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Abstract

Objective—To investigate hypothalamic-pituitary-adrenal axis (HPA-axis) functioning as a
neurobiological risk factor for depressive symptoms in an ongoing longitudinal, observational
study of women undergoing treatment and recovery from breast cancer. Many women with breast
cancer experience depressive symptoms that interfere with their treatment, recovery, and quality of
life. Psychosocial risk factors for depression among cancer patients and survivors have been
identified, yet neurobiological risk factors in this population remain largely unexamined.

Methods—Women recently diagnosed with early-stage breast cancer (n = 135) were enrolled
before starting neoadjuvant/adjuvant treatment (radiation, chemotherapy, endocrine therapy). At
baseline, participants collected saliva samples to measure diurnal HPA-axis functioning for 3 days:
at waking, 30 minutes post-waking, 8 hours post-waking, and bedtime. Participants also completed
a standardized measure of depressive symptoms (Center for Epidemiological Studies-Depression
Scale; CES-D) at baseline and 6 months after completion of primary treatment. Multivariate
regression was used to predict continuous depressive symptoms at 6-months post-treatment from
continuous depressive symptoms at baseline, cortisol awakening response (CAR), and other
measures of diurnal HPA-axis functioning.
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Results—The magnitude of CAR predicted changes in depressive symptoms over time, such that
women with a higher CAR showed a greater increase from baseline to 6 months post-treatment, &
=5.67, p=.023. Diurnal slope and total cortisol output were not associated with concurrent
depressive symptoms or their change over time.

Conclusions—Elevated CAR may be a neurobiological risk factor for increases in depressive
symptoms in the months after breast cancer treatment and warrants further investigation.

Keywords
HPA-axis; depression; breast cancer; cortisol awakening response; risk factor; CAR; longitudinal

Introduction

Diagnosis with breast cancer is a major life event that elicits increases in depressive
symptoms within 12 months for up to 50% of women (1,2), and 38% of women with breast
cancer demonstrate persistently elevated depressive symptoms for up to 16 months following
diagnosis (3). The reentry transition, or the period of time after treatment completion, is a
time of particular risk for the development and persistence of depressive symptoms (4). This
is important because depression interferes with beneficial health behaviors such as exercise
and healthy eating (5) as well as reengagement with pre-diagnosis activities (6). Studies to
date have predominantly focused on psychosocial predictors of depression in cancer
survivors, and therefore our understanding of neurobiological risk factors for depression in
this population is lacking. Atypical functioning of the hypothalamic-pituitary-adrenal axis
(HPA-axis), a component of the body’s physiological stress response system, is associated
with depression (See 7,8). In fact, elevated salivary cortisol, a systemic indicator of HPA-
axis functioning, prospectively predicts the onset of depression in otherwise healthy
adolescent and adult samples (9-13); however, studies examining functioning of the HPA-
axis prior to cancer treatment as a predictor of depressive symptoms during recovery remain
rare.

Salivary cortisol displays a diurnal pattern in healthy individuals, with high concentrations
immediately after waking, an immediate increase within 30-40 minutes after waking, and
steady declines throughout the day (14,15). The increase in cortisol that occurs between
waking and 30 minutes post-waking is known as the cortisol awakening response (CAR)
(16). The CAR is thought to indicate the body’s effort to mobilize resources to meet the
demands of the coming day (17,18) but also may be a measure of adrenal sensitivity to
adrenocorticotropic hormone (ACTH)(19), the precursor to cortisol release from the adrenal
gland. Diurnal regulation of cortisol is often reflected by a slope from waking to bedtime,
and is reflective of circadian regulation (20). Finally, total cortisol across the day (area under
the curve with respect to ground or AUCQg) can be used as an indication of both circadian
regulation and activation to stressors throughout the day (21,22).

Anomalies in the functioning of the HPA-axis are consistently shown in depressed

individuals compared to controls; these include elevated cortisol during recovery from stress,
atypical responses to pharmacological challenge (e.g., dexamethasone suppression test), and
elevated basal concentrations of cortisol (23,24). In cancer patients and survivors, depressive
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symptoms have been associated with elevated diurnal cortisol in the morning (25) and
evening (26,27). A flat diurnal cortisol profile has also been linked to persistent fatigue in
breast cancer patients (28), as well as earlier mortality in patients with ovarian, epithelial,
and lung cancer (29-31). Taken together, these studies have contributed to growing interest
in HPA-axis functioning as an indicator of both psychological distress and circadian rhythm
disruption which have repeatedly been linked with morbidity and mortality in cancer (32—
35).

