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Abstract

Psychological distress and biobehavioral vulnerability (e.g., arising from being older or sedentary)
have independently predicted immune responses to influenza vaccination in older adults. Recent
research examining basal inflammatory markers suggests that, rather than having additive effects,
distress and vulnerability interact with each other. The present study tested the interactions
between distress and age, sex, education, BMI, sleep quality, and physical activity over up to 8
years in older adults (N = 134; M age = 74 years) who received annual influenza vaccinations.
Measured vaccination responses were changes from baseline in antibody to the three vaccine
components, interleukin (IL)-6, and b2-microglobulin. As predicted, the most robust effects were
interactions between distress and vulnerability. BMI interacted with stable individual differences
in distress to predict antibody response (t(132) = 3.09, p < 0.003), such that only the combination
of low BMI and low distress was associated with a more robust antibody response. Likewise,
changes in physical activity over time interacted with changes in distress (t(156) = 2.96, p<
0.004), such that only the combination of increased physical activity and decreased distress was
associated with a more robust antibody response. Finally, there was a smaller tendency for age to
interact with stable individual differences in distress (t(130) = 2.46, p < 0.015), such that distress
was more strongly associated with post-vaccination IL-6 at older ages. The synergistic effects of
distress and other forms of vulnerability are an important direction for future research and a target
for interventions to improve immunological health in older adults.
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Vaccination against influenza in older adults has the potential to provide protection against
negative health consequences, including hospitalizations and deaths. However, many older
adults do not mount robust antibody responses to the vaccine. When antibody production
following vaccination is low, the individual may still be vulnerable to infection and the
negative health consequences thereof (Gardner et al., 2001; Hannoun et al., 2004; Webster,
2000). In addition, antibody responses are not the only immune response to vaccination.
Vaccination can also induce inflammatory responses. Most side effects of influenza
vaccination are related to inflammatory responses, from minor, local responses such as pain
to more serious systemic responses such as fever, neuritis, and myelitis. Inflammatory and
acute phase responses to vaccination are often transient and last only a matter of days, but
there are large individual differences in degree of response, with some people showing
increases in inflammatory markers and others, decreases. Furthermore, individual
differences — including psychological factors — also affect duration of response, such that
increases in inflammatory markers may be evident weeks after vaccination in some people
(Bernstein et al., 1998; Carty et al., 2006; Glaser et al., 2003; Segerstrom et al., 2008;
Trzonkowski et al., 2004; Tsai et al., 2005). Changes in antibody and inflammatory markers
after vaccination are independent of each other (Bernstein et al., 1998; Krakauer & Russo,
2001).

Stress and distress have been associated with both poor antibody responses and higher
inflammatory markers in older adults. For example, studies of dementia caregivers have
found that caregiving is associated with lower antibody response and, in some cases, higher
IL-6 after vaccination (Kiecolt-Glaser et al., 1996; Segerstrom et al., 2008; Vedhara et al.,
1999). However, some people may be more immunologically sensitive to the negative
effects of stress and distress than others. In studies of healthy middle-aged and older adults,
various measures of psychosocial well-being or distress were more strongly related to basal
markers of systemic inflammation in women, those who slept poorly, those who did not
engage in moderate-intensity physical activity, and those with less education (Friedman et
al., 2005; Morozink et al., 2010; Morris et al., 2011; Rethorst et al., 2011; Steptoe et al.,
2008). Synergistic effects of distress and demographic and behavioral variables may explain
why some studies have not found main effects of stress or distress on antibody responses to
vaccine (e.g., Moynihan et al., 2004).

Other qualities that may increase vulnerability include older age and higher BMI. Even
within older age, aging is associated with poorer antibody responses to vaccination and
higher basal markers of systemic inflammation (Goodwin et al., 2006; Harris et al., 1999).
Higher BMI is associated with higher markers of systemic inflammation, particularly IL-6,
due to the presence of active macrophages in adipose tissue, particularly in visceral fat
(O’Connor et al., 2009). Therefore, older age and higher BMI may also predispose to higher
inflammatory and activation markers after vaccination.

