (Table 3-8).  Similarly, and contrary to 

hypotheses, neither depressive nor anxious symptoms predicted linear cortisol slope 

across the three days preceding surgery (β = -.001, SE = .0009, p = .26 and β = -.0003, 

SE = .0003, p = .29; respectively) (Table 3-9).  Furthermore, neither depressive nor 

anxious symptoms were related to the positive quadratic trend observed in the cortisol 

rhythm within day (data not shown).  

As in analyses in AIM 1, iso-depression and iso-anxiety were entered in the 

multilevel model to predict linear cortisol slope.  Iso-anxiety remained unrelated to the 

initial value of cortisol (β = -.008, SE = .006, p = .18) or linear cortisol slope throughout 

the day (β = -0.0005, SE = 0.0005, p = .32) (Tables 3-10 and 3-11, respectively). 

However, greater iso-depressive symptoms were marginally associated with a greater 

initial value of cortisol (β = 0.007, SE = 0.004, p = .078).   Greater iso-depressive 

symptoms approached significance in its relationship with a steeper cortisol slope (β = -

0.0006, SE = 0.0003, p = .095) (Tables 3-10 and 3-11, respectively).  As exploratory 

analyses within this aim, these models were re-run excluding the 8AM time point; 

however, the elimination of this data point led to repeated convergence problems, and 

therefore these models are not reported. 
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Results: Aim 3: 

To examine moderating effects of adaptive coping (positive reframing, 

acceptance) on relationships between mood disturbance (depressive symptomatology, 

anxious symptomatology) and cortisol (intraindividual variability and slope) in women 

with suspected endometrial cancer prior to surgical resection. 

Descriptive Statistics for Acceptance and Positive Reframing Items 

Of the 85 participants completing other variables of interest (SIGH-AD and 

providing cortisol samples), only 72 participants completed the COPE. Positive 

reframing responses ranged from 2 to 8 (M = 5.26, SD = 1.85). Responses on the 

acceptance item on the COPE ranged from 3 to 8 (M = 6.63, SD = 1.33). Both items 

displayed adequate characteristics of normality and therefore the raw values were used 

in subsequent analyses. 

Relations among Acceptance, Positive Reframing and Cortisol Variability 

There were no significant correlations between positive reframing scores and 

cortisol variability (r(70) = .10, p =.39, d = .20). Similarly, there was no significant 

correlation between acceptance scores and cortisol variability (r (72) = .18, p = .12, d = 

.37). 

Positive Reframing and Acceptance as Moderators of Anxiety/Depressive  

Symptoms and Cortisol Variability 

To conduct moderation analyses, the steps of Aiken & West (1991) were applied, 

controlling for the main effects of each predictor variable in the hierarchical regression 

equation. Further, to control for the potential impact of multicollinearity inherent with the 

use of interaction terms, the unique effect of each interaction was computed by 

orthogonalizing the product term (e.g., residuals are saved from a separate hierarchical 
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regression in which each variable is entered as independent variables and the product 

term is the dependent variable; Little et al., 2006).   

As seen in Table 3-12, there was no main effect of positive reframing on cortisol 

variability (β = .11, p = .35, d = .22); further, positive reframing did not moderate the 

relationship between depression and cortisol variability (β = -.15, p = .21, d = .30; Table 

3-12).  Similarly, as shown in Table 3-13, there was no main effect of acceptance on 

cortisol variability (β = .19, p = .11, d = .38), and acceptance did not moderate the 

relationship between depression and cortisol variability (β = .042, p = .72, d = .084). 

However, as presented in Table 3-14, there was a marginally significant relationship 

between acceptance and cortisol variability (β = .22, p = .072, d = .45), such that greater 

use of acceptance as a coping strategy was marginally related to greater intraindividual 

cortisol variability. In this model, acceptance did not moderate the relationship between 

anxiety and cortisol variability (β = -.010, p = .93, d = .024; Table 3-14).  As seen in 

Table 3-15, there was no main effect of positive reframing on cortisol variability (β = .11, 

p = .38, d = .22); furthermore, positive reframing did not moderating the relationship 

between anxiety and cortisol variability (β = -.034, p = .79, d = .062).  

As outlined in specific aim 3, each term was entered into separate multilevel 

models (in the same order of the ordinary least squares regression models just 

presented). As presented in Table 3-16, there was no main effect of positive reframing 

on cortisol slope (β = 0.0002, SE = 0.006, p = .80); furthermore, positive reframing did 

not moderate the relationship between depression and cortisol slope (β = -0.008, SE = 

0.006, p = .14).  Similarly, as seen in Table 3-17, there was not a main effect of 

acceptance on cortisol slope (β = -0.001, SE = 0.001, p = .17), nor did acceptance 
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moderate the relationship between depression and cortisol slope (β = -0.003, SE = 

0.005, p = .64). As demonstrated in Table 3-18, there was no relationship between 

acceptance and cortisol slope (β = -0.001, SE = 0.001, p = .12), and acceptance did not 

moderate the relationship between anxiety and cortisol slope (β = 0.00002, SE = 0.003, 

p = .10).  As presented in Table 3-19, there was no main effect of positive reframing on 

the relationship between anxiety and cortisol slope (β = 0.00008, SE = 0.0006, p = .89), 

and positive reframing did not moderate the relationship between anxiety and cortisol 

slope (β = 0.003, SE = 0.002, p = .13). 

Results: Secondary/Exploratory Aim 4: 

To compare four operationalizations of diurnal cortisol rhythm/output (i.e., 

intraindividual variability, slope, area under the curve with respect to increase [AUCi], 

and morning-to-evening ratio) as indicators of Cortisol Dysregulation. 

Cortisol Slope 

Cortisol slope was calculated by regressing the four-cortisol values collected on 

the time of day of collection and assigning a ß value to each individual as an estimate of 

the linear slope. Consistent with prior work examining cortisol slope in cancer 

populations (Sephton et al., 2000), a natural log transformation was applied to raw 

cortisol values prior to the calculation of cortisol slope. Following this transformation, 

cortisol slope values displayed adequate characteristics of normality (Shapiro-Wilks 

test, p  = .054). The mean of cortisol slope was -.096 (SD = .054), ranging from -.25 to 

.039. For these data, a greater number is associated with a flatter diurnal pattern of 

linear cortisol slope.   
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Area Under the Curve with Respect to Increase (AUCi) 

AUCi values ranged from -46.09 to -6.88 (M = -24.93, SD = 7.13), displaying 

adequate characteristics of normality (Shapiro-Wilks test, p = .77). In these data, a 

greater (less negative) value corresponds to greater cortisol output throughout the day, 

after controlling for the baseline cortisol, thus signifying greater HPA-axis reactivity.  

Morning-to-evening Ratio of Cortisol 

The raw morning-evening ratio values ranged from -72.46 to 94.35 (M = 63.81, SD 

= 31.61). In these data, a lower value signifies a more abnormal slope.  These values 

remained non-normal and therefore a Blom transformation was applied, resulting in a 

normal distribution (Shapiro-Wilks test, p = .10).  

Comparison among Cortisol Calculations 

Pearson correlations were first calculated to examine the relationship among the 

four methods of operationalizing cortisol output. Cortisol intraindividual variability was 

not associated with either morning-to-evening cortisol ratio, r(82) = .002, p = .99, or 

cortisol slope, r(82) = .016, p = .89; furthermore, cortisol slope was not correlated with 

AUCi, r(83) = .14, p = .20.   However, greater AUCi (greater cortisol output) was 

significantly associated with greater cortisol variability, r(83) = .62, p < .001, and 

marginally associated with lower morning-to-evening cortisol ratio, r(82) = -.21, p = .06, 

suggesting that greater cortisol reactivity (AUCi) was associated with more erratic 

cortisol output and lower difference between morning and evening cortisol.   A highly 

significant relationship also emerged between cortisol slope and morning-to-evening 

cortisol ratio, r (82) = -.93, p < .001, such that a flatter cortisol slope was associated with 

a lower difference between morning and evening cortisol (Table 3-20).
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Table 3-1. Comparison of Participants Included and Excluded in Data Analyses. 

Variable Included in Analyses  
(n= 85) 

Excluded from Analyses 
(n=23)   

Test Statistic  Effect Size 

 M (SD) n M (SD) n t-value X2 p-value d Cramer’s 
V 

SIGH-AD Depression 7.81 (5.59)  7.39 (4.57)  .33  .74 .082  
SIGH-AD Depression (with 
items attributable to 
health/treatment factors 
excluded) 

6.75 (5.64)  5.91 (4.02)  .67  .51 .17  

SIGH-AD Anxiety 5.27 (4.09)  4.78 (3.55)  .52  .61 .13  
Age 61.89 (8.96)  59.39 (9.56)  1.17  .24 .27  
BMI 35.95 (10.92)  38.09 (12.12)  .81  .42 .19  
Cancer Gradea        3.15 .37  .17 
 Benign   6   2      
 Well-differentiated   45   14      
 Moderately differentiated   24   2      
 Poorly differentiated   8   2      
Cancer Stage        1.13 .77  .10 
 Benign   6   2      
 Stage I   55   17      
 Stage II   13   2      
 Stage III 

  
11   2      

Race        3.64 .16  .18 
     Caucasian   79   18      
     African-American   5   4      
     Mixed   1   0      
Ethnicity        .80 .37  .09 
     Not Hispanic/Latino   75   17      

     Hispanic/Latino   4   2      
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Table 3-2.  Predicting Intraindividual Cortisol Variability from Depressive Symptoms. 

Step Number Predictor Variable R2 β ∆R2
 F of ∆R2

 p 

1 Presence of High Risk 
Endometrial Cancer Subtype 

.064 -.25 .064 5.45 .022 

2 SIGH-AD Depression Score .11 .21 .046 4.05 .048 

n = 82.  Significance of Model, F(2, 79) = 4.85, p = .010. 
 
 
 
 
 
Table 3-3.  Predicting Intraindividual Cortisol Variability from Anxiety Symptoms.  

Step Number Predictor Variable R2 β ∆R2
 F of ∆R2

 p 

1 Presence of High Risk 
Endometrial Cancer Subtype 

.064 -.25 .064 5.45 .022 

2 SIGH-AD Anxiety Score  .077  .11 .013 1.11  .30 

n = 82.  Significance of Model, F(2, 79) = 3.29, p = .043. 
 
 
 
 
 
Table 3-4. Predicting Intraindividual Cortisol Variability from Anxiety Symptoms; 

Controlling for Concurrent Depressive Symptoms. 

