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Abstract

Research connects stressful events with altered immune regulation, but the role of subjective stress is uncertain. Using a longitudinal
design, we provide a statistically powerful test of the relationship between subjective stress (perceived stress, emotional distress) and
immunity (T cell blastogenesis, natural killer cell cytotoxicity, [NKCC]) as individuals adjust to a severe stressor, a cancer diagnosis
and its treatments. Women with regional breast cancer (N = 113) were assessed at diagnosis/surgery and reassessed 4, 8, 12, and 18
months later. Latent growth curve analysis tested two hypotheses: (1) initial levels of subjective stress will correlate inversely with initial
levels of immunity, and (2) rate of change in subjective stress will correlate inversely with rate of change in immunity. As predicted by
Hypothesis 1, participants with high initial subjective stress showed poor initial blastogenesis. As predicted by Hypothesis 2, participants
exhibiting an early, rapid decline in subjective stress also showed rapid improvement in NKCC. Follow-up analyses revealed perceived
stress to be strongly related to immune function, while emotional distress was not. This is the first study to investigate trajectories in stress
and immunity during recovery from a major stressor. Results imply that NK and T cells are sensitive to different aspects of the stress
response. While T cell blastogenesis correlated with initial (peak) subjective stress, NKCC correlated with change (improvement) in sub-
jective stress. These data highlight the importance of subjective stress, particularly stress appraisals, in the immune response to a major
stressor.
� 2006 Published by Elsevier Inc.
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1. Introduction

More than two decades of research have established an
association between psychological stressors and changes in
immune function (Herbert and Cohen, 1993; Segerstrom
and Miller, 2004). This research body has overwhelmingly
0889-1591/$ - see front matter � 2006 Published by Elsevier Inc.

doi:10.1016/j.bbi.2006.06.007

q This research was conducted in the Departments of Psychology and
Surgery, and the Comprehensive Cancer Center of the Ohio State
University; and Primetrics, Inc., Columbus, OH. This manuscript was
based on a dissertation by the first author (LMT).

* Corresponding author. Fax: +1 614 688 8261.
E-mail address: thornton.84@osu.edu (L.M. Thornton).
defined stress as the presence of a stressful event or circum-
stance, but a shift is now occurring. Rather than treating
stressors as monotonic, there is a greater emphasis on
studying individual variability in the stress response (see,
for example, the 2003 special issue in Brain, Behavior
and Immunity; e.g., Segerstrom, 2003). Investigating indi-
vidual variability has far-reaching implications, from eluci-
dating the mechanisms by which psychological factors
could affect immune function to understanding why stress
reducing interventions may (or may not) affect immunity.
The present study examines individual variability in subjec-
tive stress and immunity during adjustment to a severe
stressor: a cancer diagnosis and treatment.
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Stressors are thought to produce immune change via
cognitive appraisals of stress and increased emotional dis-
tress. Specifically, when an event is appraised as stressful,
this appraisal elicits emotional distress, and these cognitive
and emotional changes initiate a series of central nervous
system and endocrine events which ultimately impact the
immune system (see Kiecolt-Glaser et al., 2002). One impli-
cation of this theory is that the strength of the psycholog-
ical response (perceived stress, distress) should correlate
with the physiological response (e.g., immune function),
yet the data supporting this relationship are weak. To
investigate this issue in a naturalistic setting, a sample of
individuals responding to a similar stressor is needed, and
the reports must include correlations between subjective
stress and immune function. In a recent meta-analysis, nine
studies provided relevant data (Segerstrom and Miller,
2004), but the overlap in immune measures permitted the
meta-analysis of only three immune parameters: numbers
of circulating T-helper cells and T-cytotoxic cells and nat-
ural killer (NK) cell cytotoxicity. Only natural killer cell
cytotoxicity (NKCC) showed a consistent correlation with
subjective stress (r = �.15, p = .02). Authors of the meta-
analysis cite a small number of studies and methodological
issues as a potential explanation for the null results.

Meta-analytic results lead to the puzzling conclusion
that stressful events are consistently related to immune
function (Herbert and Cohen, 1993; Segerstrom and Mill-
er, 2004), while the hypothetical causal factor, perceived
stress, is not (see Thornton and Andersen, 2006) for a dis-
cussion. Two features of research in subjective stress might
explain this discrepancy. First, studies designed to examine
stressful events enjoy greater statistical power than studies
of subjective stress by virtue of their study designs. Studies
of stressful events maximize the potential for finding effects
by specifically comparing participants in a ‘‘stress’’ condi-
tion (when subjective stress is presumably high) to those
in a ‘‘no stress’’ condition (when subjective stress is pre-
sumably low). In contrast, studies examining subjective
stress typically sample participants from the general
population (e.g., a survey of working adults, similar to
the ‘‘non-stress’’ condition; Theorell et al., 1990) or partic-
ipants who are experiencing a common stressor (e.g., hur-
ricane victims, similar to the ‘‘stress’’ condition; Ironson
et al., 1997). Within these naturally occurring groups, there
is less inter-individual variability in subjective stress than is
seen in designs contrasting ‘‘stress’’ and ‘‘non-stress’’ con-
ditions. Consequently, statistical power is reduced. Second,
the relationship between subjective stress and immunity
may be complex. Self-reports of subjective stress could be
influenced not only by changes in response to the stressor,
but also by persistent individual differences in the ways
people interpret and report stress (see Segerstrom, 2003).
Individual differences could obscure relationships between
subjective stress and immunity in cross-sectional analysis.

