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a b s t r a c t

There is growing evidence that positive affect may influence health and immune function, although few
studies have examined links between positive affect and immune processes in clinical populations. The
purpose of this study was to examine whether positive affect is associated with changes in proinflamma-
tory cytokines in cancer patients undergoing radiation treatment. Subjects were 50 individuals with
early-stage breast and prostate cancer who completed psychosocial questionnaires and provided blood
samples at seven time points before, during, and after radiation treatment. Positive affect was assessed
before treatment onset using the CES-D (Center for Epidemiological Studies Depression Scale). Blood
samples were assayed for serum levels of proinflammatory cytokines IL-1b and IL-6. Patients with higher
levels of positive affect before treatment exhibited higher mean levels of IL-1b and IL-6 during radiation
treatment (all ps < .05). Results suggest that positive affect enhances the acute inflammatory response to
radiation treatment, perhaps facilitating tissue repair processes.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

There is compelling evidence that emotions may influence im-
mune system function and thus susceptibility to and severity of
immune-related diseases (Glaser and Kiecolt-Glaser, 2005). This
body of research has traditionally focused on negative affective
states—such as depression, anxiety, and anger (Kiecolt-Glaser
et al., 2002; Raison et al., 2006). However, there is growing interest
in how positive psychological factors—such as positive affect, opti-
mism, and benefit finding—affect health (Pressman and Cohen,
2005; Bower et al., 2008b) and the immunological pathways
through which they exert their effects (Marsland et al., 2007).

To date, positive affect is the most commonly studied positive
psychological factor relating to health and immune outcomes.
For example, research has shown that positive affect predicts lower
risk of HIV-related mortality (Moskowitz, 2003), enhanced anti-
body response to Hepatitis B vaccination (Marsland et al., 2006),
decreased susceptibility to experimentally-exposed rhinovirus/
influenza A virus (Cohen et al., 2006), fewer objective and subjec-
tive signs of illness following viral exposure (Doyle et al., 2006),
ll rights reserved.
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and faster skin wound healing (Robles et al., 2009). In the context
of viral challenge, higher levels of positive affect are associated
with lower levels of nasal proinflammatory cytokines, which ap-
pear to mediate effects on illness symptoms (Doyle et al., 2006;
Janicki-Deverts et al., 2007). Effects of positive affect on these out-
comes appear to be independent of, and in some cases, stronger
than effects of negative affect (Cohen et al., 2006; Janicki-Deverts
et al., 2007; Prather et al., 2007; Robles et al., 2009).

Naturalistic studies have shown more equivocal associations
between positive affect and inflammatory markers. One such study
found no association between positive affect and the soluble IL-6
receptor (sIL-6r) in healthy older women, but did find a positive
association between eudemonic well-being (i.e. purpose in life)
and sIL-6r (Ryff et al., 2004). A large longitudinal study of 2873
healthy adults found that positive affect was associated with lower
circulating levels of C-reactive protein (CRP) and IL-6 for women,
but not for men (Steptoe et al., 2008). Another study also found a
negative association between positive affect and stimulated pro-
duction of IL-6 and IL-10, but not IL-1b or TNF-a (Prather et al.,
2007).

To date, studies of positive affect and inflammation have pri-
marily focused on healthy populations. However, inflammatory
processes may have particular relevance in the context of cancer,
as inflammation is increasingly recognized as a contributor to can-
cer development and progression (Coussens and Werb, 2002;
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Shacter and Weitzman, 2002) and may also play a role in cancer-
related symptoms such as fatigue (Bower, 2008). In women with
advanced ovarian cancer, positive psychological factors such as so-
cial support have been linked to lower levels of circulating IL-6 and
VEGF, a cytokine involved with tumor angiogenesis (Costanzo
et al., 2004; Lutgendorf et al., 2002). In contrast, depression is asso-
ciated with elevations in proinflammatory cytokines in cancer pop-
ulations (Jehn et al., 2006; Lutgendorf et al., 2008; Musselman
et al., 2001).

