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Emotional Processing Coping Methods and Biomarkers
of Stress in Young Adult Testicular Cancer Survivors

Katie Darabos, PhD1 and Michael A. Hoyt, PhD2

Coping through emotional processing (EP) with cancer-related circumstances can take several forms, including
methods thought to be constructive (e.g., planning, meaning making) and unconstructive (e.g., rumination).
These forms can have differential relationships with experiences of stress. Associations of coping through
constructive and unconstructive EP in expressive writing with salivary stress biomarkers were examined among
young adult testicular cancer survivors. Constructive processing was significantly associated with less overall
daily cortisol output and smaller salivary alpha-amylase awakening response; unconstructive processing was
also associated with lower daily cortisol output. These preliminary results from this exploratory study inform
future research associating emotion-regulation coping and biological stress reactivity.
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Introduction

A cancer diagnosis during young adulthood can present
myriad unexpected stressors and disruption across life

domains.1 Following treatment for testicular cancer, such
stressors can persist well beyond the conclusion of treatment
and include threatened masculinity, alternations in social
relationships, problems with fertility, and persistent fear of
cancer recurrence.2 Over time, the chronicity of such stress
perceptions can reflect perseverative cognition or repetitive
stress-related thought cycles (e.g., worry, rumination) re-
sulting in prolonged activation of physiological stress re-
sponse systems, including the hypothalamic/pituitary/adrenal
(HPA) axis (e.g., cortisol) and the sympathoadrenal medul-
lary (SAM) system (e.g., alpha-amylase).3,4

Salivary cortisol, as a downstream marker of HPA activity,
and salivary alpha-amylase (sAA), as a proxy measure of SAM
activation, can be measured concomitantly4 and together offer
a comprehensive view of physiological stress, as differing
diagnostic and treatment effects have been observed be-
tween these markers.5 Both salivary cortisol and sAA fol-
low a distinct diurnal rhythm: cortisol levels peak *30
minutes after awakening and decrease throughout the day,
whereas sAA has a pronounced decline after awakening
followed by an increase across the day.4 Dysregulation in
these rhythms are observed in the presence of chronic
stressors and are associated with psychological distress,
early mortality, and overall physical symptom burden in
cancer survivors.6–9 Despite the need to understand psy-
chological adjustment to cancer in young adults, little atten-

tion has been given to biological stress processes and cancer-
related coping in this survivorship group.

Understanding cognitive coping processes, such as coping
through emotional processing (EP), which serve to resolve,
maintain, or amplify the stress response is paramount. When
utilized as a process of coping, as purported by stress and
coping theory, EP works in service of managing stressors (i.e.,
demands related to cancer) perceived as stressful and can be
viewed as a transaction between the individual and the envi-
ronment.10 Stressors related to cancer can be emotion laden.
Processing cancer-related emotions enables ‘‘emotional dis-
turbances [to be] absorbed and decline to the extent that other
experiences and behavior can proceed without disruption’’
(Rachman11, p. 51). However, coping through EP, like all
coping processes, is not universally adaptive, although patterns
across empirical work on emotional approach coping12 emo-
tion regulation,13 and repetitive thought processes14 emerge.

When EP is constructive (e.g., planning, meaning making),
coping strategies tend to be intentional, goal oriented, and
facilitates dynamic problem solving and values clarifica-
tion.15 On the other hand, unconstructive forms of EP (e.g.,
rumination, worry, brooding) reflect a repetitive or prolonged
focus on negatively valenced emotional material.14,16 Coping
through EP (and expression) has been associated with larger
sAA and cortisol responses to experimental stress tasks,17

bolstering the need to distinguish various forms of EP.
Unconstructive forms of EP used in response to chronic
stressors have been associated with a pronounced cortisol
awakening response (AR), flattened diurnal cortisol slope,
and increased SAM activation.18,19 However, few studies
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have examined the use of constructive forms of EP and
biological responding.