A longitudinal study offers the possibility of controlling
for design limitations. Because each subject serves as his
or her own control, differences between subjects can be
differentiated from change within subjects over time. Fur-
ther, when longitudinal studies follow participants through
high and low stress periods, the range of subjective stress
observed is increased, enhancing statistical power. Only
three studies have offered such an analysis. The first
examined perceived stress. Maes and colleagues measured
students’ perceived stress and immune function at two
time-points, mid-semester and during an examination peri-
od (Maes et al., 1999). The difference in perceived stress
across the two time-points correlated with the difference
in immune cell counts and in the T-helper/suppressor ratio.
Students whose perceived stress increased the most also
showed the greatest change in immunity. The second and
third studies examined mood over time. Stone and col-
leagues asked students to rate their mood on 25 occasions
over 81

2
weeks. They discovered that students had lower

antibody titers to a harmless protein on days when their
negative mood was high relative to days with low negative
mood (Stone et al., 1987). Shimamiya and colleagues asked
subjects to provide daily mood ratings during a 10-day
confinement period. Participants who showed the greatest
mood change showed greater immune change across all
measures (percentages of granulocytes, natural killer cells,
and CD69 positive cells; Shimamiya et al., 2005). Data
from these three studies suggest that within-subject change
in subjective stress is an important determinant of immune
function. Longitudinal studies offer the possibility of study-
ing both within and between subject differences, yielding
greater power and flexibility.

1.1. Stress and immunity in the context of cancer

It is extensively reported that individuals experience
stress upon learning of a cancer diagnosis (e.g., Compas
and Luecken, 2002). It is also known that patients vary
in their initial psychological response and recovery. While
most patients report declines from their initial high distress
(Edgar et al., 1992), some continue to report distress years
later (Ganz et al., 1996). One four-year longitudinal study
of quality of life after breast cancer diagnosis found that,
while most patients’ mental functioning either remained
steady (43%) or improved (45%), a substantial minority
reported declines in quality of life related to mental func-
tioning (Helgeson et al., 2004). Thus, data suggest consid-
erable individual variation in psychological adjustment
following a cancer diagnosis.

The present study examines subjective stress and
immune trajectories in the first 18 months following a can-
cer diagnosis. Recruited an average of 37 days after surgi-
cal treatment, a primary stressor for these individuals is the
diagnosis and early treatment of breast cancer. We have
previously reported that those with the highest stress at
diagnosis/surgery have the poorest immune function
(Andersen et al., 1998) and show reductions in emotional
distress from a psychological intervention (Andersen
et al., 2004). Here we extend those findings with longitudi-
nal observations. We examine the interim steps between the
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stressor and immune change: stress appraisals and emo-
tional distress. Although we have differentiated these two
constructs in other contexts (Andersen et al., 2004), in this
naturalistic study, we expect that stress and distress (a)
both arise from a stressful experience, (b) arise in the same
individuals (i.e., they correlate), and (c) should hypotheti-
cally show similar relationships with immune function.
Thus, we examine stress and distress in parallel, as indica-
tors of the subjective response to stress.

Design features of this study offer advantages over prior
investigations of subjective stress and immunity. The longi-
tudinal design allows the examination of within-subject
change in stress and its relationship with change in immune
function. In addition, participants are recruited into the
study during a period of very high stress (after diagnosis
and surgical treatment) and they are followed as stress
declines over an 18-month follow-up period.

We use an analysis suited to the examination of within
and between-subject differences over time. Latent growth
curve analysis (Meredith and Tisak, 1990) treats change
over time as an underlying latent process that is reflected
in repeated measures data. In the present study, data are
summarized in terms of three latent variables: intercept,
linear slope, and quadratic change. Fig. 1 illustrates these
concepts and our hypotheses. The upper panel of Fig. 1
illustrates the subjective stress trajectories of four hypo-
thetical individuals. First, consider the starting points
(intercepts) for each of the four individuals. Persons A
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Fig. 1. Potential patterns of change in the subjective experience of stress
and immune function following a severe stressor. These hypothetical
individuals illustrate individual differences in rate of change (i.e., linear
slope; see Person A vs. B), level (i.e., intercept; see Person B vs. C), and
shape of trajectory (i.e., quadratic change; see Person C vs. D). Panel 2
shows the hypothesized immunity for these patterns in stress.
and B enter the study with high subjective stress, Person
C enters the study with moderate stress, and D reports
low subjective stress. The lower panel illustrates the immu-
nological trajectories of the same individuals over time. We
hypothesize that greater subjective stress at study entry will
correspond to poorer concurrent immune function (a
between-subjects effect). Thus, the figure denotes Persons
A and B with the poorest initial immunity, C is slightly
higher, and D is depicted with the highest initial immunity.
In latent growth curve analysis, Intercept latent variables
utilize data from all assessment points to estimate initial
levels of stress and immunity. This allows us to test the con-
current relationship between stress and immunity with
greater statistical power than cross sectional studies. We
expect that the Intercepts of stress will correlate inversely
with the Intercepts of immunity (Hypothesis 1). Second,
consider the different patterns of change over time. Person
A shows no improvement over time, B and C show linear
decreases in stress over time, and D shows curvilinear
change over time (i.e., denoting the involvement of a qua-
dratic change variable). We hypothesize that rate of change
in subjective stress will correspond to rate of change in
immunity. Thus, the figure illustrates patterns of change
in immunity that mirror those of subjective stress. In the
latent curve models, we expect Slope of subjective
stress to correlate inversely with Slope of immunity
(Hypothesis 2).
2. Method

2.1. Participants and procedures

Participants (N = 113) were regional breast cancer patients in the con-
trol arm of a randomized clinical trial testing a psychological intervention.
Detailed eligibility and accrual information have been published (Ander-
sen et al., 2004). As reported previously, participants did not differ from
eligible non-participants on sociodemographics, disease and prognostic
characteristics, or recommended treatment (Andersen et al., 2004). The
sociodemographic and disease data were similar to State and National
databases (Ohio Department of Health, 2002; SEER, 2000). Patients were
randomized between Intervention with Assessment (n = 114) versus
Assessment-only (n = 113) arms, and there were no differences between
participants in the two arms (Andersen et al., 2004). As the intent here
is to investigate the naturalistic relationship of stress and immunity follow-
ing a cancer diagnosis, data from the Assessment-only participants are
used. Data from the Intervention group are not discussed further.

