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ABSTRACT
Decades of research suggest that positive and negative psychosocial factors are

associated with markers of physical health, including response to vaccination (Burns et
al., 2003b; Uchino et al., 2020). Additionally, the variability or fluctuations within
psychosocial experiences can serve as unique predictors for health (Eizenman et al.,
1997; Ross et al., 2013). Findings from past research exploring the role of psychosocial
experiences on adaptive immune function are mixed, and little work has explored how
the variability within these experiences is associated with adaptive immune function
(Jenkins et al., 2018). A sample of 100 adolescents and adults (66% Female, 93% White,
Moage = 48.3, SD = 20.8, Age Range = 11 — 86 yrs.) received the influenza vaccine,
provided pre- and post-vaccination blood samples (approximately one month apart),
and reported on their daily experiences of stressful events, perceived stress, self-
disclosure, perceived responsiveness, positive and negative mood, and sleep across
seven days. Hierarchical linear regression was used to explore how (a) the average levels

of each construct (i.e., a participant’s mean value across all seven days) and (b) the



variability within each construct (i.e., a participant’s standard deviation across all seven
days) were associated with antibody production following vaccination. Contrary to our
hypotheses, there were no associations between any of the average-level or variability
predictors and antibody response at one month following vaccination for any of the
constructs. Future research should focus on recruiting larger samples to further
elucidate the influence of psychosocial experiences on antibody production and

maintenance following vaccination.
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CHAPTER 1
INTRODUCTION

Negative psychosocial experiences across the lifespan are associated with an
increased risk for adverse physical health outcomes, including cardiovascular diseases,
diabetes, cancer, and early mortality (Cohen & Wills, 1985; Miller et al., 2011; Repetti et
al., 2002; Shonkoff et al., 2012; Taylor et al., 1997). For instance, House, Landis, and
Umberson (1988) showed that low-quantity and low-quality relationships are major risk
factors for early mortality in their seminal paper. Similarly, a meta-analysis of over 70
studies provided additional evidence linking social isolation and loneliness to premature
mortality (Holt-Lunstad et al., 2015). More recently, it was shown that the negative
affect following daily stressors were associated with poor health outcomes 10 years
later (Leger et al., 2018). Indeed, decades of research exploring a variety of stressors,
such as low socioeconomic status (Chen & Miller, 2013; Claussen et al., 2003; Cohen et
al., 2010; Galobardes et al., 2008), adverse childhood experiences (Danese et al., 2009;
Felitti et al., 1998), experiences of discrimination (Assari et al., 2017; Lewis et al., 2014),
and work-place stressors (Benthem de Grave et al., 2022) consistently shows that
negative experiences are associated with long-term health and well-being.

The immune system has been identified as one possible biological mechanism
linking psychosocial experiences to long-term health (Cohen & Herbert, 1996; Hayward

et al., 2020; Jemmott & Locke, 1984; Miller et al., 2011; Muscatell, 2022; Segerstrom &



Miller, 2004; Shattuck, 2021). Specifically, psychosocial experiences have been shown to
influence immune system function (Kiecolt-Glaser et al., 2002; Segerstrom & Miller,
2004), and these alterations in immune system function often precede the onset of
many chronic diseases of aging (Chung et al., 2009; Duncan et al., 2003; Miller et al.,
2011; Pearson et al., 2003).

1.1.1 Overview of the Immune System:

The purpose of the immune system is to protect our body against foreign
invaders, such as bacteria and viruses (Cohen & Herbert, 1996; Parkin & Cohen, 2001).
Two interacting divisions make up the immune system, including the innate immune
system and the adaptive immune system (Hoebe et al., 2004; Parkin & Cohen, 2001),
and the functioning of these divisions is susceptible to psychosocial influences (Cohen &
Herbert, 1999; Dhabhar, 2014; Segerstrom & Miller, 2004).
1.1.1.1 Innate Immunity:

The innate immune system is our first line of defense and is non-specific,
meaning that the cells of this system attack, neutralize, and destroy pathogens,
including viruses and bacteria, that enter the body. This system is fast-acting and
activates within seconds to minutes following the exposure to any foreign invader. In
this system, cells called granulocytes are recruited to destroy the pathogens that have
entered the body. Macrophages are one class of granulocytes, and these specialized
cells are responsible for “eating” up any infected cell and recruiting chemical

messengers called cytokines to the area of potential infection. The proliferation, or



influx, of macrophages and cytokines results in inflammation. Minor infections or
injuries (e.g., paper cuts) could become deadly without this inflammatory system.
1.1.1.2 Adaptive Immunity:

The adaptive immune system is slower and more specific than the innate system.
This system can take weeks to mount a full response. The adaptive system includes both
cellular and humoral responses to pathogens. The cellular response directly combats
infected cells by releasing T helper (Th) 1 cells. These T-cells recognize the cells in our
body that have been compromised by a specific virus or bacteria and destroys them.

The humoral response, alternatively, develops new proteins to combat the
pathogen that has entered the body. Specifically, Th2 cells stimulate B-cells to create
antibodies. Following exposure to a pathogen, naive B-cells recognize the invader (also
known as the antigen). These cells record the shape of the antigen’s surface proteins
and respond by building an army of antibodies. Antibodies hold cellular memories for
pathogens and circulate throughout the bloodstream, and if the body is exposed to that
particular pathogen again, the immune system is equipped to eliminate it.

In addition to building antibodies for antigens that our body is naturally exposed
to throughout life, we also build antibodies for antigens that we intentionally expose
our bodies to (i.e., the antigens included in vaccines). Vaccines activate the adaptive
immune system, and our body responds by producing antibodies in response to the
vaccine. An increase in the number of circulating antibodies for a particular pathogen

suggests increased immunity to that pathogen (Beyer et al., 2004).



1.1.1.3 Vaccine Paradigm:

Vaccine challenge studies are a convenient tool for researchers to use when
studying the links between psychosocial experiences and immunity (Burns et al., 2003b;
Burns & Gallagher 2010; Cohen et al., 2001; Madison et al., 2021; Pedersen et al., 2009;
Phillips, 2011; Uchino et al., 2020; Vedhara, 2019). In this method, participants receive a
vaccination and provide pre- and post-vaccination blood samples! (Burns & Gallagher,
2010), and researchers collect assessments of various psychosocial experiences through
guestionnaires, interviews, and observational paradigms (Burns & Gallagher, 2010;
Corallo et al., 2022; O’Connor et al., 2015; Segerstrom et al., 2008). Several different
vaccines have been used in vaccine paradigm studies, including the meningococcal
vaccine, hepatitis A and B vaccines, rubella vaccine, human papillomavirus vaccine,
pneumonia vaccine, typhoid vaccine, varicella zoster vaccine, tetanus vaccine, influenza
vaccine, and most recently, the COVID vaccine (Brydon et al., 2009a, 2009b; Burns et al.,
2002a, 2002b; Edwards et al., 2006; Gallagher et al., 2008a, 2008b, & 2022; Glaser et al.,
2000; Irwin et al., 2011 & 2013; Li et al., 2007; Morag et al., 1998; Wu et al., 2017).

Some research groups who use vaccine paradigms are focused on innate
immunity and measure markers of inflammation in the blood following vaccination
(Brydon et al., 2009a & 2009b; Glaser et al., 2003; Tronkowski et al., 2004; Vedhara et

al., 2002; Wong et al., 2013). For example, Segerstrom and colleagues (2008)

1n rare cases, pre-vaccine blood samples are not collected (for examples, see Burns et al., 2002b and
Gallagher et al., 2022).



demonstrated that caregivers produced greater interleukin-6 (IL-6) following influenza
vaccination than non-caregivers.

Vaccine challenge studies, however, are often used to explore how psychosocial
experiences influence adaptive immunity. Antibody production following vaccination is
an in vivo assessment of adaptive immune function (Burns & Gallagher 2010). This
method is used to explore how psychosocial factors, such as stress, social support, and
sleep, are associated with the antibody titers in the post-vaccine blood samples. The
post-vaccination blood draw can occur days (Gallagher et al., 2008b; Vedhara et al.,
1999), weeks (Burns et al., 2003a; Corallo et al., 2022; Gallagher et al., 2008a; Li et al.,
2007; Miller et al., 2004; Vedhara et al., 1999), months (Burns et al., 2003a; Gallagher et
al., 2008a; Kiecolt-Glaser et al., 1996; Miller et al., 2004; O’Connor et al., 2014b; Wong
et al., 2013), or a year or more (Burns et al., 2002a; Irwin et al., 2013; Phillips et al.,
2006) after the administration of the vaccine.

A variety of methods have been used to assess response to vaccination (Beyer et
al., 2004). One approach is to classify individuals as responders or non-responders (for
examples, see Afsar et al., 2009; Burns et al., 2003b; Glaser et al., 1998) by dividing
participants into those people who demonstrated a two-fold increase in antibody titers
to the pneumonia vaccine or a four-fold increase in antibody titers to the influenza
vaccine (Gallagher et al., 2009b and Kiecolt-Glaser et al., 1996, respectively) and those
who did not. An alternative approach is to classify individuals as seroprotected (Burns et
al., 2002b; Talbot et al., 2015) by using clinically-relevant cut-off points to divide

participants into those people who produced enough antibodies to be protected against



that virus (e.g., post-vaccination titers > 1:40 for the influenza vaccine or > 1:100 for the
hepatitis B vaccine; Talbot et al., 2015 and Burns et al., 2002b, respectively) and those
who did not. A third approach, albeit a less clinically-relevant one, is to divide
participants into high- vs low-responders (Burns et al., 2002a; Marsland et al., 2001) by
splitting participants at the median titer level within the sample. These three
approaches yield dichotomous outcomes, and researchers either compare the different
groups on their reports of psychosocial function (Burns et al., 2003b) or they use logistic
regression to predict group membership from the reports of psychosocial functioning
(Burns et al., 2002a).

An alternative to using dichotomous measures of vaccine response is to use a
continuous measure to quantify antibody production following vaccination. Here, linear
regression is used to examine the association between psychosocial reports and
response to vaccination. Antibody titers are not normally distributed, and consequently,
most researchers conduct logio, logz, or natural log transformations on the titer values
collected from each blood sample (for examples, see Li et al., 2007; O’Connor et al.,
2014b; Taylor et al., 2017). Researchers are usually interested in antibody growth or the
change in antibodies from pre-vaccination to post-vaccination. One method of
calculating this growth is to subtract pre-vaccination levels from post-vaccination levels
(O’Connor et al., 2014b & 2015) and use this new value as the dependent variable in
subsequent regression analyses. However, in most cases, regression analyses are
conducted on the post-vaccine values while controlling for the pre-vaccine levels

(Gallagher et al., 2008a, 2008b, & 2009a).



The body’s ability to produce antibodies following vaccination depends greatly
on a person’s pre-vaccination antibody titer values. Therefore, rather than calculating
change scores or controlling for participants’ baseline antibody titers, Beyer and
colleagues recommend that researchers correct for pre-vaccination levels and use this
corrected value as the outcome variable in regressions (Beyer et al., 2004).

To date, studies linking psychosocial experiences and response to vaccination
have produced mixed results. Some findings suggest that risk factors, such as stress and
negative affect, are associated with diminished antibody response, and promotive
factors, such as social support and positive affect, are associated with amplified
antibody response (Afsar et al., 2009; Ayling et al., 2018; Brydon et al., 2009b; Gallagher
et al., 2022; Glaser et al., 2000; Irwin et al., 2011, 2013; Li et al., 2007; Miller et al., 2004;
O’Connor et al., 2014b; Petrie et al., 1995; Philips et al., 2005a; Pressman et al., 2005;
Vedhara et al, 1999). However, growing evidence suggests that the link between these
psychosocial experience and vaccine response is less straightforward than the field once
thought. For example, results from some studies suggest that risk factors are associated
with amplified responses, whereas promotive factors are associated with diminished
responses, and several studies report no association at all (Burns et al., 2002a; Gallagher
et al., 2008a & 2008b; Hallam et al., 2022; Li et al., 2007; Marsland et al., 2001;

O’Conner et al., 2014b; Prather et al., 2012; Wong et el., 2013; Wu et al., 2017).



Evidence Linking Psychosocial Experiences to Vaccine Response
1.2.1 Psychosocial Risk Factors and Response to Vaccination

A large majority of the work linking psychosocial experiences and vaccine
response has explored how stress-inducing experiences are associated with antibody
production following vaccination. Researchers have focused on the effects of caregiving
(Gallagher et al., 2009b; Glaser et al., 1998; Glaser et al., 2000; Kiecolt-Glaser et al.,
1996; Vedhara et al., 1999), stressful life events (Gallagher et al., 2008a; Phillips et al.,
2005a), perceived stress (Li et al., 2007; Miller et al., 2004), and negative mood
(Marsland et al., 2001).
1.2.1.1. Chronic Caregiving Stress:

Some of the first work that linked stress to vaccine response compared
caregivers to age-matched controls. This work has been conducted in populations of
people serving as the primary caregiver for adults with dementia (Glaser et al., 2000;
Kiecolt-Glaser et al., 1996; Segerstrom et al., 2008; Vedhara et al., 1999), adults with
Alzheimer’s disease (Glaser et al., 1998), adults with multiple sclerosis (Vedhara et al.,
2002), and children with developmental disabilities (Gallagher et al., 2009a & 2009b).