Step Number Predictor Variable R2 β ∆R2
 F of ∆R2

 p 

1 Presence of High Risk 
Endometrial Cancer Subtype 

.064  -.25 .064 5.45 .022 

2 SIGH-AD Iso-Anxiety Score  .077  -.12 .013 1.15   .29 

n = 82.  Significance of Model, F(2, 79) = 3.30, p = .042. 
 
 
 
 
 
 
Table 3-5. Predicting Intraindividual Cortisol Variability from Depressive Symptoms; 

Controlling for Concurrent Anxiety Symptoms. 

Step Number Predictor Variable R2 β ∆R2
 F of ∆R2

 p 

1 Presence of High Risk 
Endometrial Cancer Subtype 

.064 -.25 .064 5.45 .022 

2 SIGH-AD Iso-Depression 
Score  

.10  .19 .036 3.14 .080 

n = 82.  Significance of Model, F(2, 79) = 4.37, p = .016. 
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Table 3-6. Unconditional Growth Models of Cortisol Values. 

 Fixed effects - 2LL AIC BIC Residual Intercept Coefficient SE T p 

Unconditional Means Model   -640.63   -636.63   -627.06 0.028 0.16 n/a n/a  28.73 .000 

Random Intercept   -759.45   -753.45   -739.10 0.022 0.007  0.16 0.011  15.47 .000 

Unconditional Growth Model (Linear)   -997.81   -989.81   -970.68 0.016 0.008 -0.014 0.001 -16.67 .000 

Unconditional Growth Model 
(Random Effects of Linear) 

-1004.52   -994.52   -970.60 0.015 0.010 -0.015 0.001 -14.22 .000 

Unconditional Growth Model (Linear 
and Quadratic Time; including 
Random Effects) 
 

-1065.55 -1051.55 -1018.06 0.012 0.012  0.002 0.0003    6.14 .000 

Random Effects          
       Variance  Wald Statistic p 

Random Intercept      .007  4.89 .000 

Random Linear      .00003  2.010 .044 

Random Linear and Quadratic      .000002  2.20 .028 

-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s Bayesian 
Criteria (all displayed in smaller-is-better forms); SE = Standard Error; n/a = not applicable. 
*All multilevel models controlled for Charlson comorbidity score, as this was significantly related to 
linear cortisol slope. 
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Table 3-7. Relationships Between Potential Covariates and Cortisol Slope using Multilevel Modeling 

Covariate Tested* -2LL AIC BIC Residual Intercept Coefficient SE T p 

Presence of High Risk 
Endometrial Cancer Subtype 

 -1075.20 -1059.20 -1021.17 0.012 0.012 -0.085 0.043 -1.98   .052 

Total Number of HPA-axis 
Modifying Medications Currently 
Used 

 -1067.93 -1051.93 -1013.65 0.012 0.012 -0.064 0.041 -1.55 .13 

Cancer Stage  -1069.01 -1053.01 -1014.73 0.012 0.012 -0.030 0.016 -1.88   .065 

Tumor Grade†  -1030.13 -1014.13   -976.02 0.013 0.012 -0.017 0.018 -0.96 .34 
Any Cigarette Smoking Across 
Saliva Collection Days† 

   -900.63   -884.63   -848.97 0.010 0.010 -0.003 0.039   -0.085 .93 

Charlson Comorbidity Index Score  -1073.93 -1057.93 -1019.93 0.012 0.012  0.004 0.002  2.78   .006 

 
-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard 
Error. 
*All models were run separately and fit statistics were compared to the Unconditional Growth Model (which included fixed and random effects of linear and 
quadratic time trends; - 2 LL = -1065.55, AIC = -1051.55, BIC = -1018.06; Table 3-6, above.) 
†Nested model tests demonstrate a significantly (p < .0001) worse fitting model based on deviance statistics from this model. 
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Table 3-8. Predicting Initial Cortisol Value from Anxiety and Depressive Symptoms. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

SIGH-AD Depression Score -1075.04 -1057.04 -1014.29 0.012 0.012 0.013 0.012 1.06 .30 
SIGH-AD Anxiety Score -1073.99 -1055.99 -1013.24 0.012 0.012 0.0008 0.003 0.25 .81 

-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s 
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
*All multilevel models controlled for Charlson Comorbidity Index score, as this was significantly related to linear 
cortisol slope. 
 
 
Table 3-9. Predicting Cortisol Slope from Anxiety and Depressive Symptoms. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

SIGH-AD Depression Score -1075.24 -1057.24 -1014.49 0.012 0.012    -0.001 0.0009 -1.15 .26 
SIGH-AD Anxiety Score -1075.04 -1057.04 -1014.29 0.012 0.012 -0.0003 0.0003 -1.06 .29 

-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s  
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
*All multilevel models controlled for Charlson Comorbidity Index score, as this was significantly related to linear 
cortisol slope. 
 
 
Table 3-10. Predicting Initial Cortisol Value from Iso-Anxiety and Iso-Depressive Symptoms. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

SIGH-AD Iso-
Depression Score -1073.42 -1055.42 -1012.67 0.012 0.012   0.007 0.004  1.79 .078 
SIGH-AD Iso-
Anxiety Score -1072.06 -1054.06 -1011.31 0.012 0.012  -0.008 0.006 -1.35 .18 

-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s  
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
*All multilevel models controlled for Charlson Comorbidity Index score, as this was significantly related to linear 
cortisol slope. 
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Table 3-11. Predicting Linear Cortisol Slope from Iso-Anxiety and Iso-Depressive Symptoms. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

SIGH-AD Iso-
Depression 
Score -1073.09 -1055.09 -1012.34 0.012 0.012 -0.0006 0.0003 -1.68 0.095 
SIGH-AD Iso-
Anxiety Score -1071.27 -1053.27 -1010.52 0.012 0.012 -0.0005 0.0005 1.001 0.32 

-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s  
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
*All multilevel models controlled for Charlson comorbidity Index score, as this was significantly related to linear 
cortisol slope 
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Table 3-12. Examining Positive Reframing as a Potential Moderator of a Relationship 
between Depressive Symptoms and Cortisol Variability. 

Step Number Predictor Variable R2 β p ∆R2
 F of ∆R2 

1 Presence of High Risk 
Endometrial Cancer Subtype 

.041  -.21 .081 .041 2.91 

2 
 

SIGH-AD Depressive 
Symptoms 

 
.12 

  
  .21 

 
.082 

 
.077 

 
1.85 

 Positive Reframing    .11 .35   
 Positive Reframing X 

Depressive Symptoms* 
  -.15 .21   

n = 68.  Significance of Model, F(4, 63) = 2.20, p = .079 
*Represents the residualized interaction term. 
 
 
 
 
Table 3-13. Examining Acceptance as a Potential Moderator of a Relationship between 

Depressive Symptoms and Cortisol Variability.  

Step Number Predictor Variable R2 β p ∆R2 F of ∆R2 

1 Presence of High Risk 
Endometrial Cancer 
Subtype 

.041  -.20 .093 .041 2.37 

2 
 

SIGH-AD 
Depressive Symptoms 

 
.13 

 
  .23 

 
.056 

 
.090 

 
2.24 

 Acceptance    .19 .11   
 Acceptance X Depressive 

Symptoms* 
  

  .042 
 
.72 

  

n = 70.  Significance of Model, F(4, 65) = 2.44, p = .055 
*Represents the residualized interaction term. 
 
 
 
 
Table 3-14. Examining Acceptance as a Potential Moderator of a Relationship between 

Anxiety Symptoms and Cortisol Variability. 

Step Number Predictor Variable R2 β p ∆R2 F of ∆R2 

1 Presence of High Risk 
Endometrial Cancer  
Subtype 

.041  -.20 .093 .041 2.91 

2 
 

SIGH-AD 
Anxiety symptoms 

.11   .18 .14 .065 1.57 

 Acceptance    .22 .072   

 Acceptance X Anxiety 
Symptoms* 

  -.010 .93   

n = 70.  Significance of Model, F(4, 65) = 1.92, p = .12 
*Represents the residualized interaction term. 
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Table 3-15. Examining Positive Reframing as a Potential Moderator of a Relationship 
between Anxiety Symptoms and Cortisol Variability. 

Step Number Predictor Variable R2 β p ∆R2 F of ∆R2 

1 Presence of High Risk 
Endometrial Cancer  
Subtype 

.045  -.21 .081 .045  3.14 

2 
 

SIGH-AD 
Anxiety symptoms 

.072   .12 .37 .026    .60 

 Positive reframing    .11 .38   
 Positive reframing X Anxiety 

Symptoms* 
  -.034 .79   

n = 68.  Significance of Model, F(4, 63) = 1.22, p = .31 
*Represents the residualized interaction term. 
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Table 3-16.  Examining Positive Reframing as a Potential Moderator of a Relationship between Depressive Symptoms 
and Cortisol Slope. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

  -890.23 -868.23 -818.12 0.012 0.011     
SIGH-AD 
Depression 
Score 

     

 -0.002 0.001  -2.12 .037 
Positive 
Reframing 

     
  0.0002 0.006   0.25 .80 

SIGH-AD 
Depression  
Score X 
Positive 
Reframing* 

     

 -0.008 0.006  -1.49 .14 

*Represents the residualized interaction term. 
-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s  
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
*All multilevel models controlled for Charlson comorbidity score, as this was significantly  
related to linear cortisol slope. 
 

 
  



 

66 

Table 3-17. Examining Acceptance as a Potential Moderator of a Relationship between Depressive Symptoms and 
Cortisol Slope. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

  -939.02 -917.02 -866.54 0.011 0.012     
SIGH-AD 
Depression Score 

   
 

 
-0.002 0.001 -2.289 .024 

Acceptance      -0.001 0.001 -1.380 .17 
SIGH-AD 
Depression Score 
X Acceptance*      -0.003 0.005 -0.476 .64 

*Represents the residualized interaction term. 
-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s  
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
All multilevel models controlled for Charlson Comorbidity score, as this was significantly  
related to linear cortisol slope. 
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Table 3-18. Examining Acceptance as a Potential Moderator of a Relationship between Anxiety 
Symptoms and Cortisol Slope. 

  -2LL AIC BIC Residual Intercept Coefficient SE T p 

  -935.81 -913.44 -863.33 0.011 0.012     
SIGH-AD 
Anxiety Score       -0.0004 0.0003 -1.463 .15 
Acceptance       -0.001 0.001 -1.570 .12 
SIGH-AD 
Anxiety Score 
X 
Acceptance*        0.00002 0.003   0.006 .99 

*Represents the residualized interaction term. 
-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s  
Bayesian Criteria (all displayed in smaller-is-better forms); SE = Standard Error. 
All multilevel models controlled for Charlson Comorbidity score, as this was significantly related to linear 
cortisol slope. 
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Table 3-19. Examining Positive Reframing as a Potential Moderator of a Relationship between Anxiety Symptoms and 
Cortisol Slope. 

