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ABSTRACT 

Social relationships affect a range of health outcomes, including even mortality 

risk. However, important questions remain concerning the precise mechanisms through 

which close relationships exert their influence. The present research focuses specifically 

on immunological and interpersonal emotion processes that may link social relationships 

and health. The specific aims of this study were to: (1) determine: a) how long it takes for 

adults’ inflammatory levels to recover after an interpersonal laboratory stressor, and b) 

whether there are associations between allostatic load indicators of cardiovascular 

functioning and lipid/fat metabolism and immune recovery; (2) determine whether 

partners’ immune patterns are linked, above and beyond the expected diurnal rhythm; and 

(3) examine the moderating effects of interpersonal emotion regulation patterns on 

partners’ immune functioning. A final goal of the present study was to test the feasibility 

of conducting such a study in a naturalistic setting with multiple ambulatory immune 

measures per day, across multiple days. 

Twenty-four committed heterosexual couples collected their own salivary 

immune samples 4 times each day (upon waking, mid-morning, later afternoon, and 

before bed) for 5 consecutive days, including 2 days before a laboratory dyadic stressor 

(discussing an area of disagreement in the relationship), the day of, and 2 days after, to 

capture normative baseline diurnal variability and immune recovery post-stressor. Four 

additional saliva samples were collected on the lab stressor day at baseline, immediately 

after the disagreement conversation, 30-min. post-conversation, and 90-min post 

conversation, for a total of 8 samples collected on the lab stressor day. Salivary samples 

were assayed for interleukin(IL)-6 using ELISAs (Salimetrics, LLC).  
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As predicted, after the interpersonal laboratory stressor, immune recovery 

occurred within 48 hours of the stressor, and in fact recovered as early as the evening of 

the stressor. However, on the day of the lab stressor, IL-6 levels appeared to still be 

elevated at the later afternoon time point, approximately 3 hours after the stressor had 

ended. Contrary to my hypothesis, allostatic load indicators of cardiovascular functioning 

and lipid/fat metabolism did not moderate immune recovery. Secondly, as expected, 

partners displayed physiological (immune) linkage; specifically, couples showed “anti-

phase” physiological linkage on the day of the lab stressor, and “in-phase” linkage on all 

other days, pooled together, suggesting that couples may have engaged in more of a 

regulatory effort on the day of the lab stressor, whereas on all other days, there was a 

relaxation of regulation and enhanced emotional connection. Third, couples’ 

interpersonal emotion dynamics moderated the diurnal pattern of IL-6 such that couples 

who exhibited disconnected negative emotions, disconnected positive emotions, and 

displayed indeterminate patterns in their positive emotions, showed dysregulated diurnal 

IL-6 slopes.  

Lastly, the methodology of the present study proved to be feasible, and the study 

was accomplished without unforeseen problems. Ultimately, studying these immune and 

emotion processes as they occur in every-day life may help to uncover patterns in 

couples’ biology and emotions that may accumulate over time to set people on different 

health trajectories.  
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CHAPTER I: INTRODUCTION 

Increasing evidence has demonstrated robust links between social relationships 

and physical health (Berkman, Glass, Brissette, & Seeman, 2000; House, Landis, & 

Umberson, 1988; Uchino, 2009). Recent meta-analytic evidence suggests that stronger 

social bonds decrease risk for mortality by up to 50% (Holt-Lunstad, Smith, & Layton, 

2010); additionally, there is a modest, positive association between marital quality and 

physical health, with an effect size similar to the association between health behaviors 

(e.g., exercise, diet) and health outcomes (Robles, Slatcher, Trombello, & McGinn, 

2014). These findings hold across a variety of marriage-quality measures, including self-

report and behavioral observation, and health measures, including self-report, physician 

ratings, and biological markers such as blood pressure and cholesterol. Although there are 

clear links between relationships and health outcomes, important questions remain 

concerning the precise mechanisms through which close relationships exert their 

influence.  

The present study focuses specifically on immunological and interpersonal 

emotion processes that may link social relationships and health. A relevant setting in 

which to study these associations is in the context of dealing with stress and negative 

emotions. Often, stress and emotions occur and are regulated in the context of others, 

particularly close, intimate others (Butler, 2011). Indeed, the most commonly reported 

daily stressors, and the ones that create the highest levels of stress across all types of 

stressors, are interpersonal tensions (Almeida, 2005; Almeida & Kessler, 1998). The 

association between stress and immune function has received considerable attention in 

the past several decades (Irwin, 2008; Kemeny & Schedlowski, 2007; Kiecolt-Glaser, 
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McGuire, Robles, & Glaser, 2002). Despite extensive research on immune functioning, 

however, one understudied area is immune recovery, or the return of individuals’ 

inflammatory processes to homeostatic function after a stressor. Effective immune 

regulation includes appropriate reactivity to, and timely recovery from, a stressor. 

Delayed immune recovery can promote heightened allostatic load and can contribute to a 

variety of immune-related illnesses (McEwen, 1998). Furthermore, interpersonal tensions 

and emotional conflicts between close or intimate partners are potent factors in immune 

functioning (Kiecolt-Glaser et al., 2005). The inability to dampen negative emotions and 

increase positive emotions in the face of a stressor may inhibit partners’ immune 

recoveries. However, knowledge about immune recovery, including when recovery 

occurs, whether partners’ immune recoveries are interconnected, and how partners’ 

emotional processes moderate immune recovery, is lacking. Thus, the overarching goal of 

the present study is to examine partners’ immune recoveries, linked immune patterns, and 

interpersonal emotion dynamics by using a multi-method design that combines 

naturalistic/ambulatory measurements with a laboratory-based interpersonal stressor. The 

specific aims of the study are described below.  

Aim 1: Immune Recovery 

Although it is known that interpersonal stressors stimulate immune reactivity 

(Glaser & Kiecolt-Glaser, 2005; Gouin et al., 2009; Kiecolt-Glaser et al., 2005; Miller, 

Dopp, Myers, Stevens, & Fahey, 1999), we do not know how long it takes for the 

immune system to recover, despite the fact that recovery is likely as relevant to health as 

reactivity. Aim 1 is to determine: a) how long it takes for adults’ inflammatory levels to 

recover after an interpersonal laboratory stressor, and b) whether there are associations 
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between allostatic load indicators of cardiovascular functioning and lipid/fat metabolism 

and immune recovery.  

Aim 2: Physiological (Immune) Linkage 

Individuals’ immune functioning may be linked (correlated) over time with their 

partners’ immune functioning due to shared environment and close emotional ties. 

Although research findings indicate that partners’ autonomic physiologies can become 

linked (Levenson & Gottman, 1983; Reed, Randall, Post, & Butler, 2013), immune 

linkage has not been investigated. Aim 2 is to extend an individual perspective of immune 

function to a couple-level to test whether partners’ immune patterns are linked.  

