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Abstract

Chronic distress associates with peripheral release of cortisol and a parallel upregulation of innate
inflammation. Typically, cortisol functions to down-regulate inflammatory processes. However, in
the context of chronic stress, it is hypothesized that glucocorticoid receptors within immune cells
become less sensitive to the anti-inflammatory effects of cortisol, resulting in increased systemic
inflammation. Caring for a child newly diagnosed with cancer is a particularly provocative chronic
stressor. Here, we examine evidence for the development of cellular resistance to glucocorticoids
among 120 mothers (Aged 18-56yrs; 86% Caucasian) across the 12 months following their child’s
new diagnosis with cancer. Measures of psychological distress, interleukin (IL)-6, and
glucocorticoid resistance (GCR) were assessed 1, 6, and 12 months after the diagnosis. A latent
factor for distress was derived from the covariation among symptoms of anxiety, depression, and
post-traumatic stress. Latent change score models revealed a significant positive association
between change in distress and change in GCR from 0-6 months, and 6 months-1 year. This
finding provides initial evidence for a longitudinal association between change in maternal distress
and change in GCR from the onset of a chronic stressor through one year. Although levels of IL-6
increased during the first six months after the child’s diagnosis, the magnitude of this change was
not related to change in distress or change in GCR. Given the possible health consequences of
reduced immune sensitivity to glucocorticoids, future work should further explore this stress
response and its clinical significance.
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1. Introduction

Life event stress associates with increased risk for a range of physical health morbidities that
involve inflammatory pathophysiology (S. Cohen, Janicki-Deverts, & G. E. Miller, 2007;
Tosevski & Milovancevic, 2006), including cardiovascular disease, asthma, rheumatoid
arthritis, and progression to AIDS (Cutolo & Straub, 2006; Kozyrskyj et al., 2008; Leserman
et al., 2002; Steptoe & Kivimaki, 2013). Long-term caregiving for a loved one is a
particularly provocative chronic stressor, associated with a 40-60% increased risk of
cardiovascular disease beyond that associated with more conventional risk factors (Steptoe
& Kivimaki, 2013). Although the pathways that link life stress, such as caregiving, to
adverse health outcomes remain unclear and are likely complex, growing evidence suggests
that inflammatory processes may play a role.

When compared with age-matched individuals who are not caregiving, a number of studies
show elevated circulating markers of inflammation (e.g., IL-6 and CRP) among caregivers;
however, not all findings are consistent (see Lovell & Wetherell, 2011; Potier et al., 2017 for
reviews). Longitudinal studies investigating the impact of caregiving on systemic
inflammation show similarly mixed results. For example, one study reported increases in
circulating levels of 1L-6 among spousal caregivers over a 6 year period (Kiecolt-Glaser et
al., 2003), and another study reported increases in CRP, but not 1L-6, among spousal
caregivers across a 1-year period (Rohleder et al., 2009). Reasons for inconsistent
associations between caregiving and inflammation remain unclear; however, it is possible
that psychological responses to the caregiving situation moderate the magnitude of the
effect, with caregivers experiencing heightened levels of distress at greater risk for systemic
inflammation.

Individual differences in emotional response to life events are thought to affect levels of
inflammation indirectly through health behaviors, and/or directly through biological
pathways. The HPA axis is one established biological pathway that activates in response to
psychological distress and is important for mobilization of adaptive metabolic resources,
including modulation of inflammatory processes (Castro, Elias, Elias, & Moreira, 2011,
Schoneveld & Cidlowski, 2007; Tsigos & Chrousos, 2002). A meta-analytic review of over
50 years of human research concluded that persistent psychological distress is accompanied
by dysregulation of cortisol hormone secretion, with higher than normal levels of cortisol
secreted over the course of the day (G. E. Miller et al., 2007). Given that glucocorticoids like
cortisol act through glucocorticoid receptors in immune cells to down-regulate transcription
of pro-inflammatory cytokines, one would expect stress-related increases in cortisol to
associate with decreased peripheral levels of inflammatory markers. Contrary to this
expectation, considerable evidence links persistent psychological distress to elevated
circulating markers of systemic inflammation, such as IL-1, IL-6, TNF-a, and CRP
(Haapakoski, Mathieu, Ebmeier, Alenius, & Kivimaki, 2015; Hansel et al., 2010; Pace &
Heim, 2011; Rohleder, 2014). In this regard, it is widely suggested that chronic exposure to
cortisol reduces the sensitivity of glucocorticoid receptors in immune cells to the
downregulation of pro-inflammatory gene transcription by cortisol (A. H. Miller, 2008;
Raison & Miller, 2003). Possible receptor alterations that could confer reduced sensitivity to
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cortisol include changes in the number, binding affinity, or functional signaling capacity of
the glucocorticoid receptor (Raison & G. E. Miller, 2003).