 -2LL AIC BIC Residual Intercept Coefficient SE T p 

  -887.01 -865.01 -815.00 0.012 0.012     
SIGH-AD 
Anxiety Score       -0.0003 0.0003 -1.053 0.30 
Positive 
Reframing        0.00008 0.0006 0.134 0.89 
SIGH-AD 
Anxiety Score 
X Positive 
Reframing*        0.003 0.002 1.548 0.13 

*Represents the residualized interaction term. 
-2LL = Negative 2 log likelihood; AIC = Akaike’s Information Criteria; BIC = Schwarz’s Bayesian Criteria (all 
displayed in smaller-is-better forms); SE = Standard Error. 
All multilevel models controlled for Charlson Comorbidity score, as this was significantly related to linear 
cortisol slope. 
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Table 3-20. Pearson Correlations among Methods of Operationalizing Cortisol 
Dysregulation. 

 1. 2. 3. 4. 

1.  Intraindividual Cortisol 
Variability 

-    

2.  Morning-to-evening Cortisol 
Ratio 

.002 -   

3.  Cortisol Slope  .016 -.93*** -  
4.  Area Under the Curve (with 

respect to increase) 
.62*** -.21* .14 - 

*p = .056; ***p < .001 
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Figure 3-1. Average Cortisol Values Across the Four Timepoints of Collection. 
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Figure 3-2. Cortisol Variability among Participants with the Highest Depressive (HD) 

Symptom Scores. These participants demonstrate high cortisol variability, 
as their actual cortisol values are dispersed from their average pattern.  
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Figure 3-3. Cortisol Variability among Participants with the Lowest Depressive (LD) 

Symptom Scores. These select 5 participants reported no depressive 
symptoms prior to surgery and demonstrate low cortisol variability. 
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CHAPTER 4 
DISCUSSION 

The current study sought to examine relationships between HPA-axis 

dysregulation and anxious and depressive symptoms in a group of women undergoing 

surgery for suspected endometrial cancer.  While multiple operationalizations of HPA-

axis dysregulation (e.g., analysis of diurnal cortisol rhythm) have been put forth in the 

extant literature, there is little consensus on the most appropriate method. The current 

study sought to examine intraindividual cortisol variability, a relatively new and novel 

indicator of how erratic or variable cortisol output is throughout the day, and its relation 

to anxious and depressive symptomatology.  Based upon published literature on cortisol 

variability and mood disorders (Havermans et al., 2010; Peeters et al., 2004; Posener et 

al., 2004), it was hypothesized that greater intraindividual cortisol variability would be 

related to greater anxious and depressive symptoms prior to surgery. In addition, linear 

cortisol slope was examined (a widely applied analytic technique) and it was 

hypothesized that a flatter slope would be related to great anxious and depressive 

symptomatology preceding surgery for endometrial cancer. Finally, acceptance and 

positive reframing coping strategies were examined as moderators of any mood-cortisol 

relationships. Exploratory analyses examined relations among cortisol variability, diurnal 

cortisol slope, cortisol AUCi, and morning-to-evening ratio of cortisol throughout the day.  

Biobehavioral Control Variables and Intraindividual Cortisol Variability and 
Cortisol Slope 

Of the potential biobehavioral control variables examined, women with high-risk 

adenocarcinoma subtypes demonstrated higher intraindividual cortisol variability than 

those with low-risk adenocarcinoma subtypes, suggesting that more aggressive disease 

may be related to HPA-axis dysregulation in our study sample.  The correlational design 
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of the study prevents the ability to determine the direction of the relationship between 

aggressive endometrial cancer variants and intraindividual cortisol variability; 

nonetheless, these data may have implications for understanding the pathophysiology 

of endometrial carcinogenesis.   

The current study also found a significant correlation between greater number of 

medical comorbidities and flatter diurnal cortisol slope.  This is in concert with prior 

literature (Rotman-Pikielny, et al., 2006), consistent with hypotheses predicting that a 

flattened cortisol slope is more “abnormal” and confers negative health consequences. 

The utility of a flattened cortisol slope in the prediction of mortality has been observed in 

cancer populations (Sephton et al., 2000) and, more recently, in nonclinical populations 

(Kumari et al., 2011).  Future studies should remain mindful of potential covariates 

affecting HPA-axis outcomes, such as intraindividual cortisol variability and slope that 

are unique to cancer populations.  

Depressive Symptoms, Anxious Symptoms, and Intraindividual Cortisol 
Variability 

Consistent with hypotheses, greater depressive symptomatology in the week prior 

to surgery was significantly associated with greater intraindividual cortisol variability 

after controlling for the presence of high-risk endometrial cancer subtypes. These 

findings are in accord with prior work demonstrating higher cortisol variability in major 

depressive disorder (Peeters, et al., 2004) and episode severity in remitted bipolar 

disorder (Havermans, et al., 2010).  It is possible that greater intraindividual cortisol 

variability may be indicative of greater circadian rhythm disruption.  For instance, it is 

well established that individuals with chronic and severe disruptions in the sleep-wake 

cycle (i.e., a circadian rhythm) demonstrate greater variability in subjective and 
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objectives measures of sleep efficiency than nonimpaired controls (Buysse, et al., 

2010).   Thus, it may be worthy in future investigations to compare cortisol variability 

with quantitative measurements of the sleep-wake cycle, such as sleep efficiency, sleep 

quality or subjective sleep complaints.  A recent investigation suggested that, in a 

population of 57 breast cancer patients, those who reported more intrusive thoughts had 

lower autocorrelation coefficients – or more variable rest/activity rhythms - as measured 

by actigraphy. In contrast, less variability in rest/activity rhythms was significantly 

correlated with a steeper decline in the diurnal cortisol slope throughout the day, both 

suggestive of a more orderly circadian rhythm (Dedert et al. 2012).  Greater 

intraindividual cortisol variability may follow a similar pattern as these findings with 

actigraphy data, indicating a disrupted circadian rhythm. Extrapolating from this 

research, it is possible that high levels of intraindividual cortisol variability are indicative 

of HPA axis functioning that is erratic, unpredictable, and inappropriately under- and 

over-responsive to the actual demands of the host and his/her environment.  While it is 

presently unknown whether high intraindividual cortisol variability has negative long-

term health implications in cancer, it is noteworthy that there is a growing body of 

research suggesting that circadian rhythm disruption is directly associated with 

carcinogenesis (Sephton & Spiegel, 2003; Touitou, Bogdan, Levi, Benavides, & Auzeby, 

1996). Future research should examine intraindividual cortisol variability, as well as 

other indicators of circadian disruption such as sleep disturbances, longitudinally to 

establish whether they are associated with cancer outcomes, such as disease free 

survival.      
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Contrary to hypotheses, anxiety was not significantly associated with 

intraindividual cortisol variability in the present study.  Notably, no published research to 

date has examined the relationship between anxiety symptoms and intraindividual 

cortisol variability, and as such, there is a paucity of research on which to generate 

hypotheses.  The research that has been conducted on anxiety and cortisol is limited to 

examining slope, total diurnal output, and/or cortisol awakening response as outcome 

variables, and the results of these investigations have yielded inconsistent findings (see 

section below for a detailed summary of this literature).      

Depressive Symptoms, Anxious Symptoms, and Cortisol Slope 

Results revealed that, in contrast to hypotheses and related prior research 

(Bhattacharyya et al., 2008) depressive symptomatology was not related to cortisol 

slope.  There are a number of possible explanations for this result.  First, the SIGH-AD 

queried only about the incidence and severity of mood symptoms in the week prior to 

participants’ scheduled surgeries, and as such, it did not allow for a diagnosis of 

depression or an assessment of the chronicity of mood symptoms.   It is possible that 

the physiological resistance to glucorticoid secretion that would yield a flattened cortisol 

slope may only be observed among those with major depressive disorder or prolonged, 

moderate to severe depressive symptomatology (Miller, Cohen, & Ritchey, 2002).   

Thus, the nonsignificant results of the present study may not be comparable to those 

obtained among patients with severe or long-standing depressive symptoms.  In long 

standing depression, the negative feedback loop that attenuates cortisol production 

during perceived stress is less robust, resulting in the flattened slope or “blunting” of the 

body’s response to endogenous (e.g., originating from the adrenal glands) and 

exogenous (e.g., dexamethasone suppression test) cortisol (Miller et al., 2002).  
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Second, participants in the present sample reported relatively low levels of depressive 

symptomatology, and the nonsignificant relationship between depression and cortisol 

slope may be due to the low amount of variance in depressive symptomatology.   

Also contrary to hypotheses, anxiety was not significantly associated with cortisol 

slope in the present study.  This is in contrast with some published research among 

breast cancer patients.  Giese-Davis and colleagues (2004) found that, among women 

with metastatic breast cancer, flatter diurnal cortisol slopes were found among women 

categorized as (a) high repressors, and (b) high anxiety-high repressors compared to 

those categorized as self-assured.  However, women categorized as high anxiety, only, 

did not have flatter cortisol slopes than those categorized as high repressors or self-

assured.  These findings suggest that there may not be a main effect of anxiety on 

cortisol slope.   

Moreover, published research on morning cortisol output among individuals with 

clinical anxiety disorders has yielded inconsistent findings. For example, Vreeburg and 

colleagues (2012) found that individuals with anxiety disorders displayed an 

exaggerated cortisol response upon awakening; while O’Donovan and colleagues 

(2010) found that clinically anxious individuals had lower levels of morning cortisol 

compared to non-anxious individuals (O’Donovan et al., 2010).  While these results with 

awakening cortisol may not be directly comparable to the current results (e.g., morning 

cortisol levels may be independent of intraindividual cortisol variability), they underscore 

the inconsistent relationships between anxiety and HPA-axis functioning in the 

published literature.  
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Finally, Antoni and colleagues (2009) recently found that 10-week group-based 

cognitive behavioral stress management (CBSM) intervention improved mood 

symptoms, lowered cortisol levels, and promoted adaptive cytokine regulation in women 

with breast cancer. However, reductions in anxiety did not mediate the relationship 

between CBSM group assignment and reductions in cortisol, suggesting that reductions 

in cortisol may not always be driven by reductions in anxiety. Future investigations 

should remain mindful to include potential mediators/moderators of anxiety-cortisol 

relationships. 