The present exploratory study examined how constructive
and unconstructive processing, as measured from a cancer-
related expressive writing task, are related to stress biomarkers
in young adult male survivors. It was hypothesized that greater
use of unconstructive processing would be associated with
greater dysregulation in salivary biomarkers (flatter diurnal
slope, greater daily volume, pronounced AR). No directional
hypotheses were made for constructive processing.

Methods

Participants

Participants (n = 17) were recruited from a parent study of
quality of life in young adults with testicular cancer originally
recruited from a state cancer registry. Those indicating in-
terest in invitation to a subsequent study (n = 61) were invited
to take part in the current study through an invitation letter.
Of the 61 who were contacted, 19 were unreachable. No
known demographic differences characterized those that did
and did not participate.

Eligibility included: men between the ages of 18 and 30,
history of testicular cancer, and English proficiency. Men
with severe psychiatric disorder or nonclearance by their
physician were excluded. All participants received $25 for
participation and provided signed consent.

Participants (age: mean [M] = 25.41, SD = 3.24; range = 20–
30) were primarily White (47.1%) or Hispanic (23.5%), and
single (82.4%). The majority underwent surgery (94.1%),
chemotherapy (52.9%), and/or radiation (41.2%). On average,
they were 2.60 years (SD = 1.81) since diagnosis.

Procedures

Participants met with a study investigator to review study
procedures and proper sampling methods. Participation in-
cluded completion of an expressive writing essay and at-
home collection of saliva on 3 consecutive weekdays at four
points each day: upon waking (morning), 30 minutes after
awakening, 8 hours after awakening, and at bedtime. They
were instructed not to eat, drink, or brush teeth for at least 20
minutes before sampling. Each day, participants self-reported
relevant health behaviors (e.g., caffeine intake, tobacco use)
and compliance with collection instructions. Participants
refrigerated samples until returning them through express
mail. To complete the essay, participants wrote an expressive
writing essay. Writing instructions were adapted from studies
of expressive writing.20 Instructions were to write continu-
ously for 20 minutes without concern for grammar, spelling,
or punctuation, and participants were instructed to write
about their ‘‘very deepest thoughts and feelings’’ about their
experience with testicular cancer. All procedures were ap-
proved by the university’s Institutional Review Board.

Measures

Constructive/unconstructive processing. Constructive
and unconstructive processing were measured through man-
ualized coding procedures (see Hoyt et al.15 for a detailed
description). These procedures were developed to inform
how one should process emotions toward maximal adaptive
utility when coping with health-related adversity.15

Two trained coders independently coded each participant
essay using line-by-line coding with one sentence as the
smallest piece of text that could be coded, although multiple
sentences could also be coded as a unified text unit. Con-
sensus was reached within pairs.

Frequency counts of coded text units were summed for
each of the constructive and unconstructive processing
methods. Coded essays were given a global score for each
constructive and unconstructive processing method based on
the proportion of coded text units, which ranged from (1) Not
at all to (5) Extreme. Constructive processing methods in-
cluded planning/problem solving, values clarification/affir-
mation, goal-focused reflection, and discovery of meaning;
unconstructive processing methods included worry, depres-
sive rumination, anger rumination, and self-evaluative re-
flection. Frequency counts of constructive and unconstructive
processing methods and illustrative quotations appear in
Table 1. Following coding procedures, composite measures
of constructive and unconstructive EP were computed by
averaging scores. All scores were adjusted for overall essay
word count. Composite measures were used in all analyses.
High interrater reliability was obtained for constructive
(85%) and unconstructive (99%) processing.

Salivary stress biomarkers. Daily diurnal salivary cor-
tisol and salivary alpha amylase was assessed through saliva
samples collected with Salivette collection tubes (Sarstedt,
Inc.) at four points each day. Sample time collections were
averaged across the 3 days for each sample time: waking:
7:42 a.m. (SD = 1.33); 30 minutes postawakening: 8:13 a.m.
(SD = 1.32); 8 hours postawakening: 4:07 p.m. (SD = 1.54);
and bedtime: 11:51 p.m. (SD = 1.17). Upon receipt, Salivettes
were stored in a -20�C freezer until analysis. Concentrations
of salivary free cortisol and sAA were measured in duplicate
using a commercially available enzyme immunoassay with-
out modification to the manufacturer’s recommended proto-
col (Salimetrics, Carlsbad, CA).