Women diagnosed with regional breast cancer, surgically treated with-
in the past three months (M = 37 days, SD = 16), and awaiting adjuvant
therapy were recruited. Participants were 30 to 75 years old (M = 51.2;
SD = 10.8), had 6 to 22 years of education (M = 14.3, SD = 2.6), and
reported an annual family income of 5 to 400 thousand dollars (medi-
an = $50K). The majority were employed (69%), had a spouse or partner
(71%), and were Caucasian (90%; African American = 9%; Hispan-
ic = 1%). Participants were diagnosed with either Stage II (92%) or Stage
III (8%) disease. All received either segmental (55%) or modified radiacal
mastectomy (45%), and most received adjuvant treatments (chemothera-
py, 85%; radiation, 52%; hormonal therapy, 80%).

Assessments consisted of an in-person structured interview, question-
naire completion, chart review, and a 60mL blood draw. Follow-up
assessments were conducted at 4, 8, 12, and 18 months. Participants
were followed in the present study only as long as they remained
disease-free.



188 L.M. Thornton et al. / Brain, Behavior, and Immunity 21 (2007) 185–194
2.2. Measures

2.2.1. Subjective stress

Subjective Stress was operationalized as the composite of two scales,
weighted equally. (a) The Perceived Stress Scale-10 Item Version (PSS-
10; Cohen et al., 1983; Golden-Kreutz et al., 2004) measures an individu-
al’s appraisal of the demands of her environment relative to her perceived
resources to meet those demands. Participants rate the degree to which
they perceive their lives to be unpredictable, uncontrollable, and over-
whelming. Total scores range from 0 to 40, with higher scores indicating
greater stress. Coefficient alpha reliability was .87 in this sample; four-
month test-retest reliability was .73. (b) The Profile of Mood States
(POMS; McNair et al., 1971) is a 65-item self-report inventory of mood
over the past week. A Total Mood Disturbance score summarizes psycho-
logical distress, including anxiety, depression, anger, vigor, fatigue, and
confusion. Scores range from �32 to 200 with higher scores representing
greater distress. Coefficient alpha reliability for the Total Mood Disturbance
scale in this sample was .95; four-month test-retest reliability was .78.
Cross-sectional correlations between the PSS and POMS scores ranged from
.74 to .85. Equal weight of the PSS and the POMS total mood disturbance
score was achieved by transforming the two scales into z-scores and
computing their mean to form the Subjective Stress composite.

2.2.2. Immune function

2.2.2.1. Quantification of immune cells. Natural killer and T cells were
quantified to determine their relative proportions in the functional assays.
Peripheral blood leukocytes (PBLs) were labeled with florescent-conjugat-
ed monoclonal antibodies (MAbs) specific for the following cell surface
markers: total T cells (CD3, fluorescein isothiocyanate), T4 subset
(CD4, rhodamine), T8 subset (CD8, fluorescein isothiocyanate), and
NK cells (CD56, rhodamine). MAbs were purchased from Coulter Corp.
An aliquot of PBLs was treated with erythrocyte lysis buffer, resuspended
in Dulbecco’s PBS, and centrifuged for 5 minutes at 585g. Cells (0.5 · 106)
were incubated with the appropriate MAb for 15 min in the dark on ice.
After the incubation, the cells were washed, and the labeled blood cells
were fixed with Dulbecco’s PBS containing 2% formaldehyde. Dual-la-
beled immunoglobulin was used to determine nonspecific immunofluores-
cence binding. Samples were analyzed with a FACS Calibur Flow
Cytometer (Becton, Dickinson, and Company, Franklin Lakes, NJ).
2.2.2.2. Natural killer cell cytotoxicity. We tested NK cell activity against
K562 using a standard chromium release assay, as described previously
(Andersen et al., 1998; Andersen et al., 2004). PBLs were seeded in tripli-
cate together with 51Cr-labeled target cells into 96-well V-bottom microti-
ter plates in a volume sufficient to provide effector to target (E:T) cell
ratios of 100:1, 50:1, 25:1, 12.5:1, 6.25:1, and 3.125:1. After five hours in
5% CO2 at 37 �C, 100 ll of supernatant was harvested and counted using
a CobraII Auto-Gamma counter (Packard, Downers Grove, IL). Mini-
mum and maximum 51Cr release were determined utilizing target cells that
had been incubated in complete medium or 5% SDS detergent solution,
respectively. Cytotoxicity was calculated using the following equation:
[Experimental 51Cr release �Minimum release/Maximum release �Mini-
mum release] · 100%. To summarize data across E:T ratios, we calculated
lytic units per 107 cells according to the method of Bryant and colleagues
(Bryant et al., 1992). One lytic unit was defined as the number of effector
cells killing 20% of the target cells. Data were log-transformed prior to sta-
tistical analysis, as recommended (Bryant et al., 1992).
2.2.2.3. Blastogenic response to phytohemagluttinin (PHA) and concanav-