Examining Unique Contributions of Anxiety and Depression to Intraindividual 
Cortisol Variability and Cortisol Slope 

To examine the unique contributions of anxiety and depression to the outcomes of 

interest (cortisol slope and variability), iso-anxiety and iso-depression scores were 

created in exploratory analyses.  This approach originates from an underlying statistical 

framework acknowledging that anxiety and depression are consistently correlated 

(Burns & Eidelson, 1998). In the present study, the unique effect of anxiety was 

unrelated to intraindividual cortisol variability and cortisol slope. However, when the 

unique effects of depression were examined, greater iso-depression was only 

marginally associated with greater intraindividual cortisol variability. Compared to the 

significant relationship between depression and cortisol variability, a smaller effect size 

was observed between iso-depression and cortisol variability (d = .43 versus d = .39; 

respectively). This is in accord with an anticipated reduced variance when residualized 

approaches control for other variables that are collinear with the predictor (in this 

instance, concurrent anxiety) of interest (e.g., depression). These findings are in parallel 

with the significant findings between depressive symptoms scores and cortisol 
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variability; however, they suggest that it may be helpful to consider iso-depressive and 

iso-anxious symptoms in future studies.  Similar approaches have associated the 

unique effects of anxiety and anger with important health outcomes such as incidence 

of coronary artery disease (Kubzansky et al., 2006). Examining the unique effect of 

depressive and anxious symptoms (e.g., iso-depression and iso-anxiety) may provide 

information not captured by the sum totals of anxiety and depression scores. 

Moderating Effects of Positive Reframing and Acceptance 

Neither acceptance nor positive reframing significantly moderated any of the 

mood-cortisol relationships tested. One possible explanation for this is the lack of 

variance in both of these items taken from the Brief COPE (Carver, 1997). Positive 

reframing responses ranged from 2 to 8 (M = 5.26, SD = 1.85), while responses on the 

Acceptance item on the brief COPE ranged from 3 to 8 (M = 6.63, SD = 1.33). The 

possible scores on these two items have a maximum possible score of 8; therefore 

while this maximum total score from the two items selected was achieved in the current 

sample, the lower end of possible responses (a response of “0”) was not, thereby 

limiting the variance and lessening the chances of detecting a moderating effect.  This 

reduced variance is inherent in selecting two items from the larger 32-item Brief COPE 

measure; however, the author of this instrument dissuades researchers from combining 

items into an “overall” score and provides fourteen scales (each comprised of two items) 

from which to choose (Carver, 1997).  Other work examining the coping process may 

shed light on combining items or creating appropriate subscales. For instance, in recent 

confirmatory factor analyses, it is suggested that the 3 most common distinctions of 

coping be used; including, problem vs. emotion-focused coping, approach vs. 

avoidance and cognitive vs. behavioral (Skinner, Edge, Altman, & Sherwood, 2003). 
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These empirically derived distinctions of coping may increase variance in participant’s 

responses in addition to extending the current understanding of the coping process.  

Furthermore, it may be worthwhile to combine more items of the Brief COPE to increase 

the overall variance in responses as others have recently done in breast cancer 

populations (Dedert et al. 2012). If future research were able to incorporate more 

comprehensive measures of coping, it may provide support for a moderating effect of 

coping on mood-cortisol relations. 

Although acceptance did not moderate the relationship between depressed mood 

and cortisol variability, a marginally significant relationship emerged between 

acceptance as a main effect and cortisol variability.  However, the direction of this 

relationship suggested that a greater use of acceptance as a coping strategy was 

related to greater intraindividual cortisol variability (β = .22, p = .072, d = .45), which is 

contrary to hypotheses and recent published literature.  For instance, Turner-Cobb and 

colleagues (2010) found that greater acceptance coping was associated with lower 

cortisol output (AUCg) among caregivers of individuals with acquired brain injuries at 

the care recipients’ admission, 6 weeks follow-up, and 6-month follow-up. These results 

suggest that greater use of acceptance coping may buffer the effects of caregiver stress 

on high cortisol output.   In the current study sample, acceptance may not buffer 

depression-cortisol relations, as originally hypothesized. Instead, accepting one’s 

diagnosis prior to surgery may constitute a maladaptive form of coping. Engaging in 

one’s care and remaining vigilant to a prescribed medical regimen may be more 

adaptive in the face of cancer diagnosis. Therefore, while acceptance may buffer 

relationships between distress and cortisol in caregivers (Turner-Cobb et al., 2010), 
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newly diagnosed cancer patients may not benefit from applying acceptance as a 

method of coping. 

Alternatively, it is possible that the original hypotheses of positive reframing and 

acceptance as moderating any depressive symptom-cortisol relationships may not have 

been warranted, if the definition moderation included additional criteria put forth by 

Chmura, Kraemer et al., (2008). Baron and Kenny (1986) originally proposed 

moderation as a conceptual definition under what conditions a moderator (in this case, 

coping) influences a relationship between a predictor (anxious/depressive symptoms) 

and an outcome (cortisol variability/slope). However, more recently, the definition of 

moderation has been expounded upon (Kraemer, Stice, Kazdin, Offord, & Kupfer, 2001) 

with eligibility and analytic criteria. Specifically, eligibility refers to the temporal 

precedence (e.g., a moderator precedes the predictor variable), while analytic criteria 

refers to a statistical relationship between the predictor variable and the moderator (in 

this case, a relationship between depressive/anxious symptoms and coping).  First, in 

the present study, this would suggest that acceptance or positive reframing would 

precede the onset of anxious or depressive symptoms in women undergoing surgery.  

When viewed from this framework, coping may be a trait-level or personality variable. 

However, it may also suggest that there are other, more appropriate candidate variables 

for moderation, such as social support, spirituality or adaptive health behaviors (e.g., 

exercise, healthy eating habits etc.).  Second, the MacArthur definition suggests that an 

analytic criteria be established between the predictor and the moderator; namely, that 

the predictor and moderator be orthogonal (uncorrelated). However, our analytic 

approach of testing moderation, which residualizes out the unique effect of the 
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interaction term likely controls for this possibility.  Thus, this criterion was fulfilled in this 

present study.  However, these criteria highlight the fact that care should be taken to 

ensure that additional candidate moderator variables are orthogonal to the predictor 

variables in future research.  

Comparisons among Calculations of Cortisol Output 

Exploratory analyses in this study examined two additional operationalizations of 

cortisol dysregulation and their relationship to intraindividual cortisol variability and 

cortisol slope. Such a comparison has not been conducted in the literature examining 

HPA-axis dysregulation in cancer population, thus examining each of these 

relationships in detail may be informative. Specifically, the intraindividual variability 

estimate generated via the multilevel modeling procedures in the current study – while 

similar to other cortisol variability calculations (Peeters et al., 2004; Young et al., 2004; 

Posener et al., 2004) – has not been compared to other widely published calculations of 

cortisol rhythms. In the current study, there was a highly significant relationship between 

cortisol variability and AUCi, r(83) = .62, p < .001. AUCi is thought to represent HPA-

axis reactivity via cortisol production throughout the day, and it has been shown to be 

positively correlated with perceived stress (Pruessner et al., 2003). Thus, the current 

results suggest that cortisol variability may be related to other, better-established, 

cortisol calculations that also are related to psychological variables of interest (e.g., 

perceived stress). 

Interestingly, there was no significant relationship between intraindividual cortisol 

variability and the morning-to-evening ratio of cortisol r(82) = .002, p = .99. This is 

particularly relevant, as Weinrib et al. (2010) describes this ratio as “variability” and 

suggests that it is a marker of cortisol dysregulation in gynecologic cancer.  Their 
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research demonstrated relationships between lower cortisol “variability,” greater 

vegetative symptoms of depression and greater functional disability. If the morning-to-

evening ratio is examined closely, it becomes apparent that the calculation may be a 

proxy for cortisol slope, as the ratio is derived from factoring the difference between the 

morning and evening values of cortisol. Indeed, in the current study, a highly significant 

relationship was uncovered between a flatter cortisol slope and a lower difference in 

morning-evening ratio of cortisol r(82) = -.93, p < .001. These findings call for future 

investigators to clarify further their use of the term “variability” in defining HPA-axis 

outcome variables, despite recent published work continuing to use this term to 

describe within-day morning-to-evening cortisol calculations (Jain et al. 2012). Even 

with these inconsistent descriptions in the published literature, it may be fruitful to 

conduct a head-to-head comparison of psychological factors and these various 

calculations of cortisol variability in gynecologic cancer populations.  Moreover, it is 

noteworthy that the current results demonstrated a significant relationship between 

intraindividual cortisol variability and AUCi, but no significant relationship between 

intraindividual cortisol variability and cortisol slope or the morning-to-evening ratio, 

suggesting that the intraindividual variability examined in the current study may be more 

similar to stress reactivity (e.g., AUCi) than an impaired negative feedback loop of the 

HPA-axis (e.g., cortisol slope).  These results underscore the need for investigators to 

meticulously explain the conceptual and mathematical definitions applied to statistically 

examining cortisol data.  

In line with comparing cortisol calculations within the same datasets, Fekedulegn 

and colleagues (2007) examined various mathematical calculations of cortisol 
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awakening response (CAR). By applying principal component analysis (PCA), the study 

was able to define two parameters across the calculations of CAR: total hormonal 

secretion and parameters associated sensitivity or with the time course of cortisol 

measurements. The “summary” calculations were then ranked according to their 

weighting in the PCA analysis. Peak cortisol and area under the curve with respect to 

ground had the first and second highest loadings, respectively on the total hormonal 

secretion parameter. Further, area under the curve with respect to increase (AUCi) and 

“reactivity,” defined as slope of the line through the baseline and last cortisol 

measurement (in this study, 45 minutes following wake time) maintained the highest 

loadings on the sensitivity or time course of cortisol measurement parameter. When 

comparing these results to our smaller sample – and less statistically complex analyses 

– it is interesting that AUCi and intraindividual cortisol variability were correlated in our 

sample (r(83) = .62, p < .001), while AUCi and cortisol slope were associated in the 

Fekedulegn et al. (2007) study. The relationship between AUCi and the morning-to-

evening cortisol ratio approached significance in our sample (r(82) = -.21, p = .06; 

however, cortisol slope and AUCi were unrelated in our data (r(83) = .14, p = .20. While 

the results of Fekedulegn et al. (2007) and our results are not directly comparable, 

when the current data are interpreted in light of the results from this recent PCA 

analysis, it begs the question of what relationships might emerge if component analyses 

were applied to cortisol calculations in endometrial cancer populations. 