In support of this possibility, animal models show that chronic psychological stress results in
elevated levels of glucocorticoids, increased systemic inflammation (e.g. 1L-6), and
glucocorticoid resistance, with decreased nuclear translocation of the glucocorticoid
complex, as well as failure to block pro-inflammatory NFkB-mediated transcription (Quan
et al., 2003; Stark, Avitsur, Hunzeker, Padgett, & Sheridan, 2002; Stark et al., 2001). In
humans, initial cross-sectional evidence also supports this pattern, with increased resistance
observed among distressed spousal caregivers of dementia patients when compared to non-
caregivers (Bauer et al., 2000). Similarly, and of particular relevance to the current study, G.
E. Miller et al. (2002) showed reduced sensitivity to cortisol among 25 distressed parental
caregivers of cancer patients when compared to 25 parents of medically healthy children
matched on age, gender, ethnicity, and marital status (G. E. Miller et al., 2002). Importantly,
parents in this study were evaluated an average of 9.6 months after their child’s initial
diagnosis, with a standard deviation of 9.5 months and a range of 1-35 months. In a more
recent study, G. E. Miller et al. (2014) showed downregulation of glucocorticoid complex
signaling in monocytes of 33 caregivers of a spouse with cancer when compared to 47 age-
matched non-caregivers. In sum, cross-sectional evidence in humans suggests that
caregiving stress is associated with cellular resistance to the anti-inflammatory effects of
cortisol. However, the timing of these changes remains unclear. To date, only one study has
examined changes in glucocorticoid resistance and inflammation over time (Rohleder et al.,
2009). Specifically, when compared with 19 age-matched non-caregivers, 18 distressed
caregivers of a spouse with cancer showed a tendency towards increasing glucocorticoid
resistance and increasing circulating levels of CRP, but no change in IL-6, across a one-year
period (Rohleder et al., 2009). Collectively, existing evidence suggests development of
glucocorticoid resistance among chronically distressed caregivers, with some support for the
possibility that resistance is accompanied by elevated levels of systemic inflammation.
However, available studies are small, largely cross-sectional, and fail to systematically
examine associations between psychological distress, glucocorticoid sensitivity, and
systemic inflammation. Accordingly, the primary goal of the current study was to examine
the development of glucocorticoid resistance following the onset of a distressing life event,
having a child newly diagnosed with cancer, and to examine concomitant changes in
psychological distress and inflammation. Based on existing cross-sectional evidence, it was
hypothesized that glucocorticoid resistance would increase among mothers across the 12
months following their child’s diagnosis in concert with increases in psychological distress
and peripheral markers of inflammation.

2. Methods

2.1 Participants

Data for this study were drawn from a randomized controlled trial designed to examine the
efficacy of a supportive stress management intervention. Primary outcomes of the parent
project included psychological distress and inflammation. For this trial, one-hundred and
twenty female, biological, adoptive or legal-guardian primary caregivers of a child newly
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diagnosed with any cancer except central nervous system (CNS) tumors or early stage
lymphoma were recruited from the Division of Hematology and Oncology, Children’s
Hospital of Pittsburgh (CHP) between October, 2010 and February, 2014. Eligibility criteria
included (1) no reported clinical history of psychotic or bipolar illness, neurological disorder
(stroke, transient ischemic attacks, Parkinson’s disease, multiple sclerosis) or chronic
disease known to influence immune function, including cardiovascular disease, cancer
[within the past 2 years], or autoimmune disease; (2) not taking medications that might alter
responses to questionnaires or indices of immune function (including major sedatives or
glucocorticoid, anti-inflammatory, anti-retroviral, or immunosuppressant medication); (3)
fluency in English (i.e., have commonly used English in everyday speaking and reading for
at least 10 years); (4) at least 18 years of age; and (5) not working nightshifts exclusively.
Informed consent was obtained in accordance with the University of Pittsburgh Institutional
Review Board.

Maternal caregivers were assessed at 3 time points following their child’s diagnosis: T1
(mean = 1.84 (SD = 0.82) months post dx.), T2 (mean = 6.81 (SD = 1.94) months post dx.),
and T3 (mean = 12.74 (SD = 2.20) months post dx.). Eleven mothers did not complete the
T2 assessment due to feeling too overwhelmed, losing custody of the child, the child moving
to palliative care, bereavement due to losing the child, or lack of compliance with the study
protocol. An additional 6 mothers were lost at T3 due to similar reasons. Participants who
dropped out did not differ from those who completed the study in age, educational
attainment, race, intervention group, the child’s treatment intensity, or T1 measures of
distress, glucocorticoid resistance (GCR), or IL-6. GCR was added to the study protocol in
July, 2011. Thus, GCR data was collected for 56 individuals at T1, 62 individuals at T2, and
47 individuals at T3. Individuals with GCR data were not significantly different from those
missing GCR data at any of the three time points in age, educational attainment, race, the
child’s treatment intensity, intervention group, measures of distress, or peripheral levels of
IL-6 (see Supplementary Tables S1-S3).

