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Abstract

Purpose: Head and neck cancer (HNC) patients suffer from significant morbidity, which may introduce challenging care demands
and subsequent stress-induced mind—body interactions for informal caregivers. This prospective study evaluated patient and
caregiver predictors of diurnal cortisol rhythm among HNC caregivers during radiation treatment. Method: Patient—caregiver
dyads completed measures at radiation treatment start (T |; n = 32) and 5 weeks into treatment (T2; n = 29). Measures included
the Functional Assessment of Cancer Therapy—Head and Neck, the Caregiver Quality of Life (QOL) Index—Cancer, the Caregiver
Reaction Assessment, the Medical Outcomes Social Support Survey, and the Eating Assessment tool. Patients also received a
clinical swallowing evaluation using the Functional Assessment of Oral Intake Scale. Caregiver cortisol concentrations were
assessed from salivary samples at T1 and T2. Results: Caregiver cortisol slope became significantly flatter during radiation
treatment. Greater caregiver schedule burden was associated with a flatter cortisol slope (B = .35, p = .05) in caregivers at
TI. Lower patient functional QOL (B = —.41, p = .05) and lower overall caregiver QOL at T| (B = —.39, p = .04) were each
separately associated with a flatter cortisol slope in caregivers over treatment. Conclusions: Results suggest the presence of a
mind-body interaction in HNC caregivers. Dysregulation in diurnal cortisol rhythm in caregivers was significantly associated with
increased caregiver schedule burden and lower patient and caregiver QOL. Targeted interventions developed for HNC

caregivers may help to prevent negative health outcomes associated with dysregulated cortisol.
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It is estimated that more than 62,000 Americans will be diag-
nosed with head and neck cancer (HNC) in 2016 (American
Cancer Society, 2016). Although the disease only accounts for
approximately 3% of all cancers in the United States, the mor-
bidity associated with it is significant (Eades, Chasen, & Bhar-
gava, 2009). Up to 75% of HNC patients suffer from dysphagia
(difficulty swallowing; Carnaby-Mann, Crary, & Amdur, 2012;
Murphy & Gilbert, 2009). Likewise, approximately 95% of
HNC patients treated with radiation therapy report xerostomia
(dry mouth; Dirix, Nuyts, Vander Poorten, Delaere, & Van den
Bogaert, 2008). Additional associated morbidities may include
neuropathic and nociceptive pain (Epstein, Wilkie, Fischer,
Kim, & Villines, 2009), fibrosis (Moloney, Brunner, Alexan-
der, & Clark, 2015), and osteoradionecrosis (Silvestre-Rangil
& Silvestre, 2011).

Providing informal care for patients with HNC can be a
challenging experience. Patients with HNC report higher care
demands compared to many other cancer patients (Chen et al.,
2009), and caregivers assist with unique care tasks, which may
include special food preparation (Penner, 2009), gastronomy
feeding (Penner, McClement, Lobchuk, & Daeninck, 2012),
and tracheostomy management (Mayre-Chilton, Talwar, &

Goff, 2011). Not surprisingly, HNC caregivers experience neg-
ative psychosocial effects. Drabe and colleagues (2008)
reported that HNC caregivers experience a high prevalence
of psychiatric disorders, particularly agoraphobia (22.6%), and
other studies have reported greater psychological distress and
poorer psychological well-being in HNC caregivers in
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comparison to the general population (Ross, Mosher, Ronis-
Tobin, Hermele, & Ostroff, 2010). Further, studies have also
demonstrated that psychological distress and caregiver burden
increase during the care recipient’s oncologic treatment for
HNC (Badr, Gupta, Sikora, & Posner, 2014; Nightingale,
Lagorio, & Carnaby, 2014). Collectively, these findings sug-
gest an increased risk for a negative psychosocial sequela asso-
ciated with the role of informal caregiving for HNC patients.

Informal caregiving has negative health consequences as
well. Lee, Colditz, Berkman, and Kawachi (2003) found that
spouse caregiving was an independent risk factor for cardio-
vascular disease. Similarly, Capistrant, Moon, and Glymour
(2012) reported that spouse caregiving predicted the incidence
of hypertension. Most concerning, research has also shown that
caregiving increases the risk of mortality (Schulz & Beach,
1999). Although the exact cause of these outcomes is unknown,
contributory factors may in part include stress-induced mind—
body interactions (Sherwood et al., 2008). Sherwood et al.
(2008) present a biobehavioral model adapted from the Pitts-
burgh Mind-Body Center model that proposes mind-body
interactions affecting caregivers’ health. This model depicts
the impact of care recipient disease characteristics and care-
giver personal characteristics on caregivers’ psychological
(e.g., depression) and behavioral responses (e.g., sleep pat-
terns). In turn, caregivers’ psychobehavioral responses may
trigger a biological response, ultimately affecting the care-
giver’s overall physical health.