Two studies using the influenza vaccine explored whether the stress associated
with caregiving could influence who mounted a sufficient, or protective, response to at
least one of the strains included in the vaccine one-month following vaccination (Glaser
et al., 1998; Kiecolt-Glaser et al., 1996). The results from these studies suggest that
elderly caregivers of spouses with dementia or Alzheimer’s are less likely than age-

matched controls to respond to the vaccine. Additionally, parents of children with



developmental disabilities produced fewer antibodies of a composite of all pneumonia
serotypes one- and six-months following vaccination (Gallagher et al., 2009b) relative to
controls. Collectively, results from these studies suggest that taking care of a sick loved
one is negatively associated with response to vaccination.

There is mixed evidence regarding the robustness of these findings. In one
example, elderly caregivers whose spouses had dementia had a poorer response to one
of the A strains, but not the other A strain nor the B strain, one-month following
influenza vaccination (Vedhara et al., 1999) than controls. Alternatively, Gallagher and
colleagues (2009a) found that parents of children with developmental disabilities had a
poorer response to the B strain, but neither A strain, one- and six-months following
influenza vaccination.

Four studies reported that caregivers and controls did not differ in antibody
production to the influenza vaccine or the pneumonia vaccine approximately one-
month following vaccination (Glaser et al., 2000; Segerstrom et al., 2008; Vedhara et al.,
2002; Wong et al., 2013). Two of these four studies collected follow-up measures three-
months post vaccination. At this later time point, caregiving was not associated with
influenza antibody response in elderly caregivers of spouses who have been diagnosed
with Alzheimer’s, Parkinson’s, or stroke (Wong et al., 2013), but was associated with
pneumonia antibody response in elderly caregivers of spouses with dementia (Glaser et
al., 2000). This difference between caregivers and controls that emerged later for the
pneumonia vaccine persisted at the six-month follow up mark (Glaser et al., 2000).

Additionally, among elderly caregivers of spouses with dementia (but not age-matched



controls) negative repetitive thought was negatively associated with antibody
production for one of the A strains and the B strain (Segerstrom et al., 2008) across a
five-year study.

1.2.1.2. Stressful Life Events:

Past research has explored how other stressful life events might predict vaccine
response. Several of these studies used Linden’s Life Events Scale for Students (Linden,
1984) to capture the total number of negative life events a person experienced over the
previous year and that person’s accumulated stress across all stress events (i.e., a
weighted life event score, which factors in both the number and severity of the
stressors). These two concepts, although related, provide unique information. For
instance, two people could experience the same stressor, such as a car accident, but
experience vastly different amounts of stress following the stressor. One person may
leave the accident relatively unharmed, whereas another person may face months of
physical therapy and financial stress. Alternatively, one person may experience several
negative life events, but these events result in very little stress, collectively. In contrast,
another person may only experience a few major life events, but these events lead to
huge disruptions in their life.

The number of stressful life events and the weighted life event score have been
explored as two unique predictors of vaccine response, and evidence is mixed regarding
which characterization of stress is the best predictor of vaccine response. For example,
the number of life events a person reported experiencing was negatively associated

with post-vaccine titer values for the meningococcal C serotype and the influenza B
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strain (but not the meningococcal A serotype or either of the influenza A strains) five-
weeks following vaccination in young adults (Phillips et al., 2005a). Five months
following vaccination, weighted life event scores were negatively associated with
antibody production of the B influenza strain, but neither of the two A strains or the
meningococcal serotypes (Phillips et al., 2005a).

Three additional studies suggest that the link between negative life events and
vaccine response may look different at earlier time points than at later time points
following vaccination. For example, Burns et al. (2002b) assessed whether the weighted
life event score predicted seroprotection status in two groups of participants: (a) young
adults who had been vaccinated within the previous year, and (b) young adults who had
been vaccinated over a year ago. They found no association between weighted life
event scores and the likelihood of being seroprotected following hepatitis B vaccine for
participants who had been vaccinated within the last year, but weighted life event
scores were negatively associated with seroprotection status among participants who
were vaccinated over a year ago. Gallagher et al. (2008a) reported that neither the
number of negative life events nor the weighted life event score were associated with
hepatitis A titer values four weeks following vaccination in young adults, but the
expected link emerged at the 18-week follow up. Finally, Burns et al. (2003b) found that
young adults classified as responders to the influenza vaccine five weeks following
vaccination surprisingly reported more negative life events than those who were
classified as non-responders, but this association reversed at the five-month follow-up,

such that responders reported fewer negative life events than non-responders.

11



Two studies explored the links between other kinds of negative life events and
antibody production (Jabaaij et al., 1993; Phillips et al., 2006). Daily hassles were
negatively associated with hepatitis B vaccine response seven months following
vaccination in a sample of medical students (Jabaaij et al., 1993). Similarly,
bereavement, a particularly salient stressful event, was negatively associated with one A
strain and the B strain of the influenza vaccine in a sample of older adults (Phillips et al.,
2006), but weighted life event scores were not associated with antibody response in this
same study (Phillips et al., 2006).

Four studies in young adults and youth did not find associations between
exposure to negative life events and response to the pneumococcal vaccine, the
meningitis vaccine, and the hepatitis B vaccine (Burns et al., 2002a; Gallagher et al.,
2008a & 2008b; Marsland et al., 2001; O’Conner et al., 2014), and one study found that
exposure to negative life stressors was positively associated with antibody response to
the hepatitis B vaccine in a sample of young adults (Petry et al., 1991).
1.2.1.3. Perceived Stress:

Perceived stress has also been explored as a potential factor that predicts
vaccine response. Perceived stress is a person’s general thoughts and feelings about the
level of stress they are experiencing at any given moment (whether tied to specific life
events or not; Cohen et al., 1983). Glaser et al. (1992) found that medical students who
responded to the hepatitis B vaccine following the first injection reported less perceived
stress than students who did not respond to the vaccine until after the second or third

injection. Burns et al. (2002a) showed that higher levels of perceived stress were

12



associated with a greater likelihood of being classified as a low responder to the
meningitis vaccine after one month in a sample of young adults. Hayney et al. (2014)?
found that lower perceived stress was linked to a greater likelihood of being
seroprotected three weeks following influenza vaccination in older adults. Moreover,
perceived stress was negatively associated with antibody production following tetanus
vaccination in adulthood (Li et al., 2007) and influenza vaccination in young adulthood
(Miller et al., 2004; Pressman et al., 2005).

Two studies suggested that perceived stress was not associated with vaccine
response one month following vaccination but reported statistically significant links at
later time points (Sacadura-Leite et al., 2014; Talbot et al., 2015). Despite the null effect
at one-month post-vaccination, Talbot et al. (2015) reported that lower perceived stress
was associated with a greater likelihood of being seroprotected eight months following
vaccination for one of the B strains in the influenza vaccine (but not the two A strains or
the other B strain) in older adults. Likewise, Sacadura-Leite et al. (2014) reported that
higher perceived stress at baseline was associated with a greater likelihood that a
person’s titer values for the two A strains (but not the B strain) would decline at the six-
month follow up in a sample of hospital nurses.

Two additional studies exploring the link between perceived stress and vaccine
response produced perplexing findings. Burns et al. (2003b) found that young adults

who were seroprotected five weeks following influenza vaccination reported higher

2 This research group collected antibodies through nasal secretions (not blood), and they used a more
stringent cut-off point to divide their participants into responders and nonresponses. Normally, the
responder cut-off is defined as > 1:40, but Hayney et al., (2014) used > 1:160.

13



perceived stress at baseline, but young adults who were seroprotected five-months
following vaccination reported lower baseline perceived stress. These results were only
significant for one of the A strains, and stress was not associated with seroprotection for
any of the other strains at either time point (Burns et al., 2003b). In a second example,
Corallo et al. (2022) reported a positive link between emotional distress (a composite of
perceived stress, loneliness, and depressive symptoms) and influenza antibody
production for one of the A strains, but not the other strains in a sample of adolescents.

Finally, six additional studies found no evidence for a link between perceived
stress and response to vaccination for the influenza vaccine in younger and older adults,
pneumonia vaccine in young adults, hepatitis B vaccine in younger and midlife adults,
and human papillomavirus vaccine in young adults (Gallagher et al., 2009b; Hallam et
al., 2022; Marsland et al., 2001; Moynihan et al., 2004; Prather et al., 2012; Taylor et al.,
2017; Wu et al., 2017).
1.2.1.4. Negative Affect:

Negative affect, or a measure how a person experiences negative emotions, has
been shown to influence short- and long-term health outcomes (Leger et al., 2018;
Watson, 1988) and has been explored as a psychosocial factor that might influence
response to vaccination. For instance, trait negative affect was negatively associated
with hepatitis B antibody levels in young adults, such that higher levels of negative
affect were linked with a lower antibody response (Marsland et al., 2001), but five
studies failed to find this association between negative affect and response to the

pneumonia vaccine in young adults, influenza vaccine in younger and older adults, and
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COVID-19 vaccine across adulthood (Ayling et al., 2018; Gleeson et al., 1996; Hallam et
al., 2022; Moynihan et al., 2004; Pressman et al., 2005).
1.2.2. Psychosocial Promotive Factors and Response to Vaccination

Relative to the number of studies that have explored stress and other risk
factors, there are far fewer studies that explore how promotive factors, such as positive
relationship quality and satisfaction, social support, or positive affect, are linked to
response to vaccination.
1.2.2.1. Relationship Quality and Satisfaction

Relationship satisfaction and high-quality interactions have been shown to
influence antibody production (O’Connor et al., 2015; Phillips et al., 2006). Among
married or cohabiting people, self-reported relationship satisfaction, or the amount of
contentment a person reported, was positively associated with antibody production one
month following influenza vaccination for one of the A strains, but not the other strains
in older adults (Phillips et al., 2006). Among children, observed mother-child relationship
guality was positively associated with antibody production at one month following the
meningitis vaccination for one of the four serogroups (O’Connor et al., 2015).
1.2.2.2. Social Support

Structural and functional aspects of social support appear to be associated with
response to vaccination (Uchino et al., 2020), although the findings are mixed. Pressman
et al. (2005) found a positive link between network size (structural support) and
antibody production one and four months following influenza vaccine for one of the A

strains, but not the other A strain nor the B strain in a sample of young adults.
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Additionally, Gallagher et al. (2008b) reported a positive link between functional social
support (e.g., extent to which you have people in your life who listen to you, who help
you, and who you spend time with) and one of the five serotypes included in the
pneumonia vaccine (but not the other four serotypes) five days following vaccination in
young adults.

Functional social support was positively associated with antibody production five
weeks and five months following influenza vaccination for one of the A strains (but not
the other A strain or B strain), but it was not associated with antibody production to the
meningococcal vaccine at the five-week or five-month follow-up in young adults (Phillips
et al., 2005a). Similarly, Gallagher et al. (2008a) found a positive link between number of
friends (structural support) and pneumonia vaccine response four weeks following
vaccination (but not at the 18-week follow-up) in young adults, but it was not associated
with antibody production to the hepatitis A vaccine (Gallagher et al., 2008a).

However, results from several studies do not support the notion that social
support is beneficial to antibody production. In one study, social support was curiously
associated with a poorer response to influenza vaccine three weeks post-vaccination in
older adults (Moynihan et al., 2004), and social support was not associated with
response to vaccination in various other studies in younger and older adults (Gallagher
et al., 2009b; Li et al., 2007; Phillips et al., 2006; Wong et el., 2013). For example, Glaser
et al. (1992) found that functional support was not associated with whether a young
adult responded to the hepatitis B vaccine following the first injection (i.e., early

responder) rather than the second or third injection (late responders).
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1.2.2.3. Self-Disclosure and Perceived Responsiveness

Self-disclosure and perceived responsiveness are two distinct factors that help
set the stage for social support to occur within ongoing relationships (Clark & Reis, 1988;
Laurenceau et al., 1998; Reis & Patrick, 1996). Self-disclosure is the act of sharing facts,
thoughts, or feelings with another person, whereas perceived responsiveness is the
extent to which that other person listened to you and accepted you (Clark & Reis, 1988;
Laurenceau et al., 1998; Reis & Patrick, 1996).

There has been little work exploring the roles of self-disclosure and perceived
responsiveness in predicting response to vaccination, but there is a growing body of
literature that links these constructs to health more broadly (Frattaroli, 2006; Stanton et
el., 2019b). Self-reported self-disclosure has been linked to fewer doctor visits
(Greenberg et al., 1996), lower asthma-related gene expression (Imami et al., 2019), and
better sleep (Kane et al., 2013). Similarly, perceived responsiveness has been linked with
better health behaviors (Britton et al., 2019; Dooley et al., 2018), lower salivary cortisol
(Slatcher et al., 2015), and a lower risk for mortality (Alonso-Gerres et al, 2020).

Other studies have experimentally manipulated self-disclosure. In these studies,
participants are randomly assigned into a self-disclosure group (e.g., they engage in self-
disclosure through speeches, writing, or group discussions) or a control group.
Experimental self-disclosure has been linked with lower inflammation (Booth et al.,
1997; Bower et al., 2003), fewer physical health symptoms (Gallant & Lafreniere, 2003;

Gidron et al., 2002), and lower blood-pressure (Beckwith McGuire et al., 2005).
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Two experiments have explored how self-disclosure is associated with antibody
production following vaccination, and they produced conflicting results. Petrie et al.
(1995) reported that primarily White medical students who disclosed their traumain a
writing intervention mounted a higher antibody response four and six months following
hepatitis B vaccination, relative to controls. However, Stetler et al. (2006) found that
Black adults who disclosed their trauma related to discrimination in a similar writing
intervention mounted a lower antibody response one and three months following
influenza vaccination for the two A strains in the vaccine (but not the B strain) relative
to controls.