alin A (Con A). PBLs, resuspended in supplemented RPMI without phe-
nol red, were seeded in triplicate at 0.5 · 105 per well and incubated for
68 h at 37 �C, with 5% CO2, in sterile 96-well flat-bottomed plates. Wells
were pulsed for the final 4 h with MTS, i.e., 3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt
(Promega Corp., Madison, WI) and PMS (phenazine methosulfate), an
electron-coupling reagent, to measure proliferative response. The MTS
assay is a nonradioactive calorimetric procedure that labels metabolically
active cells via reduction of a colored substrate. The amount of prolifera-
tion was determined via optical density readings of the suspension in the
well compared to cells and media alone, using a VERSAmax microplate
reader (Molecular Devices, Sunnyvale, CA) at a determination wavelength
of 492 nm and a reference wavelength of 690 nm. The serial dilutions for
PHA and Con A were 2.5, 5.0, and 10.0 lg/mL. To summarize data across
assays, a Blastogenesis composite score was computed by transforming
each of the six variables into z-scores and computing their mean. The coef-
ficient alpha reliability of the Blastogenesis composite was .94.

2.2.3. Demographic, prognostic, and treatment variables

Demographic variables included age, race (Caucasian vs. minority),
presence of spouse/partner (no vs. yes), and annual household income.
Stage of disease (II vs. III), hormone receptor status (positive vs. negative),
tumor size (cm), number of positive lymph nodes, extent of surgery (lump-
ectomy vs. mastectomy), and type of adjuvant treatment received (chemo-
therapy, radiation, and hormone therapy; no vs. yes) were included as
relevant disease/treatment variables.

2.3. Analytic strategy

Preliminary analyses provide summary statistics for each variable.
Examination of histograms and skewness statistics identified non-normal
data.

Latent growth curve analysis (Meredith and Tisak, 1990) tested the
longitudinal relationship between stress and immune function. AMOS
(Arbuckle, 2003) was used to estimate the models. This software employs
the full information maximum likelihood (FIML; Arbuckle, 1996) proce-
dure, which utilizes all available data and produces consistent, efficient
estimates (Arbuckle, 1997), unlike other methods (e.g., listwise deletion,
pairwise deletion, and mean imputation). FIML also requires less strin-
gent assumptions about the patterns of missing data (i.e. data need not
be Missing Completely At Random; Arbuckle, 1997; Little and Rubin,
2002). Models were evaluated based on the Root Mean Square Error of
Approximation (RMSEA; Browne and Cudeck, 1992) and its confidence
interval (CI), the Tucker–Lewis Index (TLI; Tucker and Lewis, 1973),
and the Comparative Fit Index (CFI; Hu and Bentler, 1995).

The latent growth curve analyses were conducted in three steps, as rec-
ommended (MacCallum et al., 1997). Step 1 produced a model for each
variable of interest (i.e., Subjective Stress, NKCC, and Blastogenesis).
The observed variables are indicators of latent factors (intercept, slope,
and quadratic change) that define the underlying pattern of change. Inter-

cept captures the initial level of the observed variable. This is accomplished
by fixing all path weights from Intercept to the observed variables at one.
Linear Slope captures rate of change in the observed variable. Again, all
path weights from Slope to observed variables are fixed, but here the time
elapsed from the start of the study (i.e., 0, 4, 8, 12, and 18) determines the
weights. If the pattern of change across time is not linear, an additional
Quadratic variable can be added, with path weights set at the square of
time elapsed (i.e., 0, 16, 64, 144, and 324). For every model, Intercept

and Slope variables were included. For each, we tested whether adding a
Quadratic variable improved model fit using a chi-square difference test
of nested models.

After successfully producing a latent curve model for each measure,
the mean values of the Intercept, Slope, and Quadratic latent variables
(i.e., fixed effects) describe the average trajectory of change across all par-
ticipants in the study. Variability in Intercept, Slope, and Quadratic factors
(i.e., random effects) indicate individual variability in trajectories of
change.

Step 2 of the analysis paired the Subjective Stress model with each of
the immunity models (Blastogenesis and NKCC) and tested for significant
relationships between them. Covariances among the Intercept, Slope, and
Quadratic factors test our hypotheses, as described above.

Step 3 introduced control variables. Sociodemographic, prognostic,
and treatment factors that correlated with the immune measures at
p < .10 were entered into the models. These control variables were entered
individually, with a directional path emitted to each of the Intercept,

Slope, and Quadratic factors. Paths that approached significance



Table 1
Descriptive data for stress and immune measures

Initial (n = 113) 4-months (n = 91) 8-months (n = 91) 12-months (n = 86) 18-months (n = 81)

M SD M SD M SD M SD M SD

PSS 18.1 6.9 15.4 7.0 14.5 6.6 14.6 6.5 14.8 6.9
POMS 31.2 32.1 23.3 30.9 19.9 32.7 19.0 30.7 15.8 30.1
NKCC 34.9 15.6 37.6 18.7 40.7 16.2 42.8 15.9 48.7 17.9
Con A 0.18 0.12 0.16 0.12 0.18 0.10 0.14 0.11 0.21 0.16
PHA 0.28 0.15 0.22 0.14 0.25 0.14 0.20 0.13 0.30 0.19

Note: PSS, Perceived Stress Scale; POMS, Profile of Mood States; NKCC, natural killer cell cytotoxicity (lytic units); Con A, concanavalin A (optical
density at 5 lg/mL); and PHA, phytohemaggluttinin (optical density at 5 lg/mL).
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(p < .10) were retained for a final model. We also considered T and NK
cell percentages as additional controls. Correlations between the cell per-
centages and functional measures at each time point were examined, and
those that consistently correlated with functional measures were included
as controls. When cell percentages were included in the model, they emit-
ted a directional path to the concurrent cell function variable (rather than
the latent variables). For example, the percentage of NK cells in the assay
at 4 months would be entered with a directional path emitted to NKCC at
4 months.