Indices of HPA-axis function have also been examined as prospective predictors of
depressive symptoms and episodes. In studies conducted with adolescents, elevated cortisol
at 8 am predicts major depressive disorder (MDD) one year later (36) and increases in
depressive symptoms 3 years later (11). CAR prospectively predicted the onset of depressive
episodes during late adolescence one year (9) and 2.5 years later (13). Similar findings have
been observed in adult women, with cortisol at 8 am predicting MDD 13 months later (12).
To our knowledge, only one study by Hsiao et al. has examined whether HPA-axis
functioning prospectively predicted depressive symptoms in the context of breast cancer, and
found that elevated cortisol in the evening was associated with depressive symptoms among
breast cancer survivors over 14 months (37). Assessment of the HPA-axis in Hsiao and
colleagues (2013) occurred nearly 5 years after treatment completion. Thus, whether HPA-
axis functioning after diagnosis and before adjuvant treatment (e.g., radiation,
chemotherapy) prospectively predicts depressive symptoms in the early survivorship period
remains largely unknown. This is an important gap in our understanding because there may
be psychological and biological indicators of risk for depressive illness that emerge in the
immediate aftermath of major life events, such as cancer diagnosis and surgery.

The goal of this study was to examine whether HPA axis functioning, as measured by CAR,
diurnal slope, and AUCg, was cross-sectionally associated with depressive symptoms after
breast cancer diagnosis and before the onset of adjuvant treatment, and longitudinally with
depressive symptoms 6 months after adjuvant treatment completion. We hypothesized that a
flat diurnal profile and larger AUCg would be associated with greater depressive symptoms
at baseline (prior to neoadjuvant/adjuvant therapy) and a larger CAR would be associated
with greater increases in depressive symptoms 6 months post-treatment.

Methods

Participants

Subjects in this study represent a subgroup participating in a prospective, longitudinal study
of women with breast cancer designed to identify predictors of cancer-related fatigue.
Women were eligible for participation in the main study if they met the following criteria: 1)
newly diagnosed with early-stage, resectable breast cancer (Stage 0, I, 11, I11A); 2) had not
started adjuvant or neoadjuvant therapy with chemotherapy, radiation, trastuzumab, and/or
endocrine therapy; 3) able to speak, read, and understand English. Additional criteria for
inclusion in the present study included contributing at least two complete saliva sampling
days, and completion of the 6 month follow-up assessment. The UCLA Institutional Review
Board approved the study procedures, and written informed consent was obtained from all
participants.
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The present study included data from 135 of the total 271 women enrolled in the larger,
ongoing, longitudinal study. Of the 271 women in the larger study, 157 opted to participate
in the salivary cortisol assessment. There were no significant differences at baseline in age,
ethnicity, education, income, marital status, depressive symptoms, history of depression,
surgery type, or cancer stage between women with cortisol data and those without, all ps > .
16. Of these 157 women with cortisol data, 14 participants did not have at least 2 complete
days of data for computation of CAR, AUCg, and diurnal slope. Of the 143 women with
complete baseline data, 135 women (95.1%) completed the 6-month post-treatment follow-
up assessment. The mean time between the baseline and 6 month post-treatment assessment
was 270 (SD = 91) days, or approximately 9 months. All data collection for the present
analyses occurred between February 2013 and June 2016.

Participants were recruited from oncology clinics in the Los Angeles metropolitan area.
Upon informed consent and study enrollment, participants received a link via email to
demographic, medical, and psychosocial questionnaires on www.Qualtrics.com. The
majority completed the baseline assessment after definitive surgical resection of their breast
tumor, but before adjuvant therapy (chemotherapy, radiation, endocrine therapy,
trastuzumab). For those who received neoadjuvant chemotherapy prior to surgery, the
baseline assessment was conducted prior to onset of neoadjuvant chemotherapy. At the
baseline visit, participants were also provided with instructions for completing the saliva
samples before the start of any adjuvant therapy.