Aim 3: Interpersonal Emotion Patterns 

The influence of close relationships on health is often studied using broad social 

variables such as satisfaction or conflict, but the mechanisms by which relationships 

influence health likely occur on an emotional micro-level. Two health-relevant patterns to 

be tested are co-regulation and co-dysregulation. In a negative emotion context, I use the 

term co-regulation to refer to partners’ linked emotions that dampen down over time (i.e., 

become less negative), whereas I use the term co-dysregulation to refer to linked 

emotions that amplify away from baseline over time (i.e., become more negative). In a 

positive emotion context, I use co-regulation to refer to linked emotions that amplify over 

time (i.e., become more positive) and co-dysregulation to refer to linked emotions that 

dampen over time (i.e., become less positive). Emotion regulation patterns that involve 

partners’ negative emotions decreasing (or dampening) and partners’ positive emotions 

increasing (or amplifying) over time may each contribute to psychological and biological 

homeostasis. Thus, Aim 3 is to examine the moderating effects of interpersonal emotion 
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patterns on partners’ immune recoveries. I expect co-regulation (in both positive and 

negative emotion contexts) to be associated with faster immune recovery, whereas co-

dysregulation (in both positive and negative emotion contexts) to be associated with 

elongated immune recovery.   

Lastly, a final overarching goal is to determine the feasibility of conducting such a 

study in a naturalistic setting with multiple ambulatory immune measures per day, across 

multiple days. Ultimately, studying these immune and emotion processes as they occur in 

every-day life may help to uncover patterns in couples’ physiology and emotions that 

may accumulate over time to set people on different health trajectories. Additionally, 

studying partners in their every-day life may also reveal effective strategies and 

interventions that people can naturally incorporate into their daily lives to mitigate 

maladaptive health effects of stress and negative emotions.  
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CHAPTER II: REVIEW OF THE LITERATURE  

People in lower quality or insufficient relationships are at greater risk for health 

problems than their counterparts in higher quality and stronger relationships (Holt-

Lunstad et al., 2010; Kiecolt-Glaser, Gouin, & Hantsoo, 2010; Kiecolt-Glaser & Newton, 

2001; Robles et al., 2014). Interpersonal stressful events and the negative emotions that 

accompany them can induce immune dysregulation partly through alterations in the 

production of pro-inflammatory cytokines, or inflammation (Glaser & Kiecolt-Glaser, 

2005). Inflammation, which is one of the body’s main responses to heal injuries and 

remove potentially harmful pathogens, may be one biological mechanism through which 

close relationships affect health outcomes (Whisman & Sbarra, 2012). Indeed, chronic 

inflammation increases risk for premature all-cause mortality and age-related diseases 

such as cardiovascular disease, Type II diabetes, metabolic syndrome, neurodegenerative 

disorders, and frailty (Ershler & Keller, 2000; Hansson, 2005; Hotamisligil, 2006). 

Despite extensive research on immune functioning, one understudied area is immune 

recovery, or the return of individuals’ inflammatory processes to homeostatic function 

after a stressor. The effectiveness of close relationship partners at regulating their own 

and their partner’s emotions during a stressor likely influences their immune recoveries, 

however, interpersonal emotion patterns and immune functioning have yet to be studied 

in tandem. The present research begins to clarify the links between immune recovery and 

emotions in the context of close relationships by exploring when recovery occurs, 

whether partners’ immune recoveries are interconnected, and how partners’ emotional 

processes moderate immune recovery.  
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 Below, I provide a review of the literature on how stress influences the immune 

system, specifically individuals’ reactivity and recovery responses, as well as how diurnal 

variability plays a role when studying immune function. Next, I extend an individual 

perspective to a couple-level perspective and describe how, and when, partners’ 

physiologies (in this case, immune levels) can become linked. Lastly, I discuss how 

emotion dynamics may play a role in influencing partners’ immune patterns.  

Immune Functioning 

Stress and the Immune System  

Psychological stress and negative emotional experiences can influence 

inflammatory responses directly through stimulation of the sympathetic-adrenal-

medullary (SAM) axis and the hypothalamic-pituitary-adrenocortical (HPA) axis (Cohen 

& Kinney, 2007; Reed & Raison, 2015). The SAM axis produces catecholamines, 

including norepinephrine and epinephrine, and the HPA axis produces corticosteroids 

(cortisol). Almost all immune cells express receptors for one or more of the stress 

hormones that are associated with the activation of these systems (HPA and SAM axes) 

(Glaser & Kiecolt-Glaser, 2005; Sanders & Kavelaars, 2007; Webster, Tonelli, & 

Sternberg, 2002). Once released, these hormones increase the production of circulating 

pro-inflammatory cytokines including interleukin(IL)-1, IL-6, and tumor necrosis factor-

α (TNF-α), which, in turn, enhance inflammation (Black, 2002; Steptoe, Hamer, & 

Chida, 2007). The focus of the present research is on one biomarker of inflammation – 

namely, IL-6 – given its sensitivity to respond to psychosocial stimuli and its potential 

influence on psychological states and behavior (Dantzer, O'Connor, Freund, Johnson, & 

Kelley, 2008; Segerstrom & Miller, 2004). IL-6 is produced by a diverse range of cells, 
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including T-cells, B-cells, macrophages, and microglia and is involved in inducing cell 

proliferation, differentiation, and programmed cell death (Kindt, Goldsby, Osborne, & 

Kuby, 2007). Additionally, IL-6 serves as the primary signal for C-reactive protein (CRP) 

release from the liver as part of the acute phase response (Kindt et al., 2007).  

Psychological acute stressors, such as giving a public speech or discussing an area 

of disagreement in one’s relationship, activate the stress response system, including the 

SAM and HPA axes, and ultimately the immune system. Acute or short-term stressors 

induce a large-scale redistribution of immune cells in the body. Typically, immune cells 

stay in the “barracks” of the body (marginated pool, spleen, bone marrow, lymph nodes); 

when acute stressors occur, stress hormones represent a “call to arms” and induce the 

body’s “soldiers” (immune cells, e.g., lymphocytes) to leave their “barracks” and travel 

through the “boulevards” (blood vessels) to take up positions in their “battle stations” – 

the areas where an individual is most likely to be injured (e.g., skin, gastro-intestinal 

track) (Dhabhar, Malarkey, Neri, & McEwen, 2012). In doing so, the body has increased 

its ability to do defensive maneuvers if necessary, which is an adaptive response to stress.  

Dysregulated inflammatory responses, such as those that stay at chronically high 

levels, or are slow to recover following a stressor, can contribute to heighted allostatic 

load (McEwen & Seeman, 1999; Seeman, McEwen, Rowe, & Singer, 2001). Allostatic 

load occurs when external demands and/or efforts to adapt are excessive, leading to 

dysregulation across multiple biological systems and failure of the body to effectively 

terminate stress responses (McEwen, 1998). Dysregulation of the immune system may be 

therefore associated with poorer glucose homeostasis and energy balance, resulting in 
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overall abdominal adiposity, as well as poorer cardiovascular functioning, resulting in 

higher blood pressure (Gruenewald et al., 2012; McEwen & Seeman, 1999).    