Abnormal secretion of cortisol, a steroid hormone or gluco-
corticoid, is an example of a biological response to stressful
stimuli (Aldwin, 2007). Under normal circumstances, cortisol
secretion is highest in the morning at approximately 3045 min
postawakening (i.e., the cortisol awakening response or CAR)
and lowest in the evening, demonstrating a negative diurnal slope
(Nicholson, 2008). Thus, lower slope values reflect a more rapid
decline and indicate a normal response. Steeper declines are
typically associated with more optimal psychosocial and physi-
cal health (Adam & Kumari, 2009). In contrast, flattened slopes
with values approaching 0 reflect either consistently high or low
cortisol levels and indicate dysregulation of the hypothalamic
pituitary adrenal axis (HPA) (Nicholson, 2008).

Dysregulated cortisol production is a potential mediator of
the relationship between chronic stress and compromised phys-
ical health among informal caregivers (McEwen, 2015). How-
ever, few studies have evaluated stress—cortisol associations
among caregivers, especially cancer caregivers. Further,
among the few studies that have been conducted, findings have
been unclear. For example, Miller, Cohen, and Ritchey (2002)
found that parents of children with cancer (n = 25) demon-
strated significantly flatter (more abnormal) diurnal cortisol
slopes in comparison to parents of healthy children (n = 25).
Correspondingly, the authors also reported that parents of chil-
dren with cancer had more psychological distress than parents
of healthy children. In another study, Thomas et al. (2012)
reported that partners of men with prostate cancer (n = 19)
demonstrated lower daily cortisol output than controls (n =
26). The authors also found that partners who reported at least

subthreshold post-traumatic stress disorder (PTSD) symptoms
had significantly lower cortisol production than those without
PTSD symptoms. However, in contrast to the authors’ hypoth-
esis, there were no differences in diurnal cortisol slope between
caregivers and controls. Likewise, Rohleder, Marin, Ma, and
Miller (2009) found no difference in diurnal cortisol slopes
between 18 family caregivers (83% spouses) of brain cancer
patients undergoing treatment and 19 matched controls across
four time points. Finally, in a study comparing glioblastoma
cancer caregivers and controls, Miller et al. (2014) reported
similar cortisol responses (CAR, total cortisol secretion, and
diurnal cortisol slopes) across the two groups. These mixed
findings and the lack of investigation into HNC caregiving
underscore the need for further investigation into the psycho-
neuroendocrine responses of HNC caregivers.

With the present study, we address this gap in the literature.
The purpose of this study was to prospectively evaluate diurnal
cortisol rhythm in caregivers of patients with HNC undergoing
radiation treatment. The study aims were to (1) describe and
compare diurnal cortisol rthythm in HNC caregivers from the
initiation of radiation treatment toward the conclusion of the
care recipients’ treatment and (2) identify care recipient and
caregiver predictors of diurnal cortisol rhythm in HNC care-
givers. We hypothesized that diurnal cortisol rhythm would
become significantly flatter toward the conclusion of treatment,
when caregiver psychological distress and burden would likely
be highest (Badr et al., 2014; Nightingale et al., 2014). Addi-
tionally, we hypothesized that poorer psychosocial functioning
(demonstrated by lower quality of life [QOL], greater burden,
and lower perceived social support) among care recipients and
caregivers would predict a flatter cortisol slope among HNC
caregivers. Finally, we hypothesized that care recipient factors
potentially associated with a more stressful caregiving experi-
ence (more aggressive treatment [combined radiation and che-
motherapy], presence of dysphagia, and a more advanced
disease stage) would be associated with a flatter cortisol slope.

Method
Participants

We recruited patient—caregiver combinations (dyads) sequen-
tially from an academic outpatient radiation clinic over a 6-month
period. The treating radiation oncologist identified care reci-
pients who were appropriate for inclusion in the study, and the
care recipients subsequently identified their informal care-
givers. We approached each dyad at the clinic to review study
procedures and obtain written informed consent prior to the
beginning of the care recipient’s radiation therapy. Inclusion
criteria for care recipients were as follows: (1) HNC, con-
firmed by clinical history and exam, with positive cross-
sectional study and histopathological biopsy excluding other
pathology, (2) planned treatment with external beam radiother-
apy (with or without chemotherapy), and (3) age of at least 21
years. We excluded care recipients from the study if they were
(1) receiving palliative treatment with a noncurative intent, (2)
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older than 90 years of age, and (3) unable to read and commu-
nicate in English. Caregivers who were providing care for a
patient with HNC meeting the inclusion criteria above and
were at least 21 years of age were eligible to participate. Con-
versely, we excluded caregivers if they (1) had a current cancer
diagnosis, (2) were older than 90 years of age, and (3) were
unable to read and communicate in English.