The present study used data from a longitudinal study of psychosocial factors and
immunological responses to vaccination in older adults to test the combinations of
demographic and behavioral vulnerabilities with psychological distress as predictors of
antibody to vaccine components, as well as markers of immune activation and inflammation
(B2 microglobulin (B2p) and interleukin (IL) -6). B2 is an element of the major
histocompatibility complex shed primarily by activated lymphocytes. It is elevated in serum
during infection and inflammation, correlates with C reactive protein during influenza
infection, and is found in higher levels in serum in healthy older compared with younger
adults (Cooper et al., 1984; Zissis et al., 2001). IL-6 is a pleiotropic cytokine involved in the
inflammatory cascade and produced by many somatic cells; it is also elevated during
inflammation and correlated with C reactive protein (Papanicolaou et al., 1998). We
hypothesized that the effects of stress and distress would interact with vulnerability factors
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to predict undesirable immunological outcomes after vaccination (lower antibody response
and higher inflammatory and activation markers). With regard to vulnerabilities, we tested a
set of stable demographic vulnerabilities that included age, gender, education, and BMI, and
a set of time-varying behavioral vulnerabilities that included physical activity and sleep
quality. The specific hypotheses were as follows:

1. Antibody and inflammatory and activation marker changes after vaccination are
independent of each other.

2. Vulnerability to undesirable immunological outcomes after vaccination will be
associated with older age, female gender, less education, high BMI, poor sleep
quality, and low physical activity. Each of these characteristics has predicted
undesirable immunological outcomes either alone or in combination with
psychosocial factors.

3. The combination of distress and vulnerability will be the best predictor of such
outcomes, such that distress is more strongly related to undesirable outcomes
among vulnerable individuals.

Participants were 134 older adults who were recruited through the clinics and the volunteer
subject pool of the Sanders-Brown Center on Aging and who had data at baseline (pre-
vaccination) and follow-up from at least one annual influenza vaccination during this
longitudinal study. The sample was on average 74 years old at enrollment (range = 60 — 91),
slightly more female than male (58% vs. 42%), and well educated, although there was a
large range in years of education (M = 16 years, range = 7 — 22). The sample was
predominantly white (96%), with the remainder African-American (4%). All participants
were married at enrollment, though no couples were included in order to avoid dependency
in the data. There was a small minority (4%) of smokers in the sample.

All procedures were approved by the University of Kentucky Institutional Review Board.
Participants were recruited continuously from 2001 to 2007. Those older adults who had
expressed interest in participating in research to the Center on Aging were contacted by
phone and screened. Inclusion criteria were: age 60 or older, married, and willing to be
vaccinated against influenza. Exclusion criteria were: diseases that affect the immune
system (e.g., autoimmune disease, cancer); chemotherapy or radiation in the 5 years prior to
enrollment; immunomodulatory medications including opiates and steroids; or more than
two of the following classes of medications: psychotropics, antihypertensives, hormone
replacement, or thyroid supplements. These criteria exclude major influences on immune
responses and allow reasonably healthy older adults into the study. More restrictions on
medication would result in a sample of older adults that is unrepresentative of the
population.

Participants were interviewed semi-annually in their homes. In advance of each interview,
they were sent a health behaviors questionnaire that they completed daily on 3 consecutive
days and returned to the interviewer. Participants received a $10 gift card following each
interview during a first phase of the study (2001-2006); this amount was increased to $20
during a second phase (2006-2008). Vaccinations were performed annually from 2001 to
2008. Nurses administered the commercially available, seasonal, trivalent influenza vaccine
in the participant’s home or in the clinic, whichever the participant preferred. Blood draws
were taken immediately prior to vaccination and at 2 and 4 weeks following vaccination.
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Demographics—Subjects reported at their first visit on their date of birth, years of
education, and gender.

Medications—A medication list was provided to the interviewer at each visit. Each
medication was coded by an RN into medication classes. The medication classes of interest
for the present report were beta-blockers (e.g., atenolol, metoprolol, propanolol) and statins
(e.g., simvastatin, atorvastatin) and were coded as taken or not taken at each visit. Beta-
blockers (taken at 18% of all person-years) were of particular concern with regard to the
degree to which they could contribute to extraneous variance in antibody responses via
autonomic pathways (see Sanders et al., 2001, for a review), and statins (taken at 38% of all
person-years) were of particular concern with regard to the degree to which they could
contribute to extraneous variance in inflammatory and activation markers, particularly those
related to the acute phase response (see O’Connor et al., 2009, for a review). Therefore, all
antibody analyses included beta-blockers as time-varying covariates, and all inflammatory
and activation marker analyses included statins as time-varying covariates.