In a large meta-analysis of over one hundred studies, Frattaroli (2006) concluded
that experimental self-disclosure was beneficial for mental and physical health; and
therefore, the results by Stetler et al (2006) were surprising. However, as Stetler and
colleagues (2006) point out, their experiment differed in a major way from most studies
that manipulate self-disclosure. In many prior studies, participants were requested to
write about a traumatic event from their past, whereas in Stetler et al’s (2006) study,
the participants were requested to write about the trauma associated with
discrimination, which is often an ongoing stressor. These researchers also noted that
within the disclosure group, participants who attributed their experiences of
discrimination to a specific cause (e.g., systemic racism) mounted a better response to
the vaccine than participants who failed to attribute their experiences to something
specific. Perhaps the effects of experimental self-disclosure on health are different

depending on these contextual factors.
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One contextual factor that could potentially influence how self-disclosure
influences health, including response to vaccination, is the extent to which a person
engages in self-disclosure during their everyday life. However, there have not been any
studies that have explored the role of self-reported self-disclosure and perceived
responsiveness on antibody production following vaccination.
1.2.2.4. Positive Affect

Positive affect, or a measure of how a person experiences positive emotions, has
been linked to better health outcomes (Pressman & Cohen, 2005), and a small number
of studies have explored whether positive affect can similarly influence response to
vaccination. Indeed, higher positive affect was associated with being classified as a
“high” rather than a “low” responder to the hepatitis B vaccine in young adults
(Marsland et al., 2006) and was positively associated with influenza antibody production
at four- and 16-weeks following vaccination for one of the A strains, but none of the
other strains in the vaccine older adults (Ayling et al., 2018). One study suggested that
positive affect was not associated with influenza antibody response in older adults
(Moynihan et al., 2004).

1.2.3. Sleep and Response to Vaccination

An emerging line of work has explored how sleep and other health behaviors
might influence vaccine response. Experimental studies (i.e., studies that manipulate
sleep duration) suggest that partial or total sleep deprivation on the day prior to, or day
of, vaccination can negatively influence antibody production (Benedict et al., 2012;

Lange et al., 2003, & 2011; Speigel et al., 2002). Similarly, college students with
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insomnia, a sleep disorder that is characterized by sleep disruptions, produced fewer
antibodies relative to healthy controls, and night shift workers mounted a diminished
meningococcal antibody response relative to day workers (Ruiz et al., 2020; Taylor et al.,
2017).

Results from studies that measure naturally occurring sleep in normative
samples (i.e., participants wear actigraphy watches to measure how much sleep they
get or they report on their sleep using sleep diaries or questionnaires) also support the
notion that sleep is associated with response to vaccination. For instance, actigraphy-
derived sleep duration measured for the week surrounding hepatitis B vaccination was
positively associated with antibody production (Prather et al., 2012), and self-reported
sleep duration was positively associated with influenza antibody production following
vaccination (Prather et al., 2021). However, in both of these studies, self-reported sleep
quality was unrelated to antibody production (Prather et al., 2012 & 2021). Findings
from one additional study suggested that self-reported sleep quality was not associated
with response to the pneumonia vaccine (Gallagher et al., 2009b).

Variability in Psychosocial Experiences

As noted, there is mixed evidence in the literature regarding the extent to which
both positive and negative psychosocial experiences predict vaccine response. In the
majority of these past studies, researchers would rely on a single measure of their
construct of interest (e.g., a one-time assessment of perceived stress that represents
the average amount of stress that a person experienced over the prior month).

However, psychosocial experiences are not static and can change or fluctuate over time,
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and a one-time assessment may not capture the complexity that is associated with
those experiences. A more nuanced approach would explore how variations in these
experiences might be associated with vaccine response.
1.3.1. Yearly Experiences and Response to Vaccination

There is a growing interest in investigating how year-to-year changes in
psychosocial experiences are related to vaccine response (Kohut et al., 2012; Lyle et al.,
in prep; Segerstrom et al., 2008; 2012). In one impressive study, Segerstrom and
colleagues (2012) tracked a large cohort of older adults across seven years and found an
association between changes in distress and antibody production. Specifically,
participants mounted higher antibody responses following vaccination in the years in
which they experienced lower than average distress. However, this finding was only
significant among participants who also reported higher than average levels of physical
activity, suggesting that the links between stress and response to vaccination may vary
depending on different lifestyle factors.
1.3.2. Daily Experiences and Response to Vaccination

Diary and ecological momentary assessment studies are the gold standard
methods for exploring research questions related to a person’s daily experiences (Bolger
& Laurenceau 2013), and few research groups have used these methods to explore the
link between psychosocial experiences and vaccine response (Ayling et al., 2018; Jenkins
et al., 2018; Miller et al., 2004; Prather et al., 2012; Pressman et al., 2005). In almost all

of these studies, the daily measures were aggregated to create an average score, which
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does not utilize these daily designs to their full potential. Only two studies capitalized on
the repeated nature of the daily diary design (Jenkins et al., 2018; Miller et al., 2004)

In one example, Miller and colleagues (2004) collected 14-days of diary
assessment and explored whether the average level of stress across all 14 days was
associated with antibody production, and they attempted to identify whether there
were particular days in which the link between stress and vaccine response was stronger
or weaker. Results from this study suggested that averaged perceived stress across the
study period was negatively associated with influenza antibody values for one of the A
strains (but no other strains) one and four months following vaccination, and the
strongest links between daily stress and vaccine response occurred on day-8 through
day-10 following vaccination (Miller et al., 2004).

In another example, Jenkins and colleagues (2018) collected 13 days of diary
assessments to explore the role of daily fluctuations in positive and negative affect in
predicting antibody production (Jenkins et al., 2018). For each participant, these
researchers calculated the mean, representing the participant’s average value, and the
standard deviation, representing the participant’s within-person variability, in positive
and negative affect across all 13 days. Although there were no main effects of the
average positive or negative affect scores or the variability in positive affect on vaccine
response, variability in negative affect was negatively associated with influenza antibody
production. In other words, participants who experienced greater fluctuations in their
negative affect across the study period showed a diminished response to vaccination.

Additionally, there was an interaction between average positive affect and variability in
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positive affect, such that among individuals with high average levels of positive affect,
there was a negative association between variability in positive affect and antibody
response, suggesting that variability in positive affect was only detrimental for antibody
production when the person had high average levels of positive affect. These results
suggest that exploring the variability within daily experiences might provide unique
insights into the complexities surrounding the role of daily experiences and vaccine
response. See Figure 1 for a visual of three different people who have the same mean
values but differ in their variability.
1.3.3. Evidence Linking Variability to Health and Well-Being

Unpredictability in experiences may serve as a unique stressor that can influence
health and well-being across the lifespan (Kulman et al., 2017; Liu & Fisher, 2022). For
example, children who grew up in unpredictable environments (e.g., frequent moves,
disruptions to parental employment) were more likely to engage in substance use as
teens than children who had more predictable or stable lives (Doom et al., 2016). In
addition to unpredictability in these major life events, the unpredictability in a child’s
every day experiences has been linked to health. For example, infants whose mothers
engaged in more unpredictable behaviors during a 10-minute observed parent-child
play task exhibited a blunted cortisol response following vaccination (Norofia-Zhou et
al., 2019).

Similarly, the variability in psychosocial experiences from day-to-day or week-to-
week has been associated well-being (Eizenman et al., 1997; Kernis et al., 1993).

Variability in mood has been negatively associated with life satisfaction, depressive
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symptoms, and self-reported health (Chan et al., 2015, 2016; Gruber et al., 2013; Hardy
& Segerstrom, 2017). Fluctuations in relationship satisfaction and perceived partner
commitment can predict later break-up status (Arriaga, 2001; Arriaga et al., 2006).
Greater variability in worry and experiences of negative life events, such as
discrimination, have been associated with poorer health behaviors, including substance
use and sleep, respectively (Bustamante et al., 2020; Fuller-Rowell et al., 2021; Shadur
et al., 2015).

Variability in psychosocial experiences and variability in sleep have also been
associated with physical health outcomes. Fluctuations in self-esteem were associated
with arterial stiffness, an early warning sign for atherosclerosis (Ross et al., 2013), and
fluctuations in perceived control and life satisfaction were associated with mortality
status (Boehm et al., 2015; Eizenman et al., 1997). Additionally, variability in bedtime
was associated with higher TNF-a (Okun et al., 2011). The current study seeks to build
upon this prior work by investigating how variability in daily stress, self-disclosure,
perceived responsiveness, mood, and sleep might uniquely predict antibody response
following vaccination.

Current Study
1.4.1. Current Study Overview

The present study uses a vaccine challenge to explore how psychosocial factors
and sleep influence immune system function. Past research suggests that negative
psychosocial factors, including stress and negative affect, are linked with diminished

response to vaccination (Pedersen et al., 2009), and positive psychosocial factors,
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including social support and positive affect, are linked with enhanced response to
vaccination (Uchino et al., 2020). Furthermore, sleep has been examined as a
particularly important health behavior that can influence vaccine response (Prather et
al., 2012 & 2021). The majority of this past work has assessed these research questions
in cross-sectional designs, and therefore, they are limited in their ability to answer more
complex questions regarding how the variability or fluctuations in these risk and
promotive factors might relate to vaccine response. By examining the daily variation of
these experiences, this study can advance our understanding of how these factors relate
to immune function. Specifically, by utilizing daily diaries, we can replicate prior work by
exploring how average levels of risk and promotive factors influence antibody
production. Additionally, a daily diary design allows us to build upon that work by
assessing whether variability in those factors predict antibody production.

In this study, a sample of youth and adults completed two surveys every day for
seven consecutive days following influenza vaccination. In the morning survey,
participants reported on their mood and their sleep quantity and quality. In the evening
survey, participants reported on their mood, experiences with a variety of stressors, and
any instances of self-disclosure. Additionally, we collected important covariates (i.e.,
substance use and physical activity) to further clarify the unique influences of stress,
self-disclosure, mood, and sleep on vaccine response.

1.4.2. Current Hypotheses
Research regarding how psychosocial factors influence adaptive immune

function has yielded mixed results. Some studies report strong associations between
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psychosocial experiences and antibody production, while other studies report no
associations between these experiences and response to vaccination. Therefore, the
first goal of the current study was to evaluate the associations between average levels
of risk and promotive factors on vaccine response. To calculate a person’s average level
for each construct, | calculated the mean of all seven days of data collection. | predicted
that antibody production following vaccination would be negatively associated with
number of stressors, accumulated stress, and negative mood, and it would be positively
associated with self-disclosure, perceived responsiveness, positive mood, sleep
duration, and sleep quality.

The second goal of the current study was to investigate the role of daily
variations in risk and promotive factors as predictors of vaccine response. To calculate a
person’s variability within each construct, | calculated the standard deviation across all
seven days of data collection, which has been a commonly used method across different
kinds of psychosocial constructs (Boehm et al., 2015; Gruber et al 2013; Hardy &
Segerstrom et al., 2017, Jenkins et al., 2018; Mezick et al., 2009, Okun et al., 2011; Ross
et al., 2013). In light of evidence linking variability in psychosocial factors to health-
relevant outcomes, | hypothesized that the variability in daily experiences of stress, self-
disclosure, perceived responsiveness, mood, and sleep would be negatively associated
with antibody production following vaccination, such that people who have more

variability in their daily experiences will have a diminished vaccine response.
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| also ran a series of exploratory analyses investigating whether any of these
associations varied as a function of age. More information regarding the rationale for

these analyses and my hypotheses can be found in chapter 4.

27



Figure 1
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Note. This figure depicts three hypothetical people who all have the same average value
for a given construct across the seven days, but they differ on the amount of variability
that they exhibited across the study period. Person One has no variability, Person Two

has low variability, and Person Three has high variability.
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CHAPTER 2
METHODS
Participants:

Participants were recruited via email from a larger longitudinal study exploring
the links between psychosocial experiences and vaccine response. (Participants were
drawn from the 2021 — 2022 cohort.) Adults and children’s legal guardian completed an
initial screening phone call to review inclusion and exclusion criteria. Participants were
eligible if they were at least 10 years old, were an English-speaking resident of the
Athens area, were willing to receive the flu vaccine as an injection, were willing to
undergo at least two blood draws across four weeks, and were in good general health.
Participants were ineligible if they were immunocompromised, allergic to any
component of the vaccine, diagnosed with any severe cognitive impairments, or if they
weighed under 110 Ibs. (for adult participants). Additionally, participants were ineligible
if they had presented any flu-like symptoms in the past four weeks or had recently
received or were planning to receive a health intervention that could alter their immune
system (e.g., recent or planned vaccinations) during the study period.