Clinical Implications of the Current Study 

The potential clinical implications of the current study are highlighted by the 

importance of examining relations between psychological factors and biological stress 

systems during the perioperative period of surgery for cancer, which has recently been 
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identified as a high priority research area (Garssen, Boomsma, & Beelen, 2010). For 

instance, surgery can promote micrometastases that evade tumor surveillance, which 

may be promoted by adrenergic excitation and immunosupression during surgery (for 

review see Ben-Eliyahu, 2003). Analysis of monocyte subpopulations also suggests a 

trend toward immunosupression prior to surgery (Bartal et al., 2010). Moreover, 

preoperative stress significantly impairs important inflammatory processes at the 

surgical wound site and can slow time to recovery (Broadbent, Petrie, Alley, & Booth, 

2003). Psychological variables, such as depressive/anxious symptoms measured in the 

current study, may potentiate suppression of such immunological parameters.   

Similarly, it has been suggested that the perioperative period may represent a time in 

which psychological interventions may exert a potent effect on dampening endocrine 

and immune responses (Garssen et al., 2010) and recent reports suggest that a 

cognitive behavioral stress management program reduces cortisol and promotes 

adaptive cytokine regulation in cancer (Antoni, et al., 2009). Thus, psychological 

interventions targeting depression and anxiety may be particularly important during the 

perioperative period in attenuating possible decrements in the immune response and 

thereby influencing surgical outcomes. 

While the precise clinical implications of the current study’s findings of cortisol 

variability are unclear at this time, the overarching concept of variability may be shared 

by other physiological systems. For instance, circadian rhythmicity plays a central role in 

functioning of the autonomic nervous system (ANS), and therefore HPA-axis and ANS 

functioning are increasingly studied concurrently (Licht et al., 2010; Stalder, Evans, 

Hucklebridge, & Clow, 2011). To this end, investigators compared the cortisol 
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awakening response (CAR) to heart rate and heart rate variability in a group of 42 

healthy participants. Results revealed that more elevated CAR responses (thought to 

represent an over-reactivity of the HPA-axis) were related to higher heart rate and lower 

levels of heart rate variability (Stalder et al., 2011). Thus, the concept of variability, 

examined in the current study by analysis of cortisol output, is seen in other 

physiological systems, such as heart rate variability.  This is particularly salient when 

considering clinical outcomes, as there is a rich literature linking lower heart rate 

variability with mortality (Villareal, Liu, & Massumi, 2002). Future research should 

examine cortisol variability longitudinally, as well as other indicators of circadian 

disruption such as heart rate variability, to examine the association between cortisol 

variability and cancer outcomes, such as disease free survival.      

Study Limitations 

The findings of the present study should be interpreted in light of several 

limitations.  First, the study design was nonexperimental, and as such, causal 

interpretations cannot be made.  Specifically, while it was assumed that the mood 

symptoms examined in this study would produce downstream effects on the HPA-axis 

(cortisol slope and variability), the bidrectional relationship between endocrine/immune 

functioning and mood states is well established (Reiche et al. 2004). As such, the 

possibility remains that higher intraindividual cortisol variability may have preceded 

increases in anxious/depressive symptoms. By only measuring cortisol output across 

the three days prior to surgery, assessing changes in cortisol longitudinally was not 

possible. In addition, prior studies have approached intraindividual cortisol variability 

and mood symptoms from case-control approaches (Peeters et al., 2004; Havermans et 

al., 2010), allowing for group comparisons between clinically significant disturbances in 
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mood (major depressive disorder and bipolar disorder) and healthy control groups. 

While not truly experimental designs, these approaches allow for group comparisons 

and extend the clinical implications of intraindividual cortisol variability by examining 

across clinically impaired populations. In addition, future research should employ 

experimental designs to assess causality. 

Second, although the study design captures three days’ worth of data, only limited 

cortisol variance or fluctuation is captured across the 12 time points.  Indeed, other 

studies investigating intraindividual cortisol variability – termed “approximate entropy” – 

captured plasma cortisol every hour for 24 hours, ensuring a robust estimation of within-

person variability (Posener et al., 2004). Comprehensive sampling of cortisol in a design 

such as this, allows for the examination of the entire diurnal trend in cortisol output; 

including the cortisol awakening response (CAR), cortisol slope and intraindividual 

cortisol variability.  Cortisol varies, not only within person, but also displays dramatic 

fluctuations within days as well as across days.  It has been suggested that diurnal 

cortisol slope can demonstrate a 100% change within 30 minutes (Kirschbaum & 

Hellhammer, 1994) further emphasizing the importance of repeated sampling of cortisol 

output.  In summary, a larger sample with more cortisol measurements may yield more 

robust findings, or possibly, different results.  

 In addition to the limitation of limited variance of the intraindividual cortisol 

variability estimate in the current study, a third limitation is that the mixed model 

analysis was only able to accurately model a portion of the within-day cortisol trend. 

Therefore, the residuals used to calculate the intraindividual variability may not 

accurately control for the entire time trend seen in the diurnal cortisol variation within the 
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day. With only four time points collected within each day, only the linear and quadratic 

time trends were modeled (following the k-2 polynomial convention; Singer & Willet, 

2003), therefore modeling the diurnal cortisol rhythm may remain incomplete. Indeed, 

recent work has applied more complex mathematical modeling approaches (e.g., 

differential equations) to fully capture the “cosine” function (Yehuda et al., 1996) 

observed in diurnal cortisol throughout the day. To collect such data, cortisol is collected 

continuously every 30 minutes for a 24-hour period. Such robust datasets may allow for 

stronger conclusions or different results; however, our results are in concert with these 

rapid-sampling, “chronobiological” approaches (Yehuda et al., 1996; Posener et al., 

2004) suggesting a more erratic pattern being related to depressed mood. In addition, 

applying the residuals to additional mixed model approaches may be warranted, as 

others have suggested (Almeida et al., 2009). For example, we were unable to test the 

mixed models in our data after excluding the 8AM time point due to convergence 

problems that are likely due to a small sample size. In addition to boosting the overall 

sample size and number of cortisol samples collected in future investigations, it may 

also be informative to include different error structures and varying autocorrelations 

between time points of cortisol collection in calculating intraindividual cortisol variability 

(Peeters et al., 2004).   

Fourth, the study design lacked a benign-disease only comparison group. Such a 

comparison group would allow for the ability to control for the aforementioned influence 

of disease status on HPA-axis functioning. In the current study, three participants were 

included in the current data analysis deemed to have benign disease at surgical 

staging; however, our analyses were re-run excluding these participants and the results 
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remained unchanged.  A larger comparison group of benign patients would allow for 

conclusions to be drawn regarding the disease process on HPA-axis outcomes. 

Additionally, inclusion of a non-surgical comparison group might also be informative and 

would allow the investigator to isolate the unique psychological aspects of anticipating 

surgery, separate from the participants’ reaction to a potential cancer diagnosis and/or 

associated treatment.  

Finally, the study sample had a low percentage of racial and ethnic minority 

women (7% identified themselves as non-Caucasian).  Given that African-American 

women with endometrial cancer have poorer survival rates than Caucasian women (Yap 

& Matthews, 2006), the present sample’s lack of racial/ethnic diversity may limit the 

external validity of the study’s findings to women who carry the highest disease burden.  

Moreover, with such a small percentage of the sample identifying themselves as 

minorities, it did not allow for us to test the hypothesis that the outcome variables of 

interest (cortisol variability and slope) may be impacted by racial differences. Indeed, 

there is a rich literature highlighting cortisol differences between different racial groups. 

For example, African American and Hispanic youth display flatter cortisol slopes than 

their Caucasian counterparts (DeSantis et al., 2007), and, further, such relationships 

may be independent of socioeconomic status (Cohen et al., 2006). In Mexican 

American adolescents, perceived discrimination was related to greater cortisol output 

(AUC) and a more pronounced cortisol awakening response (Zeiders, Doane & Roosa, 

2012).  Extrapolating from this research, these data suggest one possible 

pathophysiological pathway for racial disparities in health outcomes.  Future research 

should oversample racial/ethnic minority women affected by gynecologic cancers in 
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order to maximize external validity of the study’s findings and to adequately control for 

minority status as a potential covariate in models examining cortisol. 

Future Directions 

These limitations warrant further discussion of potential areas of future research. 

First, comparing intraindividual cortisol variability in cancer populations to healthy 

controls may be an area worthy of future investigation, as cancer populations display 

HPA-axis dysregulation when compared to healthy controls (Abercrombie et al., 2004); 

potentially confounding psychological factors-stress system relationships in cancer 

populations.   The challenge of adequately including relevant control variables in 

research in psychoneuroimmunology has been highlighted by others (Segerstrom, 

2009), and cancer severity may be one such confound. For instance, a more advanced 

stage of disease is related to flatter cortisol rhythm (Abercrombie et al., 2004) and 

ovarian cancer patients demonstrate a lower morning-to-evening ratio of cortisol 

(suggestive of a flattened slope) compared to benign cancer patients and healthy 

controls (Weinrib et al., 2010).  As highlighted above, in the data for the current study, 

the presence of high risk endometrial cancer subtype was associated with 

intravindividual cortisol variability, further highlighting that disease status may be related 

to HPA-axis functioning. The inclusion of a noncancer control group in future research 

would allow for such factors to be examined in group comparisons. 

Secondly, future investigations may benefit from measuring intraindividual cortisol 

variability longitudinally, in addition to including measure of depressive symptoms 

across the perioperative period. For instance, Yavas and colleagues (2012) reported 

that anxiety and depression ratings did not change over the course of a one-year 

treatment period for cervical and endometrial cancer patients; however, it remains 
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unclear if depressive and anxious symptoms change during the perioperative period in 

endometrial cancer patients. If depression remained unchanged from the pre to post-

operative timepoints in the current sample, does intraindividual cortisol variability remain 

unchanged across these two time points as well? Similarly, would the significant 

relationship between depression and intraindividual cortisol variability uncovered in the 

present study remain following surgery? Given the relatively recent application of 

intraindividual cortisol variability calculations, there is a paucity of literature from which 

to draw hypotheses on cortisol variability change over time. However, Peeters et al. 

(2004) suggested that HPA-axis variability might represent the early stages of HPA-axis 

dysregulation - a hypothesis that could only be tested through longitudinal study 

designs. 

Finally, longitudinal study designs may also benefit from comprehensive 

measurement of stress and/or depressive symptoms throughout the day. One 

interpretation of the current findings with depression and cortisol variability is that a 

more chaotic HPA-axis output is not commensurate with environmental stressors 

(Yehuda et al., 1996) and thus, within-day measurements of mood would allow for the 

examination of changes in an individual’s perceived demands/stress across the day. 