Participants were followed over time and completed assessments at a 6 month post-treatment
follow-up, which was targeted to occur 6 months after the completion of surgery, radiation,
and/or chemotherapy, whichever occurred last as part of primary treatment. At this
assessment, participants were again sent a link to online questionnaires. Our research team
also conducted a review of participant medical records to confirm patient treatment
information.

Depression—Depressive symptoms in the past week were assessed via the Center for
Epidemiologic Studies-Depression Scale (CES-D; Radloff, 1977) at the baseline assessment
and 6 month post-treatment follow-up. The CES-D has been identified as useful in
measuring psychosocial functioning in cancer patients (38), has demonstrated good
sensitivity and specificity for major depressive episodes determined via semi-structured
clinical interview (39,40), and is recommended as a valid assessment of emotional distress in
cancer patients (41), specifically breast cancer (42). The CES-D is a 20-question, self-report
instrument with excellent reliability and validity. Scores on the CES-D can range from 0-60,
and a score of 16 or higher indicates clinically significant depressive symptoms (43), and is
commonly used to indicate psychological distress within samples of women with breast
cancer (44-46). This measure also demonstrated good internal consistency in the current
sample (a =.87). Trained research staff also administered structured clinical interviews
using the Structured Clinical Interview for DSM for assessment of current and past
depressive episodes at the baseline assessment (47).
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HPA-axis functioning—At the baseline assessment, participants were instructed to take 4
saliva samples at designated times each day for 3 days to assess diurnal regulation of the
HPA-axis: immediately upon waking, 30 minutes post-waking, 8 hours post-waking, and at
bedtime. Research staff color coded salivettes to indicate each respective time point. Women
were given detailed instructions about collection, including taking the first sample “when
eyes were open but hadn’t yet gotten out of bed,” not to eat or drink during the 20 minutes
before each sample, and to store the salivettes in the refrigerator until their next research
appointment. Importantly, women were instructed not to take samples on a day when they
did not follow these procedures. Participants recorded the time and date of each saliva
sample on a form provided by the research team, which is a valid and reliable method of
assessing sample times among adults (48).

Saliva samples were shipped on dry ice to the TUD Biopsychology Laboratory in Dresden,
Germany directed by Dr. Clemens Kirschbaum. Saliva samples were stored at —20 degrees C
until analysis. After thawing, salivettes were centrifuged at 3,000 rpm for 5 min, which
resulted in a clear supernatant of low viscosity. Salivary concentrations were measured using
commercially available chemiluminescence immunoassay with high sensitivity (IBL
International, Hamburg, Germany). The lower limit of detection for this assay is 0.011
pg/dL. Sample and reagent handling was semi-automated using a liquid handling robot
(Genesis, Tecan, Switzerland) and quality control samples of low, medium, and high cortisol
concentrations were run on each microtiter plate assayed. The intra and interassay
coefficients for cortisol were both below 8%.

Cortisol samples were considered invalid if collected more than 15 minutes before or after
the designated sample time. Participants who did not have 2 complete days of valid cortisol
were excluded from analyses. The CAR and diurnal slope were computed consistent with
past studies examining HPA-axis functioning as a prospective predictor of depression (9).
Specifically, CAR was computed as the average difference between cortisol 30 minutes post-
waking and cortisol at waking. Negative CAR values were recoded as 0 to reduce overlap
between CAR and diurnal slope indices and consistent with past studies (49,50). Diurnal
slope was computed by subtracting the mean cortisol immediately upon waking from mean
cortisol at bedtime and then dividing by mean number of hours awake. Total cortisol output
was computed using trapezoidal aggregation with all 4 saliva samples (51). Specifically, we
summed the area of the trapezoid between waking and +30 post-waking, +30 minutes post-
waking and +8 hours post-waking, and +8 hours post-waking and bedtime, using hours
between sample times as the base of each trapezoid.