Procedure

For this study, we used a prospective parallel arm design.
Caregivers and care recipients participated in a standard intake
interview at baseline for the collection of sociodemographic
characteristics, caregiver comorbidities and prescription med-
ications, and information regarding the relationship between
care recipient and caregiver. We obtained care recipient disease
and treatment-related data, including treatment type (radiation
or combined chemoradiation), tumor stage, and tumor location
via medical chart review. Assessments occurred at the follow-
ing time points: (a) the beginning of the care recipient’s radia-
tion treatment (T1) and (b) 5 weeks following the onset of the
care recipient’s radiation treatment (T2). We selected 5 weeks
as our second time point to provide an approximate end-of-
treatment estimate of caregiver outcomes, as our lab has expe-
rienced difficulty obtaining complete data from participants
during the final week of treatment. Participants completed all
instruments at the outpatient radiation clinic or in a patient-
preferred location and returned them to the study researcher in
person at the clinic or by mail. The local institutional review
board approved all procedures before implementation.

Assessments

Caregiver sdlivary cortisol. Caregivers completed salivary cortisol
collections 2 times a day (on waking and at 21:00 hr) for 3
consecutive days following the T1 and T2 assessments. Previ-
ous research has determined that this frequency of salivary
cortisol collection (i.e., 2 times per day for 3 days) provides
an accurate measure of diurnal cortisol slope (Kraemer et al.,
2006) while minimizing participant burden. Moreover,
research has further determined that salivary cortisol is a reli-
able measure of free circulating cortisol in the body (Kirsch-
baum & Hellhammer, 1994). The cortisol collection procedure
entailed the participant placing a cotton swab in her or his
mouth for approximately 2 min and then storing the sample
in a salivette (plastic tube) using supplies from Salimetrics
(State College, PA). We instructed caregivers to refrain from
eating, drinking, smoking, brushing their teeth, or using
mouthwash for 30 min prior to saliva collection. We provided
caregivers with a journal to record compliance with the above-
mentioned procedures as well as the dates and times of saliva
collection and asked them to return these study behavior jour-
nals with the saliva samples. Caregivers were to store their
samples in a freezer until they returned them to the study
researcher in an insulated cooler that we provided to them.
We also gave them the opportunity to return saliva samples

via mail (1- to 3-day delivery) with prepaid postage provided.
Saliva is considered bioexempt and can safely be mailed with-
out special precautions. Moreover, research indicates that sal-
iva samples can be kept at room temperature for extended
periods without freezing and remain stable (Clements &
Parker, 1998).

We stored the returned saliva samples at —80°C until we
shipped them on dry ice via overnight shipping to Salimetrics,
Inc. for assaying in accordance with Salimetrics procedures.
Saliva samples were assayed singularly to determine cortisol
levels using a highly sensitive enzyme immunoassay (Sali-
metrics). The test uses 25 Ul of saliva per determination, has
a lower limit of sensitivity of 0.003 pg/dl, uses a standard curve
range from 0.012 pg/dl to 3.0 pg/dl, and has an average intraas-
say coefficient of variation of 3.5% and an average interassay
coefficient of variation of 5.1%. Method accuracy determined
by spike and recovery averaged 100.8% and linearity deter-
mined by serial dilution averaged 91.7%.

Caregiver burden. We assessed caregiver burden at both time
points (T1 and T2) using the Caregiver Reaction Assessment
(CRA; Given et al., 1992). The CRA assesses the positive and
negative aspects of caregiving with five subscales including
Esteem, Lack of Family Support, Impact on Finances, Impact
on Daily Schedule, and Impact on Health. The instrument pro-
vides a score for each subscale only. The CRA has 24 items,
each of which uses a 5-point Likert-type scale ranging from
strongly disagree to strongly agree. Initially tested in a range of
caregivers, including cancer caregivers, the instrument has
demonstrated adequate construct validity and internal reliabil-
ity and has been recommended as an instrument to measure
caregiver burden (Deeken, Taylor, Mangan, Yabroff, & Ing-
ham, 2003; Given et al., 1992). In the present study, internal
consistency at T1 was adequate for the majority of the sub-
scales (o0 = .72 [Lack of Family Support] to o = .92 [Finances])
and approached acceptability for the Esteem subscale (o0 =
.63). At T2, all subscales demonstrated adequate internal con-
sistency (o = .72 [Esteem] to o = .88 [Lack of Family
Support]).