This is particularly relevant, as ecological momentary assessment of positive affect has 

recently been shown to be related to survival in a large cohort (N = 3,853) of older 

adults, suggesting the utility of continuously measuring not only negative mood 

symptoms (e.g., depression) but also positive aspects of mood (Steptoe & Wardle, 

2011). Further, in a smaller sample of men (N = 72) positive affect was inversely related 

to cortisol (early in the day and a greater increase after waking; Steptoe, Hamer, Gibson 
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& Wardle, 2007), highlighting how measuring psychological variables across the day 

may contribute to our understanding of HPA-axis dysregulation. How such relationships 

might extrapolate to HPA-axis dysregulation and cortisol variability is unknown at the 

current time; however, such robust collection of within-day changes in mood and/or 

affect may help connect the results of current study to important clinical outcomes, such 

as survival.  

Conclusions 

This study is the first to examine intraindividual cortisol variability and mood 

disturbance in a cancer population. More commonly applied operationalizations of 

cortisol were also examined with their relation to mood disturbance. Additionally, the 

study extends relevant work on coping as a potential moderator between mood 

disturbance and HPA-axis dysregulation.  Finally, the present study is among the first to 

conduct head-to-head comparisons of various calculations of cortisol output in cancer 

populations. 

In summary, this investigation found that greater depressive symptoms were 

significantly related to greater intraindividual cortisol variability but unrelated to linear 

cortisol slope in a group of women undergoing surgery for suspected endometrial 

cancer.  Anxious symptoms were not significantly related to either outcome variable of 

HPA-axis dysregulation (e.g., cortisol slope or variability).  Further, acceptance and 

positive reframing aspects of coping did not moderate the relationship between 

depressive symptoms and intraindividual cortisol variability or cortisol slope. Future 

research should examine whether depressive symptoms may be associated with 

meaningful negative clinical outcomes in women undergoing surgery for suspected 
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endometrial cancer through its effects on cortisol variability, which may represent a 

novel index of HPA axis-dysregulation. 
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APPENDIX A 
BECK SCALE FOR SUIDICAL IDEATION  

 
 
 
 
 
1)  __ 0 = I have a moderate to strong wish to live. 
  1 =  I have a weak wish to live. 
  2 = I have no wish to live 
 
2)  __ 0 = I have no wish to die. 
 1 = I have a weak wish to die 
 2 = I have a moderate to strong wish to die. 
 
3)  __ 0 = My reasons for living outweigh my reasons for dying. 
 1 = My reasons for living or dying are about equal. 
 2 = My reasons for dying outweigh my reasons for living. 
 
4)  __ 0 = I have no desire to kill myself. 
 1 = I have a weak desire to kill myself. 
 2 = I have a moderate to strong desire to kill myself. 
 
5)  __ 0 = I would try to save my life if I found myself in a life-threatening situation. 
 1 = I would take a chance on life or death if I found myself in a life-threatening 

situation. 
 2 = I would not take the steps necessary to avoid death if I found myself in a life-

threatening situation. 
 
Subtotal Part 1_____________________ 

 
   
 
 
6)  __ 0 = I have brief periods of thinking about killing myself which pass quickly. 

1 = I have periods of thinking about killing myself which last for moderate 
amounts of time. 

 2 = I have long periods of thinking about killing myself. 
 
7)  __ 0 = I rarely or only occasionally think about killing myself. 
 1 = I have frequent thoughts about killing myself. 
 2 = I continuously think about killing myself. 
 
8)  __ 0 = I do not accept the idea of killing myself. 
 1 = I neither accept nor reject the idea of killing myself. 

If participant indicated “0” for questions 4 and 5, skip to question 20. 
If participant indicated “1” or “2” for questions 4 or 5, continue with question 6. 
 

Directions:  I am going to read you various groups of statements.  Please tell me 
which statement in each group best describes how you have been feeling for the 
past week, including today.  
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 2 = I accept the idea of killing myself. 
 
9)  __ 0 = I can keep myself from committing suicide. 
 1 = I am unsure that I can keep myself from committing suicide. 
 2 = I cannot keep myself from committing suicide. 
 
10) __0 = I would not kill myself because of my family, friends, religion, possible injury  

from an unsuccessful attempt, etc. 
1 = I am somewhat concerned about killing myself because of my family, friends, 

religion, possible injury from an unsuccessful attempt, etc. 
2 = I am not or only a little concerned about killing myself because of my family, 

friends, religion, possible injury from an unsuccessful attempt, etc. 
 
11)  __0 = My reasons for wanting to commit suicide are primarily aimed at influencing 

other people, such as getting even with people, making people happier, 
making people pay attention to me, etc. 

1 = My reasons for wanting to commit suicide are not only aimed at influencing 
other people, but also represent a way of solving my problems. 

2 = My reasons for wanting to commit suicide are primarily based upon escaping 
from my problems. 

 
12)  __ 0 = I have no specific plan about how to kill myself. 
 1 = I have considered ways of killing myself, but have not worked out the details. 
 2 = I have a specific plan for killing myself. 
 
13)  __ 0 = I do not have access to a method for an opportunity to kill myself. 

1 = The method that I would use for committing suicide takes time, and I really do 
not have a good opportunity to use this method. 

2 = I have access or anticipate having access to the method that I would choose 
for killing myself and also have or shall have the opportunity to use it. 

 
14)  __ 0 = I do not have the courage or the ability to commit suicide. 
 1 = I am unsure that I have the courage or the ability to commit suicide. 
 2 = I have the courage and the ability to commit suicide. 
 
15)  __ 0 = I do not expect to make a suicide attempt. 
 1 = I am unsure that I shall make a suicide attempt. 
 2 = I am sure that I shall make a suicide attempt. 
 
16)  __ 0 = I have made no preparations for committing suicide. 
 1 = I have made some preparations for committing suicide. 
 2 = I have almost finished or completed my preparations for committing suicide. 
 
17)  __ 0 = I have not written a suicide note. 

1 = I have thought about writing a suicide note or have started to write one, but 
have not completed it. 



 

96 

 2 = I have completed a suicide note. 
 
18)  __0 = I have made no arrangements for what will happen after I have committed 

suicide. 
1 = I have thought about making some arrangements for what will happen after I 

have committed suicide. 
2 = I have made definite arrangements for what will happen after I have 

committed suicide. 
 
19)  __ 0 = I have not hidden my desire to kill myself from people. 
 1 = I have held back telling people about wanting to kill myself. 
 2 = I have attempted to hide, conceal, or lie about wanting to commit suicide. 
 
20)  __ 0 = I have never attempted suicide. 
 1 = I have attempted suicide once. 
 2 = I have attempted suicide two or more times. 
 
 
 
 
 
21)  __ 0 = My wish to die during the last suicide attempt was low. 
 1 = My wish to die during the last suicide attempt was moderate. 
 2 = My wish to die during the last suicide attempt was high. 

 
Subtotal Part 2________________ 
 
Total Score__________________ 

If the patient has previously attempted suicide, please continue with the next question. 
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APPENDIX B 
BRIEF COPE 

1 = I haven’t been doing this at all 
2 = I’ve been doing this a little bit 
3 = I’ve been doing this a medium amount 
4 = I’ve been doing this a lot 
 

 Not 
at all 

A little 
bit 

A 
medium 
amount 

A lot 

1. I’ve been turning to work or other activities to 
take my mind off things. 

1 2 3 4 

2. I’ve been concentrating my efforts on doing 
something about the situation I’m in. 

1 2 3 4 

3. I’ve been saying to myself “this isn’t real.” 1 2 3 4 

4. I’ve been using alcohol or other drugs to make 
myself feel better. 

1 2 3 4 

5. I’ve been getting emotional support from my 
husband/partner. 

1 2 3 4 

6. I’ve been getting emotional support from my 
friends. 

1 2 3 4 

7.  I’ve been giving up trying to deal with it. 1 2 3 4 

8.  I’ve been taking action to try to make the 
situation better. 

1 2 3 4 

9.  I’ve been refusing to believe that it’s really 
happened. 

1 2 3 4 

10.  I’ve been saying things to let my unpleasant 
feelings escape. 

1 2 3 4 

11.  I’ve been using alcohol, medications, or other 
drugs to help me get through it. 

1 2 3 4 

12.  I’ve been spending time, or talking with, my 
spouse/partner to make me feel better. 

1 2 3 4 

13.  I’ve been spending time, or talking with, my 
friends to make me feel better. 

1 2 3 4 

14.  I’ve been trying to see it in a different 
light, to make it seem more positive. 

1 2 3 4 

15.  I’ve been trying to come up with a strategy, or 
plan, about what to do. 

1 2 3 4 
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 Not 
at all 

A little 
bit 

A 
medium 
amount 

A lot 

16.  I’ve been getting comfort and understanding 
from my husband/partner. 

1 2 3 4 

17.  I’ve been getting comfort and understanding 
from my friends. 

1 2 3 4 

18.  I’ve been giving up the attempt to cope. 1 2 3 4 

19.  I’ve been looking for something good 
in what’s happening.  

1 2 3 4 

20.  I’ve been making jokes about it. 1 2 3 4 

21.  I’ve been doing something to think about it 
less—like going to movies, watching TV, 
reading, daydreaming, sleeping, or shopping 

1 2 3 4 

22.  I’ve been accepting the reality of the 
fact that this as happened. 

1 2 3 4 

23.  I’ve been expressing my negative feelings. 1 2 3 4 

24.  I’ve been trying to find comfort in my religion or 
spiritual beliefs. 

1 2 3 4 

25.  I’ve been learning to live with it. 1 2 3 4 

26.  I’ve been thinking hard about what steps to 
take. 

1 2 3 4 

27.  I’ve been praying or meditating. 1 2 3 4 

28.  I’ve been making fun of the situation.  1 2 3 4 
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APPENDIX C 
PSYCHOTIC SCREENING MODULE OF THE STRUCTURED CLINICAL INTERVIEW 

FOR DSM-IV FOR NON-CLINICAL POPULATIONS 

Psychotic Symptoms          
  
 
B/C PSYCHOTIC SCREENING MODULE (FOR SCID-I/NP OR P W/PSYCHOTIC SCREEN) 
 
THIS MODULE IS FOR CODING PSYCHOTIC AND ASSOCIATED SXS THAT HAVE BEEN 
PRESENT 
AT ANY POINT IN THE PERSON’S LIFETIME.  IT CAN BE USED FOR CLINICAL AND 
RESEARCH 
SETTINGS WHERE THOSE WITH A HISTORY OF PSYCHOTIC SXS THAT ARE NOT DUE 
TO  
SUBSTANCE USE OR A GENERAL MEDICAL CONDITION OR THAT OCCUR OUTSIDE THE  
CONTEXT OF A MOOD DISORDER ARE TO BE EXCLUDED. 
 