Data Analysis

Continuous variables were tested for normality. For all multivariate analyses, diurnal slope
and AUCqg were transformed using the natural log transformation to reduce skew and
kurtosis. To test our hypothesis that HPA-axis functioning would be concurrently associated
with greater depressive symptoms and prospectively predict increases in depressive
symptoms in women with breast cancer, we conducted multiple linear regression analyses
using SPSS v23. The assumptions of linearity and normality were met for all analyses. We
first fit an unadjusted model examining the association between each HPA index (CAR,
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AUCq, and diurnal slope) and baseline depressive symptoms. We then fit an adjusted model
with our a priori covariates: waking time, age, cancer stage, surgery type, and history of
depression. We then fit unadjusted models examining the association between each HPA-
axis index and 6 month post-treatment symptoms while controlling for baseline depressive
symptoms. We then adjusted these models for our a priori covariates. Age and history of
depression were included as covariates because they have been previously identified as
potential risk factors for depression in women with breast cancer (3). Waking time was
included as a covariate because waking times can be highly heterogeneous across individuals
and also influence the magnitude of CAR (52,53). Indeed, waking times in our sample
ranged from 3:30 am to 9:05 am, x= 6:37 (SD = 1:08), and CAR and waking time were
significantly correlated, r=-.198, p=.021. Time between the baseline and 6 month post-
treatment assessment, surgery type, adjuvant treatment type were included as covariates
because participants varied in each of these domains and treatment characteristics such as
these may influence the risk of psychological distress in women with breast cancer or
operate as proxies for disease characteristics that influence physiological processes, such as
functioning of the HPA-axis. Complete information related to key clinical characteristics
was not available for some women including disease stage (n = 8), surgery type (n = 4),
chemotherapy (n = 1), radiation (n = 1), and endocrine therapy (n = 8). Due to this missing
data, the adjusted model includes complete data for 117 women. We also used multiple
imputation in SPSS to estimate data for these missing clinical variables to test the fully
adjusted model.

Women in this sample were predominantly white, married, and had a bachelor’s degree or
higher. All participants had surgery as part of their treatment. The majority had surgery
(lumpectomy or mastectomy) as their initial treatment, followed by radiation and/or
chemotherapy, and endocrine therapy. Ten women received neoadjuvant chemotherapy
before surgery. On average, participants displayed the expected pattern of cortisol
throughout the day, with an increase immediately upon waking followed by a decline
throughout the day. Depressive symptoms were prevalent in this sample, such that 33.3% (n
= 45) reported clinically significant (CES-D =16) depressive symptoms at baseline, 25.9%
(n = 35) reported clinically significant depressive symptoms at the 6 month post-treatment
assessment, and 43.0% showed an increase in depressive symptoms from baseline to the 6
month follow-up. See Table 1 for detailed demographic and clinical characteristics of the
sample.

We conducted separate, unadjusted multiple regression analyses to determine whether
indices of HPA-axis functioning were associated with depressive symptoms at the baseline
assessment. None of the indices were associated with depressive symptoms at baseline:
CAR, B =-2.19, SE=2.77, t=-0.79, p= .43, diurnal slope, B = -27.78, SE=25.00, ¢=
-1.00, p= .27, and total cortisol output (AUCg), B = -0.26, SE=1.86, t=-0.14, p=.89.
These results were unchanged when adjusted for covariates, all ps > .13.

We then conducted separate, unadjusted multiple regression analyses examining each index
of HPA-axis functioning as a predictor of depressive symptoms at 6 month post-treatment
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while controlling for depressive symptoms at baseline. CAR was a significant predictor of
depressive symptoms at 6 months post-treatment controlling for depressive symptoms at
baseline, RZ= .42, F=44.08, p< .001, such that having a larger CAR at baseline predicted
increases in depressive symptoms over time, B = 5.67, SE = 2.46, t= 2.30, p=.023. See
Figure 1 for depressive symptoms at 6 months post-treatment by CAR magnitude. The
association between CAR and change in depressive symptoms remained significant, B =
5.47, SE=2.64, t=2.07, p=.040, after adjusting for average time at waking on CAR
sampling days, age, cancer stage, adjuvant treatment type, surgery type, and time between
assessments. This adjusted model reflects complete data for 117 women. However, the
pattern of results did not differ when using multiple imputations to estimate for these
missing data. See Table 2 for adjusted model of CAR predicting depressive symptoms at 6
months post-treatment. When history of major depression was included as a covariate, the
association between CAR and increases in depressive symptoms trended in the same
direction but became non-significant, B = 4.10, SE=2.12, t=1.93, p=.055.