Individual Stress Reactivity and Recovery  

The heterogeneity in individuals’ stress responses may be key in understanding 

what makes some individuals (or individuals in some circumstances) susceptible to 

disease and others (or the same individuals at other times) resilient to disease (Cacioppo, 

1998). Although higher levels of stress are associated with susceptibility to disease 

(Cohen, Tyrrell, & Smith, 1993; Vasunilashorn, Glei, Weinstein, & Goldman, 2013), it 

may also be the case that individuals who show relatively large physiological stress 

responses to everyday stressors (i.e., highly reactive) and/or lack of recovery after a 

stressor has subsided (i.e., poor recovery) are at greater risk for disease susceptibility 

(Cacioppo, 1998).  

It is well established that exposure to acute laboratory stressors can influence 

inflammation. Many previous studies have examined changes in levels of circulating 

cytokines (assessed in serum or plasma) before and after a stressor. Inflammatory 

cytokines increase after a variety of psychosocial stressors, including martial disputes 

(Kiecolt-Glaser et al., 2005); the Trier Social Stress Test (TSST), a commonly used 

laboratory stress that involves a combination of mental arithmetic, speech-giving, and 

negative social evaluation (Chiang, Eisenberger, Seeman, & Taylor, 2012; Dickerson, 

Gable, Irwin, Aziz, & Kemeny, 2009; Pace et al., 2006; Xiang, Del Ben, Rehm, & 

Marshall Jr, 2012); and sleep deprivation (Irwin, Wang, Campomayor, Collado-Hidalgo, 

& Cole, 2006; Irwin et al., 2008). A small but growing number of empirical studies 

suggest that salivary markers of inflammation, including IL-6, also respond to acute 
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social-cognitive and exercise-physical stressors. Salivary IL-6 levels significantly 

increased in police officers 10 minutes after a virtual reality motorcycle chase or gun 

confrontation scenario (Groer et al., 2010), in first year undergraduate students during a 

final exam, as compared to a non-exam day (Lester, Brown, Aycock, Grubbs, & Johnson, 

2010), and in healthy samples immediately after, 10 minutes after, and 20 minutes after 

the completion of the TSST (Izawa, Sugaya, et al., 2013). Salivary IL-6 levels also 

significantly increased during an exercise stress session, with levels highest immediately 

after the stressor and remaining elevated at 60-minutes post-task completion (Usui et al., 

2012).  

An important question remains, however, in how long after the stressor does 

inflammation continue to rise, and when does it begin to recover back to baseline. 

Immune recovery is a critical, yet understudied, indicator of how well the body is 

functioning (Dhabhar & McEwen, 2007). Researchers who have examined immune 

recovery from interpersonal psychosocial stressors have used wound healing recovery 

methods (Gouin et al., 2010; Kiecolt-Glaser et al., 2005; Robles, Brooks, Kane, & 

Schetter, 2013). For example, blister wounds healed more quickly when couples 

displayed more positive behaviors and had higher levels of oxytocin during an interaction 

task (Gouin et al., 2010). Conversely, blister wounds healed more slowly for women with 

greater attachment avoidance, for men with greater attachment anxiety (Robles et al., 

2013), and for couples who displayed more hostile behaviors during an interaction task 

(Kiecolt-Glaser et al., 2005). Importantly, however, knowledge of immune recovery in 

inflammatory indicators is lacking. Previous studies on inflammation and psychosocial 

stressors have included “recovery” periods after laboratory tasks that last 45, 90, to 120 
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minutes post-stressor; however, levels of inflammation, as measured in plasma or serum, 

are often still elevated at this time point (Chiang et al., 2012; Kiecolt-Glaser et al., 2005; 

Pace et al., 2006). One study examined pro-inflammatory cytokine production after a 

conflictual marital interaction and found that 24 hours later, circulating levels of 

inflammatory markers were still elevated (Kiecolt-Glaser et al., 2005). Inflammation as 

measured by salivary IL-6 has reportedly returned to baseline 60 minutes after the 

completion of a TSST (Izawa, Sugaya, et al., 2013), and 90-120 minutes after the 

completion of exercise stressors (Minetto et al., 2007; Usui et al., 2012). However, the 

temporal dynamics of salivary inflammation returning to baseline after an ecologically-

valid interpersonal stressor are unknown. Thus, salivary immune recovery could occur 

anywhere from 120 minutes to 48 hours after the psychosocial stressor; the present study 

tests this. Moreover, previous studies that examined changes in salivary IL-6 (Izawa, 

Sugaya, et al., 2013; Minetto et al., 2007; Usui et al., 2012) did not take multiple saliva 

measurements over the course of a day, across many days, to account for diurnal 

variability in immune biomarkers and so the present study addresses this issue (see 

below). Knowledge of when immune recovery occurs for certain individuals will be 

valuable in identifying who may or may not have a healthy stress response, and 

ultimately, who may benefit most from prevention and intervention efforts that improve 

immune functioning and decrease susceptibility to disease.  

Diurnal Variation in Immune Biomarkers  

Importantly, an additional complication in the examination of immune recovery is 

that circulating immune biomarkers (in serum/plasma) exhibit a diurnal pattern, with 

generally lower levels during daytime and higher levels during the night (Perry, Kirwan, 
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Jessop, & Hunt, 2009; Redwine, Hauger, Gillin, & Irwin, 2000; Vgontzas et al., 2004). 

To my knowledge, there has been only one study to provide evidence that salivary 

biomarkers, including IL-6 and CRP, also exhibit diurnal variation (Izawa, Miki, Liu, & 

Ogawa, 2013). Specifically, Izawa and colleagues (2013) reported that salivary IL-6 

peaks at awakening, gradually declines from morning to noon, and rises again through 

the later afternoon and into the evening.    

To fully understand the temporal dynamics of inflammatory biomarkers after a 

stressor, multiple time points over a day or days need to be measured to account for 

diurnal variability. Not accounting for diurnal variation could lead to erroneous 

conclusions about immune recovery. If, for example, “recovery” samples after a 

laboratory stressor are taken in the evening (when diurnal levels are starting to increase 

again), one could come to the conclusion that the biomarker is still elevated from the 

stressor, as compared to the baseline sample taken earlier in the afternoon. Thus, the 

present study will assess immune functioning multiple times a day, over multiple days, to 

examine immune recovery following an interpersonal stressor, while accounting for 

diurnal variation.  

Physiological Linkage in Couples 

The majority of people spend most of their adult lives in close relationships, so 

partners’ physiological functioning takes place in, and is influenced by, the interpersonal 

context. Thus, a next logical step in examining immune recoveries and patterns of 

immune variation is to extend this to a dyadic/relationship context and examine the 

connectedness, or linkage, in partners’ immune patterns. Individuals’ physiological 

functioning may be “linked” or correlated with their partners’ physiological functioning, 
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due to shared environment and being one of each other’s most potent social stimuli. 

Researchers argue that such linkage in parent-child dyads and partners in close 

relationships helps to up- or down-regulate both partner's psychophysiological arousal 

(Sbarra & Hazan, 2008). Furthermore, physiological linkage may ultimately contribute to 

similar health trajectories in hypertension, diabetes, and obesity (Di Castelnuovo, 

Quacquaruccio, Donati, de Gaetano, & Iacoviello, 2009; Meyler, Stimpson, & Peek, 

2007).  