To our knowledge, positive affect has not been examined in
relation to inflammatory cytokines in cancer patients. We choose
to examine this relationship among breast and prostate cancer pa-
tients undergoing radiation therapy. Radiation is a mainstay of
cancer treatment, and works by interfering with tumor growth
and metastasis by damaging the DNA of malignant cancer cells.
Radiation therapy activates proinflammatory cytokine production
as part of a coordinated response designed to control damage
and promote tissue repair (Petrini et al., 1992; Barcellos-Hoff,
1998; Stone et al., 2003; Okunieff et al., 2008). To the extent that
proinflammatory cytokines facilitate tissue recovery, increases in
cytokine concentrations during treatment should have beneficial
effects for patients undergoing radiation therapy. Indeed, acute
wound healing studies have found that higher levels of IL-1b and
IL-6 at the wound site are associated with faster wound healing
(Kiecolt-Glaser et al., 2005). However, radiation-induced elevations
in proinflammatory cytokines may also have detrimental effects.
For example, elevations in circulating levels of IL-6 predicted the
development of radiation pneumonitis in lung cancer patients
and acute proctitis in prostate cancer patients (Arpin et al., 2005;
Hartsell et al., 2007; Christiansen et al., 2007). Cytokine activation
might be particularly problematic if it persists beyond treatment
completion, suggesting more chronic inflammation.

The current study was designed to test the association between
positive affect and inflammation among breast and prostate cancer
patients undergoing radiation treatment. Primary analyses focused
on two key proinflammatory cytokines—IL-1b and IL-6—that are
known to be elevated during radiation therapy and have previously
been associated with positive affective processes (Ryff et al., 2004;
Prather et al., 2007; Steptoe et al., 2008). To investigate the impact
of positive affect on inflammation, we examined whether individ-
uals who reported higher levels of positive affect prior to treatment
onset showed a differential cytokine response to treatment. To
clarify the clinical significance of this response, we examined treat-
ment-related side effects and followed patients after treatment
completion.

2. Methods

2.1. Participants

Participants were breast and prostate cancer patients scheduled
to undergo external beam radiation treatment at UCLA. They were
recruited from the UCLA Radiation Oncology Clinic between Janu-
ary 2001 and September 2003. Eligibility criteria for participation
in this study were as follows: (1) age 25–75; (2) newly diagnosed
with localized breast cancer (stage 0–II) or prostate cancer (T1–T3,
N0 and M0); (3) external beam radiation therapy as part of the pri-
mary treatment plan; (4) completion of definitive primary surgery
(for breast cancer patients); and (5) ability to read and write Eng-
lish. Exclusion criteria included: (1) recurrent cancer; (2) prior or
planned treatment with chemotherapy; and (3) regular use of
immunosuppressive medication or tobacco.

A total of 107 patients were screened for study eligibility. Forty-
one patients were not eligible due to medical conditions (e.g., pre-
vious cancer treatment) or use of tobacco, and 15 were eligible but
refused participation due to concerns about blood draws, time de-
mands, or general lack of interest. A total of 51 patients were en-
rolled in the study and completed the baseline questionnaire.
One prostate cancer patient withdrew immediately after treatment
onset due to concerns about blood draws and was not included in
analyses. The final sample included 50 patients (n = 28 breast can-
cer patients, n = 22 prostate cancer patients). The UCLA Institu-
tional Review Board approved the study procedures and written
informed consent was obtained from all participants.

2.2. Procedures

Potential participants were screened for eligibility during con-
sultations at the UCLA Radiation Oncology Clinic. After determina-
tion of eligibility, subjects completed a baseline assessment prior
to starting treatment. Patients with localized breast and prostate
cancer typically receive daily radiation therapy, Monday through
Friday, for a 6–8 week course of treatment. Study assessments oc-
curred prior to treatment (Baseline), after 5 days of treatment
(Treatment week 1), after 10 days of treatment (Treatment week
2), after 20 days of treatment (Treatment week 4), during the final
week of treatment (Treatment week 6/8), and at two regularly
scheduled follow-up visits targeted at 2 weeks and 2 months after
treatment completion. Assessments were scheduled to coincide
with treatment appointments and thus did not occur at the same
time of day for all participants. However, appointments for individ-
ual participants typically did occur at the same time of day (e.g.,
some participants were routinely seen at 9AM, while others were
routinely seen at 10AM). The majority of appointments were con-
ducted in the morning (before noon), and all were completed by
3PM. Subjects completed self-report questionnaires and provided
blood samples for immune analysis at each assessment. As part
of the questionnaire, subjects indicated if they had experienced
an illness, infection, or injury in the past week. If so, blood samples
were not collected at that assessment to avoid confounding effects
on cytokine levels.

2.3. Measures

Demographic and health information was collected at baseline,
and presence of acute illnesses or infections was determined at
each assessment by self-report questionnaire. Cancer and treat-
ment-related information (e.g., cancer stage) was determined from
chart reviews.