Following the initial screening call, all eligible and enrolled participants of the
larger study were contacted via email and informed about the current daily survey
study. Adults and the legal guardian of youth under 18 yrs. provided informed consent

to participate in the daily survey study. When a legal guardian provided informed
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consent, | contacted the adolescent via email and text message to obtain assent.
Although 152 participants (68.4% Female, 89.5% White, Mqge = 46.0, SD = 20.7, Age
Range = 11 — 86 yrs.) agreed to participate in the daily survey study, only 100
participants (66% Female, 93% White, Mqge = 48.3, SD = 20.8, Age Range = 11 — 86 yrs.)
were included in the current study because they completed at least five of the seven
morning surveys and five of the seven evening surveys (i.e., 70% of the total diary
entries). | selected this threshold following the recommendation of Griffiths et al.,
(2021). Twenty-eight participants who agreed to participate did not complete any diary
entries, and 24 participants completed fewer than 70% of the diary entries. For a
flowchart regarding the recruitment and enrollment procedures, see Figure 2.
Procedures:

All participants completed at least two study visits at UGA’s Clinical and
Translational Research Unit (CTRU) and were asked to complete seven days of at-home
surveys on their computer or phone. At the first visit, a trained phlebotomist drew a
sample of participants’ blood (adults provided a 97.5-mL sample, and adolescents
provided a 30-mL sample), and then a registered nurse administered the quadrivalent
influenza vaccine (FluZone™, Sanofi Pasteur, Inc., Swiftwater, PA, USA). Approximately
one month later (Maays = 28.6, SD = 1.68, Range = 25 — 35 days), participants returned to
the CTRU and provided a second blood sample (adults provided a 75-mL sample, and
adolescents provided a 27.5-mL sample).

Beginning the day after their first visit, all participants were asked to complete

online morning and evening surveys for seven consecutive days. The morning survey
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assessed sleep from the previous night and current mood, and the evening survey
assessed current mood and experiences of stress and self-disclosure throughout the
day. The surveys also captured potential control variables, including physical activity and
substance use. Participants were instructed to complete the morning survey within an
hour of waking up and the evening survey within an hour of going to bed. All morning
surveys were completed between 4:00am and 1:00pm, and all evening surveys were
completed between 6:00pm and 3:00am. For a visual depiction of the procedures and
timeline for this study, see Figure 3.

All methods and materials were approved by the University of Georgia’s (UGA)
Institutional Review Board (see Appendix A for the study approval form). Participants
were compensated with a $25 Amazon e-Voucher for completing any portion of the
daily surveys and an additional $15 for completing at least 80% of the daily surveys.
Participants were also compensated up to $100 at the CTRU for receiving their
vaccination and participating in additional procedures for the larger study.

Measures:
Demographics:

Participant demographics were collected during the first visit at the CTRU,
including age in years, biological sex assigned at birth (0 = female and 1 = male), race (0
= White and 1 = Non-White), and body mass index (BMlI). These variables were used as
covariates because they have been shown to influence response to vaccination
(Haralambieva et al., 2014; Kurupati et al., 2016; Zimmerman & Curtis, 2019). Older

individuals tend to produce fewer antibodies following vaccination relative to younger
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individuals, males produce fewer antibodies than females, and people with higher BMI
produce fewer antibodies than people with lower BMI (Zimmerman & Curtis, 2019).
Additionally, there is some evidence that race is associated with antibody production
(Haralambieva et al., 2014; Kurupati et al., 2016).

Daily Variables of Interest:

Stress. Participants reported their exposure to daily stress using an adapted
version of the Daily Stress Inventory (Brantley et al., 1987). Our study team selected 17
stressors common to both adults and youth (see Appendix B for the complete list of
items and the items we selected). Every evening, participants were instructed to rate
events on a scale from 0 = this event did not occur, 1 = this event occurred but it was not
stressful, to 7 = this event occurred, and it caused me to panic. Example items include:
“Had a confrontation with a friend,” “Was embarrassed,” and “Feared illness/physical
discomfort.” | derived two variables from our stressor inventory (a) Number of unique
stressors experienced, and (b) Amount of accumulated stress.

To calculate the number of unique stressors experienced each day, | counted the
number of items in which a participant responded with 1-7 on the scale (the values that
indicate an event occurred). Higher scores indicate that the participant experienced a
greater number of unique stressors that day. To calculate the amount of accumulated
stress experienced each day, | summed the person’s responses across all 17 items, with
higher scores indicating more accumulated stress on that day.

For both stress constructs, | calculated the mean across all seven days and

recorded the variability (i.e., standard deviation). Therefore, each participant received
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scores for their average number of unique stressors, variability in the number of unique
stressors, average level of accumulated stress, and variability in accumulated stress,
across the seven days of diary collection.

Self-Disclosure and Perceived Responsiveness. Every evening, participants were
instructed to reflect on the most meaningful conversation they had during the day and
respond to six items that assessed self-disclosure and perceived responsiveness. These
items included, “Extent to which you talked about facts/information,” “Extent to which
you talked about your thoughts,” “Extent to which you talked about your feelings,”
“Extent to which the person you were talking to really listened to what you were
saying,” “Extent to which the person was responsive to what you were saying,” and
“Degree to which you feel accepted by that person.” The participants were asked to
respond on a scale from 1 = not at all to 5 = extremely for each prompt. This measure
yielded two constructs: (a) amount disclosed, and (b) perceived responsiveness. These
items were adapted from other self-disclosure and intimacy measures used in the past
(Laurenceau et al., 1998). Researchers have used similar measures with adults (Kane et
al., 2014), and this exact measure was used in a sample of youth (Imami et al., 2019).

To assess the amount of information disclosed, | calculated the mean of the first
three items. Higher scores indicate that the participant disclosed more information each
day. To assess perceived responsiveness, | calculated the mean of the last three items.
Higher scores indicate more responsiveness each day.

First, | calculated the average score across the seven days for amount disclosed

and perceived responsiveness. Then, | recorded the variability in the amount disclosed
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and perceived responsiveness across all seven days. Therefore, each participant
received scores for their mean level of self-disclosure, variability in self-disclosure, mean
level of perceived responsiveness, and variability in perceived responsiveness
experienced across the seven days of diary collection.

Mood. Every morning and evening, participants completed a condensed version
of the Positive and Negative Affect Schedule (PANAS; Watson et al., 1988). Participants
responded on a scale from 1 = not at all to 5 = extremely regarding the extent to which
they feel different emotions. For each day, | computed a Positive Affect Index by taking
the mean of the five positively valenced items (i.e., happy, excited, relaxed, hopeful, and
inspired) collected in the evening questionnaire. Higher scores indicate more positive
affect. | also computed a Negative Affect Index by taking the mean of the five negatively
valenced items (i.e., mad, sad, nervous, distressed, and irritable) collected from the
evening questionnaire. Higher scores indicate more negative affect.

First, | computed the mean of the Positive Affect Index and the Negative Affect
Index across all seven days. Additionally, | recorded the variability in positive and
negative mood across the seven days. Therefore, each participant received scores for
their mean level of positive mood, variability in positive mood, mean level of negative
mood, and variability in negative mood experienced across the diary period.

Sleep. Each morning, participants reported their sleep duration and quality from
the previous night. To assess sleep duration, participants reported the time they went to
bed the prior night, how many minutes it took them to fall asleep, and the time they

woke up in the morning. | calculated sleep duration by taking the difference between
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when a participant went to bed and when they woke up and then subtracted the
number of minutes it took them to fall asleep. Higher scores indicate a longer sleep
duration each day. Participants also reported their overall sleep quality on a scale from 1
=very bad to 4 = very good. These items were derived from the Pittsburgh Sleep Quality
Index (PSQI; Buysse et al., 1989) and have been used in prior daily diary work related to
sleep and vaccine response (e.g., Miller et al., 2004; Prather et al., 2021).

For both sleep constructs, | calculated the mean across all seven days and
recorded the variability. Therefore, each participant received scores for their mean level
of sleep duration, variability in sleep duration, mean level of sleep quality, and
variability in sleep quality across the seven days of diary collection.

Other Daily Variables:

Physical Activity. Every evening, participants reported how many minutes they
participated in physical activity during the day (e.g., brisk walking, jogging, bicycling,
playing sports, or exercising). | calculated the mean of all seven days to yield an average
physical activity score to use as a covariate. Physical activity and exercise have been
used as covariates in previous studies (For examples, see Burns et al., 2002a, Gallagher
et al., 2022; Miller et al, 2004), and evidence suggests that, among older adults, physical
activity is positively associated with antibody production (Kohut et al., 2002).

Substance Use. Every evening, participants reported how many substances they
consumed during the day (e.g., alcoholic drinks and cigarettes or cigars). | derived two
dichotomous variables, including whether the participant (a) drank alcohol or (b)

smoked at any point in the seven days (0 = no, 1 = yes). These control variables were
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selected because they have been shown to be associated with dampened response to
vaccination (Zimmerman & Curtis, 2019), although evidence is mixed.
Vaccination and HAI Titer Production:

The 2021-2022 FluZone vaccine included the following four strains: (a)
A/Victoria/2570/2019 (H1N1); (b) A/ Tasmania/503/2020 (H3N2); (c)
B/Phuket/3073/2013 (B/Yamagata lineage); and (d) B/Washington/02/2019 (B/Victoria
lineage). All vaccines were administered via intramuscular injection into the
participant’s upper arm at the CTRU by a registered nurse3. To quantify pre- and post-
vaccination hemagglutination-inhibition (HAI) titers to all four strains in the vaccine,
researchers at the Center for Vaccines and Immunology at the University of Georgia
followed a standard assay protocol used in previous studies (Carlock et al., 2019; Corallo
et al., 2022; Nufiez et al., 2017). To account for baseline antibody values (i.e., HAI titers
measured from the first blood sample), | applied the correction method developed by
Beyer et al. (2004) to the antibody values measured from the second blood sample®.
Following Segerstrom et al. (2012), | created a standardized composite of the corrected
antibody values for all four strains. Higher composite scores reflect greater antibody

production following vaccination.

3 All participants who were 65 years or older were given the option to receive a higher dose of the vaccine
(a dose that contains four times the number of antigens than the standard dose). Thirty of the thirty-one
older adults (29.7% of the sample) chose to receive the high dose.

% conducted this correction method twice. First, | applied this method to all participants enrolled in the
2021-2022 Flu Study. Then, | applied the method to only those participants included in the current study.
These two values were correlated at r =.997, p < .001. | made the a priori decision to retain the value
derived from the entire 2021-2022 Flu Cohort.
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Data Analytic Plan:

All data cleaning and analyses were conducted in IBM SPSS Statistics version 28
and R version 4.2.0. | calculated the average score across all seven days for my variables
of interest (i.e., number of unique stressors, amount of accumulated stress, amount of
disclosure, amount of perceived responsiveness, positive mood, negative mood, sleep
duration, and sleep quality). | also recorded the standard deviation of each participant’s
score across all seven days® to capture their daily variability. These two steps yielded 16
independent variables (i.e., the average score and the standard deviation for each
variable associated with stress, self-disclosure, mood, and sleep). My dependent
variable was vaccine response (i.e., the composite Beyer-corrected score).

I included common demographic variables (i.e., age, sex, race, and BMI) and
behavioral factors (i.e., alcohol use, tobacco use, and average physical activity) that have
been shown to influence response to vaccination in all analyses (Haralambieva et al.,

2014; Kohut et al., 2002; Kurupati et al., 2016; Zimmerman & Curtis, 2019). To account

> In addition to calculating the simple standard deviation, | followed the steps outlined by Arriaga et al.
(2001 & 2006) who suggested taking a multilevel modeling approach to calculating variability. First, |
calculated a new variable for each day that reflected an individual’s daily deviation from their average
score. | regressed the daily values onto time [VAR;; = Yoo + Yo1(time) + rij]. | saved the residual (r;) as a new
value which represents that person’s daily deviation. Then, | calculated the standard deviation of these
residuals, which resulted in one final value representing this participant’s “variability” across the seven
days of that construct. Gunaydin et al., (2021) used this approach to predict attachment security from
average levels of partner responsiveness and the variability within partner responsiveness across a three-
week period. In their supplemental materials they indicate that the value produced by Arriaga’s method
and the simple standard deviation (not using the multilevel approach) were correlated at r =.999 and
produced nearly identical results when used in subsequent analyses. Across my constructs, the simple
standard deviations and the multilevel model standard deviation calculations were correlated at r =.958
to r =1.00 where all p’s < .001. Therefore, | proceeded to run all analyses with the simple standard
deviation calculation.
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for any possible influence of receiving the high versus the regular dose, | also included
dosage (0 = regular dose and 1 = high dose) as a covariate.

| used multiple regression to determine whether the independent variables
predicted response to vaccination while controlling for sex, race, age, BMI, alcohol use,
smoking, physical activity, and dose (see Appendix C for a list of all proposed models).
First, | explored whether the average scores for each variable predicted vaccine
response. | ran separate models for each construct (i.e., number of unique stressors,
amount of accumulated stress, amount of disclosure, amount of perceived
responsiveness, positive mood, negative mood, sleep duration, and sleep quality) for a
total of eight models. For each model, | entered all control variables in the first block,
and then | entered the average score for the construct in the second block.

| then explored whether the variability (i.e., the standard deviation) for each
variable predicted vaccine response. | ran separate models for each construct (i.e.,
number of unique stressors, amount of accumulated stress, amount of disclosure,
amount of perceived responsiveness, positive mood, negative mood, sleep duration,
and sleep quality) for eight additional models. For each model, | entered all control
variables in the first block, the average score for the construct in the second block, and
the variability score in the third block.

Finally, | planned to conduct one large model with all the independent variables
that showed significant associations with antibody response from the prior 16 models.

Therefore, if all my independent variables were associated with response to vaccination,
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| could potentially have a model with 24 predictors (16 independent variables and all
eight covariates).