Physiological linkage is defined as covariation of physiological channels between 

interacting partners (Butler, 2011a; Reed et al., 2013); specifically, I operationalize 

physiological linkage as one individual’s unstandardized regression beta-weight (b) for a 

physiological measure (in this case, IL-6) predicting his or her partner’s concurrent 

physiological measure. Physiological linkage can be further defined as in-phase or anti-

phase (Reed et al., 2013). In-phase linkage corresponds to changes in partners’ immune 

levels in the same direction (e.g., as one individual’s immune levels increase, their 

partner’s immune levels also increase). Anti-phase linkage corresponds to changes in 

partners immune levels in opposite directions (e.g., as one individual’s immune levels 

increase, their partner’s immune levels decrease). Prior work suggests that turn-taking in 

a conversation may produce “anti-phase” physiological linkage due to the metabolic 

demands of talking, whereas strong mutual interpersonal influence and active attempts to 

control or modify one’s own behavior to match a partner may result in “in-phase” 

physiological linkage (Reed et al., 2013). Importantly, these results from Reed and 

colleagues (2013) are with respect to fast-acting physiological measures over a short time 
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period (i.e., blood pressure over a 20-min conversation), but it is less clear what may 

happen for slower acting systems like immunity over days.   

Much previous research on physiological linkage has not considered the two 

different patterns of linkage (in-phase vs. anti-phase). Nevertheless, previous research 

indicates that partners’ autonomic physiologies (i.e., heart rate, skin conductance), as well 

as cortisol levels (the end-product of the hypothalamic-pituitary-adrenal axis), are linked 

(Guastello, Pincus, & Gunderson, 2006; Levenson & Gottman, 1983; Papp, Pendry, & 

Adam, 2009; Papp, Pendry, Simon, & Adam, 2012; Reed et al., 2013; Saxbe & Repetti, 

2010). Linkage in autonomic physiology occurred between college students during a 

normal conversation (Guastello et al., 2006), and close-relationship partners during a lab 

interaction task when partners negatively influenced each other (e.g., demand/withdraw 

behavior) (Reed et al., 2013). Additionally, spouses exhibited linkage in cortisol levels 

and cortisol awakening responses (CAR) over the course of a day, or days, controlling for 

sampling time (Liu, Rovine, Cousino Klein, & Almeida, 2013; Papp et al., 2012; Saxbe 

& Repetti, 2010; Schreiber et al., 2006). Interestingly, linkage is often stronger in conflict 

situations (Gottman & Levenson, 1986; Gottman, 1988; Levenson & Gottman, 1983; 

Saxbe & Repetti, 2010). For example, in married couples, physiological linkage was 

greater during a high-conflict conversation compared to a low-conflict one, and greater in 

couples from dissatisfied marriages than satisfied ones (Levenson & Gottman, 1983; Liu 

et al., 2013). Similarly, over a three-day naturalistic study, couples who reported lower 

marital satisfaction exhibited stronger effects of physiological linkage in cortisol (Saxbe 

& Repetti, 2010).  
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Physiological linkage of immune functioning has not yet been investigated. The 

immune system, however, is affected by changes in the sympathetic nervous system and 

neuroendocrine system (Sanders & Kavelaars, 2007). Because there is evidence to 

suggest that close relationship partners exhibit physiological linkage in autonomic 

physiology and cortisol (Reed et al., 2013), I hypothesize that partners’ immune patterns 

will also show a linked pattern, above and beyond the expected diurnal pattern. 

Specifically, given the previous literature that physiological linkage often occurs in 

conflict situations, and strong mutual interpersonal influence (such as that expressed 

during conflict situations) may result in “in-phase” physiological linkage, I hypothesize 

that couples will display higher in-phase physiological linkage on the day of the 

interpersonal laboratory stressor, as compared to linkage on all other non-lab days.  

Interpersonal Emotion Dynamics 

The influence of close relationships on health is often studied using broad social 

variables such as relationship satisfaction or conflict, however, the mechanisms by which 

relationships influence health likely occur on an emotional micro-level. Previous 

literature suggests that generally how effective we are in responding to and regulating our 

emotions in a way that supports our goals and maintains physiological equilibrium is 

critical for successful socio-emotional development and physical health outcomes 

(Butler, 2011b; Gross, 2002; John & Gross, 2004). As such, partners’ abilities to help 

each other emotionally co-regulate during a potentially stressful situation could also 

influence how well they are able to biologically recover from the stressor. Although the 

immune and emotional systems are tightly interlinked and connected (D’Acquisto, 
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Rattazzi, & Piras, 2014), the effects of partners’ interpersonal emotion patterns on 

immune functioning have yet to be studied.  

Co-regulation and Co-dysregulation  

Prior research indicates that two health-relevant interpersonal emotion processes 

are co-regulation and co-dysregulation. These patterns can be described as forms of 

interpersonal regulation that either contribute to, or prevent, psychological and 

physiological homeostasis (Reed, Barnard, & Butler, 2015; Sbarra & Hazan, 2008). I 

further propose that co-regulation and co-dysregulation need to be defined differently 

depending on the emotion context (i.e., negative vs. positive emotions), which I discuss 

next.   

Negative Emotion Context. Much research on emotion dynamics has studied 

regulation patterns in the context of negative emotions. Indeed, often the most beneficial 

time to regulate emotions is when we feel anxious, stressed, frustrated, angry, or sad, to 

name a few examples. In the context of negative emotions, co-regulation refers to a 

process in which partners’ negative emotions are bi-directionally linked and mutually 

dampening, back to a neutral or homeostatic baseline (Boker & Laurenceau, 2007; Butler 

& Randall, 2013; Chow, Ram, Boker, Fujita, & Clore, 2005; Sbarra & Hazan, 2008). 

Such between-partner, reciprocal homeostatic regulation of negative emotion is believed 

to be a critical feature of secure attachment relationships, including parent-child dyads 

and adult romantic relationships (Butler & Randall, 2013; Sbarra & Hazan, 2008). Thus, 

co-regulation of negative emotions, or the dampening of negative emotions back to 

homeostatic baseline, may facilitate healthy recovery of biological functioning after a 

stressor. In contrast, co-dysregulation refers to a process in which partners’ negative 
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emotions are bi-directionally linked and mutually amplifying, away from emotional 

stability (Reed et al., 2015). Such amplified, excessive emotionality may occur when 

partners attempt to regulate or control their emotions, but ultimately are overwhelmed 

and experience a depletion of regulatory abilities, resulting in emotion regulatory failure 

(Baumeister, Vohs, & Tice, 2007). Thus, co-dysregulation of negative emotions, whereby 

negative emotions do not dampen back down to baseline levels after a stressor, could 

contribute to prolonged activity and heightened biological responses.  