2.2 Procedure

At all three assessment time points, participants met with a research nurse in the pediatric
oncology outpatient clinic. Prior to this meeting, participants were instructed to limit
physical activity and alcohol intake for 24 hours, and caffeine intake for 3 hours. The nurse
administered a medical history and medication use interview, measured participant’s height
and weight for calculation of BMI (kg/m?), and drew a blood sample. Participants were
rescheduled if they showed signs or reported symptoms of acute illness or allergies, or had
taken antibiotics or received a vaccination in the prior 2 weeks. To the extent possible, all 3
visits were scheduled at the same time of day to control for diurnal variation in IL-6.
Following the blood draw, participants were given questionnaires to complete and return by
mail or to the clinic within 3 weeks.

2.3 Measures

2.3.1 Psychological Distress—Psychological distress was assessed using 3 symptom
scales: (1) the Beck Depression Inventory (BDI-11; Beck et al., 1961), (2) the State-Trait
Anxiety Inventory-State (STAI-S, Spielberger et al., 1983), and (3) the /mpact of Events
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Scale (IES; Horowitz et al., 1979). The BD/-//is a 21-item measure of depressive symptoms
over the past 2 weeks that has good reliability and validity (Beck et al., 1961). Estimates of
internal reliability in this sample were .93, .95, and .95 for T1, T2, and T3, respectively. The
STA/-S is a well-validated 20-item measure of state anxiety (Spielberger, et al., 1983).
Coefficient alpha estimates in this sample were .94, .96, and .96 for T1, T2, and T3,
respectively. Finally, the /ES'is a 15-item measure assessing the psychological impact of a
traumatic event (Horowitz et al., 1979). Coefficient alpha estimates in this sample were .85, .
89, and .93 for T1, T2, and T3, respectively.

2.3.2 Systemic Inflammation—IL-6 levels were determined from plasma samples
extracted from heparinized blood. These samples were frozen at —80°C and analyzed in
batches using a high sensitivity quantitative sandwich enzyme immunoassay kit (R&D
Systems, Cat # HS600B) run according to manufacturer’s directions. The range of detection
for the assay was 0.156 — 10pg/mL. The average intra-assay CV was 7.5% and the inter-
assay CV was 8.5%. Values for circulating IL-6 were treated as missing at all time points for
individuals reporting a current diagnosis of an immune-related disease and current
medication use for that diagnosis (N = 13). Prior to analysis, 1L-6 values were natural log
transformed to better approximate a normal distribution.

2.3.3 Glucocorticoid Resistance (GCR)—Whole blood was diluted 10:1 with saline (.
9% NaCl) and incubated with increasing concentrations of cortisol in the presence of LPS
for 18 hours. One positive (stimulated) control containing LPS, but no cortisol, and one
negative (unstimulated) control containing neither cortisol nor LPS were included. Final
cortisol concentrations were 276, 27.6, 2.76, 0.276, 0.0276 nmol/L. The final concentration
of LPS was 2.5ng/mL. Following incubation, plasma supernatants were harvested and stored
at —80 °C. The level of stimulated IL-6 in these supernatants was assessed using an enzyme-
linked immunosorbant assay (BD, Cat # 555220). The range of detection for the assay was
3.91pg/mL — 300pg/mL. The average intra-assay CV was 3.4%, and the inter-assay CV was
14.5%. The area under the curve (AUC) was calculated using trapezoidal method with zero
as ground by plotting stimulated levels of IL-6 (minus the unstimulated controls) at the five
concentrations of cortisol (Pruessner et al., 2003; Cohen et al., 2012). Note that a larger
AUC corresponds to higher levels of IL-6 production across cortisol concentrations, and thus
increased glucocorticoid resistance.

To control for the influence of stress-related changes in circulating numbers of white blood
cells or monocytes (Dhabar, 2014; Segerstrom & G. E. Miller, 2004), the absolute number of
cells in the whole blood samples was assessed by complete blood count, and the level of
IL-6 production per white blood cell (or monocyte) was calculated. Adjusting for white
blood cell numbers or monocytes produced similar results; thus, only results correcting for
white blood cell count are reported.

2.3.4 Covariates—A number of control variables were examined. These included age,
race (coded as white [0] versus other races/ethnicities [1]), years of education, intervention
group (coded as standard care control [0] versus intervention [1] group), BMI, and the
child’s level of treatment intensity. Treatment intensity was coded on a scale from 0 [least]
to 3 [most] intensive by a pediatric oncologist using the Intensity of Treatment Rating Scale
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(Werba et al., 2007), which considers treatment duration, side effects, and recovery time.
This measure has high inter-rater reliability (r = 0.87) and content validity (r = 0.95) (Werba
et al., 2007).