Notably, participants with a history of depression had significantly higher depressive
symptoms at baseline, x=18.37 (SD=12.21) vs. 11.33 (§D=9.73), {133) = -3.19, p=.
002, but did not differ in HPA-axis functioning, all ps > .22. Given this finding, we
conducted a post hoc analysis examining whether history of depression moderated the
association between baseline CAR and increases in depressive symptoms from pre- to 6
months post-treatment. However the inclusion of the interaction between history of
depression and CAR did not improve model fit, AF= 0.06, p= .82, and the interaction was
non-significant, B = -1.10, SE = 4.68, t=-0.24, p=.82. We then stratified our sample
based upon depressive symptoms at baseline using the clinical threshold (CES-D = 16).
Among participants whose depressive symptoms were below the clinical threshold at
baseline (n =89), a larger CAR was a robust predictor of increases in depressive symptoms,
B =5.54, SE=2.10, t=2.64, p=.010. Among participants whose depressive symptoms
were high at baseline (n = 46), CAR was not a significant predictor of increases in
depressive symptoms, B = 2.31, SE=5.77, t= 0.40, p=.69.

We observed a non-significant trend suggesting that diurnal slope was associated with
change in depressive symptoms from baseline to 6 months post-treatment. There was a trend
suggesting that a flatter diurnal slope at baseline predicted increases in depressive symptoms
over time, in an unadjusted model: B = 52.08, SE = 27.86, t = 1.86, p = .064 (overall model
fit RZ= .41, F=40.94, p< .001). However, the association between diurnal slope and
change in depressive symptoms was not significant when accounting for average time at
waking on saliva sampling days, age, cancer stage, adjuvant treatment type, surgery type,
time between assessments, and history of depression, B = 36.41, SE=27.24, t=1.34, p=.
18. Total cortisol output was not associated with changes in depression from baseline to 6
months post-treatment, B = 0.40, SE=1.61, t=0.25, p= .80, and these results were
unchanged in models adjusted for covariates, p = .73.

Discussion

Depression is prevalent in women with breast cancer during and after treatment (4).
Prevalence of elevated depressive symptoms in our sample were comparable to past studies
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of cancer survivors in the immediate aftermath of diagnosis (3,54), and symptoms remained
elevated at the 6 month follow-up. We observed no associations between HPA-axis
functioning and depressive symptoms at baseline. However, having a larger CAR at baseline
prospectively predicted elevated depressive symptoms at 6 months post-treatment,
independent of depressive symptoms at baseline. CAR, measured prior to any neoadjuvant
or adjuvant treatment, may be a neurobiological risk factor for increasing depressive
symptoms during recovery from breast cancer.

Our results are consistent with past studies showing that a larger CAR prospectively
predicted depressive episodes and increases in symptoms in both adolescents and adults for
up to 3 years (9,13). It is possible that in this study, a larger CAR may be an indicator of
greater psychophysiological stress in the setting of a major life stressor, such as a diagnosis
of breast cancer, and therefore greater risk for increasing depressive symptoms. CAR may
also be an indicator of adrenal sensitivity to ACTH (19). During sleep, ACTH receptors on
the adrenal cortex are inhibited; upon waking, these receptors are disinhibited, triggering the
release of glucocorticoids, or cortisol (19). Thus, psychological and environmental stressors
may contribute to hypersecretion of corticotrophin releasing hormone (CRH) or enhanced
adrenal sensitivity to ACTH, which is released in response to CRH. Past studies have
identified sleep quantity (55), early life adversity (56), and recent daily life stress as
meaningful predictors of CAR (17,57). However, CAR is also more than 40% heritable
(18,58), suggesting that CAR may be both a genetically and environmentally sensitive
neurobiological risk factor for depressive illness. To this end, more studies are needed to
characterize environmental, psychological, and biological predictors of CAR.