Positive Emotion Context. In the context of positive emotions (e.g., happy, 

loving, calm, excited, etc.), I re-define co-regulation and co-dysregulation  to encompass 

one of the core features of regulation – that individuals are often motivated to decrease 

negative emotions and increase positive emotions (Larsen, 2000). Thus, we typically 

want to amplify positive emotions, and a lack of, or dampening of, positive emotions 

over time could be detrimental to relationship and health processes. Indeed, capitalization 

in relationships, whereby individuals share positive events with their partner and, in turn, 

receive positive responses from them (i.e., engaging in a positive emotional exchange), 

has been linked to more satisfaction with the relationship, fewer conflicts in the 

relationship, and a greater likelihood of relationship longevity (Gable, Gonzaga, & 

Strachman, 2006; Gable, Reis, Impett, & Asher, 2004). In a positive emotion context, co-

regulation therefore refers to positive emotions that are bi-directionally linked and 

mutually amplifying. Particularly in the context of close relationship stressors, co-

regulation of positive emotions, whereby positive emotions amplify over time, may 

facilitate healthy recovery of biological functioning after a stressor. In support of this, 

Fredrickson and colleagues’ research has shown that positive emotions can “undo” the 
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physiological effects of negative emotions by decreasing cardiovascular reactivity and 

facilitating faster recovery from negative emotions/events (Fredrickson & Levenson, 

1998; Fredrickson, Mancuso, Branigan, & Tugade, 2000). In contrast, co-dysregulation 

refers to positive emotions that are bi-directionally linked and mutually dampening over 

time. Such dampening in positive emotions may occur when one partner attempts to bring 

humor or optimism to the situation, but the other partner does not reciprocate and 

undermines the effort. Thus, co-dysregulation of positive emotions, whereby positive 

emotions dampen over time, could contribute to prolonged activity and heightened 

biological responses.  

Only one study has explicitly distinguished between co-regulation and co-

dysregulation and focused on conversations about health habits in couples in which one, 

both, or neither partner was struggling with attaining a healthy weight. Additionally, this 

study examined co-regulation and co-dysregulation using a uni-dimensional valence 

measure of emotional experience (positive to negative), and did not differentiate between 

these patterns in a positive versus negative emotion context. Results indicated that 

overweight and mixed-weight couples in which the woman was heavier than the man 

showed co-dysregulation (amplification of emotions), whereas healthy-weight and 

mixed-weight couples in which the man was heavier than the woman showed co-

regulation (dampening of emotions) (Reed et al., 2015). These results suggest that the 

overweight and mixed-weight couples may face formidable co-regulatory challenges that 

could undermine partners’ emotional and physical well-being.  

Importantly, no one has distinguished between co-regulation and co-dysregulation 

as they relate to biological functioning, although one paper has examined co-regulation of 



30 

 

heart rate and respiration in dyads, demonstrating that they each become coupled during 

various interaction tasks (Helm, Sbarra, & Ferrer, 2012). Nevertheless, I would predict 

that co-regulation in both a negative emotion context (i.e., negative emotions that 

dampen back down to baseline over time) and in a positive emotion context (i.e., positive 

emotions that amplify over time), will facilitate faster immune recovery. Conversely, I 

would predict that co-dysregulation in both a negative emotion context (i.e., negative 

emotions that amplify away from baseline over time) and in a positive emotion context 

(i.e., positive emotions that dampen down over time), will contribute to longer immune 

recovery.  
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CHAPTER III: STUDY AIMS & HYPOTHESES 

The goal of this project was to begin to clarify the links between immune 

recovery and emotions in the context of close relationships by exploring when recovery 

occurs, whether partners’ immune recoveries are interconnected, and how partners’ 

emotion dynamics moderate immune recovery. The present study had three aims: (1) To 

investigate a) how long it takes for healthy adults’ inflammatory levels to recover after an 

interpersonal laboratory stressor and b) the associations between allostatic load indicators 

and immune recovery; (2) To examine whether and how partner’s immune patterns are 

linked, above and beyond the expected diurnal rhythm; and (3) To examine the 

moderating effects of interpersonal emotion patterns (co-regulation and co-dysregulation) 

in the context of negative and positive emotions on partners’ immune recoveries.   

Aim 1: Immune Recovery 

Previous research using saliva has suggested that recovery from stressors that 

involve physical activity and negative social evaluation may occur 60-120 minutes after 

the stressor (Izawa, Sugaya, et al., 2013; Minetto et al., 2007; Usui et al., 2012). 

However, another study using plasma demonstrated that after an interpersonal 

relationship stressor, inflammatory levels were still elevated 24 hours afterwards 

(Kiecolt-Glaser et al., 2005). In the present study, to investigate how long it takes for 

healthy adults’ inflammatory levels to recover after an interpersonal stressor, four 

immune samples were collected on each of 5 days, including 2 days before the laboratory 

interpersonal stressor, the day of, and 2 days after, to capture normative diurnal 

variability and immune recovery post-stressor. Four additional saliva samples were 

collected on the day of the laboratory stressor (total = 8 samples) to measure immune 
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levels immediately before, during, and after the interpersonal stressor. I hypothesized 

(H1a) that after an interpersonal stressor, all participants’ salivary immune levels will 

return to their normative diurnal rhythm within 48 hours after the stressor.  

Dysregulated inflammatory responses, such as those that stay at chronically high 

levels, or are slow to recover following a stressor, can contribute to heighted allostatic 

load (McEwen & Seeman, 1999; Seeman et al., 2001). Increases in allostatic load lead to 

dysregulation across multiple biological systems and failure of the body to effectively 

terminate stress responses. I hypothesized (H1b) that allostatic load indicators of 

cardiovascular functioning (mean blood pressure) and lipid/fat metabolism (percent body 

fat, body mass index, and waist-hip ratio) will moderate diurnal immune patterns such 

that higher allostatic load indicators (i.e., indicative of poorer cardiovascular functioning 

and poorer glucose/fat metabolism) will be associated with longer immune recovery post-

stressor.  

Aim 2: Physiological (Immune) Linkage 

Individuals’ physiological functioning may be “linked” or correlated with their 

partners’ physiological functioning, due to shared environment and being one of each 

other’s most potent social stimuli. Because there is evidence to suggest that close 

relationship partners exhibit physiological linkage in autonomic physiology and cortisol 

(Reed et al., 2013), I hypothesized (H2) that partners’ immune patterns will also show a 

linked pattern, above and beyond the expected diurnal pattern. Specifically, given the 

previous literature that physiological linkage often occurs in conflict situations, and that 

strong mutual interpersonal influence (such as that expressed during conflict situations) 

may result in “in-phase” physiological linkage, I hypothesized that couples will display 
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higher in-phase physiological linkage on the day of the interpersonal laboratory stressor 

(using all 8 salivary immune measures), as compared to the linkage on all other non-lab 

days (4 measures per day for 4 days).  

Aim 3: Interpersonal Emotion Patterns 

Partners’ abilities to help each other regulate their negative and positive emotions 

during an interpersonally stressful situation could influence how well they are able to 

immunologically recover from the stressor. Specifically, interpersonal emotion regulation 

patterns that decrease, or dampen, negative emotions and increase, or amplify, positive 

emotions during an interpersonal stressor may each facilitate psychological and 

biological homeostasis. In the context of partners’ negative and positive emotions, two 

health-relevant interpersonal emotion patterns, co-regulation and co-dysregulation, were 

tested.  