2.4 Statistical Analysis

Analyses were performed using SPSS Version 22 (SPSS Inc., Chicago, IL) and Mplus
Version 7.4 (Muthen & Muthen, Los Angeles, CA). Data were checked for normality and
outliers at each time point. Univariate outliers were indicated by those cases > 3SD above or
below the mean; outliers for a specific time point and variable were removed from the data
set and treated as missing in analyses. At T1, there were 3 outliers for IL-6 (mean = 19.79
pg/mL, range = 17.86-22.86 pg/mL), and one outlier for GCR (9.7x10° pg-pumol/mL2). At
T2, there were 2 outliers for IL-6 (mean = 16.42 pg/mL, range = 14.42-18.42 pg/mL). At
T3, there were 3 outliers for IL-6 (mean = 17.40 pg/mL, range = 15.43-19.81 pg/mL). These
outliers together accounted for 6 individuals; 3 of these individuals had high values at 2 time
points.

Dropout analyses and group comparisons were performed using independent samples t-tests
and one-way analysis of variance for continuous variables, and x 2-tests for categorical and
dichotomous variables. Preliminary analyses examined relationships between the control
variables (age, education, race, treatment intensity, and BMI) and variables of interest (GCR
and IL-6) using Pearson correlations for continuous control variables and one-way analysis
of variance for categorical variables. For the latent construct of distress, continuous control
variables were covaried with distress at each time point, and the distress latent factor was
regressed on categorical variables at each time point. The relationships between time since
diagnosis at each time point and the variables of interest (distress, GCR, and 1L-6) were
examined using these same procedures.

Given high bivariate correlations between the 3 measures of distress (IES, STAI-S, and BDI-
I1) at each time point (T1: r =[.61-.76]; T2: r=[.64 — .81]; T3: r=[.59 - .78], p’s <.001),
we constructed a latent factor for distress at each time point using confirmatory factor
analysis, and examined measurement invariance across time (see Supplemental Methods).
We then used latent change score (LCS) models to examine mean change in distress, GCR,
and IL-6 over time. For model specification, see Supplemental Methods, Figures S1, S2, and
S3. All LCS models used maximum likelihood (ML) estimation. Missing data were assumed
to be missing at random (MAR) and full information maximum likelihood (FIML) was used
in model analyses to accommodate missing data. FIML estimation for missing data is
preferred over listwise deletion of data as the latter tends to produce biased, inefficient
(lacking in power), and unreliable estimates of parameters, as well as sample selection bias
(Schafer & Graham, 2002; Little & Rubin, 1987). All LCS models included age, race,
education and the child’s treatment intensity as standard control variables. In addition, BMI
was included as a covariate in models that included IL-6 and/or GCR. Latent change score
factors were regressed on each control variable. We used chi-square difference (Ay 2) tests
for statistical comparison of unconstrained models to models in which the latent change
score factor mean was constrained to zero (Satorra and Bentler, 2001). Significant Ay 2
values indicated that change was significantly greater than zero.
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Simultaneous LCS models were then used to examine the association between changes in
(1) distress and GCR, (2) distress and IL-6, and (3) GCR and IL-6. To do this, we combined
the single construct LCS models described above, with the latent change score factor of the
outcome variable regressed on the latent change score factor for the predictor variable
between complementary time points (see Supplemental Methods, and Figures 1, 2, and 3).
As above, we used a Ay 2 difference test to compare the unconstrained model to a model in
which these paths were constrained to zero. Significant Ax 2 values indicated that the
association between within-subject change in variables was significantly greater than zero.

3.1 Sample Characteristics

Demographic characteristics and descriptive data are in Table 1 and inter-correlations
between variables are in Table S4. Subjects were on average aged 36 + 8 years (range: 19-57
years), primarily Caucasian (86%), and had an average of 14 years of education. Bivariate
correlations revealed a significant association between lower distress and older age at T1
(T1: r =-0.23, p=.015). Additionally, lower GCR was significantly associated with higher
education at T2 and T3 (T2: r = -0.28; T3: r = -0.20; p’s < .001). Further, lower IL-6 was
significantly associated with older age (T1: r = -0.18, p<.05; T2: r = -0.26; T3: r = -0.35;
p’s <.001), higher education (T1: r = -0.25, p<.001; T2: r =-0.16; T3: r = -0.21; p’s <.
05), and greater treatment intensity (T1: F(2, 96) = 3.35, p=.039; T2: A2,78) =5.45, p=.
006, T3: A2, 67) = 3.38, p=.040).

3.2 Models for Change in Distress, GCR, and IL-6

We first examined whether there were any group differences in distress, GCR, or IL-6 as a
function of the intervention. Controlling for age, education, race, and the child’s treatment
intensity, models in which the paths between intervention group and mean change in
distress, IL-6, and GCR from T1 to T2 and from T2 to T2 was constrained to zero were not
significantly different from models in which these paths varied freely (See Figures S1, S2
and S3). Given this lack of significant intervention effect, all subsequent models included
intervention group as a standard covariate.