Data analysis

To account for skewness, raw values of both markers were
log transformed before analyses. Three indices were calcu-
lated for each marker: AR, diurnal slope, and area under the
curve (AUCg). AR was assessed by changes from awakening
(averaged across days) to the second sample (30 minutes
postawakening; averaged across days). Diurnal slope was
calculated as the decrease from the first morning sample to
evening sample. To assess volume, AUCg was computed and
averaged across days using the trapezoidal method based on
hours after wakening.21 The 30-minute postawakening mea-
sure was excluded from AUCg calculation.22

To determine the relationship of constructive and uncon-
structive EP and physiological responding, multiple linear
regressions were tested. In each model, relevant covariates
were entered in the first block and constructive or uncon-
structive processing in the second block. Covariates included
participant age (in years), time since diagnosis (in months),
and body mass index.

Results

On average, young adult men were found to use con-
structive (M = 1.56, SD = 0.39) and unconstructive (M = 1.55,
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Table 1. Constructive and Unconstructive Processing

Average
per easy

frequency,
mean (SD)

Total
essays

(%)

Constructive processing
Planning/problem solving: defining or appraising a problem, generating possible

solutions, selecting alternatives, implementing solutions, or evaluating a plan.
‘‘I am still unsure if my surgery/chemo/radiation has left me sterile and unable to

have kids and that is scary. I do want kids and so does my wife. It helps knowing
I went to the sperm bank, but I’m hoping and praying that we won’t need to use
what I froze’’ (30-year-old Caucasian male)

1.53 (0.94) 29.5

Values clarification/affirmation: thoughts related to declaring, clarifying, or affirming
one’s values or beliefs.
‘‘As I’ve moved forward in my life, I still manage to come back to my cancer as a

point of connection to others. I mention cancer and instead of creating a wall, it
seems to almost instantly break down barriers in conversation. People want to
know more, they want to know about my experience, and they want to know that
I’m healthy in ways they never would have cared before. This makes the pain and
trauma of the experience less and less every day, but keeps the event fresh in my
mind so that I can continue to cherish the healthy time that I have and make the
most of every day.’’ (29-year-old Caucasian male)

1.35 (0.61) 29.5

Goal-focused reflection: focused attention on one’s goals, including goal clarification
and assessment of goal progress.
‘‘I think, as I said before, I mostly viewed cancer as something I needed to deal with

to get on with my life. I was looking forward to graduating from law school, which
I did a mere 8 weeks after I normally would have. I was (sort of) looking forward
to the bar exam, which is nearly as bad as cancer. And I was looking forward to
getting married, which I did on the one year anniversary of starting chemo.’’ (30-
year-old Caucasian male)

1.24 (0.44) 23.5

Discovery of meaning: evidenced by a major shift in values, priorities, or perspectives in
response to adversity.
‘‘After I was in remission, everything was great. I took advantage of my new life and

went back to school. I changed jobs for the better and got in shape. I was feeling
good enjoying life. I even started dating a girl I really liked’’ (26-year-old Hispanic
male)

2.12 (0.86) 70.6

Unconstructive processing
Worry: negative repetitive thoughts about potential threat, catastrophe, uncertainty, or

risk.
‘‘I was starting to think about marriage . I was stressing out a bit, but I realized I

couldn’t do anything. I accepted it; that was when I started thinking about my past.
If it was me, my actions, my experiences that lead me to this place in time, with
her. Where I would have to make big choices. What would happen if this, was
would happen if that, so many questions, that inheritably cancer came back into my
thoughts.’’ (25-year-old Hispanic male)

1.82 (0.95) 52.9

Depressive rumination: thoughts marked by hopelessness, sadness, or worthlessness.
‘‘I’ve also stopped going to see my oncologist. It’s been over a year since, it got too

depressing. I’ve been working on trying to move on from this ordeal, but it is
sometimes overwhelming. I guess it just takes time’’ (25-year-old Caucasian male)

1.65 (1.06) 35.3

Anger rumination: repetitive or focused thoughts about angry or hostile experiences,
revenge or retaliation fantasies, or dwellings on experienced/perceived injustice.
‘‘Shortly after, we all found out this ‘friend’ . never even had a single brain tumor.