In a negative emotion context, co-regulation refers to partners’ linked negative 

emotions that dampen back to homeostatic levels over time, whereas co-dysregulation 

refers to partners’ linked negative emotions that amplify away from homeostatic levels 

over time. I hypothesized that (H3a) emotion dynamics will moderate partners’ diurnal 

immune patterns such that couples who can more effectively co-regulate (i.e., dampen) 

their negative emotions during an interpersonal stressor will have shorter immune 

recoveries, whereas couples who experience co-dysregulation (i.e., amplification) in their 

negative emotions will take longer to recover.  

In a positive emotion context, co-regulation is defined as partners’ linked positive 

emotions that amplify over time, whereas co-dysregulation is defined as partners’ linked 

positive emotions that dampen over time. Similarly, I hypothesized that (H3b) emotion 
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dynamics will moderate partners’ diurnal immune patterns such that couples who can 

more effectively co-regulate (i.e., amplify) their positive emotions during an 

interpersonal stressor will have shorter immune recoveries, whereas couples who 

experience co-dysregulation (i.e., dampening) in positive emotions will take longer to 

recover.  
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CHAPTER IV: METHOD 

Basic Paradigm 

Couples were recruited to participate in a short-term prospective design that lasted 

five consecutive days and included: (1) an online baseline questionnaire; (2) saliva 

assessments 4 times a day for 5 consecutive days (Days 1-5); and (3) a laboratory session 

on Day 3, which included an interpersonal stressor (discussing an area of disagreement 

in the couples’ relationship), as well as 4 additional saliva assessments before, during, 

and after the laboratory stressor (total number of samples collected on Day 3 is 8). The 5-

day naturalistic study design was chosen because it captured diurnal immune variability 

in couples’ daily lives pre- and post- the interpersonal laboratory stressor. Much research 

on emotions, social relationships, and health has focused on “snapshots” of functioning 

through one-time self-report measures, retrospective interviews, or behavioral 

observation (Robles, Reynolds, Repetti, & Chung, 2013). The present study, however, 

employed a design that combined daily measures with a laboratory stressor, thereby 

increasing temporal resolution through multiple repeated assessments of immune 

functioning in couples’ everyday lives, while at the same time benefitting from a 

controlled laboratory stress paradigm.  

Participant Recruitment 

Participants were recruited primarily via flyers posted within the Tucson 

community, including local businesses. Recruitment was also conducted via the internet 

using advertisements on services such as Craigslist and university list-serves, as well as 

via word-of-mouth referrals. The inclusion and exclusion criteria are described below. 

Participants who completed all portions of the study received $75.  
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Inclusion and Exclusion Criteria 

The inclusion and exclusion criteria were meant to cast a broad net for potential 

participants who were medically healthy, but had varying relationship durations, levels of 

relational and emotional quality, and participants who were on potentially different 

trajectories of health and well-being. The criteria for inclusion included: (a) Both partners 

were over the age of 18; (b) Both partners were willing to participate; and (c) Partners 

had been in a committed relationship for at least 6 months (participants did not need to be 

married).  

The criteria for exclusion include: (a) A current major psychiatric disorder (e.g., 

current major depressive disorder, alcohol or substance dependence, anxiety disorder); 

(b) Regular use of psychotropic or immunosuppressive medication (e.g., corticosteroids); 

(c) A current major medical illness (e.g., cancer, HIV); (d) Current smoker; (e) Any oral 

or dental health issues (e.g., periodontal disease, tooth pulled recently). The exclusion 

criteria were meant to exclude factors that may interfere with inflammatory levels 

(O’Connor et al., 2009), as well as to ensure that the salivary inflammatory levels 

measured were in response to psychosocial stressors that disrupted the natural diurnal 

variation, as opposed to inflammation from, for example, a root canal (or poor oral 

health). 

Participant Characteristics 

 The resulting community sample included 24 heterosexual committed couples 

(N= 48). Demographic information for the final study sample is shown in Table 1. 

Participants were, on average, middle-aged (M =35.8, SD =14.3, range: 20-78), in their 

relationship for an average of 10 years (M = 9.97, SD = 9.53, range: 6 mo. – 31 years), 
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and married and living together (52%). Seventy-three percent of the sample self-

identified as Caucasian, 6% as African American, 4% as Asian American, 2% as Native 

Hawaiian/Pacific Islander, and 12% Other; 12% of the sample identified as Hispanic. On 

average, participants were well-educated, with 33% holding a graduate degree, 35% 

college graduates, and 25% having attended some college.  

Procedures 

Interested individuals contacted the PI by email or phone, and the PI provided a 

general overview of the study. If the potential participants were still interested, the PI 

asked a series of screening questions (based on the inclusion and exclusion criteria 

above) to both partners to determine the couple’s eligibility. Partners who passed the 

screening questions and were still interested in participating were officially enrolled in 

the study and provided with an identification number and Study Information Packet (see 

Appendix A for Study Information Packet). Data collection involved three steps, which 

are discussed further below: a baseline questionnaire, daily assessments of salivary 

immune functioning, and a laboratory session.  

(1) Baseline Questionnaire (Day 1) 

Participants logged on to a secure website and completed a password-protected 

baseline questionnaire (see Baseline Survey Measures below). Before beginning the 

questionnaire, participants acknowledged consent for the study. Partners were instructed 

to complete their questionnaires separately and to abstain from discussing their answers 

with their partner until after they had completed the survey. The Baseline questionnaire 

took approximately 40 minutes to complete.   

(2) Daily Assessments of Salivary Immune Levels (Days 1-5) 
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 Participants collected their own saliva for five consecutive days, four times each 

day: (1) upon waking, (2) mid-morning (e.g., before lunch; ~10am – noon); (3) later 

afternoon (e.g., before dinner; ~4-6pm); and (4) before bed. This method followed 

protocol similar to others who have collected diurnal salivary immune or neuroendocrine 

markers (Izawa, Miki, et al., 2013; Saxbe & Repetti, 2010). At each saliva collection time 

point, participants also completed a brief questionnaire that consisted of questions on 

amount and intensity of exercise, general well-ness and health (e.g., experienced a 

headache, upset stomach ache, stiff/sore muscles), stress level, and alcohol, caffeine, and 

cigarette intake. These questions were included to control for relevant covariates.  

One possible design would have been to require participants to complete samples 

at pre-specified times (e.g., 700, 1200, 1400, 1900 hours), but the present study already 

had a heavy data collection schedule (4x per day for 5 days = 20 samples), and thus to 

decrease participant burden, participants were at their leisure to complete the samples at 

the appropriate time, given their schedule. To help with compliance, participants received 

reminder emails on each day of their five-day schedule. Additionally, if requested, the PI 

sent text message reminders to participants four times a day for five days. Many 

participants opted to set their own phone alarms to help remind them to complete their 

samples.   

(3) Laboratory Session (Day 3) 

The laboratory session typically occurred on a weekend (Sunday lab sessions: n= 

12 couples, Saturday lab session: n = 11 couples, Thursday lab session: n = 1 couple) to 

account for participants’ work schedules, and occurred between the hours of 11am and 

2:00pm when salivary IL-6 levels are stable and at their lowest (Izawa, Miki, et al., 
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2013). Participants were instructed to complete their mid-morning sample on Day 3 

before arriving at the laboratory session. Four additional saliva assessments were taken 

on the lab stressor day, including a baseline assessment, immediately after the 

conversation, 30-min post conversation, and 90-min post conversation (as described 

below). Thus, a total of 8 saliva samples were provided on the lab stressor day (Day 3). 