Models examining change in distress, GCR, and IL-6 fit the data adequately (See Figures
S1, S2, S3, respectively). The model for change in distress over time revealed a non-
significant mean increase in distress over the first six months after a child’s diagnosis with
cancer (T1to T2: a (SE) = 11.89 (6.64), p=.073; Ax2 (1) = 3.24, p=.072), followed by a
non-significant mean decrease in distress over the second six months (T2 to T3: a. (SE) =
=7.93 (6.97), p=.255; Ax2 (1) = 1.27, p=.260). The model for change in GCR showed a
non-significant mean increase in GCR over both the first six months (T1to T2 (a (SE) =
12.72 (18.99), p=.503; Ay 2 (1) = 0.453, p=.501) and second six months after the child’s
diagnosis (T2 to T3 (a (SE) = 13.79 (22.71), p= .544; Ax 2 (1) = 0.369, p = .544). Finally,
the model for change in peripheral levels of IL-6 demonstrated a significant mean increase
in IL-6 over the first six months after a child’s diagnosis with cancer (T1to T2: a. (SE) =
12.94 (6.43), p=.044; Ay 2 (1) = 4.00, p=.045), followed by a non-significant mean
decrease in IL-6 over the second six months (T2 to T3 a (SE) = -0.930 (3.85), p=.809;
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Ay 2 (1) = 0.059, p=.808). For all three models, the difference score factor variances
exhibited significant individual differences in change (distress: T1 to T2: ¢ (SE) = 50.81
(10.57); T2 to T3:  (SE) = 40.09 (9.97); GCR: T1to T2:  (SE) =195.99 (44.38); T2 to
T3: € (SE) = 313.18 (71.31); IL-6: T1to T2: € (SE) = 49.15 (8.14); T2to T3: ¢ (SE) = 9.68
(1.92), all p's <.001).

3.3 Simultaneous Change in Distress and GCR

The model for the association between change in distress and change in GCR fit the data
adequately (See Figure 1a). This model revealed a significant and positive association
between change in distress and change in GCR over both time periods of the study (T1 to
T2: B (SE) = 0.490 (0.236), p=.038, Ax2 (1) = 4.24, p=.039; T2 to T3: B (SE) = 0.739
(0.314), p=.019, Ax2 (1) =5.07, p=.024) (Figures 1a, 1b). In a model that examined GCR
adjusted for concentration of white blood cells (WBCs) (See Figure S4), the significant
association between change in distress and change in GCR over the second six months after
a child’s diagnosis with cancer was retained (T2 to T3: B (SE) = 0.219 (.072), p=.002, Ay 2
(1) = 7.98, p=.005), while the significant association over the first six months was not (T1
to T2: B (SE) = 0.064 (.068), p=.345; Ax2 (1) = 0.892, p=.345).

3.4 Models for Change in IL-6

The model for the association between change in distress and change in IL-6 fit the data
adequately (See Figure 2a). This model showed no significant association between change in
distress and change in inflammation over either 6-month periods of the study (T1 to T2: B
(SE) = -0.046 (0.098), p=.643, Ax2 (1) = 0.225, p=.635; T2 to T3: B (SE) = 0.054
(0.065), p=.403, Ay 2 (1) = 0.713, p=.398) (Figures 2a, 2b). Similarly, the model for the
association between change in GCR and change in IL-6 fit the data adequately (See Figure
3a), but showed no significant association between change in GCR and change in peripheral
levels of IL-6 over either 6-month periods of the study (T1 to T2: B (SE) = 0.041 (0.071), p
=.566, Ax2 (1) = 0.318, p=.573; T2to T3: B (SE) = 0.031 (0.030), p=.293, Ax2 (1) =
1.05, p=.306) (Figures 3a, 3b). A similar pattern was observed when examining GCR
adjusted for WBC concentration.

4. Discussion

This study provides new longitudinal evidence for the association of psychological distress
with development of glucocorticoid resistance over the 12 months following the onset of a
major life event stressor. Specifically, mothers of children newly diagnosed with cancer who
endorsed higher levels of distress across the 12 months following their child’s diagnosis
showed increased cellular resistance to the anti-inflammatory effects of cortisol. These
associations were independent of maternal age, race, years of education, intervention group,
and the child’s treatment intensity. Contrary to expectations, although circulating levels of
IL-6 increased over the first 6 months following the child’s diagnosis and remained high
though the 12-month follow-up, the magnitude of this change was not related to change in
level of distress or in cellular sensitivity to glucocorticoids.
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In support of having a child diagnosed with cancer as an emotionally provocative stressor,
individual responses revealed that some mothers showed heightened levels of distress that
were maintained across the follow-up period, with others showing heightened levels of
distress shortly after their child’s diagnosis followed by a decline in emotional symptoms.
On average, this observed pattern of distress was consistent with other longitudinal studies
of psychological responses to having a child diagnosed with cancer (Pai et al., 2007;
Vrijmoet-Wiersma et al., 2008). In addition, mothers in our sample reported similar mean
levels of distress to other caregiving samples (Rholeder et al., 2009; G. E. Miller et al.,
2014), including primary caregivers of children with cancer (Marsland et al., 2013; Kazak et
al., 2005; Mullins et al., 2012; G. E. Miller et al., 2002). For example, 59% of our sample
reported mild depression or greater (a score of >13 on the BDI-II; Beck et al., 1996) shortly
following their child’s diagnosis, falling to 52% at 6 months, and 42% at one year follow-up.
For symptoms of post-traumatic stress, 83.9% of the sample reported symptoms above
clinically significant cutoffs on the IES at the child’s initial diagnosis, 64.9% at six months,
and 51.7% at one year (Horowitz et al., 1979).