2.3.1. Positive affect
Positive affect was assessed at each assessment using the CES-D

(Center for Epidemiological Studies Depression Scale), a 20-item
measure with excellent reliability and validity (Radloff, 1977). This
questionnaire assesses affect and symptoms experienced during
the past week, and responses are on a scale from 0 = ‘‘rarely or
none of the time” to 3 = ‘‘most or all of the time.” Previous factor
analyses have indicated a four-factor structure to the CES-D that
includes subscales for positive affect, negative affect, somatic,
and interpersonal symptoms (Sheehan et al., 1995; Knight et al.,
1997; Moskowitz, 2003; Bower et al., 2005). The positive affect
subscale includes four items: ‘‘I felt hopeful about the future,” ‘‘I
felt I was just as good as other people,” ‘‘I was happy,” ‘‘I enjoyed
life.”

Each patient’s positive affect score was computed solely from
their baseline (pre-treatment) time point in order to minimize any
confounds with direction of causality during radiation treatment
(i.e. whether positive affect influences inflammation or vice-versa).
Baseline positive affect was significantly correlated with positive
affect at all subsequent time points (r’s = .908–.961, all p’s < .01).
The single measures interclass correlation coefficient also indicated
high reliability of positive affect over time (ICC = .882, p < .001).



Table 1
Demographic characteristics of study participants.

Prostate cancer Breast cancer

Number of subjects 22 28
Age (range) 70.4 (54.2–79.3) 57.1 (29.2–75.4)
Body Mass Index—BMI (range) 27.0 (22.0–32.7) 23.8 (17.4–31.5)
Ethnicity

Caucasian 61.9% 71.4%
Hispanic 9.5% 3.6%
African-American 19.0% 7.1%
Asian 9.5% 10.7%
Other 0% 7.1%

Married 76.2% 57.1%
Education (college grad or higher) 57.1% 67.9%
Employment (at least part-time

work or school)
38.1% 57.1%

Income ($100,000 or higher) 35.0% 53.8%
Positive affect (range) 2.69 (1.25–3.0) 2.69 (1.5–3.0)
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These results provide justification that the baseline measure repre-
sents ‘‘trait” positive affect, rather than a ‘‘state” measure of how pa-
tients were feeling at the time.

Breast cancer patients had a mean baseline positive affect of
2.69 (range: 1.5–3.0), and prostate cancer patients had a mean
baseline positive affect of 2.69 (range: 1.25–3.0). The distribution
of positive affect was positively skewed, indicating that the major-
ity of patients experienced positive affect ‘‘most of the time.”

2.3.2. Treatment-related side effects
At each assessment, patients completed a symptom checklist to

evaluate the presence of treatment-related symptoms. We focused
here on reddening or irritation of skin in the treatment area, a com-
mon side effect of radiation exposure. Patients rated the extent to
which they had experienced this symptom on a scale from 0 = ‘‘not
at all” to 4 = ‘‘extremely.”

2.3.3. Proinflammatory cytokines
Serum samples were separated according to standard proce-

dures and stored at �70 �C for subsequent batch testing. Analyses
focused on serum concentrations of the proinflammatory cytokines
IL-1b and IL-6, which were measured using Quantikine High Sensi-
tivity Immunoassay kits (R&D Systems, Minneapolis, MN). The
measurement of cytokine levels was performed according to the
manufacturer’s instructions. Quality control procedures for our
laboratory were conducted in the manner reported by Aziz et al.
(1998, 1999). The intra-assay precision of all tests was less than
or equal to 15% for in-house quality control samples. All samples
for a given participant were run in parallel to minimize inter-assay
variability.

The proinflammatory cytokine assays had a lower limit of
.02 pg/ml for IL-1b and .025 pg/ml for IL-6. Of the 271 samples col-
lected, 34 (10.5%) fell below the lower limit of detection for IL-1b,
and no samples fell below the lower limit of detection for IL-6.
These low value samples occurred with similar frequency at each
assessment point. For these samples, a below detection level value
was inserted (defined as 50% of the lowest level of IL-1b assay sen-
sitivity, i.e. 0.01 pg/ml). IL-1b and IL-6 data were positively skewed,
and so were transformed prior to analyses, using a log (1 + x) trans-
formation, in order to normalize the distributions and retain posi-
tive values.