He played all of us and disappeared. So I didn’t get the attention and support I
deserved because somebody else decided to make up a life-threatening illness that
he didn’t really have.’’ (20-year-old Caucasian male)

1.30 (0.77) 17.7

Self-evaluative reflection: statements reflecting an evaluation or assessment of one’s
value, performance, skills, ability, knowledge, or attributes, including self-critical and
self-judgmental thoughts.
‘‘Even though I laugh about it, there are times when I am very self-conscious about it.

Sometimes, I feel like less of a man and even though I have a prosthetic, I feel
physically deformed, which is hard to deal with at times’’ (28-year-old Caucasian
male)

1.50 (0.80) 41.2

SD, standard deviation.
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SD = 0.43) methods equally in essay writing. The average
essay length was 519 words (SD = 279.26).

Salivary cortisol and sAA indices were separately re-
gressed on constructive and unconstructive processing, con-
trolling for identified covariates. Greater use of constructive
processing was associated with lower overall daily cortisol
output (i.e., AUCg) (b = -0.48, p < 0.05, R2 = 0.33). Con-
structive processing was also positively associated with sAA
AR (b = 0.45, p < 0.05, R2 = 0.48). Constructive processing
was not significantly related to other cortisol or sAA indices.

Unconstructive processing was significantly associated with
overall daily sAA output (i.e., AUCg) (b = -0.52, p < 0.05,
R2 = 0.37), such that greater use of unconstructive processing
was related to lower daily sAA. Unconstructive processing was
not significantly related to other cortisol or sAA indices.

Figures 1 and 2 illustrate cortisol and sAA, respectively, at
relatively high and low levels of constructive and uncon-
structive processing.

Discussion

This exploratory study offers initial insight into relationships
of cancer-related EP styles and biological stress responses in
young adult male cancer survivors. The associations of con-
structive processing use with lower overall cortisol output and
altered sAA AR are noteworthy, and are in partial support of

hypotheses. Visual inspection of Figure 1 suggests that differ-
ences in cortisol output for low versus high use of constructive
processing forms is greater in early times of the day, including
upon awakening. If true, it may be reflecting differences in
overall sleep disturbances or sleep quality, which have been
shown to heighten HPA stress reactivity.23 As sleep disturbances
are commonly experienced among individuals with cancer,24

future studies should examine these relationships in the context
of sleep quality, as well as utilize momentary assessment
methods to better determine the timing of effects. It will be
useful to supplement the current study design with additional
saliva collection points between awakening and afternoon.

Constructive processing was also negatively associated with
altered sAA AR. This result is unexpected. Visual inspection of
Figure 2 suggests that aberrant AR patterns are observed at high
levels of constructive processing, a pattern observed in patients
with significant distress or posttraumatic stress symptoms.25

Future studies will need to more carefully test the possibility of
a nonlinear relationship of constructive processing to stress.
Importantly, the diurnal trajectories displayed in the figure are
not categorical. That is, any individual could be high or low on
constructive or unconstructive processing simultaneously. It
might be that dysregulation associated with high constructive
processing can be mitigated or worsened in the presence of
unconstructive processing. Stressor-specific patterns should
also be considered. That is, its plausible that appraisals of one
stressor (e.g., cancer-related financial strain) might yield cycles
of worry, while the same person might engage in patterns of
meaning making to process emotions related to infertility after
testicular cancer. More adequately powered studies will need to
test such potential interactions.