Caregiver and care recipient’s QOL. We measured QOL in care-
givers at both time points using the Caregiver Quality of Life
Index—Cancer Scale (CQOLC; Weitzner, Jacobsen, Wagner,
Friedland, & Cox, 1999). The CQOLC was originally devel-
oped for and tested in caregivers of patients with lung, breast,
and prostate cancers. The instrument assesses burden, disrup-
tiveness, positive adaptation, and financial concerns and pro-
vides a score for each subscale as well as a total-scale score.
The CQOLC has 35 items, the responses for which use a
5-point Likert-type scale (i.e., not at all to very much). It has
demonstrated adequate construct validity, internal consistency,
and test-retest reliability, and previous authors have strongly
recommended it as a QOL instrument for cancer caregivers
(Deeken et al., 2003). Internal consistency for the total scale
in the present study was strong (o« = .85 at T1 and o« = .91 at
T2). Internal consistency for the subscales at T1 was adequate
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and ranged from o = .69 (positive adaptation) to .87 (burden).
Likewise, internal consistency for the subscales at T2 ranged
from o0 = .76 (disruptiveness) to oo = .89 (financial concerns).

We also measured QOL in care recipients at both time
points using the Functional Assessment of Cancer Therapy—
Head and Neck (FACT-HN) instrument (Cella et al., 1993;
D’Antonio, Zimmerman, Cella, & Long, 1996). The FACT-
HN is a 27-item instrument and measures intensity of response
using a S5-point Likert-type scale (i.e., not at all to very much).
This instrument has five subscales including Physical, Social/
Family, Emotional, Functional, and Additional Concerns
related to HNC. Scores are calculated for each subscale as well
as summed for total performance on the instrument. The
FACT-HN has demonstrated adequate internal consistency and
construct validity (D’Antonio et al., 1996; List et al., 1999).
Internal consistency in the present study for the overall instru-
ment was strong (o = .94 at Tl and o = .91 at T2). The
majority of the subscale scores were adequate at T1 and ranged
from o« = .77 (HNC concerns) to o = .89 (emotional well-
being). The Social Well-Being subscale approached accept-
ability at T1 (a0 = .69). Similarly, the majority of the subscales
demonstrated adequate internal consistency at T2, with scores
ranging from o = .79 (social well-being) to o = .91 (physical
well-being). Internal consistency for the Head and Neck sub-
scale at T2 approached acceptability (o = .66).

Caregiver and care recipient’s social support. We assessed social
support in caregivers and care recipients at a single time point
(T2) using the Medical Outcomes Study Social Support Survey
(Sherbourne & Stewart, 1991). This instrument assesses the
perceived availability of several types of social support includ-
ing emotional, informational, tangible, positive social interac-
tion, and affection. The instrument has 19 items and uses a
5-point Likert-type scale for responses (none of the time to all
of the time). Higher rankings indicate greater social support.
The instrument can be scored using a total summed score as an
overall index, although authors recommend evaluating each
dimension separately due to demonstrated independence
among subscales. This tool has been used in caregiver popula-
tions (Cumming, Cadilhac, Rubin, Crafti, & Pearce, 2008;
Sherbourne & Stewart, 1991). It has demonstrated adequate
internal reliability, test—retest reliability, and convergent and
discriminant validity (Sherbourne & Stewart, 1991). Internal
consistency in the present study was high for both care recipi-
ents and caregivers (o0 > .87).

Care recipient swallowing function. We assessed swallowing abil-
ity in care recipients at both time points using the Eating
Assessment Tool (EAT-10; Belafsky et al., 2008) and the Func-
tional Oral Intake Scale (FOIS; Crary, Mann, & Groher, 2005).
The Eat-10 is a validated self-report measure of a patient’s
perception of his or her swallowing ability. The EAT-10 has
10 items using a 5-point Likert-type scale ranging from no
problem to severe problem. A score of 3 or greater is indicative
of dysphagia (Belafsky et al., 2008). The FOIS is a 7-point
ordinal scale that is completed by the study researcher. It

describes the functional oral intake of food and liquid with
consideration for alternate food sources, modifications in
food/liquid, and required maneuvers or compensations used
by the patients to sustain a particular level of intake. A score
of 5 or below is indicative of dysphagia. This scale has demon-
strated strong concurrent and content validity compared to dis-
ability and clinical swallowing measures and interrater
reliability across time points (Crary et al., 2005).