Health variables—~Participants provided their height and weight, and BMI was calculated
from these reports. Because these data were collected beginning in 2002, a small number of
people (N = 13) who completed only one visit before dropping out were missing BMI data.
These missing data were replaced with the sex-specific means. (Note that excluding these
participants from analysis did not affect the results reported below.) Participants also
reported on their smoking history at the first visit.

At each visit, participants reported on their physical activity and sleep quality daily on each
of 3 consecutive days. The mean across the 3 days was used as the visit-level measure. Sleep
quality was measured with a single item reading “How well did you sleep last night?” with
anchors 0 = “much better than usual” and 100 = “much worse than usual”. Physical activity
was operationalized the product of the metabolic equivalent of task (MET) and the time
spent in the task across the three days, calculated from the number of minutes the person
engaged in physical activity, weighted by the intensity of the activity (MET-minutes). Based
on the formula used in the Leisure Time Exercise Questionnaire, we assigned 3 METSs for
low-intensity, 5 METSs for moderate-intensity, and 9 METSs for high-intensity physical
activity (Godin & Shephard, 1985).

Psychological distress—At each visit, participants completed the Geriatric Depression
Scale (GDS; Yesavage et al., 1982-1983) and the Perceived Stress Scale (PSS; Cohen et al.,
1983). Both measures capture aspects of distress from the affective domain (e.g., “how often
have you felt nervous and ‘stressed’?” from the PSS and “do you frequently feel like
crying?” from the GDS) and the cognitive domain (e.g., “how often have you felt that you
were unable to control the important things in your life?” from the PSS and “do you feel that
your situation is hopeless?” from the GDS). We computed a composite measure of
psychological distress from these 40 items by rescaling items from the GDS (range = 0-1) to
the scaling of the PSS (range = 0-4). We used PROC VARCOMP in SAS to estimate the
variances associated with items, years, people, and their interactions and then used these
variance components to estimate reliability (equations #4 and #5 from Cranford et al., 2006).
The composite measure was reliable both over people (a = .94) and over time (i.e., within
people, B = .61). The lower reliability over time is typical of measures of adjustment
(Cranford et al., 2006).

Antibody response—Antibodies against the three vaccine components (HIN1, H3N2,
and B) in each study year were analyzed separately using a hemagglutination inhibition
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assay. Serial dilutions of sera from 1:8 to 1:2048 were performed and titers defined as the
inverse of the highest dilution causing complete inhibition of agglutination. Because all
subjects had previously been vaccinated against influenza and antibody response following
vaccination in a partially seropositive sample depends highly on prior antibody levels, a log2
transformation and correction for baseline antibody level developed by Beyer et al. (2004)
was applied to the post-vaccination response for each component. This approach yielded
normally distributed response variables that were independent of baseline antibody levels.

Antibody responses were also dependent on the specific strain of each component
administered in that year (HIN1: F(2,142) = 26.55, p <.0001; H3N2: F(5,177) = 18.18, p<.
0001; B: F(5,174) = 10.31, p<.0001), so the corrected scores were then standardized within
strain. The corrected, standardized scores were reasonably correlated with each other and
there were no specific hypotheses regarding the specific strains, so the three scores were
averaged to create a composite antibody response variable (o = .65) for analysis. Higher
scores represent larger antibody responses.

Inflammatory and activation markers—IL-6 was assayed using high-sensitivity
ELISA (R & D Systems). Median inter-assay CV across all years was 3.8 (range = 3.1-7.5)
and median intra-assay CV was 2.4 (range = 1.1-4.7). 2. was assayed using ELISA
(ALPCO Diagnostics). Median inter-assay CV across all years was 4.2 (range = 2.7-8.8) and
median intra-assay CV was 2.9 (range = 2.5-3.6). A small number of samples were re-run
due to high CV or high concentrations (run at dilution). IL-6 was subjected to a log10
transformation to improve normality; the distribution of B2 did not require transformation.
Assays were performed using the same materials within study years; therefore, change over
time within study year (i.e., pre-versus post-vaccination value) was not confounded with
materials. Because materials can substantially affect mean values (Kiecolt-Glaser & Glaser,
1995), variables were standardized within study years.