The experiencing and processing of cancer-related emotions
are contextually bound. Stress and coping theory emphasizes
the match between the stressor and coping method. Although
participants freely wrote about any stressor, this study was not
designed to examine the influence of the nature of the specific
stressful content (e.g., interpersonal stressor vs. occupational
demands). Future work should more carefully consider the
valence of the emotional content. It may be that eustress, or
other experiences of positive emotions, would distinguish bi-
ological stress patterns. Likewise, studies of coping by EP in
cancer survivors have relied on measures ill equipped to dis-
tinguish among EP styles. Our findings suggest that future
work examining the utility of coping with cancer-related stress
through emotional approach should consider more careful
measurement of EP.

Also in contrast with hypotheses, use of unconstructive
processing was associated with lower overall daily cortisol
output. It is, of course, plausible that use of unconstructive
processing (e.g., avoidance) is successful in the short term.
Worry for example, might serve as motivator, drawing at-
tention toward situations that may require action, thus po-
tentially facilitating more constrictive processing efforts (i.e.,
goal-focused reflection).26 Constructive processing methods
on the other hand might be more effortful, intentional, and
salient and therefore more arousing. Future research that
examines these relationships longitudinally is needed to de-
termine the time course of these relationships. Likewise,
identification of the mechanisms by which constructive and
unconstructive processing impact biology is needed. This
will involve more careful consideration of the nature of the
emotion-laden stressors (e.g., time limited vs. chronic, health-

FIG. 1. Illustrates diurnal salivary cortisol patterns plotted
at high (above the median) and low (below the median)
levels of unconstructive and constructive processing. Raw
cortisol values are plotted.

FIG. 2. Illustrates diurnal salivary alpha-amylase patterns
plotted at high (above the median) and low (below the
median) levels of unconstructive and constructive proces-
sing. Raw alpha-amylase values are plotted.
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related vs. interpersonal), the influence of stable personality
factors (e.g., optimism, coping styles), as well as biobeha-
vioral vulnerabilities (e.g., sleep quality, medication use).

This study, although preliminary, has several strengths,
including being a useful first step in examining associations
of EP forms and stress biomarkers in the context of young
adult cancer adjustment. It also reaches beyond self-report
measures and uses a novel approach to observe EP methods.
However, it is not without limitations. The very small sample
size warrants caution in interpreting results, which should be
considered preliminary. Moreover, this study did not attempt
to disentangle forms of processing with the presence of
psychological distress (e.g., depression, anxiety), which can
also signal biological responding.27

Despite these limitations, this study offers information to
inform additional areas of inquiry. As psychosocial inter-
ventions move toward biobehavioral approaches, it is in-
creasingly important to understand the manner in which
intervention targets, such as coping through EP, impact stress-
related biology.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

Funding was provided by the Livestrong Foundation (PI:
M.A.H.) and the National Cancer Institute (SC1CA187494,
PI: M.A.H.; 1F99CA222727, PI: K.D.).

References

1. Zebrack BJ. Psychological, social, and behavioral issues for
young adults with cancer. Cancer. 2011;117:2289–94.

2. Schepisi G, De Padova S, De Lisi D, et al. Psychosocial
issues in long-term survivors of testicular cancer. Front
Endocrinol. 2019;10:113.

3. Brosschot JF, Gerin W, Thayer JF. The perseverative
cognition hypothesis: a review of worry, prolonged stress-
related physiological activation, and health. J Psychosom
Res. 2006;60:113–24.

4. Strahler J, Skoluda N, Kappert MB, Nater UM. Simulta-
neous measurement of salivary cortisol and alpha-amylase:
application and recommendations. Neurosci Biobehav Rev.
2017;83:657–77.

5. Ali N, Nater UM. Salivary alpha-amylase as a biomarker of
stress in behavioral medicine. Int J Behav Med. 2020 (in press).

6. Cuneo MG, Schrepf A, Slavich GM, et al. Diurnal cortisol
rhythms, fatigue and psychosocial factors in five-year sur-
vivors of ovarian cancer. Psychoneuroendocrinology. 2017;
84:139–42.

7. Kuhlman KR, Irwin MR, Ganz PA, et al. Cortisol awak-
ening response as a prospective risk factor for depressive
symptoms in women after treatment for breast cancer.
Psychosom Med. 2017;79:763–9.