3. Results

3.1. Data availability

Table 1 describes the sample sizes for each of the five
assessment points. During the follow-up period, eight
women (7%) experienced a cancer recurrence and/or died.
Twelve women (11%) discontinued participation. Addi-
tional loss of data was due to patient non-compliance with
a single assessment. Importantly, there were no differences
on any measures used here (i.e., sociodemographic, prog-
nostic, treatment, stress, or immunity; all ps P .078)
between participants who remained in the study at 18
months (n = 93) and those who were no longer in the study
(n = 20).

3.2. Latent curve analysis

3.2.1. Preliminary analyses

Means and standard deviations for all stress and
immune measures are provided in Table 1.1 Group means
of the PSS and POMS confirm that participants were expe-
riencing substantial stress when enrolled in the study. The
initial assessment means of PSS (M = 18.1) and POMS
(M = 31.2) were higher than samples of US adults (PSS
mean = 13.0, SD = 6.4; Cohen and Williamson, 1988)
and relatives of breast cancer patients (POMS
mean = 14.7, SD = 36.5; Cassileth et al., 1985), respective-
ly. As predicted, during the follow-up period, group means
declined significantly [repeated measures analysis of vari-
1 We provide mean immune values for the sample as a whole. Some
readers may be interested in patterns of immune measures among
participant subgroups (e.g., based on surgery type or adjuvant therapy
regimen). These can be provided upon request.
ance for PSS: F (4,272) = 7.00, p < .001; POMS:
F (4,268) = 5.52, p < .001].

We next examined group means of the primary variables
to observe patterns of change over time. The group means
for Subjective Stress implied a curvilinear pattern of
change, as change was greatest soon after diagnosis and
appeared to stabilize after the 8-month assessment. In con-
trast, NKCC group means implied a linear improvement
over time, and mean values for Blastogenesis showed an
inconsistent pattern with a slight tendency to increase over
time. Histograms and skewness statistics indicated approx-
imately normal distributions for Subjective Stress, Blasto-
genesis, and NKCC.

3.2.2. Step 1: Developing univariate models

We successfully fit models to patient trajectories across
all variables. These models are summarized in Table 2.
Consistent with the group means, the final model for Sub-
jective Stress was curvilinear (i.e., a Quadratic latent vari-
able was employed), and this model showed good fit to
the data [v2(7) = 3.54, p = .83; RMSEA = .00 90%
CI = .00, .07; TLI = 1.02; CFI = 1.00]. Also consistent
with the group means, the final model for NKCC was lin-
ear (i.e., Slope and Intercept variables only), and the model
fit the data well [v2(11) = 7.21, p = .78; RMSEA = .00,
90% CI = .00, .07; TLI = 1.08; CFI = 1.00].

The model for T cell blastogenesis required additional
efforts. While a quadratic model showed better fit than lin-
ear, the overall fit was poor (RMSEA = .11). We hypothe-
sized that underlying trajectories in T cell blastogenesis
might be obscured by the effects of cancer treatments. We
tested whether statistically removing the effects of treat-
ment might allow us to model the underlying trajectories.2

We examined correlations between T cell blastogenesis and
treatment factors (i.e., surgery, radiation, or chemothera-
py). Based on these data, we included extent of surgery
(segmental mastectomy = 0; modified radical mastecto-
my = 1) as a control on the initial time-point (the initial
2 Although treatment may also affect NKCC, the aim of this stage of the
analysis was to produce a model of patient trajectories, and treatment was
included here only to that end. For the remaining models, treatment and
all other controls were introduced in Step 3 of the analyses.



Table 2
Summary of parameter estimates for latent curve models created in Step 1

Mean Variance

Subjective Stress

Intercept 0.194* 0.553***

Linear slope �0.062*** 0.005*

Quadratic 2.4 · 10�3*** 1.3 · 10�5

NKCC

Intercept 5.259*** 0.363***

Linear slope 0.043*** 0.002*

Blastogenesis

Intercept 0.564** 0.324*

Linear slope �0.150*** 0.022**

Quadratic 6.7 · 10�3*** 5.1 · 10�5*

Note: NKCC, natural killer cell cytotoxicity (lytic units).
* p < .05.

** p < .01.
*** p < .001.
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assessment occurred soon after surgery) and receipt of che-
motherapy (no = 0; yes = 1) as a control on the 4-month
time-point (most participants were receiving chemotherapy
at the time of the 4-month assessment). This modification
improved model fit considerably [v2(14) = 11.70, p = .63;
RMSEA = .00, 90% CI = .00, .08; TLI = 1.25;
CFI = 1.00], and we were able to model the underlying
patient trajectories in T cell blastogenesis after partialling
out the effects of surgery and chemotherapy.

3.2.3. Step 2: Combining models into joint trajectory models

To test the hypotheses, we paired the Subjective Stress
model with each immune model (i.e., NKCC, Blastogene-
sis), and tested for statistically significant covariances
among the Intercept, Slope, and Quadratic factors. Table
3 summarizes the correlations between the Subjective Stress
and immunity models.