Based on current theoretical models (e.g. G. E. Miller et al., 2002) and empirical evidence,
we hypothesized that the emotional arousal of the provocative life experience of having a
child diagnosed with cancer would result in downregulation of the sensitivity of
glucocorticoid receptors. Our findings showed a positive association between change in
distress and change in glucocorticoid resistance across the 12 months following stressor
onset, providing initial longitudinal support for this pattern. These findings extend cross-
sectional evidence reported by G. E. Miller et al. (2002), showing elevated glucocorticoid
resistance among parental caregivers of pediatric cancer patients. Although G. E. Miller et
al. (2002) did not find a significant association between symptoms of depression and
glucocorticoid resistance, they postulated that increased distress in response to the child’s
diagnosis resulted in activation of the HPA-axis and peripheral release of cortisol, resulting
in the later downregulation of glucocorticoid signaling. Our longitudinal findings lend
support to this possibility, providing initial evidence that individual differences in distress
across time following a major life stressor moderate sensitivity to glucocorticoids in
peripheral immune cells. An examination of the role of stress-related activation of the HPA-
axis in the development of glucocorticoid resistance following challenging life
circumstances is warranted.

In the current study, glucocorticoid resistance was assessed /7 vitro using a whole blood
assay. This assay involved incubating whole blood with an immune stimulant (LPS) in the
presence of increasing concentrations of exogenous cortisol. While whole blood assays are
used because they are thought to approximate the /77 vivo response of the immune system
acting in concert to protect against bacterial infection, this approach does not permit an
examination of the mechanisms that result in elevated glucocorticoid resistance. For
example, it is possible that reduced sensitivity to cortisol is related to decreases in the
number, binding affinity, or signaling capacity of the glucocorticoid receptors (Raison & G.
E. Miller, 2003). It is also possible that an increase in absolute number of leukocytes and/or
monocytes in peripheral circulation, which has been reliably associated with naturalistic
stress (Segerstrom & G. E. Miller, 2004), contributes to an increase in production of pro-
inflammatory cytokines in the /n vitro whole blood assay. In the current study, we did not
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observe a significant change in mean number of leukocytes in peripheral circulation across
the 3 occasions of measurement. However, when we adjusted results of the glucocorticoid
resistance assay for number of leukocytes in peripheral circulation, we found that increases
in parental distress over the second six months after a child’s initial diagnosis continued to
predict concomitant increases in glucocorticoid resistance, but the association between
distress and glucocorticoid resistance over the first 6 months was no longer significant. This
raises the possibility that during the initial six-month period after a child’s initial cancer
diagnosis, decreased cellular sensitivity to cortisol /n vitro may at least partially result from
an increase in the circulating number of leukocytes. However, more enduring changes in
sensitivity, such as those observed over the second six months after a child’s cancer
diagnosis, may reflect changes in receptor number, binding capacity, or availability.

In addition to examining glucocorticoid resistance, the current study assessed circulating
levels of IL-6. Here, we observed an increase in maternal 1L-6 across the 6 months after the
child’s diagnosis that was independent of age, years of education, race, the child’s treatment
intensity, intervention group, and BMI. These findings are consistent with studies showing
increased levels of systemic inflammation among individuals exposed to the stress of caring
for a loved one with cancer (Hansel et al., 2010; Kiecolt-Glaser et al., 2003; Rholeder et al.,
2009; G. E. Miller et al., 2008). Although we observed parallel mean patterns of change for
distress and circulating levels of IL-6, individual differences in the two responses were
unrelated over time. Reasons for this are unclear. However, it is possible that elevations in
distress and increases in peripheral levels of IL-6 are not concurrent processes. Specifically,
in the context of chronic stress, it may be that cumulative distress over time relates more
strongly to elevations in peripheral markers of inflammation at later time points. Moreover,
it is possible that intermediate processes such as changes in underlying pathways (e.g. GCR)
are more proximally related to elevations in distress, resulting in cumulative increases in
peripheral IL-6.

We proposed that distress-related changes in glucocorticoid resistance would contribute to
increases in peripheral levels of IL-6. Although distress covaried with increased
glucocorticoid resistance, this increase in glucocorticoid resistance did not relate to changes
in /n vivo levels of circulating IL-6. Our findings are consistent with those of Rholeder et al.
(2009) who observed an increase in glucocorticoid resistance across a 10-month period
among spousal caregivers of patients with brain cancer that was unrelated to changes in
circulating levels of IL-6. Indeed, to our knowledge, the only study to show a positive
association between glucocorticoid resistance and IL-6 examined levels of IL-6 in nasal
secretions in the context of an experimental rhinovirus challenge, and glucocorticoid
resistance in an /n vitro peripheral blood assay (Cohen et al., 2012). This raises the
possibility that glucocorticoid resistance is more strongly associated with levels of IL-6 in
the context of an immune challenge, or that this association may not extend to levels of I1L-6
more generally available in peripheral circulation.