All reported p-values are two-tailed with an a priori significance level of p < .05,
which was reduced to p < .003 after Bonferroni correction due to multiple comparisons
(n =16 analyses).

Power Analysis:

A total of 100 participants were included in the analyses for this study. Given this
total number of participants and the number of effects | included in each model, | used
G*Power Version 3.1 to determine whether my analyses were powered to detect small,
medium, or large effects (Faul et al., 2007; Faul et al., 2009). In my individual models, |
estimated 10 effects and in my combined model, | could have estimated up to 24
effects. According to G*Power, my sample was adequately powered to detect effects

less than or equal to f2=.179 in my individual models and effects less than or equal to f2

.280 in my combined model. G*Power’s conventional standards suggest that f values

.15 indicate medium effects and f values = .35 indicate large effects (Faul et al., 2007;
Faul et al., 2009). Therefore, my sample was adequately powered to detect medium and
large effects but may not be sensitive enough to detect small effects. See Appendix D

for the protocol of power analysis generated by G*Power.
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Figure 2

Recruitment and Enrollment Flowchart

Adults contacted to participate in Parents contacted to participate in
the 2021-2022 cohort the 2021-2022 cohort
(n=402) (n=121)
\ 4 \4
Adults who enrolled in the Children who enrolled in the
2021-2022 cohort and completed 2021-2022 cohort and
Day 28 blood draw completed Day 28 blood draw
(n=248) (n=89)
v v
Adults who consented to the daily Parents who consented to the Children who assented to the
survey study daily survey study — daily survey study
(n=132) (n=30) (n=20)

Participants who completed any
portion of the daily survey study
(n=124)

!

Participants who completed at least
70% of the daily surveys and are
included in the current study
(n=100)

Note. This figure demonstrates the recruitment and enrollment procedures for the
current study. A total of 523 adults and parents were contacted to participate in the
2021-2022 Flu Study, and 343 of those participants enrolled. Of the 152 consenting
participants who were sent surveys, only 124 people filled out at least one survey.
Twenty-four of those participants did not complete at least five morning and five
evening surveys and were therefore excluded from the study. The final sample includes

100 adults and youth.
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Figure 3

Study Timeline

Recruitment

and
Enroliment Day 0 Day 1 eee Day?7 Day 28
Obtain informed Visit 1 at CTRU: Survey administration: one survey every morning and Visit 2 at CTRU:
consent and assent vaccination and one survey every evening blood sample

blood sample

Note: This figure depicts the procedures that the participants completed. All participants
attended two visits at the Clinical and Translational Research Unit on the University of
Georgia’s Health Sciences campus. The visits were scheduled approximately one-month
apart, and participants completed seven days of surveys starting the morning following

their first visit.
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CHAPTER 3
RESULTS

Participant Demographics:

A total of 100 participants (66% Female, 93% White, Mqage = 48.3, SD = 20.8, Age
Range = 11 — 86 yrs.) were included in the current study. Table 1 presents the
demographic information for (a) all the participants enrolled in the larger study, (b)
those participants who consented or assented to the current study, (c) those
participants who completed at least one survey, and (d) those participants who
completed five morning and five evening surveys.

| compared the final sample included in the current analyses to the entire 2021-
2022 Flu Study. On average, the participants in the current study were older [t (335) = -
3.53, p =.023] and more likely to be White [ X?(1, N = 337) =6.12, p = .013] than the
participants in the larger study. There were no differences in sex [ X?(1, N = 337) = 3.33,
p =.068] or BMI [t (329) =-1.00, p = .667] between participants in this study and those
in the larger study.
Daily Survey Compliance:

A total of 1,400 surveys were expected (i.e., 14 surveys x 100 people). However,
because not everyone completed every survey, only 1,295 surveys were completed
(92.5% of total possible surveys). Forty-seven people completed every survey. There

were no differences in age [t (98) = 1.76, p = .39], BMI [t (98) = -0.32, p = .21], sex [ X?(1,
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N =100) =0.17, p = .68], or race [X?(1, N = 100) = 0.05, p = .82] between the participants
who had missing data and the participants who had complete data.
Psychosocial Variables:

| presented the means, standard deviations, and intraclass correlations for all
psychosocial and sleep variables in Table 2. The intraclass correlations for all variables
were high (ICCs ranging from 0.75 to 0.93), indicating that these variables were highly
stable across the seven days of data collection. To help visualize the differences
between the group of participants who had missing data from the group of participants
who had complete data, | presented the means and standard deviations within each
group in Table 3, and | reported whether these groups differed on any of the
psychosocial constructs.

Other Daily Variables:

Average physical activity (PA) across the seven-day survey period ranged from 0
to 72.86 minutes per day (Mpa = 21.84 mins., SD = 16.92). Additionally, 50 participants
endorsed drinking alcohol and two participants endorsed smoking throughout the study
period. Although | planned to use all three of these variables as covariates in my
analyses, | eliminated smoking status due to the low endorsement rate.

Response to Vaccination:

Across all four stains included in the vaccine, titer values from the second blood
sample were higher than the titer values from the first blood sample [Victoria: t (99) = -
6.74, p < .001; Tasmania: t (99) = -3.77, p < .001; Phuket: t (99) = -4.85, p < .001;

Washington: t (99) = -4.77, p < .001]. Typically, an antibody titer > 1:40 implies
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seroprotection against that particular influenza virus strain (Beyer et al., 2004). Across
the four strains, approximately 72% to 79% of the sample was seroprotected at Day 28.
The raw titer values, % seroprotected, and Beyer-corrected values for each individual
strain as well as the composite are presented in Table 4. There was no difference in the
Beyer-corrected values for participants who had missing data relative to those who had
complete data [t (98) =-0.35, p = .46].

Intercorrelations Among Study Variables:

All bivariate intercorrelations among study variables are presented in Table 5.
Average level of positive affect was negatively correlated with average level and
variability in negative affect, average number of stressors, average level of accumulated
stress, and variability in perceived responsiveness, and it was positively correlated with
average level of amount disclosed, average level of perceived responsiveness, and
average level of sleep quality (rs > |.27], ps < .001). Variability in positive affect was
positively correlated with average level and variability in negative affect, variability in
number of stressors, average level and variability in accumulated stress, average level
and variability in amount disclosed, and variability in perceived responsiveness (rs >
|.22], ps <.02).

Average level of negative affect was positively correlated with variability in
negative affect, average level and variability in number of stressors, average level and
variability in accumulated stress, variability in amount disclosed, variability in sleep
duration, and variability in sleep quality, and it was negatively correlated with average

level of perceived responsiveness and average level of sleep quality (rs > |.20], ps < .05).
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Variability in negative affect was positively correlated with average level and variability
in number of stressors, average level and variability in accumulated stress, average level
and variability in amount disclosed, variability in perceived responsiveness, and
variability in sleep duration, and it was negatively correlated with average level of sleep
quality (rs > |.21]|, ps < .04).

Average number of unique stressors was positively correlated with variability in
number of unique stressors, average level and variability in accumulated stress, and
average level of amount disclosed, and it was negatively correlated with average level of
sleep quality (rs > |.32], ps <.001). Variability in number of unique stressors was
positively correlated with average level and variability in accumulated stress and
variability in perceived responsiveness, and it was negatively correlated with the
average level of sleep quality (rs > |.25], ps < .01).

Average accumulated stress was positively associated with variability in
accumulated stress, average level of amount disclosed, and variability in perceived
responsiveness, and it was negatively associated with average levels of sleep quality (rs
> |.21], ps < .04). Variability in accumulated stress was positively correlated with
average level and variability in amount disclosed, and variability in perceived
responsiveness, and it was negatively correlated with average level of sleep quality (rs >
|.23], ps < .01).

Average level of amount disclosed was positively correlated with average level of
perceived responsiveness (r = .63, p < .001). Variability in amount disclosed was

positively correlated with variability in perceived responsiveness (r = .36, p <.001).
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Average level of perceived responsiveness was negatively correlated with variability in
perceived responsiveness (r =-0.42, p < .001). Variability in perceived responsiveness
was positively correlated with variability in sleep duration (r =.21, p < .04). Average level
of sleep duration was positively correlated with variability in sleep quality, and it was
negatively correlated with average level of sleep quality (rs > |.23]|, ps < .02). Average
level of sleep quality was negatively correlated with variability in sleep quality (r =-0.27,
p <.006).

Associations Between Psychosocial Variables and Vaccine Response:

Average Levels. | hypothesized that while controlling for sex, race, age, BMI,
vaccine dosage, alcohol use, and physical activity, average levels of accumulated stress,
number of unique stress events, and negative mood would be negatively associated
with antibody production following vaccination (i.e., Beyer-corrected composite).
Additionally, | hypothesized that average self-disclosure, perceived responsiveness,
positive mood, sleep duration, and sleep quality would be positively associated with
antibody response. Contrary to my hypotheses, all models yielded null results, and no
associations emerged between any of the psychosocial variables and antibody
production following vaccination. | presented the results for the stress-related
constructs in models 1A and 2A in Table 6, the self-disclosure-related constructs in 3A
and 4A in Table 7, the mood-related constructs in models 5A and 6A in Table 8, and the
sleep-related constructs in models 7A and 8A in Table 9.

Variability. Second, | hypothesized that while controlling for sex, race, age, BMI,

vaccine dosage, alcohol use, and physical activity, variability within accumulated stress,
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number of unique stress events, self-disclosure, perceived responsiveness, positive
mood, negative mood, sleep duration, and sleep quality would be negatively associated
with antibody production following vaccination. Again, contrary to my hypotheses, all
models yielded null results, and no associations emerged between variability within the
psychosocial variables and antibody production following vaccination (See models 1B,

2B, 3B, 4B, 5B, 6B, 7B, and 8B in Tables 6 —9).
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Table 1

Participant Demographics Split by Subgroup

Participants who Participants who

consented or completed any Participants
All participants in ~ assented to the portion of the included in
Variable 21-22 flu cohort® current study™” daily surveys®© current analyses®
n % n % n % n %
Sex
Male 140 415 48 31.6 40 32.3 34 34
Female 197 58.5 104 68.4 84 67.7 66 66
Race
White 289 85.8 136 89.5 110 88.7 93 93
Non-White 48 14.2 16 10.5 14 11.3 7 7
Age range 10- 86 11- 86 10 - 86 11- 86
Age mean (SD) 41.7 (22.5) 46.0 (20.7) 45.0 (20.9) 48.3 (20.8)
BMI mean (SD) 27.82 (7.5) 29.34 (8.3) 28.81 (8.2) 28.50 (8.0)
N =337 N =152 N=124 N =100

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-
White; Age is in years; and BMI is kg/cm?. SD = standard deviation

20n average, participants who consented or assented to the diary study were older [t
(335) =-3.21, p =.002] and had a higher BMI [t (329) = -3.42, p = .025] than the
participants who participated in the larger study but did not agree to participate in the
diary study. There was a higher percentage of females in the group of participants who
consented or assented to the diary study than in the larger study [X?(1, N = 337) =

11.32, p < .001]. There was a marginally significant difference in the percentage of
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White and Non-White people [X?(1, N = 337) = 23.13, p = .077], such that there was a
higher percentage of White people in the group of participants who agreed to
participate in to the diary study than in the group of participants who were part of the
larger study but did not agree to participate in the diary study.

b On average, participants who completed at least one survey did not differ from
participants who consented or assented to the study but did not complete any of the
surveys in in terms of age [t (150) = 0.63, p =.782], BMI [t (148) = 1.35, p = .730], sex
[X?(1, N = 152) = 0.14, p =.705], or race [ X3(1, N = 152) = 0.42, p = .518].