FOR EACH PSYCHOTIC SYMPTOM CODED “3,” DESCRIBE THE ACTUAL CONTENT AND  
INDICATE THE PERIOD OF TIME DURING WHICH THE SYMPTOM WAS PRESENT. 
 
 FOR ANY PSYCHOTIC AND ASSOCIATED SYMPTOMS CODED “3,” DETERMINE 
 WHETHER THE SYMPTOM IS DEFINITELY “PRIMARY” OR WHETHER THERE IS 
 A POSSIBLE OR DEFINITE ETIOLOGIC SUBSTANCE (INCLUDING MEDICATIONS) 
OR 
 GENERAL MEDICAL CONDITION.  THE FOLLOWING QUESTIONS MAY BE USEFUL 
 IF THE OVERVIEW HAS NOT ALREADY PROVIDED THE INFORMATION: 
 
  Just before (PSYCHOTIC SXS) began, were you using drugs? ... on any 
medications? 
  ...did you drink much more than usual or stop drinking after you had been 
drinking a 
  lot for a while?  ...were you physically ill? 
 
  IF YES TO ANY:  Has there been a time when you had (PSYCHOTIC SXS) 
  and were not (USING DRUGS/TAKING MEDICATION/CHANGING YOUR 
  DRINKING HABITS/ILL)? 
 
Now I am going to ask you about DELUSIONS 
unusual experiences that people  False personal beliefs based on incorrect inference 
about 
sometimes have.   external reality and firmly sustained in spite of what almost  

everyone else believes and in spite of what constitutes 
     incontrovertible and obvious proof or evidence to the 
contrary.  

The belief is not one ordinarily accepted by other members 
of the 

     person’s culture or subculture. Code overvalued ideas 
(unreasonable  
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and sustained beliefs that are maintained with less than 
delusional 

     intensity) as “2.” 
 
Has it ever seemed like people  Delusion of reference, i.e., events, ? 1
 2 3      BC1 
were talking about you or taking  objects, or other people in the 
special notice of you?   individual’s immediate 
     environment have a particular or  1 
 3      BC2 

IF YES:  Were you convinced  unusual significance. 
they were talking about you or            POSS/DEF           
PRI- 
did you think it might have been  DESCRIBE:         SUBST/GMC        
MARY 
your imagination? 
 
What about receiving special 
messages from the TV, radio, or 
newspaper, or from the way things 
were arranged around you? 
 
 
 

Psychotic Symptoms          
 B/C. 2 
 
 
What about anyone going out of  Persecutory delusion, i.e., the  ?
 1 2 3     BC3 
their way to give you a hard time, individual (or his or her group) is 
or trying to hurt you?   being attacked, harassed, cheated,   
     persecuted, or conspired against.  1 
 3    BC4 
 
     DESCRIBE:         POSS/DEF           
PRI- 
               SUBST/GMC        
MARY 
 
Did you ever feel that you were  Grandiose delusion, i.e., content  ?
 1 2 3    BC5 
especially important in some  involves exaggerated power, 
way, or that you had special  knowledge or importance, or a 
powers to do things that other  special relationship to a deity or  
 1  3    BC6 
people couldn’t do?   famous person. 
                POSS/DEF            
PRI- 
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     DESCRIBE:          SUBST/GMC       
MARY 
 
 
Did you ever feel that something Somatic delusion, i.e., content   ? 1
 2 3    BC7 
was very wrong with you  involves change or disturbance in 
physically even though your  body appearance or functioning. 
doctor said nothing was wrong...       1 
 3    BC8 
like you had cancer or some other DESCRIBE: 
terrible disease?                
POSS/DEF           PRI- 
                 SUBST/GMC      
MARY 
Have you ever been convinced  
that something was very wrong  
with the way a part or parts of  
your body looked? 
 
(Did you ever feel that something 
strange was happening to parts 
of your body?) 
 
(Did you ever have any unusual  Other delusions    ?
 1 2 3    BC9 
religious experiences?) 
     Check if: 
(Did you ever feel that you had   ____  religious delusions   1 
 3    BC10 
committed a crime or done  ____  delusions of guilt     
     BC11 
something terrible for which you ____  jealous delusions         
POSS/DEF         PRI-    BC12 
should be punished?)   ____  erotomanic delusions        SUBST/GMC     
MARY    BC13 

             
     BC14 
     DESCRIBE: 
 

Psychotic Symptoms          
 B/C. 3 
 
 
     HALLUCINATIONS (PSYCHOTIC) 
     A sensory perception that has the compelling 
     sense of reality of a true perception but occurs 
     without external stimulation of the relevant 
     sensory organs.  (CODE “2” FOR 
     HALLUCINATIONS THAT ARE SO TRANSIENT 
     AS TO BE WITHOUT DIAGNOSTIC 
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     SIGNIFICANCE) 
 
Did you ever hear things that other Auditory hallucinations when fully  ? 1
 2 3         BC15 
people couldn’t hear, such as noises,  awake, heard either inside or outside 
or the voices of people whispering of head 
or talking?  (Were you awake at 
the time?)    DESCRIBE: 
 
IF YES:  What did you hear? 
How often did you hear it? 
            1 
 3        BC16 
 
                  
POSS/DEF          PRI- 
                  
SUBST/GMC     MARY 
 
IF VOICES:  Did they comment  A voice keeping up a running commentary ?
 1 2 3         BC17 
on what you were doing or  on the individual’s behavior or thoughts as 
thinking?    they occur 
 
How many voices did you hear?  Two or more voices conversing with each ?
 1 2 3         BC18 
Were they talking to each other?  other 
 
Did you ever have visions or  Visual hallucinations    ? 1
 2 3         BC19 
see things that other people 
couldn’t see?  (Were you  DESCRIBE: 
awake at the time?)          1 
 3         BC20 
 
NOTE:  DISTINGUISH FROM AN              
POSS/DEF          PRI- 
ILLUSION, I.E., A MISPERCEPTION              
SUBST/GMC     MARY 
OF A REAL EXTERNAL STIMULUS. 
 
 
 
 
 

Psychotic Symptoms          
 B/C. 4 
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What about strange sensations in Tactile hallucinations, e.g.,  ? 1 2
 3    BC21 
your body or on your skin?  electricity 
 
     DESCRIBE:     1 
 3    BC22 
 
                POSS/DEF          
PRI- 
                SUBST/GMC     
MARY 
 
(What about smelling or tasting  Other hallucinations, e.g.,   ? 1
 2 3    BC23 
things that other people couldn’t  gustatory, olfactory 
smell or taste?) 
     Check if:     1 
 3    BC24 
     ____  gustatory      
     BC25 
     ____  olfactory            
POSS/DEF          PRI-    BC26 
                  SUBST/GMC     
MARY 
     DESCRIBE:      
                   
                   
                   
     
 
     ANY ITEM CODED “3’ IN  ? 1 
 3    BC27 
     “PRIMARY” SECTION 
 
                         GO TO        A 
PRI- 
                       NEXT       
MARY 
                         MODULE        
PSYCHO- 
                              
TIC SX 
                              
HAS BEEN 
                              
PRESENT 
 
IF A MAJOR DEPRESSIVE OR Psychotic symptoms occur at times ? 1 
 3    BC28 
MANIC EPISODE HAS EVER  other than during mood syndromes 
BEEN PRESENT:  Has there ever  
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been a time when you had   NOTE:  CODE “3” IF NO MOOD PSYCHOTIC       
PSY- 
(PSYCHOTIC SXS) and you   SYNDROMES OR PSYCHOTIC MOOD DIS-    
CHOTIC 
were not (DEPRESSED/  SXS W/O MOOD EPISODES.  ORDER. IF       
DISOR- 
MANIC)?    CODE “1” ONLY IF PSYCHOTIC ALLOWED BY      
DER  
     SYMPTOMS OCCUR    STUDY, GO           
LIKELY 
     EXCLUSIVELY DURING   TO NEXT 
     UNEQUIVOCAL MOOD  MODULE. 
     SYNDROMES. 
 
 
 EXPLORE DETAILS AND DESCRIBE DIAGNOSTIC SIGNIFICANCE: 
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APPENDIX D 
RECENT HEALTH BEHAVIORS QUESTIONNAIRE (RHB) 

Did you use any of the following during the days of your saliva collection? 

 
 

 
 
 
 
  

 

Substance  
 

 

Usage During Saliva Collection 

 

Caffeine (coffee, tea, colas, etc.) 
 

 

0 = No      1 = Yes 
 

 
Chocolate 

 
0 = No      1 = Yes 

 

 
Figs, bananas, or plantains 

 
0 = No      1 = Yes 

 

 
Alcohol 

 
_______________   (# of drinks) 

 

 
Nicotine 

 
_____________   (# of cigarettes) 

 

 
Recreational drugs 

 
Circle all that apply: 
 

 Cannabis 

 Cocaine/Amphetamines 

 Hallucinogens 

 Opioids 

 Sedatives/Hypnotics/Anxiolitics 

 Inhalants 

 PCP 
 

 
Antihistamines 

 
0 = No      1 = Yes 
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APPENDIX E 
STRUCTURED INTERVIEW GUIDE FOR THE HAMILTON DEPRESSION AND 

ANXIETY SCALES 

Overview: I’d like to ask you some questions about the past week. How have you been 
feeling since last (DAY OF WEEK)? IF OUTPATIENT: Have you been working? IF 
NOT: Why not?
What’s your mood been like this past 
week? 
 
 
Have you been feeling down or 
depressed? IF YES: Have you been 
feeling worse in the morning? 
 
 
Sad?   Hopeless? 
 
In the last week, how often have you felt 
(OWN EQUIVALENT)? Every day? All 
day? 
 
Have you been crying at all? 
 
 
 
IF SCORED 1-4 ABOVE, ASK: 
How long have you been feeling this 
way? 

DEPRESSED MOOD (sadness, 
hopeless, helpless, worthless): 
 
0 = absent 
1 = indicated only on questioning 
2 = spontaneously reported verbally 
3 = communicated non-verbally, i.e. 

facial expression, posture, voice, 
tendency to weep 

4 = VIRTUALLY ONLY these feeling 
states reported in spontaneous 
verbal and non-verbal 
communication 

 
1 =POSS/DEF ORG 
 
3 = NOT ORG 
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How have you been spending your time 
this past week (when not at work)? 
 
 
 
Have you felt interested in doing 
(THOSE THINGS), or do you feel you 
have to push yourself to do them? 
 