8. Schmidt ME, Semik J, Habermann N, et al. Cancer-related
fatigue shows a stable association with diurnal cortisol
dysregulation. Brain Behav Immun. 2016;52:98–105.

9. Rohleder N, Marin TJ, Miller GE. Biological cost of caring for
a cancer patient: dysregulation of pro- and anti-inflammatory
signaling pathways. J Clin Oncol. 2009;27:2909–15.

10. Lazarus RS, Folkman S. Stress, appraisal, and coping. New
York: Springer; 1984.

11. Rachman S. Emotional processing. Behav Res Ther. 1980;
18:51–60.

12. Stanton AL. Regulating emotions during stressful experiences:
the adaptive utility of coping through emotional approach. In:
Folkman S (Ed). The Oxford handbook of stress, health, and
coping. New York: Oxford University Press; 2011; pp. 369–86.

13. DeSteno D, Gross JJ, Kubzansky L. Affective science and
health: the importance of emotion and emotion regulation.
Health Psychol. 2013;32:474–86.

14. Watkins ER. Constructive and unconstructive repetitive
thought. Psychol Bull. 2008;134:163–206.

15. Hoyt MA, Austenfeld J, Stanton AL. Processing coping
methods in expressive essays about stressful experiences: pre-
dictors of health benefit. J Health Psychol. 2016;21:1183–93.

16. Segerstrom SC, Stanton AL, Alden LE, Shortridge BE.
A multidimensional structure for repetitive thought: what’s
on your mind, and how, and how much? J Pers Soc Psy-
chol. 2003;85:909–21.

17. Kane HS, Wiley JF, Dunkel-Schetter C, Robles TF. The effects
of interpersonal emotional expression and emotional approach
coping on stress responses. Emotion. 2019;19(8):1315–28.

18. Engert V, Smallwood J, Singer T. Mind your thoughts:
associations between self-generated thoughts and stress-
induced and baseline levels of cortisol and alpha-amylase.
Bio Psychol. 2014;103:283–91.

19. Zoccola PM, Dickerson SS, Zaldivar FP. Rumination and
cortisol responses to laboratory stressors. Psychosom Med.
2008;70:661–7.

20. Pennebaker JW, Beall SK. Confronting a traumatic event:
toward an understanding of inhibition and disease. J Abnormal
Psychol. 1986;95:274–81.

21. Pruessner JC, Kirschbaum C, Meinlschmid G, Hellhammer
DH. Two formulas for computation of the area under the
curve represent measures of total hormone concentration
versus time dependent change. Psychoneuroendocrinology.
2003;28:916–31.

22. Chida Y, Steptoe A. Cortisol awakening response and psy-
chosocial factors: a systematic review and meta-analysis.
Biol Psychol. 2009;80:265–78.

23. van Dalfsen JH, Markus CR. The influence of sleep on
human hypothalamic-pituitary-adrenal (HPA) axis reactiv-
ity: a systematic review. Sleep Med Rev. 2018;39:187–94.

24. Dickerson SS, Connors LM, Fayad A, Dean GE. Sleep-
wake disturbances in cancer patients: narrative review of
literature focusing on improving quality of life outcomes.
Nat Sci Sleep. 2014;6:85–100.

25. Thoma MV, Joksimovic L, Kirschbaum C, et al. Altered
salivary alpha-amylase awakening response in Bosnian war
refugees with posttraumatic stress disorder. Psychoneur-
oimmunology. 2012;37:810–17.

26. Sweeny K, Dooley MD. The surprising upsides of worry.
Soc Pers Psychol Compass. 2017;11:e12311.

27. Lovallo WR. Stress and health: biological and psycholog-
ical interactions, 3rd ed. Thousand Oaks, CA: Sage Pub-
lications, Inc.; 2015.

Address correspondence to:
Michael A. Hoyt, PhD

Population Health and Disease Prevention
University of California Irvine

653 E Peltason Drive
Irvine, CA 95697-3957

USA

Email: mahoyt@uci.edu

430 DARABOS AND HOYT