Data analysis—Visits were matched to vaccination years based on the shortest time
between the two. Most visits (70%) were conducted within 60 days of vaccination. Because
participants had varying numbers of vaccinations (17 had 1 year; 69, 2 years; 23, 3 years; 4,
4 years; 5, 5 years; 1, 6 years; 1, 7 years; and 2, 8 years), the data were analyzed using multi-
level models with vaccination years at the lower level and people at the upper level. Such
models easily accommodate unbalanced designs (Snijders & Bosker, 1999). The gamma
weight with its standard error and associated t test are reported. Gamma weights are
analogous to unstandardized beta weights in regression. To aid in interpretation, 12
calculated from the F test associated with each effect is also reported; n? is analogous to R2,

Measures of sleep quality, physical activity, and distress were separated into their between-
person “trait” and within-person “state” variance (Enders & Tofighi, 2007) by taking the
mean across vaccination years to yield a person-level predictor that reflects that person’s
trait level of the variable and, for each person, the deviation from their own mean at each
vaccination year to yield a year-level predictor that reflects that person’s state change in that
variable. For those people with only one year of data, that deviation score equals 0, and
therefore “state” estimates derive from deviation scores from people with multiple years of
data.

The data analysis proceeded in three steps. The first analyses entered the demographic or
behavioral vulnerability factors alone as predictors of immune responses. The second
analyses entered psychological distress variables alone as predictors. The third analyses
entered the interactions between vulnerability factors and psychological distress as
predictors, controlling for main effects. Because there were four vulnerability factors within
each set of analyses (age, gender, education and BMI in the demographic predictors and
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state and trait physical activity and sleep quality in the behavioral predictors), and because
we did not have specific predictions regarding which specific factor within a set would be
associated with vulnerability, a family-wise Bonferroni error correction was applied to all
analyses, setting alpha at .0125.

To interpret significant interactions, a trimmed model that included the involved variables
(main effects and interactions at both levels) was run, and slopes generated from these
models are represented in the figures. All interactions remained significant in these trimmed
models. Estimates from trimmed models are more likely to generalize to other samples
because they do not rely on potentially idiosyncratic effects of other terms in the model.
Additional trimmed models recentering the appropriate variables were used to generate
terms testing the significance of simple main effects (Aiken & West, 1991).

With regard to covariates, beta-blockers affected antibody responses to the vaccine, with
those taking these medications having a lower antibody response than those not taking the
medications (y = -0.28, SE = 0.12, 1(188) = —-2.36, p < .02), but beta-blockers were not
associated with 1L-6 or 2 (both p> .50). Statins tended to be associated with IL-6
following vaccination, with those not taking the medications having slightly higher I1L-6, but
this was not a significant effect (p > .05), and taking statins did not affect antibody response
(p> .50) or B2 (p > .40). Consistent with a priori model construction, however, beta-
blockers were retained in all antibody response models and statins were retained in all
inflammatory and activation marker models. The corrected antibody variable was already
corrected for baseline values, but all inflammatory and activation marker analyses also
controlled for baseline values.

Immune responses to vaccination

For illustrative purposes, the unstandardized means of the immune responses to vaccination
for antibody (only the HIN1 component is shown), IL-6, and P2 are given in Figure 1.
These data are taken from the first year of vaccination data for all participants to ensure
correct standard errors and t tests but are representative of all person-years. All antibody
titers increased significantly between baseline (i.e., pre-vaccination) and 2-week and 4-week
follow-ups (in paired £tests, all p<.0001). Mean levels of inflammatory and activation
markers (IL-6 and p2) did not change significantly from baseline to either follow-up.
However, there were substantial individual differences in change in these parameters from
baseline to either time point (IL6: M change = 0.06, SD = 0.45, range = —-2.30 to +1.80
log10 pg/ml; B2 M change = 0.04, SD = 0.40, range = —0.96 to +1.78 pg/ml). Therefore,
all subsequent analyses were performed on peak responses, that is, the highest value at either
follow-up period.