Data Analysis

Initially, we used descriptive statistics and graphic analyses to
understand the distribution of the data, assess assumptions,
and search for outliers. We checked outliers for all data,
excluding cortisol, for errors, and if their values were correct
we used them. We log-transformed cortisol data to control for
skew and subsequently reviewed them for time and concen-
tration value outliers. We considered values to be outliers if
they were four standard deviations above the mean. However,
we retained outliers that were within normal concentration
values for the participant’s age and gender, and there were
no additional behavioral compliance issues (e.g., smoked a
cigarette) or medications or comorbidity known to interfere
with cortisol concentration values that were reported in the
participant’s journal. We performed all hypothesis testing at
the two-sided .05 level.

For both aims, we conducted analysis to review the rela-
tionship between cortisol slopes and collection times. We
calculated unstandardized B coefficients for cortisol slope at
T1 and T2 by regressing raw cortisol concentration values on
collection times, consistent with prior research (Sephton,
Sapolsky, Kraemer, & Spiegel, 2000). To determine whether
caregiver demographic variables, care recipient treatment and
disease-related variables, or caregiver and care recipient psy-
chosocial variables were associated with caregiver cortisol
slope, we used correlation analyses and descriptive statistics.
Caregiver demographic variables included age, gender, and
socioeconomic status (identified via education and income
levels). Care recipient treatment and disease-related variables
included stage of disease, type of treatment (radiation or che-
moradiation), and swallowing ability (dysphagia or no dys-
phagia). Lastly, psychosocial variables included caregiver
burden, caregiver and care recipient QOL, and caregiver and
care recipient social support.

For Aim 1, we used a paired samples #-test to evaluate mean
difference in cortisol slope as a continuous variable from T1 to
T2. For Aim 2, we entered variables that were significantly
associated with the dependent variable (diurnal cortisol
rhythm) into separate linear regression analyses as predictor
variables, while controlling for age and gender. Age and gender
are associated with diurnal cortisol and are therefore typically
used as covariates in cortisol analyses (Adam & Kumari, 2009).
We used histograms, scatterplots, and residual plots to evaluate
the regression models for linearity, outliers, normality of resi-
duals, and homoscedasticity. We performed analyses using
version 21.0 of SPSS (IBM Analytics).
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Results
Participants

A total of 33 caregivers consented to the study, one of which
we excluded from analyses due to poor compliance. The
remaining participants included 32 caregivers who completed
T1 assessments and 29 who completed T2 assessments. Parti-
cipant loss (9%) was attributed to caregivers feeling over-
whelmed (n = 1), the care recipient being medically unable
to finish radiation treatment (n = 1), and care recipient death
(n = 1). All participating caregivers at T1 (n = 32) and at T2
(n = 29) returned surveys. All caregivers returned complete
saliva samples (6 each) at T1. At T2, 26 caregivers returned all
samples and 3 caregivers returned five samples. Caregiver
characteristics are displayed in Table 1.

We enrolled each caregiver-matched care recipient in the
study, although four declined survey participation at both T1
and T2 and an additional care recipient declined survey par-
ticipation at T1 only. Of these five care recipients, two indi-
cated that they were not feeling well enough to complete their
surveys and the remaining three indicated that they did not
feel comfortable sharing their feelings or reflecting on their
cancer experience. Therefore, we obtained surveys from 27
care recipients at T1 and 28 care recipients at T2. The study
researcher obtained FOIS scores for 28 care recipients at T1
and 27 care recipients at T2. Care recipient characteristics are
displayed in Table 1.

Change in Diurnal Cortisol Rhythm of Caregivers

A paired samples #-test revealed a significantly flatter caregiver
diurnal cortisol slope at T2 (M = —.03, SD = .03) in compar-
ison to T1 (M = —.04, SD = .04), #(28) = —2.56, p = .02,
d = —.60 (see Figure 1A).

Predictors of Cortisol Slope in Caregivers

Caregiver diurnal cortisol slope at T1 was positively correlated
with caregiver schedule burden at T1, #(30) = .34, p = .05. A
linear regression analysis indicated that, when controlling for
age and gender, caregiver schedule burden at T1 was signifi-
cantly associated with cortisol slope at T1 (B = .35, p = .05),
accounting for 18.0% of the variance (see Table 2 and Figure
1B). These results indicate that for each standard deviation
increase in caregiver schedule burden at T1, there was a .35
increase in diurnal cortisol slope.