€ On average, participants who completed at least 10 surveys did not differ from
participants who completed fewer than 10 surveys in terms of age [t (122) =-3.15,p =
.134], BMI [t (121) = 1.32, p = .237], or sex [ X3(1, N = 124) = 0.72, p = .397]. However,

those who completed 10 surveys were more likely to be White [X?(1, N = 124) = 9.50,

o

=.002] than those who completed fewer than 10 surveys.
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Table 2

Psychosocial Variables

Variable Mean SD ICC
Number of stressors 5.28 2.34 0.90
Accumulated stress 12.91 8.89 0.89
Amount disclosed 2.92 0.62 0.81
Perceived responsiveness 3.69 0.68 0.85
Positive mood 2.70 0.64 0.93
Negative mood 1.36 0.42 0.90
Sleep duration 7.64 0.87 0.75
Sleep quality 3.06 0.45 0.80

Total N 100

Note: SD = Standard deviation; ICC = Intraclass correlation.
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Table 3

Means and Standard Deviations of Daily Variables Split by Subgroup

Variable Full sample Complete data Missing data Significant differences
N =100 N =47 N =53
Mean SD Mean SD Mean SD

Number of stressors

Mean 5.28 2.34 5.33 2.21 5.23 2.46

Variability 1.85 0.86 1.76 0.70 1.94 098 t (98)=-1.02,p =.034
Accumulated stress

Mean 12.91 8.89 12.75 8.08 13.05 9.62

Variability 6.64 5.10 6.18 4.12 7.05 5.82 t (98) =-0.85, p =.057
Self-disclosure

Mean 2.92 0.62 2.98 0.62 2.88 0.61

Variability 0.66 0.28 0.64 0.26 0.67 0.30
Perceived responsiveness

Mean 3.69 0.68 3.78 0.76 3.60 0.59 t (98) =1.36,p =.009

Variability 0.67 0.33 0.65 0.32 0.69 0.34
Positive mood

Mean 2.70 0.87 2.67 0.79 2.73 0.59

Variability 0.40 0.17 0.46 0.22 0.50 0.27 't (98)=-0.83,p =.078
Negative mood

Mean 1.36 0.42 1.32 0.39 1.40 0.44

Variability 0.24 0.20 0.26 0.26 0.32 0.28
Sleep duration

Mean 7.64 0.87 7.57 0.80 7.70 0.93

Variability 0.96 0.48 0.96 0.51 0.97 0.45
Sleep quality

Mean 3.06 0.45 3.10 0.46 3.03 0.45

Variability 0.49 0.24 0.48 0.25 0.50 0.24

Note. Bolded values indicate that there was a statistically significant difference between
the participants with complete data and those with missing data. SD = Standard

deviation.
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Table 4

Antibody Values
Beyer-corrected titer values
Vaccine Strain Mean SD Range
Composite -0.10 0.66 -1.30- 2.37
A/H1IN1 - Victoria 2.54 1.21 0.41-5.82
A/H3N2 - Tasmania 2.20 1.20 0.00 - 6.00
B/Yam- Phuket 1.41 0.75 0.00 - 5.00
B/Vic - Washington 1.54 0.84 0.26 - 6.00
Raw titer values
Day O Day 0 Day 28 Day 28
Vaccine Strain Mean SD Mean SD % Seroprotected
A/H1IN1 - Victoria 26.63 30.91 95.92 110.18 74
A/H3N2 - Tasmania 78.01 116.85 160.46 281.14 79
B/Yam- Phuket 66.54 114.84  92.07 121.15 72
B/Vic - Washington 53.28 81.40 83.94 104.57 75

Note. Beyer corrected values are presented in the top half of this table, and raw titer
vales are presented at the bottom. Seroprotected = a titer value > 1:40. SD = Standard

deviation.
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Table 5

Correlation Matrix

Variable 1 2 3 4
1. Sex 1
2. Race 0.05 1
3. Age 0.07 -0.01 1
4.BMI -0.03 0.22" 0.20° 1
5. Dose 0.08 -0.01 075 -0.03
6. Alcohol 0.08 -0.04 0.16 -0.12
7. Physical activity 0.02 -0.15 0.17 -0.13
8. Positive affect (mean) 0.03 -0.04 0.17 0.03
9. Positive affect (sd) -0.21° 0.15 -0.17 0.03
10. Negative affect (mean) -0.18 0.23" -0.27" -0.11
11. Negative affect (sd) -0.24" 0.17 020" 0.09
12. Number of stressors (mean) 0.04 0.00 -0.18 -0.12
13. Number of stressors (sd) 0.01 -0.03 -0.23" -0.09
14. Accumulated stress (mean) -0.08 0.10 -0.23" -0.06
15. Accumulated stress (sd) -0.11 0.06 -0.18 0.03
16. Amount disclosed (mean) -0.05 0.05 0.09 0.00
17. Amount disclosed (sd) -0.06 0.20" -0.08 0.08
18. Perceived responsiveness (mean) -0.07 -0.01 0.16 0.01
19. Perceived responsiveness (sd) 0.10 -0.03 -0.10 0.05
20. Sleep duration (mean) -0.17 -0.21° 0.12 -0.17
21. Sleep duration (sd) -0.04 0.09 -0.31 -0.05
22. Sleep quality (mean) 0.14 -0.02 0.23" 0.16
23. Sleep quality (sd) -0.03 0.15 -0.05 0.05
24. Ab composite -0.22" 0.03 -0.19 0.14
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Table 5 Continued

Variable 5 6 7 8
5. Dose
6. Alcohol -0.04 1
7. Physical activity 027 -0.09 1
8. Positive affect (mean) 0.20 0.08 043" 1
9. Positive affect (sd) -0.20 -0.01 -0.05 0.06
10. Negative affect (mean) -0.24" -0.13 035" -0.45"
11. Negative affect (sd) -0.17 -0.09 -0.22" -0.22"
12. Number of stressors (mean) -0.14 0.06 -0.20" -0.36
13. Number of stressors (sd) -0.21" -0.04 -0.15 -0.18
14. Accumulated stress (mean) 0.23" 0.01 -0.32" 039"
15. Accumulated stress (sd) -0.23" 0.03 -0.22" -0.19
16. Amount disclosed (mean) -0.05 0.13 0.18 0.28"
17. Amount disclosed (sd) -0.15 -0.02 -0.11 0.09
18. Perceived responsiveness (mean) 0.13 0.07 022" 038"
19. Perceived responsiveness (sd) -0.16 -0.04 2027 -0.18
20. Sleep duration (mean) 0.15 0.15 0.04 0.08
21. Sleep duration (sd) -0.21° -0.09 -0.10 -0.13
22. Sleep quality (mean) 0.23" -0.02 029" 042"
23. Sleep quality (sd) -0.02 0.17 0.01 -0.14
24. Ab composite -0.16 -0.11 -0.18 -0.18
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Table 5 Continued

Variable 9 10 11 12
9. Positive affect (sd)
10. Negative affect (mean) 027" 1
11. Negative affect (sd) 056 069 1
12. Number of stressors (mean) 0.18 0.60 042" 1
13. Number of stressors (sd) 036 038 045 0.40
14. Accumulated stress (mean) 027 078" 057" 0.88""
15. Accumulated stress (sd) 045" 060" 070" 052"
16. Amount disclosed (mean) 0.24" 0.08 022" 032"
17. Amount disclosed (sd) 0.22" 0.20" 0.20" 0.03
18. Perceived responsiveness (mean) -0.02 -0.23" -0.08 -0.05
19. Perceived responsiveness (sd) 027 0.18 033" 0.12
20. Sleep duration (mean) -0.01 -0.10 -0.1 -0.14
21. Sleep duration (sd) 0.19 0.24" 028" 0.05
22. Sleep quality (mean) -0.14 -0.43"" -0.21° -0.36
23. Sleep quality (sd) 0.06 0.24" 0.2 0.15
24. Ab composite 0.19 0.1 0.23" -0.03
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Table 5 Continued

Variable 13 14 15 16
13. Number of stressors (sd) 1
14. Accumulated stress (mean) 046" 1
15. Accumulated stress (sd) 0.75 073" 1
16. Amount disclosed (mean) 0.14 028" 029 1
17. Amount disclosed (sd) 0.04 0.18 0.23" 0.07
18. Perceived responsiveness (mean) -0.07 -0.09 -0.04 063"
19. Perceived responsiveness (sd) 0.25" 021" 035 " -0.20
20. Sleep duration (mean) -0.11 -0.12 -0.08 0.07
21. Sleep duration (sd) 0.19 0.14 0.19 -0.11
22. Sleep quality (mean) -0.26" -0.42"" -0.30° 0.03
23. Sleep quality (sd) 0.11 0.13 0.12 -0.09
24. Ab composite -0.06 0.03 0.10 -0.08
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Table 5 Continued

Variable 17 18 19 20
17. Amount disclosed (sd) 1
18. Perceived responsiveness (mean) -0.09 1
19. Perceived responsiveness (sd) 036 042" 1
20. Sleep duration (mean) 0.03 0.19 -0.1 1
21. Sleep duration (sd) 0.19 -0.18 021" -0.14
22. Sleep quality (mean) -0.17 0.18 -0.2 -0.12
23. Sleep quality (sd) 0.14 -0.08 0.0 -0.09
24. Ab composite 0.08 -0.06 0.0 0.06
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Table 5 Continued

Variable 21 22 23 24
21. Sleep duration (sd) 1
22. Sleep quality (mean) -0.23" 1
23. Sleep quality (sd) 032" 027 1
24. Ab composite 0.18 -0.03 0.12 1

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-

White; Dose was coded as 0 = standard, 1 = high, Alcohol use was codedas0=no, 1=

yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day.

*p<.05; ** p<.01; *** p<.001
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Table 6

Associations Between Stress Constructs and Vaccine Response

Variable Number of unique stressors Accumulated stress
Model 1A Model 1B Model 2A Model 2B

Constant

B — — — —

95% Cl [-0.49, 1.00] [-0.41, 1.14] [-0.48, 0.90] [-0.47, 0.91]
Sex

B -0.20~ -0.19~ -0.20 * -0.20~

95% Cl [-0.55, 0.00] [-0.54, 0.01] [-0.56, -0.01] [-0.55, 0.00]
Race

B -0.02 -0.03 -0.02 -0.01

95% Cl [-0.58, 0.47] [-0.60, 0.46] [-0.57, 0.49] [-0.56, 0.49]
Age

B -0.25 -0.26 -0.24 -0.25

95% Cl [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00]
BMI

B 0.16 0.15 0.16 0.15

95% Cl [-0.01, 0.03] [-0.01, 0.03] [-0.01, 0.03] [-0.01, 0.03]
Dose

B 0.08 0.07 0.7 0.08

95% Cl [-0.35, 0.59] [-0.40, 0.57] [-0.36, 0.58] [-0.35, 0.59]
Alcohol use

B -0.05 -0.05 -0.05 -0.06

95% Cl [-0.34,0.22] [-0.35, 0.21] [-0.35, 0.21] [-0.35, 0.21]
Physical activity

B -0.15 -0.16 -0.16 -0.17

95% Cl [-0.01, 0.00] [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00]
Construct mean

B -0.07 -0.03 -0.07 -0.17

95% Cl [-0.08, 0.04] [-0.07, 0.05] [-0.02, 0.01] [-0.04, 0.01]
Construct variability

B — -0.1 — 0.14

95% Cl [-0.25, 0.09] [-0.02, 0.06]

R?=.13 R?=.14 R?=.13 R?=.14

F(891)=175p=.10 F(9,90)=1.66,p =.11 F(891)=175p =.10 F(9,90) = 1.65, p = .11

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-
White; Dose was coded as 0 = standard, 1 = high, Alcohol use was codedas0=no, 1=
yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day. B =
standardized beta. AR? from model 1A to model 1B = .009. AR? from model 2A to model
2B =.008.

~p<.1;*p<.05 **p<.01; *** p<.001
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Table 7

Associations Between Self-Disclosure Constructs and Vaccine Response

Variable Amount disclosed Perceived responsivness
Model 3A Model 3B Model 4A Model 4B

Constant

B - - - -

95% Cl [-0.62, 1.02] [-0.73, 1.01] [-0.75, 1.01] [-0.75, 1.39]
Sex

B -0.2°* -0.2 * -0.2°* -0.19~

95% Cl [-0.55, -0.01] [-0.55, 0.00] [-0.55, -0.00] [-0.55, 0.01]
Race

B -0.02 -0.03 -0.02 -0.03

95% Cl [-0.57, 0.48] [-0.60, 0.47] [-0.58, 0.47] [-0.60, 0.46]
Age

B -0.23 -0.23 -0.24 -0.23

95% Cl [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00]
BMI

B 0.16 0.16 0.16 0.17

95% Cl [-0.01, 0.03] [-0.01, 0.03] [-0.01, 0.03] [-0.01, 0.03]
Dose

B 0.07 0.08 0.08 0.07

95% Cl [-0.38, 0.58] [-0.40, 0.59] [-0.36, 0.59] [-0.37,0.57]
Alcohol use

B -0.05 -0.04 -0.05 -0.05

95% Cl [-0.34, 0.22] [-0.34,0.22] [-0.35, 0.22] [-0.35,0.21]
Physical activity

B -0.13 -0.13 -0.14 -0.15

95% Cl [-0.01, 0.00] [-0.01, 0.00] [-0.01, 0.00] [-0.01, 0.00]
Construct mean

B -0.04 -0.04 -0.01 -0.04

95% Cl [-0.26, 0.18] [-0.27,0.18] [-0.21, 0.19] [-0.25, 0.18]
Construct variability

B - 0.04 - -0.07

95% Cl [-0.38, 0.60] [-0.60, 0.31]

R? =.13 R? =.13 R? =.13 R? =.13

F(8,91)=171,p =.11 F(9,90)=1.52,p =.15 F(8,91)=1.70,p =.11  F(9,90) = 1.54, p = .15

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-
White; Dose was coded as 0 = standard, 1 = high, Alcohol use was codedas0=no, 1=
yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day. B =
standardized beta. AR? from model 3A to model 3B = .001. AR? from model 4A to model
4B = .004.