Independence of immune responses to vaccination

Table 1 shows the relationships among the 3 immune responses to vaccination. These
relationships were derived from models predicting (1) corrected peak antibody from baseline
and peak IL-6 and B2y, respectively, (2) peak IL-6 from baseline IL-6 and baseline and
peak B2, and (3) peak B2 from baseline B2 and baseline and peak IL-6. As predicted,
the antibody and inflammatory and activation responses were independent of each other.
Neither baseline nor peak values of IL-6 and B2 were significantly associated with
antibody responses, accounting for no more than 1% of the variance. In contrast, the two
inflammatory and activation parameters were related to each other in similar ways: higher
levels of peak activation in one parameter were associated with higher levels of peak
activation in the other parameter, after controlling for both parameters’ baseline values. Peak
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values of one parameter accounted for approximately 6% of the variance in the other
parameter.

Effects of individual vulnerabilities

Models were tested with the between-person predictors of age, education, gender, and BMI.
As shown in Table 2, there were some statistically significant relationships among these
variables, but none was of the magnitude to create concern about collinearity in the model.
Although more educated people tended to have higher antibody responses, this effect did not
meet the corrected p value (y = 0.046, SE = 0.020, t(137) = 2.31, p< .02, n2 = .04).
Although older people tended to have higher peak B2 after vaccination, this effect did not
meet the corrected p value (y = 0.018, SE = 0.009, t(136) = 2.03, p< .04, 2 = .03), and
there were not significant effects of other vulnerabilities. None of the individual
vulnerabilities predicted peak IL-6 after vaccination.

Effects of behavioral vulnerabilities

Interactions

Models were tested with both between-person “trait” and within-person “state” physical
activity and sleep quality predictors. Worse state sleep quality tended to be associated with
better antibody responses to vaccination, but this effect did not meet the corrected pvalue (y
= 0.0040, SE = 0.0057, t(163) = 2.36, p< .02, )2 = .03). Likewise, more state physical
activity tended to be associated with lower peak IL-6, but this effect did not meet the
corrected p value (y = —0.00022, SE = 0.00009, t(160) = 2.37, p< .02, n2 = .03). None of
the behavioral vulnerabilities predicted peak B2 after vaccination.

between vulnerabilities and psychological distress

We predicted that effects of psychological distress on lower antibody and higher
inflammatory and activation marker responses would be evident in people with individual or
behavioral vulnerabilities. Consistent with the prediction that not all people may be
vulnerable to immunological effects of distress, there were no significant main effects of
either “trait” or “state” distress on antibody or inflammatory and activation marker
responses.

Also consistent with this prediction, there were statistically significant interactions between
vulnerability and distress. For antibody responses, among the individual vulnerabilities,
there was a significant interaction between BMI and trait distress (y = 0.27, SE = 0.09,
t(132) = 3.09, p < 0.003, n2 = .07). Figure 2 graphs the distress-antibody slope from 1 SD
above to 1 SD below the mean on BMI (low BMI ~ 22; high BMI ~ 32). In this interaction,
there was a significant simple main effect of distress when BMI was low (y = -1.74, SE =
0.58, t(138) = —2.99, p < .004), such that people with low BMI and low distress had higher
antibody responses. The simple main effect of distress at high BMI was not significant (o< .
45). Examined another way, there was a simple main effect of BMI at low distress (y =
-0.03, SE = 0.02, t(138) = -2.03, p < .05), but not at high distress (p < .13). In short, low
BMI was associated with higher antibody responses than high BMI, but only when people
were also low in distress. High distress abrogated the desirable effect of low BMI.

In addition, among the behavioral vulnerabilities, there was a significant interaction between
state physical activity and state distress predicting antibody response (-y = —0.0077, SE =
0.0026, t(156) = —2.96, p < 0.004, 2 = .05). Figure 3 graphs the distress-antibody slope at 1
SD above and below the mean on state physical activity (low physical activity ~ 500 MET-
minutes lower than average; high physical activity ~ 500 MET-minutes higher than
average). In this interaction, there was a significant simple main effect of distress when
physical activity was higher than average (y = -3.56, SE = 1.48, t(172) = -2.41, p<.02),
such that when people had decreased distress, they also had a higher antibody response with
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increased physical activity. The simple main effect of distress when people had decreased
physical activity was not significant (p < .23). Examined another way, there was a simple
main effect of physical activity at low distress (-y = .00031, SE = 0.00014, t(172) = 2.19, p
<.03) but not at high distress (p < .10). In short, above-average physical activity was
associated with higher antibody responses than below-average physical activity, but only
when people were also low in distress. High distress abrogated the desirable effect of above-
average physical activity.