In contrast, T2 diurnal cortisol slope was negatively corre-
lated with the caregiver’s overall QOL at T1, n(27) = —.37,p =
.05, care recipient’s overall QOL at T1, (27) = —.40, p = .05,
care recipient’s emotional QOL at T1, »(27) = —.39, p = .05,
and care recipient’s functional QOL at T1, r(27) = —42,p =
.04. We used separate linear regression analyses to predict
cortisol slope at T2 from each of the four correlated predictor
variables individually. When controlling for age and gender,
caregiver’s overall QOL at T1 was significantly associated
with diurnal cortisol rhythm at T2 (B = —.39, p = .04),

Table I. Participant Characteristics at Study Entry.

Characteristic Caregiver Care Recipient

Age (years), M (SD);
Range

57.41 (14.60); 24-81 60.59 (14.99); 21-83

Gender, female, n (%) 27 (84.4) 8 (25.0)
Race, n (%)
White 29 (90.6) 28 (87.5)
Other 3(94) 4 (12.5)
Ethnicity, not Hispanic/ 30 (93.8) 31 (96.9)
Latino, n (%)
Education, n (%)
<High school I (3.1) 4 (12.5)
High school/GED 10 (31.3) 12 (37.5)
College/tech. degree 16 (50.0) 10 31.3)
Graduate school 5(15.6) 6 (18.8)
Income, annual, n (%)
<US$29,999 9 (28.1)
US$30,000-59,999 9 (28.1)
US=60,000 13 (43.8)
Employment, not 17 (53.1)
employed, n (%)
Relationship to care
recipient, n (%)
Spouse/partner 23 (72.0)
Parent 4 (12.5)
Child 2 (6.2)
Other family 2 (6.2)
Friend I 3.1)
Treatment, n (%)
Radiation only 11 (34.40)
Combined 21 (65.60)
chemoradiation
Prior surgery, n (%) 12 (37.50)
AJCC stage, n (%)
0 2 (6.2)
| 3(94)
Il 2 (6.2)
1l 6 (18.8)
v 16 (50.0)
Not staged 3(94)
Recurrence, yes, n (%) 3(94)

Note. n = 32 dyads. AJCC = American Joint Committee on Cancer;
GED = general equivalency diploma.

accounting for 17.0% of the variance (see Table 2 and Figure
1C). For each standard deviation increase in caregiver’s overall
QOL at T1, there was a .39 decrease in cortisol slope at T2. In
addition, when controlling for age and gender, care recipient’s
functional QOL at T1 was significantly associated with diurnal
cortisol slope at T2 (B = —.41, p = .05), accounting for 19.0%
of the variance (see Table 2 and Figure 1D). For each standard
deviation increase in care recipient’s functional QOL at T1,
there was a .41 decrease in caregiver’s diurnal cortisol slope
at T2. Caregiver demographic variables (age, gender, and
socioeconomic status), care recipient treatment and disease-
related variables (American Joint Committee on Cancer
[AJCC] stage, treatment type, and swallowing ability), and
caregiver and care recipient social support were not signifi-
cantly associated with caregiver cortisol response at T1 or T2.
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Figure I. (A) Caregivers’ diurnal cortisol rhythm at Tl and T2. Caregivers’ diurnal cortisol rhythm became significantly flatter at T2 in
comparison to T1. (B) Caregivers’ schedule burden and diurnal cortisol rhythm at T1. Controlling for age and gender, caregiver schedule
burden at T| was significantly associated with cortisol slope at T|. (C) Caregivers’ overall quality of life (QOL) at T| and diurnal cortisol rhythm
at T2. Controlling for age and gender, caregiver’s overall QOL at T was significantly associated with diurnal cortisol rhythm at T2. (D) Care
recipients’ functional QOL at T| and caregivers’ diurnal cortisol slope at T2. Controlling for age and gender, care recipient’s functional QOL at
TI was significantly associated with diurnal cortisol slope at T2. Cortisol data are log transformed.

Discussion

The first aim of this pilot investigation was to evaluate change
in diurnal cortisol rhythm over the radiation treatment period in
caregivers of patients with HNC. Consistent with the hypoth-
esis, our results demonstrated that, on average, caregivers’
diurnal cortisol slope became flatter (more abnormal) from the
initiation of treatment (T1) toward the conclusion of treatment
(5 weeks posttreatment initiation, T2), indicating overstimula-
tion of the HPA axis. Moreover, the change in diurnal cortisol
slope represented a moderate-to-large effect size.

Also noteworthy is the average diurnal cortisol slope value
for caregivers at the initiation of the study. In comparison to a
study that evaluated both caregivers of children with cancer in
active treatment and parents of healthy children (Miller, Cohen,
& Ritchey, 2002), the caregivers in the present study demon-
strated a flatter diurnal cortisol slope at T1 when their care
recipients’ radiation treatment was just beginning. In other
words, caregivers in the present study experienced more dys-
regulation in their diurnal cortisol rhythm at the start of their
care recipients’ treatment in comparison to caregivers of
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Table 2. Significant Associations Between T| Predictors and T| and
T2 Caregiver Diurnal Cortisol Rhythm.