It is important to note that the prospective association between CAR and elevated depressive
symptoms was reduced to non-significance when accounting for history of MDD. Previous
studies have shown a prospective association between CAR and depression even when
accounting for history of depression (9,13). Women in our sample with a history of
depression showed no differences in HPA-axis functioning when compared to women
without a history of depression, and collinearity statistics were not indicative of
multicollinearity between CAR and history of depression (VIF = 1.09). However, women
with a history of depression in our sample had significantly higher depressive symptoms at
baseline that exhibited very little change over time. Thus, it is possible that our results
differed from previous work because CAR is primarily a predictor of depression risk in
those with low concurrent depressive symptoms. Indeed, post hoc analyses showed that
CAR was a predictor of elevated depressive symptoms at 6 months post-treatment for
women with low depressive symptoms at the baseline assessment, but not for women with
high symptoms at baseline. This would be consistent with the observation that individuals
with remitted depression demonstrated a larger cortisol awakening response than non-
depressed controls (59), and asymptomatic young adults at familial risk for depression
exhibit larger CAR than those without family history of depression (60). This is also
consistent with a long-standing conceptualization that hypersecretion of CRH, the initial
hormone in the HPA cascade, represents an endophenotype for internalizing
psychopathology risk, whereas persistence and severity of different types of
psychopathology (e.g., depression and PTSD) are associated with diverging patterns of
HPA-axis dysregulation (61).
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We did not observe a significant association between a flat diurnal slope and concurrent or
future depressive symptoms, although we observed a trend that was consistent with a
previous study of breast cancer survivors. Hsiao et al. (2013) found that elevated cortisol in
the late evening was associated with increases in depressive symptoms over 14 months while
CAR was not (37). There are several methodological reasons that could explain any
inconsistencies between our findings. Most notably, HPA-axis measurements in Hsiao and
colleagues (2013) were collected an average of 5 years post-treatment. Exposure to
neoadjuvant and adjuvant treatments may have implications for functioning of the immune
system and the HPA-axis. Our study collected cortisol before the onset of any adjuvant or
neoadjuvant treatment. In addition, the Hsiao and colleagues (2013) cortisol assessment
included data collected on several days over 14 months, with no sampling days occurring
consecutively. In our study, cortisol assessments occurred across three days during the time
between diagnosis and treatment initiation. Approximately 50% of HPA-axis functioning is
attributable to day-to-day variation (62), therefore our study likely differed substantially
from that of Hsiao and colleagues (2013) in what each HPA-axis index reflected. Future
longitudinal investigations are needed to inform whether the prospective association between
CAR and depressive symptoms observed here are independent or interdependent from the
associations between a flattened diurnal slope and behavioral correlates observed in other
studies.

This study extends the observation that CAR is a prospective predictor of depression by
showing that pre-treatment CAR prospectively predicts increases in depressive symptoms in
women following treatment for breast cancer. This study reflects depressive symptoms
reported on a self-report questionnaire, the CES-D, and therefore does not reflect prediction
of diagnosed depressive episodes. Given our sample size, we did not examine the association
between CAR and a dichotomous indicator of clinically significant depressive symptoms.
However, the research showing associations between depressive symptoms and negative
outcomes in breast cancer survivors have focused predominantly on continuous measures of
depressive symptoms, suggesting a graded relationship. Indeed, a recent examination of
depressive symptoms and episodes assessed repeatedly over the 16 months following breast
cancer diagnosis found that 38% of women with breast cancer report consistently elevated
depressive symptoms, while only one third of those women met criteria for depressive
episodes (3). Given this information, continuous self-report measures of symptoms may cast
a wider net for survivors experiencing psychological distress than a clinical diagnosis of
MDD would. Continuously measured symptoms are useful specifically in this population
given that CES-D measured depressive symptoms predict mortality risk in cancer survivors
(38). Further, intervention studies with this population have predominantly focused on
alleviating depressive symptoms and there remains a paucity of research on interventions for
MDD in breast cancer survivors (63).