For IL-6 responses, there was an interaction between age and trait distress that was just
above the corrected pvalue (y = 0.19, SE = 0.08, t(130) = 2.46, p< 0.015, n2 = .04). Figure
4 illustrates this interaction by graphing the distress-1L-6 slope for people at 1 SD above and
below the mean age (older ~ 81.4 years; younger ~ 68.6 years). In this interaction, there
were not significant simple main effects of distress at older age (p < .10) or younger age (p
< .50). However, looked at another way, there was a significant simple main effect of age at
high distress (y = 0.02, SE = 0.01, t(136) = 2.19, p < .03), such that age was positively
related to IL-6 response at high distress; the simple main effect of age at low distress was
not significant (p < .62). In short, older age was associated with higher IL-6 responses, but
only when people were also high in distress. Low distress abrogated the undesirable effect of
older age.

Discussion

Consistent with our predictions, antibody and inflammatory and activation marker responses
after influenza vaccination were independent of each other and accordingly had different
predictors. However, in both cases, the best predictors of antibody and inflammatory and
activation marker responses were the combination of distress and vulnerability. In the case
of antibody response, the two metabolic variables (BMI and physical activity) interacted
with distress. At the “trait” level (i.e., across all study years), people with lower BMI had
higher antibody responses, but only if they were also low in distress. At the “state” level
(i.e., with regard to changes across study years), people who were exercising more (where a
1 SD difference was approximately the equivalent of 1 hour of walking daily) had higher
antibody responses, but only if they were also experiencing low distress relative to their
usual levels. In the case of inflammatory and activation markers, there was some indication
that the relevant vulnerability factor was age. Even within this sample of older adults, older
age tended to be associated with a larger B2 response to vaccination and a larger IL-6
response, but this latter effect was only evident when distress was high.

Based on the patterns of interactions between vulnerability and distress in studies examining
markers of basal inflammatory markers (Friedman et al., 2005; Morozink et al., 2010;
Morris et al., 2011; Rethorst et al., 2011; Steptoe et al., 2008), we predicted that the effects
of distress would be stronger among vulnerable people. However, the interactions that
predicted antibody response took a different form. Instead, the effects of distress were
stronger among less vulnerable people, because low vulnerability (i.e., low BMI or high
physical activity) was only associated with better antibody response when distress was also
low. When distress was high, more and less vulnerable individuals had similar, low antibody
responses to vaccination. As noted above, distress abrogated the protective effects of low
BMI and high physical activity.

Increases in physical activity may improve antibody response to vaccination in older adults
(Kohut et al., 2004; Woods et al., 2009), but these results suggest that these increases may
be most effective when distress is also low. Kohut and colleagues provided a slightly
different take on this phenomenon by testing distress as a mediator of exercise effects,
finding that exercise improved psychological health and that these improvements partially
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mediated exercise effects. The results of that mediational test and the present moderated
effects tend to suggest the same thing: more physical activity is better for antibody response
mainly in the presence of low distress.

Consistent with studies of markers of basal inflammatory makers, the interaction between
age and distress took the expected form predicting increases in IL-6 after vaccination. When
people were low in distress, there was little difference between younger and older people,
but younger people were more resistant to the negative effects of distress on IL-6 response
to vaccine than older people.