Variable r B p R

Associations with T| diurnal cortisol rhythm
Caregiver schedule burden 34 35 .05 .I8
Associations with T2 diurnal cortisol rhythm
Caregiver overall QOL
Care-recipient functional QOL

—37
-4

-39 .04 .17
—41 .05 .19

Note. Separate linear regression analyses controlled for age and gender. Care-
giver demographic variables, care recipient treatment and disease-related vari-
ables, and caregiver and care recipient social support were not significantly
associated with caregiver cortisol response. QOL = quality of life.

pediatric cancer patients who were in active treatment. It is
unclear what factors may be associated with this discrepancy
in cortisol slope values; however, it is possible that the differ-
ence is attributable to inconsistent procedures for collecting
saliva across studies. Likewise, another possible explanation
is that the caregivers of the pediatric patients experienced more
support with the caregiving demands from a spouse or other
family members. In contrast, the majority of caregivers in the
present study were providing care for their spouse.

The second aim of this study was to identify predictors of
diurnal cortisol rhythm in caregivers of patients with HNC.
Results indicated that caregivers’ diurnal cortisol slope at T1
was predicted by caregivers’ schedule burden at T1, when
adjusting for age and gender. Specifically, the more schedule
burden a caregiver reported, the flatter (more blunted, abnor-
mal) their cortisol slope. In addition to identifying a predictive
relationship with diurnal cortisol slope at T1, results demon-
strated relationships with diurnal cortisol slope at T2. When
controlling for age and gender, both caregivers’ overall QOL at
T1 and care recipient’s functional QOL at T1 individually
predicted diurnal cortisol slope in caregivers at T2. In other
words, higher (better) caregiver overall QOL and care recipient
functional QOL were each associated with a steeper (more
normal) diurnal cortisol slope at T2. These findings suggest
that a mind-body interaction may be associated with the HNC
caregiving experience. In contrast to our hypothesis, we found
no relationship between diurnal cortisol slope and caregiver
demographic characteristics, care recipient swallowing ability,
disease and treatment-related variables, or care recipient and
caregiver social support in this sample. Moreover, although
care recipients’ emotional and overall QOL at T1 were corre-
lated with caregivers’ diurnal cortisol slope at T2, these rela-
tionships did not remain within the regression analyses.
Collectively, these findings suggest that the caregiver’s neu-
roendocrine system may respond more negatively toward the
conclusion of the radiation treatment experience compared to
at the initiation of the treatment, specifically by demonstrating
a more dysregulated diurnal cortisol rhythm. In addition, these
findings suggest that caregiver schedule burden and overall
QOL as well as care recipient functional QOL may each have
an important impact on the body’s neuroendocrine response to
the subjective caregiving experience.

This study was the first to evaluate diurnal cortisol rhythm
in caregivers of patients with HNC and one of only a few that
have evaluated it in the broader population of cancer patient
caregivers (Miller et al., 2002, 2014; Rohleder, Marin, Ma, &
Miller, 2009; Thomas et al., 2012). Overall, investigations
into HNC-patient caregiving have been restricted to psycho-
social outcomes only and have neglected to explore how the
body physiologically responds to the caregiving experience
(Longacre, Ridge, Burtness, Galloway, & Fang, 2012).
Researchers who have evaluated diurnal cortisol rhythm in
the broader cancer caregiving population have predominantly
utilized cross-sectional study designs without considering
how cortisol slope may change across time points (Miller
et al., 2002; Thomas et al., 2012). In contrast, in the present
study, we prospectively evaluated cortisol rhythm and demon-
strated a changing pattern for HNC caregivers over the radia-
tion treatment experience. Another strength of the present
study was the evaluation of both caregiver and care recipient
factors that might contribute to the caregiver’s cortisol
response. Prior research has demonstrated interdependence
among HNC patient and caregiver psychosocial factors
(Nightingale et al., 2014; Patterson, Rapley, Carding, Wilson,
& McColl, 2013). The present study augments that literature
by also demonstrating a relationship between the care recipi-
ent’s QOL and the caregiver’s cortisol response.