Autonomic physiological measurements were recorded during the entire laboratory 

session, however, only the procedures relevant to the main aims and hypotheses are 

discussed below.   

At the laboratory session, partners were seated across from each other in the 

couples’ laboratory. The PI reminded the couples what would be happening during the 

lab session and answered any questions that they had. Then, a partition was placed 

between the partners and each partner was asked to write down 1-2 topics that had been a 

source of heated and unresolved discussion in the past month. This task was used to 

identify the area of disagreement that couples would discuss (see below). Next, partners 

watched a brief 4-minute nature video to get acclimated to the laboratory setting. 

Baseline saliva sample #1 and a resting/baseline blood pressure recording were collected. 

The PI randomly selected one of the topics previously provided by the participants, and 

the couple was then asked to spend 15 minutes describing the issue and attempting to 

come to a resolution to the problem. Partners were told, however, to let the conversation 

flow naturally; if another disagreement topic came up while trying to resolve the 

‘assigned’ topic, then that was allowable. This protocol has been used in previous studies 

with romantic relationships examining emotion regulation and cortisol responses to 

conflict (Powers, Pietromonaco, Gunlicks, & Sayer, 2006). The researcher was not 
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present in the room while the couples engaged in the conflict negotiation task, and the 

conversation was video-recorded. Immediately after the conversation ended, post-stressor 

saliva sample #2 was taken. Partners then watched the video of their conversation twice 

and used a rating dial to indicate their recalled second-by-second emotions (negative on 

the first watching and positive on the second) experienced during the conversation (see 

Laboratory Measures below). Thirty minutes after the conversation ended, participants 

provided post-rating saliva sample #3 measurement. Lastly, anthropometric 

measurements were taken (see Laboratory Measures below). The entire laboratory 

session lasted approximately 120 minutes. Upon returning home, participants were asked 

to provide an additional post-lab recovery #4 saliva sample 60 minutes after the 

laboratory session (or 90 minutes after the conversation ended). The PI called or texted 

participants to remind them to complete this saliva sample #4. After the lab session, 

participants continued to provide the saliva samples at the pre-identified times of day for 

the remainder of that day (later afternoon and before bed), as well as the next two days 

(Days 4 and 5).  

Baseline Survey Measures 

Demographic Data 

Standard demographic data were collected, including age, gender, race, ethnicity, 

education level, income, relationship status (e.g., cohabiting, engaged, married, etc.), and 

relationship duration.  

Perceived Stress Scale 

The Perceived Stress Scale (PSS) (Cohen & Williamson, 1988) is a 10-item 

measure of the degree to which situations in one’s life are appraised as stressful. Items 
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assess how unpredictable, uncontrollable, and overloaded respondents find their lives, 

and are rated on a 0 (“never”) to 4 (“very often”) scale. Example questions include: “In 

the last month, how often have you been upset because of something that happened 

unexpectedly?”, “In the last month, how often have you felt difficulties were piling up so 

high that you could not overcome them?”. Higher scores on this scale indicate more 

perceived stress. This questionnaire had good reliability, with an alpha coefficient of 

0.88. Mean self-reported perceived stress was 13.58 (SD = 6.88; range = 0 to 40), 

indicating that on average, participants had relatively low levels of perceived stress.  

Relationship Satisfaction 

The Relationship Assessment Scale (RAS) (Hendrick, 1988) is a brief measure of 

global relationship satisfaction and consists of seven items, each rated on a five-point 

likert scale. Example questions include: “How well does your partner meet your needs (1 

= “poorly”, 5 = “extremely well”)?”, “How often do you wish you hadn’t gotten in this 

relationship (reverse scored: 5 = “never”, 1 = “very often”)?”. Higher scores on this 

scale indicate higher relationship satisfaction. The RAS had good reliability, with an 

alpha coefficient of 0.93.  Mean relationship satisfaction was 30.58 (SD = 5.81; range 0-

35), indicating that on average, participants were satisfied in their relationships.   

Pittsburg Sleep Quality Index 

The Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds, Monk, Berman, & 

Kupfer, 1989) is a 9-item self-rated questionnaire that assesses the quality and patterns of 

sleep over a 1-month time interval. Items are rated on a 4-point scale from 0 (“Not during 

the past month”) to 3 (“Three or more times a week”). Example questions include: 

“During the past month, how often have you had trouble sleeping because you cannot go 
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to sleep within 30 minutes?”, “During the past month, how often have you taken 

medicine (prescribed or ‘over the counter’) to help you sleep?”. Lower scores on this 

scale indicate better sleep quality, whereas higher scores indicate poorer sleep quality. 

The PSQI had adequate reliability, with an alpha coefficient of 0.70. Mean sleep quality 

was 5.47 (SD = 2.98; range 0-21), indicating that on average, participants had satisfactory 

sleep quality.   

Laboratory Measures 

Allostatic Load Indicators 

The "gold-standard" measure of allostatic load is designed to summarize 

dysregulation across multiple physiological systems, including cardiovascular 

functioning, parasympathetic nervous system, hypothalamic pituitary adrenal axis 

activity, inflammation, lipid/fat metabolism, and glucose metabolism (Gruenewald et al., 

2012; Seeman et al., 2001). For the current study, however, collecting information from 

all of these physiological systems was not feasible; thus, I focused on individual 

components of allostatic load, including cardiovascular functioning and lipid/fat 

metabolism.  

 Cardiovascular Functioning. Measures of cardiovascular functioning included 

resting systolic blood pressure (SBP) and diastolic blood pressure (DBP). SBP and DBP 

were measured using a wrist blood pressure cuff (Omron, 7 series, Model BP652, Lake 

Forest, IL) following suggested protocol. Systolic and diastolic blood pressures were 

highly correlated (r=.80) and so were combined into mean arterial blood pressure (MAP), 

following standard guidelines (MAP = DBP + 1/3(SBP – DBP)) (Tortora & Derrickson, 

2006). For women, mean blood pressure ranged from 56.33 to 92.00 mm Hg; average 
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MBP was 76.81 mm Hg (SD = 8.55). For men, mean blood pressure ranged from 72.67 to 

121.33 mm Hg; average MBP was 87.56 mm Hg (SD= 11.27).  