These findings have important implications for the development of multimodal interventions
to improve health in older adults. Influenza vaccination, on average, prevents
hospitalizations and deaths in older adults (Jefferson et al., 2010), but those older adults who
mount a smaller antibody response to vaccination may be at higher risk. HI titers of 40 have
been suggested to provide moderate protection again infection (Hannoun et al., 2004); in the
present study, only 21.4% of person-years exceeded this threshold for the HLN1 component;
57.8% for the H3N2 component; and 54.3% for the B component. Conversely, levels of
serum IL-6 above 3.16 pg/ml have been suggested to increase mortality risk in older adults
(Harris et al., 1999); in the present study, 37.5% of person-years reached this threshold after
vaccination. Therefore, there is significant room for immunological improvement among
these older adults. With the exception of age, all of the factors that affected antibody and
inflammatory and activation marker responses (BMI, physical activity, and distress) are
modifiable. Furthermore, the analyses that demonstrated correlation between changes in
physical activity and distress and changes in antibody responses in effect use each person as
his or her own control. They therefore provide evidence that modification of these
psychosocial and biobehavioral factors may result in immunological change. The most
important message from these data, however, is that more than one factor could be targeted
to optimize effects. Increased physical activity, weight loss to normal BMI, and improved
coping with stress and distress would appear to be an optimal combination in this
population. Another approach would be to target distress in older adults who already have
other protective factors, as these findings suggest that distress may suppress the protective
effects of other factors such as physical activity. Finally, the availability of a high-dose
influenza vaccine offers a pharmacological alternative for older adults with persistent
distress, vulnerability, or both. The high-dose vaccine can improve antibody responses in
older adults, although local and potentially systemic inflammatory reactions may also be
increased (Falsey et al., 2009).

One factor that could not be assessed in the present study was the dynamic effect of aging,
as opposed to the static effect of age at study entry. Because specific antigenic content of
each vaccine component changed across years, and samples were analyzed in annual
batches, effects of study year were confounded with aging. Although effects of vaccine
composition cannot be controlled, with regard to activation and inflammation, future studies
could archive samples until the end of the study or, where residual samples are archived, re-
run all samples together using the same materials in order to be able to assess the effects of
aging independent of study years. In addition, measures of physical activity, sleep quality,
and BMI were very general assessments of these biobehavioral factors. For example, BMI
was used as a proxy for adiposity, but adiposity may be better assessed with combined with
other measures such as waist circumference (O’Connor et al., 2009). On the other hand, the
daily assessment of sleep quality and physical activity may have resulted in more accurate
reporting than retrospective reports.

Most studies of vaccine response in older adults have focused on psychosocial (e.g., stress;
Kiecolt-Glaser et al., 1996; Moynihan et al., 2004) or behavioral (e.g., physical activity;
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Keylock et al., 2007; Kohut et al., 2002) predictors of responses to vaccination, but to our
knowledge, this is the first time they have been examined in combination. Studies of basal
inflammation in middle-aged and older adults reported that the effects of distress were
stronger in more vulnerable individuals (Friedman et al., 2005; Morozink et al., 2010;
Morris et al., 2011; Rethorst et al., 2011; Steptoe et al., 2008), and a post-vaccination marker
of inflammation roughly followed this same pattern. However, with regard to the antibody
response, the effects of distress were strong in less vulnerable individuals, suggesting
different pathways and interactions (i.e., between neural and neuroendocrine pathways) for
the humoral and inflammatory responses. The synergistic effects of distress and other forms
of vulnerability are an important direction for future research on immunological health in
older adults.
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Figure 1.
Mean changes in antibody titer, IL-6, and b2m from pre-vaccination baseline to 2- and 4-

week follow-ups.
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Figure 2.
Slopes of trait distress on standardized (M=0, SD=1), peak, baseline-corrected antibody

response at high (+1 SD) and low (=1 SD) levels of BMI.
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Figure 3.
Slopes of trait distress on standardized (M=0, SD=1), peak, baseline-corrected antibody
response at high (+1 SD) and low (=1 SD) levels of state physical activity
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Figure4.
Slopes of trait distress on standardized (M=0, SD=1), peak IL-6 after vaccination at older
(+1 SD) and younger (-1 SD) ages
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Relationships among immune responses to influenza vaccination. Estimates are gamma weights from multi-
level models with their associated standard errors.

Qutcome

Predictors

BaselineIL-

6 Peak IL-6 Baseline b2m Peak b2m

Antibody  —0,037 (0.05)?  0.049 (0.05)7 -0.098 (0.07)% -0.027 (0.06)?

n2  .002

Peak IL-6 56 (0I05)b
n? 43

.005 .012 .001

- -016 0077 021 (0.06)”

.02 .06

Peakb2m 009 (0.05)° 017 (0.05)7  0.72 (0.05)” -

n2 .02

.06 .50

%4t = 186, p> .05
bt = 183, p< .05

Cdf =183, p< .10
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