2.4. Statistical analyses

Descriptive analyses were conducted with SPSS version 16.0.
Multilevel models were used to evaluate the association between
positive affect and proinflammatory cytokines over the assessment
period. Multilevel models are best suited to evaluate these ques-
tions because they account for the repeated measures, and any
missing data in longitudinal analyses. Multilevel modeling was
conducted using Hierarchical Linear Modeling (HLM), version 6.06.

Preliminary analyses indicated no moderating effect of gender/
cancer type, and so breast and prostate cancer patients were com-
bined in order to maximize statistical power. In the hierarchical
linear models, the inflammatory markers (i.e. IL-1b and IL-6) were
treated as (level 1) outcome variables. Positive affect was the (level
2) predictor variable. Gender, age and BMI were also included as
(level 2) control variables, in order minimize potential confounding
effects on the inflammatory markers.

Post-hoc analyses were conducted to determine whether the
association between positive affect and inflammation differed
depending on treatment phase. The five on-treatment assessment
points were coded as ‘‘on treatment”, as was the 2-week post-
treatment assessment, which falls within the acute phase of treat-
ment response. The 2-month post-treatment assessment was
coded as ‘‘off treatment”.
Although positive affect was treated as a continuous variable for
statistical analyses, this variable was dichotomized in the figures
for visual clarity. Subjects were divided into ‘‘high” (n = 32) and
‘‘low” (n = 18) positive affect groups using an approximate median
split in the positive affect scale. High positive affect individuals en-
dorsed all four positive affect items ‘‘most or all of the time” (the
highest possible response), while low positive affect subjects en-
dorsed these items rarely, some of the time, or occasionally.

3. Results

3.1. Demographic and control variables

Demographic characteristics of study participants are reported
in Table 1. Patients in this sample tended to be Caucasian, well-
educated, and married, reflecting the characteristics of patients
treated at UCLA.

Positive affect was not correlated with gender, BMI, or with
baseline levels of IL-1b or IL-6. The association between positive af-
fect and age approached significance (r = .258, p = .07). Baseline
cytokine levels did not correlate with cancer stage or time since
surgery completion.

3.2. Analyses of proinflammatory cytokines

Higher levels of positive affect at baseline were associated with
higher levels of IL-1b (b = .059, p = .033) and IL-6 (b = .072, p = .042)
across the assessment period. As illustrated in Figs. 1 and 2, pa-
tients with higher positive affect exhibited higher levels of IL-1b
and IL-6 than lower positive affect patients during the acute treat-
ment phase, though this difference was minimized by 2 months
post-treatment. We conducted additional analyses to confirm that
that association between positive affect and proinflammatory
cytokines was restricted to the acute phase of radiation treatment.
Indeed, patients who were higher in positive affect had signifi-
cantly higher levels of IL-1b (b = .070, p = .031) and IL-6 (b = .096,
p = .015) than patients who were lower in positive affect during
the acute treatment phase, but not at 2 months post-treatment.
This suggests that positive affect is associated with a greater acute
increase in circulating cytokines during radiation treatment, which
normalizes by post-treatment.

To clarify the clinical significance of cytokine elevations, addi-
tional analyses were conducted to determine whether increases
in IL-6 and IL-1b were associated with skin toxicity, a common side
effect of radiation therapy. Results showed no association between
cytokine levels and self-reported skin reddening or irritation in the
treatment area (ps > .33). Analyses were also conducted to test
whether cytokine levels returned to baseline after treatment com-



Fig. 1. Mean levels of IL-1b across radiation treatment. Patients higher in positive
affect exhibited significantly higher serum levels of IL-1b than patients lower in
positive affect.
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pletion. We found no significant difference between baseline and
2-month post-treatment levels of IL-1b or IL-6 (ps > .45; see Table
2 for median cytokine levels at each assessment point).

4. Discussion

This study is the first to identify a relationship between positive
affect and treatment-related changes in proinflammatory cyto-
kines among early-stage breast or prostate cancer patients under-
Fig. 2. Mean levels of IL-6 across radiation treatment. Patients higher in positive
affect exhibited significantly higher serum levels of IL-6 than patients lower in
positive affect.
going radiation therapy. In particular, we found that positive affect
was associated with higher circulating levels of IL-1b and IL-6 dur-
ing radiation treatment in breast and prostate cancer patients.