~p<.1;*p<.05 **p<.01; *** p<.001
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Table 8

Associations Between Mood Constructs and Vaccine Response

Variable Positive mood Negative mood
Model 5A Model 5B Model 6A Model 6B

Constant

B — — - —

95% Cl [-0.40, 1.10] [-0.62, 0.95] [-0.80, 1.11] [-0.57, 1.44]
Sex

B -0.2* -0.17~ -0.2* -0.18~

95% Cl [-0.55, -0.00] [-0.51, 0.04] [-0.56, -0.00] [-0.53, 0.03]
Race

B -0.2 -0.04 -0.02 -0.01

95% Cl [-0.57, 0.47] [-0.64, 0.41] [-0.59, 0.50] [-0.60, 0.51]
Age

B -0.24 -0.23 -0.24 -0.2

95% Cl [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00]
BMI

B 0.18 0.18 0.16 0.11

95% Cl [-0.00, 0.03] [-0.00, 0.03] [-0.01, 0.03] [-0.01, 0.03]
Dose

B 0.09 0.12 0.08 0.05

95% Cl [-0.33, 0.60] [-0.30, 0.63] [-0.36, 0.58] [-0.40, 0.54]
Alcohol use

B -0.03 -0.03 -0.05 -0.07

95% Cl [-0.32, 0.24] [-0.32, 0.24] [-0.35, 0.22] [-0.37, 0.19]
Physical activity

B -0.09 -0.08 -0.15 -0.16

95% Cl [-0.01, 0.00] [-0.01, 0.01] [-0.01, 0.00] [-0.02, 0.00]
Construct mean

B -0.12 -0.14 -0.02 -0.18

95% Cl [-0.35, 0.10] [-0.37, 0.83] [-0.40, 0.34] [-0.77, 0.19]
Construct variability

B - 0.15 - 0.23

95% Cl [-0.15, 0.93] [-0.11, 1.24]

R? = .14 R?=.16 R?=.13 R?=.16

F(8,91)=1.86,p =.08 F(9,90)=1.90,p =.06 F(891)=1.70,p =.11 F(9,90) = 1.84, p = .07

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-
White; Dose was coded as 0 = standard, 1 = high, Alcohol use was codedas0=no, 1=
yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day. B =
standardized beta. AR? from model 5A to model 5B = .019. AR? from model 6A to model
6B =.025.

~p<.1;*p<.05 **p<.01; *** p<.001
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Table 9

Associations Between Sleep Constructs and Vaccine Response

Variable Sleep duration Sleep quality
Model 7A Model 7B Model 8A Model 8B

Constant

B - - — -

95% CI [-1.90, 0.91] [-2.30, 0.68] [-1.07, 0.87] [-1.554, 0.64]
Sex

B -0.18 ~ -0.17~ -0.21 * -0.2*

95% Cl [-0.53, 0.03] [-0.52, 0.04] [-0.56, -0.01] [-0.56, -0.01]
Race

B -0.01 -0.01 -0.02 -0.04

95% Cl [-0.54, 0.52] [-0.57, 0.49] [-0.57, 0.47] [-0.63, 0.42]
Age

B -0.24 -0.2 -0.24 -0.21

95% Cl [-0.02, 0.00] [-0.02, 0.00] [-0.02, -0.00] [-0.02, 0.00]
BMI

B 0.18 0.18 0.15 0.13

95% Cl [-0.00, 0.03] [-0.00, 0.03] [-0.01, 0.03] [-0.01, 0.03]
Dose

B 0.06 0.06 0.07 0.04

95% Cl [-0.40, 0.56] [-0.39, 0.60] [-0.37, 0.58] [-0.41, 0.54]
Alcohol use

B -0.06 -0.06 -0.05 -0.09

95% Cl [-0.37, 0.20] [-0.36, 0.20] [-0.35, 0.22] [-0.40, 0.17]
Physical activity

B -0.14 -0.13 -0.16 -0.18

95% Cl [-0.01, 0.00] [-0.01, 0.00] [-0.02, 0.00] [-0.02, 0.00]
Construct mean

B 0.1 0.11 0.05 0.1

95% Cl [-0.09, 0.23] [-0.08, 0.24] [-0.23, 0.39] [-0.18, 0.48]
Construct variability

B - 0.13 - 0.15

95% Cl [-0.11, 0.46] [-0.17, 0.98]

R?=.14 R?=.15 R?=.13 R?=.15

F(891)=1.81,p=.09 F(9,90)=178 p=.08 F(891)=173,p=.10 F(9,90)=1.76,p =.09

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-
White; Dose was coded as 0 = standard, 1 = high, Alcohol use was codedas0=no, 1=
yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day. B =
standardized beta. AR? from model 7A to model 7B = .014. AR? from model 8A to model
8B =.018.

~p<.1;*p<.05 **p<.01; *** p<.001
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CHAPTER 4
EXPLORATORY ANALYSES
Rationale:

The current study offers a unique opportunity to ask research questions
regarding age-related differences in antibody response to vaccination. Most studies in
this area have restricted their samples to specific age ranges (e.g., children, young
adults, middle-aged adults, or older adults). Work in older adults tends to suggest that
psychosocial factors are strong predictors of vaccine response, but research with
younger samples has been less conclusive. For example, stress and other risk factors
have been negatively associated with vaccine response in several samples of older
adults (Glaser et al., 1998 & 2000; Hayney et al., 2014; Kiecolt-Glaser et al., 1996;
Phillips et al., 2006; Segerstrom et al., 2008), but these same factors have been
positively associated or not associated with vaccine response in younger samples (Burns
et al., 2002a & 2003b; Corallo et al., 2022; Gallagher et al., 2008a & 2008b; O’Connor et
al., 2014; Vedhara et al., 2002). For example, Burns et al. (2003b) found that
undergraduate students protected against the influenza vaccine at five weeks post-
vaccination reported more perceived stress and more negative life events than students
who were not protected. Similarly, Petry et al. (1991), O’Conner et al. (2014), and
Corallo et al. (2021) found positive associations between distress and hepatitis B,

meningitis, and influenza antibody production, respectively.
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Immune function, including one’s ability to produce and maintain antibodies
following vaccination, declines across the lifespan (Effros, 2007; Haynes & Swain, 2007;
Ogawa et al., 2000). As Kiecolt-Glaser et al. (1996) have proposed, this decline in
function could mean that the immune systems in older adults are more vulnerable to
negative consequences associated with psychosocial factors, which may explain why
there is more consistent evidence linking these factors to antibody production in older
samples compared to younger samples. This idea does not, however, explain the
seemingly contradictory findings from younger samples suggesting that stress leads to a
more robust immune response.

Much less is known about the developing immune system relative to the
immune systems in older adults (Hawkley & Cacioppo, 2004; O’Connor et al., 2014a).
Increasingly, research suggests that stress may influence the immune systems in
younger people differently than it does in older people (O’Connor et al., 2014a).
Although stress has been associated with poorer innate immune function in older
adults, there appears to be an enhancement in innate immune function following stress
in younger samples (Cole et al., 2011; Schleifer et al., 2002). Therefore, many questions
remain regarding how age interacts with these psychosocial experiences to influence
adaptive immune function.

The following exploratory analyses explore whether the links between response
to vaccination and the average levels and the variability in the number of unique

stressors, accumulated stress, amount of self-disclosure, amount of perceived
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responsiveness, amount of positive mood, amount of negative mood, sleep duration,
and sleep quality vary as a function of age.
Predictions:

In line with evidence that immune system function declines with age, |
hypothesize that there would be a negative association between the risk factors and
antibody production in older adults, but not in younger adults or youth. | also
hypothesized that there would be a positive association between the promotive factors
and antibody production in older adults, but not in younger adults or youth. Similarly,
among older individuals, but not younger individuals, there will be a negative
association between variability in the psychosocial experiences and antibody production
following vaccination.

Results:

Average Levels: | used PROCESS version 4.0 (Model 1) to test whether age
moderated the link between average levels the psychosocial constructs and antibody
response. | ran a separate model with the average level of each variable of interest for a
total of eight models. Sex, race, BMI, vaccine dosage, alcohol use, and average minutes
spent exercising per day were entered as covariates in all analyses. Age, the average
level of the construct, and the Age x Average Level of the construct interaction were
entered as independent variables. Across the eight different models, two significant
interactions emerged, including the Age x Positive Mood interaction (coeff = 0.011, p =

.026) and the Age x Amount Disclosed interaction (coeff = 0.012, p = .040).
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| used the Johnson-Neyman technique to probe these interactions. These
analyses indicated that for participants who were younger than 37 (31% of the sample),
there was a negative association between positive mood and antibody production, but
for adults older than 37, positive mood was not associated with antibody production.
Also, although the Age x Amount Disclosed interaction yielded a significant main effect,
the conditional effect of amount disclosed on antibody production was not statistically
significant anywhere across the ages included in this sample. | present the results for
these eight models in Table 10.

Variability: | used PROCESS version 4.0 (Model 1) to test whether age moderated
the links between daily variability in the psychosocial constructs and antibody response.
| ran a separate model with the variability of each variable of interest for a total of eight
additional models. Sex, race, BMI, vaccine dosage, alcohol use, average minutes spent
exercising per day, and average levels of the construct were entered as covariates in all
analyses. Age, the variability in the construct, and the Age x Variability in the construct
interaction were entered as independent variables. Across the eight different models,
three significant interactions emerged, including the Age x Perceived Responsiveness
interaction (coeff = -0.020, p = .033), the Age x Negative Mood interaction (coeff = -
0.028, p =.047), and the Age x Sleep Quality interaction (coeff = -0.047, p = .002).

| used the Johnson-Neyman technique to probe these interactions. Among
participants who were older than 71 (14% of the sample), there was a negative
association between variability in perceived responsiveness and antibody production,

but there were no associations between variability in perceived responsiveness and
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antibody response in younger participants. Among participants who were younger than
44 (40% of the sample), there was a positive association between variability in negative
mood and antibody production, but there were no associations between variability in
negative mood and antibody response in older participants. Among participants who
were younger than 46 (44% of the sample), there was a positive association between
variability in sleep quality and antibody response. Additionally, the Johnson-Neyman
technique indicated that among people older than 83 there would be a negative
association between variability in sleep quality and antibody response, but only one
participant in this sample was in this age range. There was no association between
variability in sleep quality and antibody response among people between the ages of 46
and 83. | present the results for these eight analyses in Table 11.

Conclusions:

Results from these analyses support the notion that the influence of
psychosocial factors on response to vaccination may look different in younger people
than it does in older people. Historically, findings in older adults suggest that negative
psychosocial experiences serve as risk factors for antibody production following
vaccination. In this study, variability in perceived responsiveness and variability in sleep
guality were negatively associated with vaccine response, suggesting that these older
individuals are more vulnerable to the daily variability in these two protective factors
than younger individuals.

Curiously, average amount of positive mood was negatively associated with

antibody production, and similarly, variability in negative mood and sleep quality were
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positively associated with antibody production in younger participants. These three
findings directly contradict the hypotheses that risk factors lead to a diminished
antibody response whereas promotive factors lead to an amplified antibody response.
Much larger samples with participants spanning wide age ranges will be needed to
better understand how psychosocial factors influence antibody production following

vaccination.
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Table 10

Average Levels of Psychosocial Factors and Age Predicting Vaccine Response

Number of

unique Accumulated Amount Perceived Positive Negative Sleep Sleep
Variable stressors stress disclosed responsiveness mood mood duration quality
Constant -0.032 0.010 1.596 1.282 1.909 -0.485 -2.224 0.700
Sex -0.260 ~ -0.263 ~ -0.260 ~ -0.235~ -0.237 ~ -0.262 ~ -0.260 ~ -0.277 ~
Race -0.042 -0.015 -0.122 -0.154 -0.059 -0.062 -0.027 -0.036
BMI 0.014 0.013 0.015 0.014 0.014 0.014 0.014 0.013
Dose 0.119 -0.091 0.109 0.069 0.129 0.074 0.119 0.090
Alcohol use -0.052 -0.052 -0.079 -0.067 -0.037 -0.048 -0.069 -0.061
Physical activity -0.006 -0.006 -0.007 -0.005 -0.004 -0.005 -0.006 -0.006
Age -0.003 0.004 -0.040 * -0.035 * 0.015 ** 0.005 0.030 -0.022
Construct mean 0.026 0.008 -0.054 * -0.335 0.272 * 0.393 0.304 -0.189
Age X construct mean -0.001 -0.000 0.012 * 0.008 ~ 0.005 * -0.009 -0.005 0.005

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-White; Dose was coded as 0 = standard, 1 =

high, Alcohol use was coded as 0 = no, 1 = yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day.

~p<.1;*p<.05 **p<.01; *** p<.001
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Table 11

Variability in Psychosocial Factors and Age Predicting Vaccine Response

Number of

unique Accumulated Amount Perceived Positive Negative Sleep Sleep
Variable stressors stress disclosed responsiveness mood mood duration quality
Constant 0.197 -0.148 -0.226 -0.277 -0.445 -0.056 -1.097 -1.371
Sex -0.258 ~ -0.230 -0.280 * -0.257 ~ -0.219 ~ -0.220 -0.231 -0.320 *
Race -0.062 -0.017 -0.072 -0.133 -0.243 -0.101 -0.031 -0.186
BMI 0.013 0.012 0.014 0.015 0.017 0.011 0.016 ~ 0.014
Dose 0.091 0.089 0.081 0.071 0.128 0.038 0.056 0.101
Alcohol use -0.069 -0.042 -0.037 -0.081 -0.035 -0.030 -0.077 -0.103
Physical activity -0.006 -0.006 -0.005 -0.006 -0.003 -0.006 -0.006 -0.007 ~
Construct mean -0.007 -0.017 -0.050 -0.042 -0.150 -0.312 0.087 0.027
Age -0.005 -0.001 0.001 0.006 0.004 0.002 -0.001 0.016 ~
Construct variability -0.006 0.079 0.655 0.770 1514 * 1961 * 0.394 2.837 ***
Age X construct variability -0.002 -0.001 -0.012 -0.020 * -0.022 -0.028 * -0.005 -0.047 **

Note. Sex was coded as female = 0, male = 1; Race was coded as 0 = White, 1 = Non-White; Dose was coded as 0 = standard, 1 =
high, Alcohol use was coded as 0 = no, 1 = yes; Age is in years; BMI is kg/cm?; and Physical Activity is in minutes per day.