These findings should be considered in the context of this study’s limitations. First, this
study is specific to females with early stage breast cancer. The sample was primarily white
and well-educated, reflecting the geographic area from which women were recruited, and
replication is warranted. However, it is encouraging that our findings converge with previous
studies in both adults and adolescents without cancer (9,12,13). Finally, an expert consensus
report was recently published recommending best practices in the measurement of CAR
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(52). Data collection for this study began well before these guidelines were available and our
sample collection protocol deviated slightly from the recommendations. In particular, CAR
was estimated from 2 samples (waking and 30 minutes post-waking) instead of the
recommended 3 or more samples (waking, 30 mins, and 45 minutes post-waking), and
sample times were recorded by participant self-report and not corroborated by an objective
measure such as EMS or a time-stamped photograph. These deviations impeded our ability
to make inferences about the temporal dynamics of CAR activation and regulation, which
was not one of our research aims. Our sampling protocol and instructions otherwise adhered
to the published guidelines.

Integration of our results with previous studies suggests that CAR may be a genetically and
environmentally influenced neurobiological marker that identifies women at risk for
increasing depressive symptoms following breast cancer diagnosis (9,60). Of particular
clinical relevance, elevated depressive symptoms at diagnosis are known to portend poor
outcomes in cancer populations (1,34,38), and there are freely available opportunities to
screen for this (e.g., use of PHQ-9). However, CAR may help to identify women who do not
report elevated symptoms but are still at risk. Future studies are needed to further establish
CAR as a clinically useful risk factor for predicting depressive illness and potentially,
response to treatment. The benefits of psychosocial interventions for adult cancer patients on
emotional adjustment and functional outcomes have been documented for more than two
decades (64-66). Evaluating CAR is a potentially effective approach to identifying women
with breast cancer who would benefit from psychosocial interventions targeted at improving
quality of life, health, and well-being during cancer treatment and recovery.
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-1SD CAR MeanCAR +1SD CAR

Estimated depressive symptoms (+SE) at 6 months post-treatment for breast cancer by low
(-1SD), average, and high (+1SD) pre-treatment cortisol awakening response (CAR) when
adjusting for baseline depressive symptoms.
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Descriptive characteristics of study sample at baseline assessment (n = 135)

Characteristic M (SD) % (n)
Age 56.34 (11.01)
Married 68.1 (92)
Education
High School Diploma 3.7(5
Some college 23.0 (31)
BA/BS degree 39.3 (53)
Graduate degree 34.0 (46)
Race/Ethnicity *
Hispanic 8.9(12)
White 74.1 (100)
Black 5.2 (7)
Asian 11.1 (15)
Other 9.6 (13)
Income
< $60,000 19.7 (26)
$60,000-100,000 18.9 (25)
> $100,000 61.4 (81)
Cancer Stage
0 17.3 (22)
1 50.4 (64)
2 26.8 (34)
3 5.5 (7)
Surgery type
Lumpectomy 61.8 (81)
Mastectomy 38.2 (50)
Treatment
Chemotherapy 30.4 (41)
Radiation therapy 66.7 (90)
Endocrine therapy 66.2 (88)
Depressive symptoms
Pre-treatment CES-D 12.74 (10.61)
6 month post-treatment CES-D  11.41 (11.29)
History of MDD 20.0 (27)

HPA-axis function (ug/dl)

CAR 0.23 (0.33)
Diurnal Slope -0.04 (0.03)
AUCg 8.01(3.28)

*
Indicates that groups are not mutually exclusive

Psychosom Med. Author manuscript; available in PMC 2018 September 01.

Table 1

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kuhlman et al.

Table 2
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Unstandardized regression coefficients predicting symptoms of depression (CES-D) in women with breast
cancer at the 6 month post-treatment follow-up assessment from baseline depressive symptoms, CAR, clinical

characteristics.

R?2 B (SE) t
457"
Baseline CES-D 0.67(0.08) g1p**
CAR 5.47 (2.64) 207%
Age 0.07 (0.08)  0.82
Time between assessments -0.01(0.02) -0.48
Waking time on sampling days .00 (.00) -0.83
Cancer Stage -1.21(1.40) -0.86
Surgery type 1.87 (2.50) 0.75
Chemotherapy 0.36 (3.17) 0.12
Radiation 2.50 (2.92) 0.85
Endocrine therapy -1.34(1.92) -0.70

Ak
p<.01,

*
p<.05
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