The current findings also suggest that pathways other than decreased glucocorticoid
sensitivity may account for increases in peripheral levels of IL-6 accompanying exposure to
chronic stress. One candidate pathway is distress-driven activation of the sympathetic
division of the autonomic nervous system, which is known to increase the number and

Brain Behav Immun. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walsh et al.

Page 11

activation of leukocytes (Bellinger & Lorton, 2014; Elenkov et al., 2000). It is also possible
that dysregulation of the parasympathetic nervous system could contribute to stress-related
increases in peripheral inflammation, with the vagal nerve playing an important role in the
down-regulation of inflammation (Martelli, McKinley, & McAllen, 2014; Pavlov & Tracey,
2015). Another possibility is that increases in inflammation could occur through behavioral
pathways, such as dysregulation in sleep, which associates with increased peripheral
markers of inflammation (O’Connor et al., 2009). In sum, elevations in circulating levels of
IL-6 could have occurred in this sample through a number of unexplored pathways.

There are a number of limitations of the current study that should be considered when
interpreting findings. First, the parent project was a randomized controlled trial of a
psychosocial intervention for mothers of children newly diagnosed with cancer. Although
the project provided an opportunity to conduct the first examination of changes in
glucocorticoid resistance and I1L-6 over time following the onset of an extreme life stressor,
it was limited by lack of a control group of mothers of children not diagnosed with cancer.
The study could also have benefitted from multiple blood measures on each occasion of
testing to better control for diurnal variation and the influence of acute environmental stimuli
(e.g., exercise and acute psychological stress; Marsland et al., 2017). It would also be
interesting to examine a broader panel of inflammatory mediators and to include the
assessment of peripheral cortisol levels at the same time as glucocorticoid resistance.
Although glucocorticoid resistance is thought to be relatively stable within individuals
(Quax et al., 2013), there is evidence that it changes acutely in response to exercise (DeRijk
et al., 1997) and/or brief psychosocial stress (Rholeder et al., 2003; G. E. Miller et al., 2005).
Thus, it will be important in future studies to better characterize the intra-individual stability
of glucocorticoid resistance over time. Finally, as with any study that estimates missing data
that is not missing completely at random, results are subject to biased estimates of
parameters, bias in standard errors, and weakened generalizability of findings (Dong &
Peng, 2013). However, when the assumptions of FIML are met, FIML has been
demonstrated to produce unbiased estimates and valid model fit information (Enders, 2001;
Enders & Bandalos, 2001).

Despite these limitations, the current study has a number of strengths. To our knowledge, it
is the first study to longitudinally examine changes in the sensitivity of immune cells to the
immunosuppressive effects of glucocorticoids following the onset of a highly stressful life
event. Moreover, it is the first study to examine longitudinal associations between changes in
psychological distress, glucocorticoid resistance, and peripheral levels of IL-6 from the
onset of the chronic stressor through one year. Our findings showed that the distress of
caring for a child newly diagnosed with cancer predicts increased resistance of immune cells
to glucocorticoids, resulting in increased /n7 vitro production of IL-6 in response to
endotoxin. Given the substantial health impact of resistance to glucocorticoids, this finding
is of potential clinical significance. Glucocorticoids are widely used to treat allergic,
inflammatory, and hematologic disorders, as well as for the prevention of allograft rejection
(Quax et al., 2013). Increased resistance to such treatments can result in the need for higher
doses for effective treatment, which can be associated with serious adverse effects including
weight gain, hypertension, type 2 diabetes mellitus, and osteoporosis (Quax et al., 2013).
Thus, it is important to identify and understand processes through which the chronic stress
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of caregiving may confer increased health risk, including changes in glucocorticoid
sensitivity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Having a child diagnosed with cancer is a severe life stressor
. Maternal psychological distress increased across the 12 mo. following
diagnosis
. Changes in distress predicted increased glucocorticoid resistance (GCR)
. The increase in GCR was accompanied by an increase in plasma I1L-6
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Figure la.
Simultaneous latent difference score model for change in distress predicting change in GCR.

AD4, AD,, AG4, and AG, were regressed on covariates listed at bottom of figure. Results are
reported as: unstandardized/standardized; *p < .05, **p < .001. Model Fit: 2 (104) =
110.77, p=.307; RMSEA = 0.023, p=.917; CFI =0.991; SRMR =0.081. GCR =
glucocorticoid resistance.
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Associations between change in maternal distress and change in GCR across the first and

second six months after a child’s diagnosis with cancer.