First, we tested the relationship between Subjective
Stress and Blastogenesis. This model showed good fit to
the data [v2(51) = 35.67, p = .95; RMSEA = .00, 90%
CI = .00, .01; TLI = 1.07; CFI = 1.00]. A significant nega-
tive relationship was observed between Subjective Stress

Intercept and Blastogenesis Intercept (see Table 3), as pre-
dicted by Hypothesis 1. Follow-up analyses showed that
this effect was primarily driven by the PSS (p = .02). The
Table 3
Summary of correlations between the subjective stress and immunity
latent variables in Step 2

Blastogenesis NKCC

Intercept Slope Quadratic Intercept Slope

Subjective Stress

Intercept �.17* — — .07 —
Slope — .01 .02 — �.68*

Quadratic — �.03 �.04 — .64*

Note: NKCC, natural killer cell cytotoxicity (lytic units). Dash indicates
the correlation was not estimated.

* p < .05.
relationship between POMS Intercept and Blastogenesis

Intercept was also negative, but non-significant (p = .14).
Second, we tested the relationship between Subjective

Stress and NK cell cytotoxicity. This model showed good
fit to the data [v2(40) = 44.82, p = .28; RMSEA = .03,
90% CI = .00, .08; TLI = 0.98; CFI = 0.99]. Unlike the
blastogenesis data, no relationship between intercepts was
found. Instead, we observed significant correlations
between change in Subjective Stress and change in NKCC.
NKCC Slope showed a negative correlation with Stress

Linear Slope and a positive correlation with Stress Qua-

dratic Change (see Table 3). The inverse relationship
between the slopes supports Hypothesis 2, however the
inclusion of the Quadratic variable complicates the picture.
To illustrate the relationship, Fig. 2 contrasts the average
trajectory of Subjective Stress with the trajectory of Subjec-
tive Stress when Slope is set to one standard deviation
above the mean. (Note that, because Slope and Quadratic

are related, as Slope increases, Quadratic decreases, leading
to a ‘flatter’ line.) The predicted trajectory of NKCC differs
for these two patterns. When Subjective Stress declines rap-
idly, then stabilizes, NKCC is predicted to show a rapid
increase. In contrast, if Subjective Stress declines slowly,
5
0 6 12 18

Time (Months)

N

Fig. 2. Graphical representation of the relationship between subjective
stress and natural killer cell cytotoxicity (NKCC), as revealed by the latent
growth curve model. Pattern 1 reflects the group mean trajectory for
subjective stress. Corresponding NKCC is also at the group mean. Results
suggest that a slower rate of decline in stress is accompanied by a slower
rate of increase in NKCC. Therefore, Pattern 2 reflects a trajectory in
which rate of change in stress (Subjective Stress Slope) is one standard
deviation above the mean. Change in the curvature of the line accompa-
nies this change in rate of change, because Subjective Stress Slope

correlates with Subjective Stress Quadratic. For Pattern 2, rate of change
in NKCC is predicted to be lower.
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NKCC is predicted to show little improvement. Follow-up
analyses once again showed that the observed relationship
was primarily driven by PSS (p = .002), while POMS was
non-significant (p = .37).

3.2.4. Step 3: The introduction of controls
The final step tested if the observed relationships were

robust to demographic, prognostic, or treatment factors
and whether they were influenced by the proportions of
NK and T cells present. We first examined correlations
between potential controls and immune outcomes. Correla-
tions between the demographic/disease factors and
immune variables were modest, below .3. Correlations
between NKCC and NK cell percentages were consistently
positive, ranging from .08 to .36, and the estimated popula-
tion correlation (q) was .17 (p < .01). Correlations between
blastogenesis and the percent of CD4+ T-helper cells were
also consistently positive (range = 0–.27, estimated q =
.14, p < .05), while correlations with total T cells (CD3+;
range = �.29 to .29, estimated q = .05, p > .05) and CD8+

T-cytotoxic/suppressor cells (range = �.28 to .14, estimated
q = �.09, p > .05) were inconsistent.

For the model of NKCC, we controlled NK cell percent-
age, race, family income, hormone receptor status (ER/
PR), and receipt of hormonal therapy. For Blastogenesis,
we controlled T-helper cell percentage and age. Note that
extent of surgery and receipt of chemotherapy were already
represented in the model of Blastogenesis. Both controlled
models showed adequate fit to the data [NKCC with Sub-
jective Stress: v2(130) = 166.1, p < .05; RMSEA = .05, 90%
CI = .02, .07; TLI = 0.91; CFI = 0.94; Blastogenesis with
Subjective Stress: v2(102) = 101.5, p = .50; RMSEA = .00,
90% CI = .00, .05; TLI = 1.00; CFI = 1.00].

All the significant relationships between stress and
immune function observed in Step 2 remained significant
when controls were added to the respective models. There-
fore, the observed relationships between the psychological
and immunological trajectories were not a result of soci-
odemographic, prognostic, treatment factors, or the num-
bers of cells present.