A noted limitation in the present study is the small sample
size, which may have resulted in inadequate power to identify
additional relationships within our data. However, despite the
small sample size, this study yielded significant results and
included a larger sample size of caregivers than many of the
previous studies evaluating cortisol in cancer caregivers
(Miller et al., 2002; Rohleder et al., 2009; Thomas et al.,
2012). Due to the small sample size, we conducted separate
linear regression analyses to test the predictor variables. This
strategy resulted in a small amount of variance accounted for in
the regression analyses and suggests there are more factors
unaccounted for that play a role in HNC caregivers’ diurnal
cortisol rhythm during radiation treatment. This study is also
limited by the potential for testwise error, since we conducted
these separate analyses without applying a Bonferroni correc-
tion. Further, although we accounted for some potential con-
founders including age and gender, we did not consider body
mass index, depression, or pregnancy, which may have
impacted cortisol response (Adam & Kumari, 2009). However,
we intended this pilot study to be exploratory and it does pro-
vide preliminary evidence of factors associated with cortisol
slope among HNC caregivers. Specifically, this is the first
study to identify burden and QOL predictors of dysregulated
diurnal cortisol rhythm in HNC caregivers, and consequently, it
provides valuable information to augment the current literature.
Another important limitation in this study is the lack of a con-
trol or comparison group. The inclusion of a control or com-
parison group may have helped to identify whether the findings
were specific to HNC caregivers, as opposed to noncaregivers
or other types of caregivers. A natural fluctuation in diurnal
slope over time cannot be ruled out with certainty without the
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inclusion of a control or comparison group. However, a com-
parison group would have been limited to other types of cancer
caregivers, given the use of cancer-specific burden and QOL
instruments in this study. Consequently, this is a main limita-
tion of the study, limiting the strength of our findings.

Finally, we collected cortisol 2 times each day (on waking
and at 21:00 hr) for 3 consecutive days. Although prior
research has demonstrated that this frequency of salivary cor-
tisol collection provides an accurate measure of diurnal corti-
sol rhythm (Kraemer et al., 2006), it does not allow for the
measurement of the CAR, which requires an additional col-
lection at 30-min postwaking (Adam & Kumari, 2009). Given
the financial and participant burden challenges associated
with collecting salivary cortisol (Adam & Kumari, 2009;
Kraemer et al., 2006), our goal was to restrict the number of
samples collected to the minimal frequency needed to obtain
an accurate diurnal cortisol rhythm, grounded in previously
published evidence (Kraemer et al., 2006). Kraemer and col-
leagues (2006) recommend collecting samples for 3 consec-
utive days and suggest that the number of days of collection is
more important than increasing the frequency to three sam-
ples a day. Consequently, their suggestion to analyzing a
diurnal cortisol slope is to collect samples 2 times a day over
3 consecutive days, such as we did in this study.

Our findings demonstrate that caregiving schedule burden,
caregiver QOL, and care recipient functional QOL are associ-
ated with a negative neuroendocrine response in HNC care-
givers. However, additional research focused on the cortisol
responses of HNC caregivers and other cancer caregivers is
needed. Future studies should include larger sample sizes,
employ a control or comparison group, and evaluate additional
factors that may be associated with caregivers’ cortisol
response. For example, coping style may serve to mediate the
relationship between caregivers’ psychosocial functioning and
their neuroendocrine response. Further investigation might also
evaluate the value of alternative diurnal slope measures (e.g.,
the CAR) and consider the inclusion of additional biomarkers
of stress such as a-amylase and proinflammatory cytokines
(Nater, Skoluda, & Strahler, 2013).

Conclusions

Overall, our findings in the present study emphasize the poten-
tial negative impact of the caregiving experience on HNC care-
givers, including dysregulation in diurnal cortisol rhythm
during the radiation treatment period. Future interventions
aimed at reducing caregivers’ schedule burden may be bene-
ficial in reducing or preventing abnormal cortisol response in
HNC caregivers. Strategies for such interventions may include
teaching caregivers time management skills or strategies to
cope with the unavoidable time demands associated with pro-
viding care. Additional interventions aimed at increasing both
care recipients’ and caregivers’ QOL may also have a positive
impact on caregivers’ cortisol response, but more research is
needed to further understand these relationships. Further inves-
tigation into these relationships will provide key information

that will allow nurses and the supportive-care team to target
HNC caregivers most at risk for poor neuroendocrine out-
comes. The ability to reduce or prevent a negative psychoneur-
oendocrine response may be an important contributory factor in
preventing corollary health problems such as immunologic
decline, cardiovascular disease, metabolic syndrome, and mor-
tality among informal caregivers (Elenkov, 2004; McEwen,
1998; Rosmond, 2005; Sephton et al., 2000). Efforts to prevent
comorbid diseases across caregivers are becoming more
imperative, as caregiving responsibilities are increasingly
shifted to family members.
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