 
Have you stopped doing anything you 
used to do? 
 
 
 
Is there anything you look forward to? 
 
 
(AT FOLLOW-UP: Has your interest 
been back to normal?) 
 
 
In the last week, have you had trouble 
concentrating or trouble remembering 
things? (How much?) 
 
 
 
How has your appetite been this past 
week? (What about compared to your 
usual appetite?) 
 
 
Have you had to force yourself to eat? 
 
 
Have other people had to urge you to 
eat? 
 

WORK AND ACTIVITIES: 
 
0 = No difficulty 
1 = thoughts and feeling of incapacity, fatigue, 

or weakness related to activities, work or 
hobbies 

2 = loss of interest in activity, hobbies, or 
work-by direct report of the patient or 
indirect in listlessness, indecision and 
vacillation (feels he has to push self to 
work or activities) 

3 = decrease in actual time spent in activities 
or decrease in productivity. In hosp., pt. 
spends less than 3 hrs/day in activities 
(hospital job or hobbies) exclusive of ward 
chores 

4 = stopped working bec. Of present illness. In 
hospital, no activities except ward chores, 
or fails to perform ward chores unassisted 

 
1 = POSS/DEF ORG 
 
3 = NOT ORG 
 

INTELLECTUAL (difficulty in 
concentrating, poor memory) 
 
0 = not present 
1 = mild 
2 = moderate 
3 – severe 
4 = very severe 

SOMATIC SYMPTOMS 
GASTROINTESTINAL: 
 
0 = none 
1 = loss of appetite but eating without 

encouragement 
2 = difficulty eating without urging  
 
1 = POSS/DEF ORG 
 
3 = NOT ORG 
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 How have you been sleeping over the 
last week? 
 
 
Have you had any trouble falling asleep 
at the beginning of the night? (Right 
after you go to bed, how long has it 
been taking you to fall asleep?) 
 
 
How many nights this week have you 
had trouble falling asleep? 
 
 
 
 
During the past week, have you been 
waking up in the middle of the night? IF 
YES: Do you get out of bed? What do 
you do? (Only go to the bathroom?) 
 
 
 
When you get back in bed, are you able 
to fall right back asleep? 
 
 
Have you felt your sleeping has been 
restless or disturbed some nights? 
 
 
 
What time have you been waking up in 
the morning for the last time, this past 
week? 
 
 
 
IF EARLY, Is that with an alarm clock, or 
do you just wake up yourself? What time 
do you usually wake up (that is, before 
you got depressed)? 

INSOMNIA EARLY: 
 
0 = no difficulty falling asleep 
1 = complains of occasional difficulty falling 
asleep-i.e., more than ½ hour 
2 = complains of nightly difficulty falling 
asleep 
 
 
1 = POSS/DEF ORG 
 
3 = NOT ORG 

INSOMNIA MIDDLE: 
 
0 = no difficulty 
1 = complains of being restless and 

disturbed during the night 
2 = waking during the night-any getting out 

of bed (except to void) 
 
 
1 = POSS/DEF ORG 
 
3 = NOT ORG 

INSOMNIA LATE: 
 
0 = no difficulty 
1 = waking in early hours of morning 

but goes back to sleep 
2 = unable to fall asleep again if gets 

out of bed 
 
 
1 = POSS/DEF ORG 
 
3 = NOT ORG 
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In the last week, have you had broken 
sleep, dreams, or nightmares? 
 
 
 
Have you felt tired when you wake up? 
(How bad has that been?) 
 
 
 
 
 
How has your energy been this past 
week? 
 
 
Have you been tired all the time? 
 
 
This week, have you had any 
backaches, headaches, or muscle 
aches? 
 
 
This week, have you felt any heaviness 
in your limbs, back or head? 
 
 
 
 
In the past week, have you lost interest 
in things, or no longer enjoyed your 
hobbies? Have you felt worse in the 
morning? 

INSOMNIA (difficulty in falling 
asleep, broken sleep, unsatisfying 
sleep and fatigue on waking, 
dreams, nightmares, night 
terrors): 
 
0 = not present 
1 = mild 
2 = moderate 
3 = severe 
4 = very severe 

SOMATIC SYMPTOMS 
GENERAL: 
 
0 = none 
1 = heaviness in limbs, back or head. 
Backaches, headache, muscle aches. 
Loss of energy and fatigability. 
2 = any clear-cut symptoms 
 
 
1 = POSS/DEF ORG 
 
3 = NOT ORG 

DEPRESSED MOOD (loss of 
interest, lack of pleasure in 
hobbies, depression, early 
waking, diurnal swing): 
 
0 = not present 
1 = mild 
2 = moderate 
3 = severe 
4 = very severe 
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Have you been especially critical of 
yourself this past week, feeling you’ve 
done things wrong, or let others down? 
IF YES: What have your thoughts been? 
 
 
Have you been feeling guilty about 
anything that you’ve done or not done? 
 
 
Have you thought that you’ve brought 
(THIS DEPRESSION) on yourself in 
some way? 
 
 
Do you feel you’re being punished by 
being sick? 
 
 
 
This past week, have you had any 
thoughts that life is not worth living, or 
that you’d be better off dead? What 
about having thoughts of hurting or even 
killing yourself? 
 
 
IF YES: What have you thought about? 
Have you actually done anything to hurt 
yourself? 
 
 
In the last week, how much have you 
been worrying (not just about everyday 
concerns)? 
 
How much have you been worrying 
about the worst that can happen, or 
been afraid of what’s going to happen? 
 
Have you been feeling especially 
irritable this past week? 

FEELINGS OF GUILT: 
 
0 = absent 
1 = self-reproach, feels he has let people 
down 
2 = ideas of guilt or rumination over past 

errors or sinful deeds 
3 = present illness is a punishment. 

Delusions of guilt 
4 = hears accusatory or denunciatory 

voices and/or experiences threatening 
visual hallucinations 

SUICIDE: 
 
0 = absent 
1 = feels life is not worth living 
2 = wishes he were dead or any 

thoughts of possible death to 
self 

3 = suicidal ideas or gesture 
4 = attempts at suicide 

ANXIOUS MOOD (worries, 
anticipation of the worst, fearful 
anticipation, irritability) 
 
0 = not present 
1 = mild 
2 = moderate 
3 = severe 
4 = very severe 
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Have you been feeling especially tense 
this past week? 
 
 
 
Have you been worrying a lot about little 
unimportant things, things you wouldn’t 
ordinarily worry about? IF YES: Like 
what, for example? 
 
 
 
In the past week, how much have you 
had any of these things: being startled 
easily, crying easily, trembling, feeling 
restless because of nervousness, not 
being able to relax? 
 
 
 
 
 
 
 
This past week, have you been afraid of 
the dark, of strangers, of being left 
alone, of animals, of traffic, or of 
crowds? IF YES: How afraid? 
 
 
 
 
 
 
In this past week, have you had any of 
these physical symptoms (READ LIST 
PAUSING AFTER EACH SX REPLY)? 
 
How much have these things been 
bothering you this past week? (How bad 
have they gotten? How much of the 
time, or how often, have you had them?) 
NOTE: DON’T RATE IF CLEARLY DUE 
TO MEDICATION (E.G., DRY MOUTH 
AND IMIPRAMINE) 

ANXIETY PSYCHIC: 
 
0 = no difficulty 
1 = subjective tension and irritability 
2 = worrying about minor matters 
3 = apprehensive attitude apparent in face 

or speech 
4 = fears expressed without questioning 

TENSION (feelings of tension, 
fatigability, startle response, 
moved to tears easily, trembling, 
feelings of restlessness, inability to 
relax): 
 
0 = not present 
1 = mild 
2 = moderate 
3 = severe 
4 = very severe 
 
 
 

FEARS (of dark, of strangers, of 
being left alone, of animals, of 
traffic or crowds?): 
 
0 = not present 
1 = mild 
2 = moderate 
3 = severe 
4 = very severe 

ANXIETY SOMATIC (physiologic 
concomitants of anxiety such as  
C-V – heart palpitations, 
headaches 
RES – hyperventilating, sighing 
 
0 = absent 
1 = mild 
2 = moderate 
3 = severe 
4 = very severe 
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In the last week, how much have your 
thoughts been focused on your physical 
health or how your body is working 
(compared to your normal thinking)? 
 
 
Do you complain much about how you 
feel physically? 
 
 
Have you found yourself asking for help 
with things you could really do yourself? 
IF YES: like what for example? How 
often has that happened? 
 
 
RATING BASED ON OBSERVATION  
 
 
 
 
 
 
 
 
RATING BASED ON OBSERVATION 
DURING INTERVIEW 

HYPOCHONDRIASIS: 
 
0 = not present 
1 = self-absorption (bodily) 
2 = preoccupation with health 
3 = frequent complaints, requests for 

help, etc. 
4 = hypochondriacal delusions 

INSIGHT: 
 
0 = acknowledges being depressed and ill 

OR not currently depressed 
1 = acknowledges illness but attributes 

cause to bad food, climate, overwork, 
virus, need for rest, etc 

2 = denies being ill at all 

AGITATION: 
 
0 = none 
1 = fidgetiness 
2 = playing with bands, hair, etc. 
3 = moving about, can’t sit still 
4 = hand-wringing nail biting, hair pulling , biting 

of lips 
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Evidence of anxiety during the interview, 
such as fidgeting, restlessness or 
pacing, tremor of hands, furrowed brow, 
strained face, sighing or rapid 
respiration, facial pallor, swallowing, etc. 
 
 
 
 
 
 
 
 
RATING BASED ON OBSERVATION 
DURING INTERVIEW 
 
 
 
 
 
 
 
 
 
 
 

BEHAVIOR AT INTERVIEW 
(fidgeting, restlessness or 
pacing tremor of hands, 
furrowed brow, strained face, 
sighing or rapid respiration, 
facial pallor, swallowing, etc.): 
 
0 = not present 
1 = mild 
2 = moderate 
3 = severe 
4  = very severe 

RETARDATION (slowness of 
thought and speech, impaired 
ability to concentrate, decreased 
motor activity): 
 
0 = normal speech and thought 
1 = slight retardation at interview 
2 = obvious retardation at interview 
3 = interview difficult 
4 = complete stupor 
 
 
1 = POSS/DEF ORG 
3 = NOT ORG 
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TOTAL HAMILTON DEPRESSION SCORE __________ 
 
TOTAL HAMILTON DEPRESSION SCORE IGNORING ORGANIC RATINGS ______ 
 
 
 
  
 
 
  

 
TOTAL HAMILTON ANXIETY SCORE __________ 
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