4. Discussion

This is the first study to investigate trajectories in stress
and immunity during recovery from a major stressor. In
doing so, we provide a statistically powerful test of the rela-
tionship between the subjective experience of stress and
immune function. Further, the examination of trajectories
allows us to parse out different aspects of the stress
response and test their relationship with immunity. We
hypothesized that between-subject differences in levels of
subjective stress at study entry (i.e., Intercepts) would cor-
respond inversely to levels of immunity. This relationship
was found between Subjective Stress (a composite of per-
ceived stress and distress) and T cell blastogenesis (a com-
posite of proliferative responses to Con A and PHA).
Participants who entered the study with the greatest stress
also showed the poorest blastogenesis response. Our sec-
ond hypothesis proposed that rate of improvement in stress
over the follow-up period would correspond to rate of
improvement in immunity. This relationship was found
between Subjective Stress and NK cell function. Partici-
pants whose stress declined the fastest also showed the
most rapid improvement in NKCC. Follow-up analyses
suggested that both effects appeared to be influenced by
perceived stress (rather than emotional distress), and effects
were not an artifact of sociodemographic, prognostic or
treatment factors, or of proportions of cells in the assays.

Blastogenesis was related to levels, but not change in
subjective stress. Interpretation of this effect considers
two features of the Intercept latent variable: It was influ-
enced by data at all time points, and it was scaled to reflect
participants’ scores at study entry. Thus, this analysis pro-
duces a reliable indicator of between-subject differences in
stress and distress at study entry, when subjective experi-
ences of stress are at their highest. What might produce
individual variability in this peak stress? Sociodemograph-
ic, disease, and treatment factors do not seem to do so, as
none of these correlated with initial subjective stress. We
speculate that individual variability in the Intercept could
be related to personal or social factors. Individual charac-
teristics such as repression, defensiveness, introversion,
pessimistic attributional style, and trait anxiety have all
been associated with poorer immune function (see Seger-
strom, 2000). As the Intercept latent variable is influenced
by data across all time points, it is possible that such
long-standing characteristics contribute substantially to
its variability.

We can interpret these results in the context of experi-
mental studies which aim to alter both stress and immunity
in stressed samples. Few studies of this kind have been con-
ducted, and fewer still have done so with medically ill pop-
ulations (see Andersen, 2002; Miller and Cohen, 2001 for
reviews). Based on the results of the present study, we
would predict that an intervention which prevents or min-
imizes the ‘‘peak’’ subjective stress following a stressor
would be most effective in impacting T cell blastogenesis.
Thus, intervening prior to or during a stressor is preferable
to intervening after the stressor ends. Antoni and col-
leagues (Antoni et al., 1991) sought to minimize subjective
stress from HIV serostatus notification by enrolling men
(N = 47) in a cognitive-behavioral stress management
intervention prior to notification of their results. The inter-
vention successfully buffered both the emotional distress
(POMS depression) and reduction in PHA that were asso-
ciated with the stressor. For those receiving a life-threaten-
ing diagnosis, anticipation of future difficult treatments
could prolong the peak stress period (Compas and Luec-
ken, 2002). In our psychosocial intervention (Andersen
et al., 2004), group sessions began either before or shortly
after the start of adjuvant treatment for breast cancer
(N = 227). While some patients may have experienced their
highest stress prior to study entry (i.e., before surgery),
stress remains high for those who face additional, difficult
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treatments. Consistent with hypotheses, the intervention
was associated with higher Con A and PHA blastogenesis
at 4-month follow-up. A third intervention study (van
der Pompe et al., 1997) found no benefit in PHA blastogen-
esis for breast cancer patients (N = 23) participating in
experiential-existential group psychotherapy. Although
the intervention was conducted within a reasonable time
period following the stressor (about 4 months after sur-
gery), and participants showed significant levels of emo-
tional distress at study entry, these patients did not face
additional medical stressors (i.e., none were prescribed
radiation or chemotherapy treatments). Therefore, it is
likely that participants perceived that the stressor had end-
ed prior to study entry.

While T cell blastogenesis related to peak levels, but not
change in subjective stress, natural killer cell cytotoxicity
showed the opposite pattern: NKCC was related to change,
but not level in subjective stress. As participants’ percep-
tions of their lives as ‘‘unpredictable, uncontrollable, and
overwhelming’’ abated, as they re-established a sense of
mastery or order in their lives, this change process paral-
leled improvements in NKCC. The relationship was more
complex than the simple mirroring effect proposed in
Fig. 1, as Subjective Stress showed curvilinear change while
NKCC showed linear change (see Fig. 2), nevertheless,
individuals who showed the greatest initial improvement
in perceived stress showed the greatest overall improve-
ment in NKCC.

This finding is interesting to interpret in light of the rel-
atively weak relationship between NKCC and chronic
stressors observed in the literature (e.g. Herbert and
Cohen, 1993; Segerstrom and Miller, 2004). We offer three
speculations regarding this effect. First, analysis of change
in this longitudinal study not only parses out different
aspects of the stress response, but it also effectively controls
for basal levels of NKCC. There is naturally a wide varia-
tion in the basal activity of NK cells among individuals
(Brittenden et al., 1996), and controlling for this variability
may have led to the strong relationship between stress and
NKCC observed here. Second, these results highlight the
importance of time course in stress for NKCC. Participants
with high ‘‘peak’’ stress did not show poorer concurrent
NKCC, yet those whose stress persisted after the initial
assessment showed slow improvement in NKCC. It is pos-
sible that stress effects on NKCC appear only when stress
persists over time. Brosschot and colleagues have argued
for the importance of perseverative cognition in producing
stress-related health consequences (Brosschot et al., 2006;
Brosschot et al., 2005). They posit that worry, rumination,
and anticipatory stress prolong stress-related physiological
activation. Our data fit this hypothesis, particularly when
one considers the follow-up analyses, which showed that
change in perceived stress (or conversely, lack of change
in perceived stress) showed a significant relationship with
NKCC. A third implication of the present data is that
the relationship between stress and NKCC is not linear.
During the first portion of the follow-up period, a large
change in perceived stress was accompanied by a moderate
change in NKCC, and later, a small change in perceived
stress was accompanied by another moderate change in
NKCC (see Fig. 2). It may be fruitful for future researchers
to investigate nonlinear relationships between stress and
NK cell function.