Adjusted for age, race, education, child’s treatment intensity, intervention group, and body
mass index, latent difference scores for maternal distress and glucocorticoid resistance
(GCR) were positively associated over the first six months (Plot A) and the second six

months (Plot B) after a child’s diagnosis with cancer.
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Figure 2a.
Simultaneous latent difference score model for change in distress predicting change in IL-6.

ADq, AD», Aly, and Al were regressed on covariates listed at bottom of figure. Results are
reported as: unstandardized/standardized; *p < .05, **p < .001. Model Fit: x2 (104) =
118.11, p=.163; RMSEA = 0.034, p=.825; CFl = 0.983; SRMR = 0.083. IL6 = circulating
IL-6.
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Figure 2b.
Associations between change in maternal distress and change in IL-6 across the first and

second six months after a child’s diagnosis with cancer.

Adjusted for age, race, education, child’s treatment intensity, intervention group, and body
mass index, there was no association between latent difference scores for maternal distress
and circulating levels of IL-6 over the first six months (Plot A) or the second six months
(Plot B) after a child’s diagnosis with cancer.
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Figure 3a.
Simultaneous latent difference score model for change in GCR predicting change in I1L-6.

AGq, AG,, Aly, and Al were regressed on covariates listed at bottom of figure. Results are
reported as: unstandardized/standardized; *p < .05, **p < .001. Model Fit: 2 (24) = 30.09,
p=.182; RMSEA = 0.046, p=.515; CFl = 0.960; SRMR = 0.072. GCR = glucocorticoid
resistance; IL-6 = circulating I1L-6.
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Figure 3b.
Associations between change in maternal GCR and change in IL-6 across the first and

second six months after a child’s diagnosis with cancer.

Adjusted for age, race, education, child’s treatment intensity, intervention group, and body
mass index, there was no association between latent difference scores for maternal
glucocorticoid resistance (GCR) and circulating levels of IL-6 over the first six months (Plot
A) or the second six months (Plot B) after a child’s diagnosis with cancer.
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Table 1

Means and Standard Deviations for all variables
Measure N Mean SD
1 Age (yrs) 120 35.94 7.95
2 Education (yrs) 120 13.99 2.12
3 BMlavg (kg/m?) 106 29.12 7.56
4 Race (%Caucasian, W/AA+other) 120 86, 103/17
5 Intervention group (%l, 1/C) 120 50, 60/60
6 Treatment Intensity (Yomost, mild/moderate/very/most) 119 15, 0/34/67/18
7 Months Since Diagnosis T1 120 1.84 0.82
8 BDIT1 116  18.42 11.69
9 STAI-SST1 117 49.98 13.89
10 IEST1 118 33.17 15.01
11 Glucocorticoid Resistance AUC T1 (pg-umol/mL?2) 56 1.9x10% 1.8x10°
12 White Blood Cell Count T1 (10%ells/L) 55 6.86 1.99
13 Glucocorticoid Resistance AUCwbcs T1 (pg-nmol/cell-L) 52 4.42 417
14 BMI T1(kg/m?) 105  28.98 7.61
15 eT1 (pg/mL)@ 98 1.39 1.47
16  Months Since Diagnosis T2 102 6.81 1.94
17 BDIT2 96 17.55 12.76
18 STAI-ST2 97 44.69 15.45
19 IEST2 97 27.13 16.82
20  Glucocorticoid Resistance AUC T2 (pg-pmol/mL?2) 62  22x10% 1.7x10°
21 White Blood Cell Count T2 (10°ells/L) 54 7.12 2.05
22 Glucocorticoid Resistance AUCwhbcs T2 (pg-nmol/cell-L) 54 4.88 3.92
23 BMI T2 (kg/m?) 84 30.06 8.08
24 cIL6 T2 (pg/ml_)a 80 1.43 1.23
25  Months Since Diagnosis T3 97 12.74 2.20
26 BDIT3 85 13.64 12.14
27 STAI-ST3 86 39.67 15.32
28 IEST3 87 23.09 17.98
29 Glucocorticoid Resistance AUC T3 (pg-pmol/mL?2) 47 25x10%  1.3x106
30  White Blood Cell Count T3 (10°ells/L) 38 7.08 1.60
31  Glucocorticoid Resistance AUCwhbcs T3 (pg-nmol/cell-L) 38 5.74 3.22
32 BMI T3 (kg/m?) 75 29.63 7.56
33 68 2.05 1.78

cIL6 T3 (pg/mL)?

Notes: BMI = Body Mass Index; W = White; AA = African American; | = Intervention; C = Control; BDI = Beck
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Depression Inventory; STAI-S = State Trait Anxiety Inventory — State version; IES = Impact of Events Scale; AUC = Area under the curve;
AUCmonos = Area under the curve adjusted for concentration of monocytes; AUCwbcs = Area under the curve adjusted for concentration of white
blood cells; cIL-6 = circulating levels of interleukin-6;

avalid inflammation data only
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