This finding may seem counterintuitive, since previous studies
conducted with healthy individuals have shown either no relation-
ship or an inverse relationship between positive affect and markers
of inflammation (Ryff et al., 2004; Prather et al., 2007; Steptoe
et al., 2008). In these populations, inflammation is generally con-
sidered to have negative consequences for future health, given its
association with cardiovascular disease (Cesari et al., 2003), type-
2 diabetes (Pradhan et al., 2001), and all-cause mortality (Harris
et al., 1999). However, among cancer patients undergoing radiation
therapy, the health implications of cytokine elevations are unclear.
Radiation activates proinflammatory cytokine production as part of
a coordinated response designed to control damage and promote
tissue repair. Thus, increases in cytokine levels during treatment
may have beneficial effects on tissue recovery, similar to effects
seen in acute wound healing studies (Kiecolt-Glaser et al., 2005).

Ultimately, we hypothesize that radiation-induced elevations in
proinflammatory cytokines may be a double-edged sword, with ef-
fects depending on the timing and level of their expression (Wyss-
Coray and Mucke, 2002; Hagemann et al., 2007). Inflammatory re-
sponses may be adaptive if they are circumscribed and time-lim-
ited, but may have detrimental effects if they are too large, occur
too frequently, or remain elevated over time. In one study with
lung cancer patients, development of radiation toxicity was pre-
dicted by mean baseline IL-6 levels of 15.7 pg/ml (vs. 7.6 pg/ml
in patients who did not) (Arpin et al., 2005). Baseline IL-6 levels
in our sample (mean = 4.03 pg/ml, median = 2.66 pg/ml) fell well
below this range, and subsequent elevations in IL-6 levels returned
to baseline levels after completion of treatment. Further, increases
in IL-1b and IL-6 were not associated with skin toxicity, a common
side effect of radiation exposure in breast and prostate cancer pa-
tients. These results suggest that the circumscribed elevations in
proinflammatory cytokines associated with positive affect in this
study are unlikely to have detrimental effects on health, and may
instead facilitate the tissue healing process.

Our study was not designed to identify the mechanisms
through which positive affect is associated with inflammation,
and thus pathways remain speculative. It was notable that the
majority of our participants reported feeling happy, hopeful, and
enjoying life ‘‘most or all of the time” at treatment onset, suggest-
ing that high levels of positive affect were the norm in this sample.
Similar high levels of positive affect on the CES-D have been ob-
served in other, larger samples (Moskowitz et al., 2008). If high po-
sitive affect is indeed normative, another interpretation of our
results is that positive affect does not necessarily enhance the
inflammatory response to radiation treatment, but rather that a
deficiency in positive affect may dampen an otherwise healthy re-
sponse. This hypothesis is in line with research that suggests that
positive affect is associated with enhanced allostasis—buffering
against the negative effects of stress and promoting restorative
physiological systems (Bower et al., 2008). In the context of radia-
tion therapy, positive affect may buffer against cancer and treat-
ment-related stressors that dysregulate normal inflammatory
response.

The primary limitation of this study was the small sample size.
Given variability in cytokine levels during treatment, future studies
may need larger sample sizes to increase the reliability of findings.
In addition, although our assessment schedule was relatively
intensive, more frequent sampling of cytokine levels may be re-
quired to fully capture the dynamic changes in cytokine production
that occur during radiation therapy and to more accurately charac-
terize the timing and duration of cytokine elevations. We also did
not precisely control for time of blood draws, although the major-
ity of samples were collected in the morning. Furthermore, a longer



Table 2
Serum cytokine levels over the assessment period.

Baseline Treatment
week 1

Treatment
week 2

Treatment
week 4

Treatment
week 6/8

+2 weeks
post-treatment

+2 months
post-treatment

IL-1b (pg/ml) median 0.15 0.17 0.23 0.20 0.26 0.18 0.21
IL-6 (pg/ml) median 2.66 2.94 3.65 5.10 3.68 3.53 2.70
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post-treatment follow-up would provide critical information about
the association between positive affect and persistent inflamma-
tion. Finally, because we did not utilize an experimental design,
we cannot draw conclusions about direction of causality. However,
since positive affect was assessed before the onset of radiation
therapy, it is unlikely that radiation-induced cytokine elevations
drove positive affect, rather than vice versa.

Our results, though preliminary, suggest that positive affect is
associated with changes in the inflammatory response to radiation
treatment. These findings may have relevance for tissue repair pro-
cesses. The importance of positive affect for inflammation, both in
acute and chronic settings, merits focused attention in future
research.
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