Stress-reduction interventions have sought to improve
NKCC in stressed populations. Although the data are
few, results suggest that NKCC is less amenable to change
than T cell blastogenesis (Andersen, 2002; Miller and
Cohen, 2001). Data from the present study show that,
while a large initial reduction in subjective stress is accom-
panied by only a modest NKCC increase, later, much
smaller reductions in subjective stress correspond to addi-
tional, modest NKCC increases. Based on these data we
would hypothesize that intervention effects for NKCC
would become more perceptible over time; thus, interven-
tions with longer follow-up periods would be more likely
to show effects in NKCC. In addition, NKCC improve-
ment would be more likely when interventions have endur-
ing effects on subjective stress (such as via longer
interventions). Consistent with this prediction, Fawzy and
colleagues (Fawzy et al., 1990) reported that NKCC
improvement following a group psychiatric intervention
for malignant melanoma patients (N = 61) was not appar-
ent at 6-week follow-up, but significant effects emerged at
6-month follow-up. Other studies reporting either short-
term intervention or early follow-up results reported no
intervention benefits for NKCC (Larson et al., 2000;
Andersen et al., 2004). While it is outside the scope of
the present study, future research may test whether
observed intervention effects on NKCC are related to
altered rates of improvement in perceived stress among
intervention participants.

Immunocompetence could help prevent a recurrence of
cancer. Although the relationships between immune func-
tion and cancer recurrence are complex and under exten-
sive study, enough correlational and circumstantial
evidence implicates NK and T cell function as plausible
cancer-fighting mechanisms (see Sharma and Browning,
2005 and Jakobisiak et al., 2003 for recent reviews). Gene
‘‘knock-out’’ studies, for example, show that mice with
deficient T or B cells develop malignancies at an exception-
ally high rate (Shankaran et al., 2001), and mice with defi-
cient NK cells show impaired rejection of tumor cells (Kim
et al., 2000). One issue that complicates cancer immunolo-
gy is the ability of tumor cells to escape immune detection
or destruction. In fact, evidence suggests that the immune
response itself contributes, through selection, to the devel-
opment of tumor cells that can evade the immune system
(Dunn et al., 2002). Further, tumor immune escape mech-
anisms vary considerably from one malignancy to the next
and from person to person. Given the complexity of the
issue and the multiple disease and person factors affecting
the role of the immune system in cancer, we offer cautious
clinical interpretations of the present data. We believe the
stress-related immune impairments described in the present
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study will be clinically relevant for most, but not all partic-
ipants. For those patients whose tumors are able to escape
immune detection, for example, a strong NK response may
not matter. However, for those whose malignancies are in
some way vulnerable to immune attack, it seems intuitive
that adequate immune function is a prerequisite to effective
response to the tumor.

An important feature of the present analyses is the inclu-
sion of controls in the models. Even though demographic
and disease factors might affect both immunological and
psychological status, analytic results show they do not
drive the relationships between stress and immunity. As
noted above, the analytic strategy sought to include control
variables during Step 3 of the analysis. However, it was
necessary to include treatment variables in the T cell blas-
togenesis models in Step 1 in order to fit latent curve mod-
els. Interpretation of the analyses is ultimately unchanged.
These analyses simply removed the effects of surgery and
chemotherapy from the data prior to estimating the latent
variables, whereas in the planned analyses, effects of con-
trol variables were removed from the trajectories. The con-
trols still serve their intended function: to establish that
relationships between stress and immunity are not an arti-
fact of patient characteristics or treatment. An additional
benefit of the present analyses is the full utilization of
incomplete data. The FIML procedure allowed us to use
data from all participants, regardless of how many assess-
ments they completed, enhancing the generalizability of the
findings.

Although the analyses in the present study yielded
important, interesting findings, some limitations must be
noted. First, our sample is limited to regional breast cancer
patients who were primarily middle-aged, Caucasian wom-
en. Generalization to patients with cancer of other sites,
healthy populations, ethnic minorities, young people, and
men must be done cautiously. Of course, neither causality
nor temporal precedence can be confirmed with these analy-
ses. The relationship between stress and immune function is
generally understood to indicate that stress impairs immune
function, but the reverse relationship has also been consid-
ered. Pro-inflammatory cytokines, for example, have been
shown to communicate with the central nervous system,
producing behavioral consequences (Anisman et al., 2002;
Kelley et al., 2003). Further, stress could affect breast cancer
metastasis through routes independent of immune function
(e.g., hormonal effects, Sephton and Spiegel, 2003).

Previously, we have shown that high subjective stress
following cancer surgery (Andersen et al., 1998) is associat-
ed with impaired cellular immune response. The present
analyses extend this investigation to test whether patterns
of psychological recovery following this severe stressor
can have immune consequences. We are observing individ-
ual variability in participants’ reactions to a similar stress-
or, as individuals employ whatever personal and social
resources they have available. Our results reveal a diver-
gence, hitherto unobserved, of the relationship of perceived
stress with T and NK cells over time. This difference could
indicate a difference in the physiological processes that pro-
duce stress-related change in these cells. Future research
may investigate endocrine mediators of this effect, such as
cortisol, or regulatory cytokines. At present, this study
demonstrates the rich understanding that can be garnered
from examination of psychological and biological
trajectories.
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