~p<.1;*p<.05 **p<.01; *** p<.001
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CHAPTER 5
DISCUSSION

Promotive factors, including self-disclosure, perceived responsiveness, positive
mood, and sleep, are thought to be associated with an amplified immune response
(Uchino et al., 2021). In contrast, risk factors, including stress and negative mood, are
associated with a diminished immune response (Pederson et al., 2009). Additionally,
variability within psychosocial experiences is linked to poorer health (Boehm et al.,
2015; Bustamante et al., 2020; Eizenman et al., 1997; Fuller-Rowell et al., 2021; Okun et
al., 2011; Ross et al., 2013; Shadur et al., 2015).

The first goal of the present study was to replicate prior work exploring the links
between risk and promotive factors (i.e., accumulated stress, number of unique
stressors, self-disclosure, perceived responsiveness, mood, and sleep) and vaccine
response. The second goal of this study was to explore how variability in these
experiences might be associated with vaccine response. Contrary to my hypotheses, |
did not find evidence that average levels of these constructs or the daily variability
within these constructs were associated with antibody production following influenza
vaccination. Despite the notion that psychosocial factors influence antibody production,
a growing number of studies have failed to find these associations (Gallagher et al.,
2008a; Gleeson et al., 1996; Hallam et al., 2022; Marsland et al., 2001; Taylor et al.,

2017; Wong et al., 2013; Wu et al., 2017).
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Results from the present study are consistent with prior work that similarly did
not find associations between stress and antibody response one month following
vaccination. Caregiving stress, exposure to stressful life events, and self-reported
perceived stress were not associated with hepatitis A or B, pneumonia, or influenza
vaccine response one month following vaccination, but in each of these studies, the
expected link emerged at later time points (Burns et al., 2002b; Glaser et al., 2000;
Gallagher et al., 2008a; Sacadura-Leite et al., 2014; Talbot et al., 2014; Vedhara et al.,
2002). For example, although perceived stress was not associated with whether
someone was protected against the influenza vaccine at one month, stress was linked to
protection status seven months later, such that higher stress was associated with a
greater likelihood of not being protected (Talbot et al., 2015). These studies suggest that
antibody maintenance, or a person’s ability to maintain antibodies several months after
vaccination, might be more susceptible to psychosocial experiences than antibody
production itself (Burns et al., 2002b; Talbot et al., 2015). Unfortunately, we did not
assess antibody levels at later time points, so we cannot test this hypothesis with our
current sample. However, many participants will return for the ongoing study in Fall
2022, so future analyses can explore questions about antibody maintenance using blood
samples that will be collected in several months.

Because there is less work exploring how mood, social support, and sleep are
associated with antibody production, it is unclear whether a similar pattern regarding
antibody maintenance would emerge in these other psychosocial factors. In one study,

the effects of social support were present one month following pneumonia vaccination
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but were not present three months later (Gallagher et al., 2008a), which appears to
contradict the pattern seen with stress. Ayling et al. (2018) found that positive mood
was associated with influenza vaccine response one- and four-months following
vaccination, but negative mood was not associated with vaccine response at either time
point. Similarly, sleep duration was linked with influenza vaccine response one- and
four-months following vaccination, but sleep quality was not (Prather et al., 2021).
Many questions remain regarding how risk and promotive factors influence the
production and maintenance of antibodies following vaccination.
Limitations of the Current Study

This study has several limitations that future research should address. Perhaps
the most significant limitation of the present study is the sample size. My initial goal was
to recruit 150-200 of the existing flu study participants; however, only 152 people
consented to participate in the daily diary portion, only 124 participants completed at
least one survey, and only 100 participants were included in the final analyses because
they completed at least five morning and five evening surveys. Power analyses suggest
that | am only powered to detect medium and large effects, and it is likely that any
effects between psychosocial experiences and antibody production are small. Therefore,
these findings may be a result of Type Il errors. Additionally, the sample size restricts the
kinds of research questions that | can address (e.g., questions regarding mediation).
Despite this study being underpowered, it is a comparable size to the majority of studies

exploring the links between psychosocial factors and antibody response.
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Second, because | excluded any participant who did not complete at least five
morning and five evening surveys, my sample may not generalize to the broader
population. It is possible that the participants who experienced the most variability in
their experiences may not have completed enough surveys to be included in the final
sample. Historically, researchers used a simple rule of thumb to determine whether
participants with missing data should be included or excluded in daily diary studies (e.g.,
they would include all participants who completed the majority of the surveys; Griffiths
et al., 2021). Griffiths et al. (2021) conducted a simulation study to explore how
different amounts of missing data might influence conclusions made from daily diary
studies, and they concluded that when a researcher is trying to detect changes from day
to day, any participant with fewer than five out of seven days of data should be
excluded. Therefore, even though my sample size would have increased if | had used the
rule of thumb value (four out of seven), | followed Griffiths’s recommendation.

Third, this study only collected seven days of diary data, so we cannot make
conclusions about how stress after those seven days is associated with antibody
production. One study found that the stress experienced on days eight through ten
following vaccination were most strongly linked to influenza antibody production
following vaccination (Miller et al., 2004). Future studies should explore how stress and
other psychosocial experiences collected across the month following vaccination are
associated with antibody production.

Fourth, sleep duration and quality were both collected by self-report (a

subjective assessment of sleep). Although this method has been used in prior vaccine
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studies (Prather et al., 2021), actigraphy or polysomnography could provide more
objective measures of sleep (Prather et al., 2012). Prior studies linking sleep to vaccine
response have suggested that sleep duration (either experimentally manipulated or
collected through the use of actigraphy) was associated with vaccine response (Benedict
et al., 2012; Lange et al., 2003; Lange et al., 2011; Prather et al., 2012; Speigel et al.,
2002) but self-reported sleep duration was not a predictor of vaccine response in the
present study. Objective and subjective assessments of sleep are moderately correlated,
and psychosocial factors, like personality and mental health, have been shown to
influence the strength of this correlation (Matthews et al., 2017). Future studies could
investigate whether the discrepancy between objective and subjective measures is
meaningful for health and antibody production following vaccination.
Strengths of the Current Study

Despite the limitations of this study, this project has two major strengths that
should be noted. First, | explored how risk and promotive factors are associated with
antibody production following vaccination. An overwhelming amount of research in this
area has focused on how caregiving stress, exposure to negative life events, and
perceived stress are linked to vaccine response. There is much less work exploring the
link between promotive factors and vaccine response. To address this gap, | included
two novel promotive factors that have yet to be explored in the extant literature linking
psychosocial factors to adaptive immune function, (a) self-reported self-disclosure and

(b) perceived responsiveness. Similarly, there is little work exploring the role of sleep in
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predicting vaccine response, and | included both sleep duration and sleep quality in this
study.

Second, this study utilizes a daily diary design. Much of the past work has relied
on one-time assessments and has required participants to rely on retrospective reports.
Some evidence suggests that specific personality characteristics can bias accurate
reporting. For instance, Reuben et al. (2016) showed that people high in neuroticism
and low in conscientiousness were more likely to over-report negative childhood
experiences compared to their actual experiences that were measured prospectively
throughout their childhood. These researchers also found that people high in
agreeableness under-reported negative childhood experiences compared to their actual
experiences growing up (Reuben et al., 2016). Further, prospective measures were
better at predicting objective health outcomes, whereas retrospective reporting was
more predictive of subjective health reports (Reuben et al., 2016). The current study
utilizes a prospective daily diary design, and therefore, may not be as susceptible to the
influences of these different personality characteristics as retrospective designs.

Future Directions

Daily diary studies provide a unique opportunity to ask interesting research
guestions regarding variability in day-to-day experiences. An intriguing line of work
inspired by Almeida and colleagues has explored how emotional reactivity to stressors is
linked with health and well-being (Almeida et al., 2002; Charles et al., 2013; Leger et al.,
2018; Mroczek et al., 2013; Stanton et al., 2019a; Stawski et al., 2008). Specifically, this

group of researchers capitalized on daily diary studies that collected assessments of
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mood and stress and used multilevel modeling to calculate an emotional reactivity to
stress score. This emotional reactivity score has been linked to self-reported mental
health, physical health symptoms, and mortality (Charles et al., 2013; Leger et al., 2018;
Mroczek et al., 2013; Stanton et al., 2019a; Stawski et al., 2008). Other research groups
used this method to calculate emotional reactivity to sleep. For example, emotional
reactivity to sleep predicted chronic health conditions eight years later (Sin et al., 2021).
| could use Almeida’s method to calculate emotional reactivity to stress and emotional
reactivity to sleep and test whether these factors are associated with antibody
production following vaccination. Similarly, | could extend the use of this method and
calculate emotional reactivity to self-disclosure and emotional reactivity to perceived
responsiveness.
Conclusions

The results of this study question the notion that psychosocial experiences are
linked to antibody production following vaccination. Contrary to our predictions, no
links emerged between average levels of psychosocial factors, nor the variability within
psychosocial factors, and antibody production following influenza vaccination. Future
research should use larger sample sizes to explore whether antibody maintenance over
time is more susceptible to psychosocial factors than antibody production and whether

these links vary as a function of age.
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APPENDIX B

Daily Stress Inventory

Thought about the future

Performed poorly at task

Ran out of food/personal article

Performed poorly due to others

Argued with spouse/boyfriend/girlfriend®

Thought about unfinished work

Argued with another person

Hurried to meet deadline

Waited longer than you wanted

Interrupted during task/activity

Interrupted while thinking/relaxing

Someone spoiled your completed task

Someone “cut” ahead of you in a line

Did something you are unskilled at

Performed poorly at sport/game

Unable to complete a task

Did something that you did not want to do

Was disorganized

Unable to complete all plans for today

Criticized or verbally attached

Had car trouble

Ignored by others

Had difficulty in traffic

Spoke or performed in public

Money problems

Dealt with rude waiter/waitress/salesperson

A store lacked a desired item

Interrupted while talking

Misplaced something

Was forced to socialize

Bad weather

Someone broke a promise/appointment

Unexpected expenses (fines, traffic ticket,
etc.)

Competed with someone

Had confrontation with an authority figure

Was stared at

Heard some bad news

Did not hear from someone you expected to hear from

Concerned over personal appearance

Experienced unwanted physical contact (crowded,
pushed)

Exposed to feared situation or object

Was misunderstood

Exposed to upsetting TV show, movie, book

Was embarrassed

“Pet Peeve” violated’

Had your sleep disturbed

Failed to understand something

Forgot something

Worried about another person’s problems

Feared illness/pregnancy

Experienced narrow escape from danger

Experienced illness/physical discomfort?

Your property was damaged

Someone borrowed something without your
permission

Had problem with kids

Had minor accident (broke something, tore clothing)

Was late for work/Appointment

Stopped unwanted personal habit (overeating,
smoking, nail-biting)

Note. Yellow highlights indicate the items we selected.

6 Changed to: Confrontation with a friend (e.g., school peer, coworker, sibling, spouse, girl/boyfriend, etc.
7 Changed to: Someone did something that got on your nerves
8 Changed to: Feared illness/physical discomfort
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APPENDIX C

List of Models

Models 1 & 2: Number of Stressors and Perceived Stress
- Number of Stressors
o Model 1A: Mean number of stressors predicting vaccine response
o Model 1B: Mean number of stressors and variability in number of stressors
predicting vaccine response
- Perceived Stress
o Model 2A: Mean perceived stress predicting vaccine response
o Model 2B: Mean perceived stress and variability in perceived stress predicting
vaccine response

Models 3 & 4: Amount Disclosed and Perceived Responsiveness
- Amount Disclosed
o Model 3A: Mean level of disclosure predicting vaccine response
o Model 3B: Mean level of disclosure and variability in disclosure predicting
vaccine response
- Perceived Responsiveness
o Model 4A: Mean perceived responsiveness predicting vaccine response
o Model 4B: Mean perceived responsiveness and variability in perceived
responsiveness predicting vaccine response

Models 5 & 6: Positive and Negative Mood
- Positive Mood
o Model 5A: Mean level of disclosure predicting vaccine response
o Model 5B: Mean level of disclosure and variability in disclosure predicting
vaccine response.
- Negative Mood
o Model 6A: Mean perceived responsiveness predicting vaccine response
o Model 6B: Mean perceived responsiveness and variability in perceived
responsiveness predicting vaccine response

Models 7 & 8: Sleep Duration and Sleep Quality
- Sleep Duration
o Model 7A: Mean sleep duration predicting vaccine response
o Model 7B: Mean sleep duration and variability in sleep duration predicting
vaccine response
- Sleep Quality
o Model 6A: Mean sleep quality predicting vaccine response
o Model 6B: Mean sleep quality and variability in sleep quality predicting vaccine
response
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APPENDIX D

Protocol of Power Analysis

F tests-Linear multiple regression: Fixed model, R?2
deviation from zero

Analysis: Sensitivity: Compute required effect size

Input: o err prob = 0.05
Power (1-B err prob) = .8
Total sample size = 100
Number of predictors = 10

Output: Noncentrality parameter A = 17.9462730

Critical F = 1.9387913
Numerator df = 10
Denominator df = 89
Effect size f2 = 0.1794627

F tests-Linear multiple regression: Fixed model, R?2
deviation from zero

Analysis: Sensitivity: Compute required effect size

Input: o err prob = 0.05
Power (1-B err prob) = 0.8
Total sample size = 100
Number of predictors = 24

Output: Noncentrality parameter A = 27.9669297

Critical F = 1.6633378
Numerator df = 24
Denominator df = 75
Effect size f2 = 0.2796693
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