 Lipid/Fat Metabolism. Measures of lipid/fat metabolism included percent body 

fat, body mass index (BMI), and waist-hip ratio. The Body Composition Analyzer 

(Tanita Corporation, model SC-240, Tokyo, Japan) was used to measure percent body fat 

and weight. Participants stood on the scale in a relaxed stance with their hands by their 

sides and with their weight evenly distributed on both feet. For women, percent body fat 

ranged from 18.90 to 42.70; the average percent body fat was 29.73 (SD = 5.81). For 

men, percent body fat ranged from 9.70 to 34.90; the average percent body fat was 19.39 

(SD = 6.41). Height was measured and used to calculate participants’ BMIs, based on the 

standard BMI formula: BMI = (weight in pounds) x 703 / (height in inches)^2. For 

women, BMIs ranged from 18.30 to 31.40; the average BMI was 23.23 (SD = 3.16). For 

men, BMI ranged from 18.90 to 32.00; the average BMI was 24.71 (SD = 3.27). Waist 

circumference was measured by horizontally wrapping a measuring tape around the 

abdominal area (near the navel) of each participant. Participants were asked to inhale and 

exhale three times, and on the last exhale, the measurement was taken. Hip circumference 

was measured using the same protocol except the measuring tape was situated around the 

widest part of the participants’ hips. Waist-hip ratio was calculated by dividing the waist 

circumference by the hip circumference (waist/hip). For women, waist-hip ratios ranged 

from 0.71 to 1.17; the average waist-hip ratio was 0.84 (SD = 0.09). For men, waist-hip 

ratios ranged from 0.72 to 1.15; the average waist-hip ratio was 0.94 (SD = 0.08).  

Experienced Emotion Measure 
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A bipolar rating dial was used to assess partners’ moment-by-moment recalled 

positive and negative emotional experiences during the conversation (Levenson & 

Gottman, 1983). The dial turns through 180-degrees, with one end anchored with “low 

amount” and the other end with “high amount”. Values range from 0 -5 with 0 indicating 

low amounts of the emotion, and 5 indicating high amounts of the emotion. Participants 

were asked to watch the video of their conflict discussion and rate the amount (low to 

high) of their negative and positive emotions experienced (on two separate passes). 

Importantly, previous research on emotion dynamics has been limited in distinguishing 

between the dampening of negative versus positive emotions. Dampening of negative 

emotions is typically considered a beneficial intra- and inter-personal process, such that 

partners are helping each other to recover from their negative emotions back to a more 

neutral state. However, the effect of dampening positive emotions may depend more on 

the context; in the present study, dampening of positive emotions could have undesirable 

effects, such as when one individual is trying to be more positive about the interpersonal 

conflict discussion to help resolve the conflict, but the other partner is still upset. Thus, 

participants in the present study made two passes when rating their emotions – one pass 

to rate their negative emotions and another pass to rate their positive emotions to 

distinguish between the two. 

This rating dial method is well-validated and has been used in many other studies 

to assess emotional experience (Butler, Wilhelm, & Gross, 2006; Reed et al., 2013). 

Furthermore, although this method entails retrospective ratings of recalled emotions, 

which are subject to self-report bias, previous research has demonstrated that these cued-

recall ratings are comparable to ratings made in the moment, suggesting they are a 
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valuable method for validly and accurately measuring emotion experience across time 

(Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005).   

Immune Data 

Salivary Immune Biomarker 

A salivary immune measure was chosen due to the nature of the current study 

(repeated measures per day, for multiple days). Saliva can be collected noninvasively 

(i.e., pain-free) by individuals with modest training and the donation process is relatively 

stress-free so that multiple collections can be performed without imposing too much 

discomfort on the donor (Pfaffe, Cooper-White, Beyerlein, Kostner, & Punyadeera, 

2011). Additionally, saliva methods have been used in previous studies to examine 

diurnal variability in immune biomarkers (Izawa, Miki, et al., 2013)  and to assess the 

effects of psychosocial stressors on salivary cytokine activity (Chiang et al., 2012; Izawa, 

Sugaya, et al., 2013). 

A plausible concern is that salivary IL-6 may not provide relevant information 

about systemic inflammation because some evidence indicates that salivary IL-6 does not 

correlate well with plasma or serum IL-6 (Fernandez-Botran, Miller, Burns, & Newton, 

2011; Minetto et al., 2007; Out, Hall, Granger, Page, & Woods, 2012). Indeed, the 

literature suggests that salivary immune biomarkers may often reflect localized 

inflammation in the mouth as opposed to systemic inflammation (Slavish, Graham-

Engeland, Smyth, & Engeland, 2015). However, these contradictions do require some 

qualifications. First, the timing of salivary immune responses is different than in plasma 

(Minetto et al., 2007). Although concurrent associations between saliva and plasma levels 

may not be correlated, lagged associations may be correlated, which have not been 



46 

 

examined. Secondly, correlations between salivary and plasma IL-6 have only been 

examined in response to physical activity/exercise stressors, and the correlations between 

the two are unknown after psychosocial stressors. Nonetheless, at the very least, 

inflammatory markers measured using salvia likely reflect peripheral, localized 

inflammation in the mouth, which is still a critical site for immune response because it is 

a primary avenue by which bacteria and viruses can enter and infect the body (Chiang et 

al., 2012).   

Collection and Storage 

All standardized procedures outlined by Salimetrics, LLC were followed in 

collecting and storing saliva, including having participants: avoid eating 60 minutes prior 

to providing a sample; document the consumption of alcohol, caffeine, and amount of 

vigorous physical activity prior to saliva collection; rinse their mouths with water to 

remove food residue; wait at least 10 minutes after rinsing to collect saliva; and freeze 

samples immediately (or as soon as possible) after completing the sample. See Appendix 

A for the Study Information Packet, which includes the protocol that participants 

followed to collect their own saliva.  

Participants were provided with color-coded saliva collection tubes (color-coded 

tops: Salimetrics, LLC; collection tube: Sarstedt Inc., Germany), which contained a 

SalivaBio’s Oral Swab (Salimetrics LLC, State College, PA, USA) to absorb saliva. 

Participants also received a moisture-resistant laminated fiberboard storage box (Sarstedt 

Inc., Germany) to store their completed samples in in the freezer, and a sharpie to write 

the time of sample collection on their tube. See Figure 1 for a photograph of participant 
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materials. All samples were stored at -20°C at the University of Arizona until the time of 

assay.  

Processing 

Salivary immune samples were assayed for IL-6 using 1-3602- Interluekin-6 

Salivary Immunoassay Kit (ELISA/EIA) (Salimetrics LLC, State College, PA, USA), per 

kit instructions. All samples were assayed in the same laboratory in the College of 

Nursing at the University of Arizona. Samples were run diluted (1:2 ratio) in duplicate. 

All samples from a couple were run on the same day, with each partners’ samples on 

separate microtiter plates. All samples within person were randomized on the microtiter 

plate to control for differences in coated antibodies across the plate. The intra-assay 

coefficient of variation (CV) for the IL-6 assay was 9.6% and the inter-assay CV was 

6.6%.  

The IL-6 Salivary ELISA is a sandwich ELISA using a microtiter plate pre-coated 

with a monoclonal antibody specific for IL-6. Standards and diluted saliva samples are 

pipetted into the wells; the plate rotates at room temperature for 1 hour. During this time, 

any IL-6 present in the standards and samples binds to the antibody binding sites. After 

the hour, any unbound material is washed away with a buffer solution. Next, a primary 

(“detecting”) antibody (i.e., biotin conjugated antibody to human IL-6) is added and 

attaches to the bound IL-6. This plate rotates for 2 hours at room temperature. After the 2 

hours, any unbound material is washed away with a buffer solution. Then, a secondary 

enzyme-linked antibody is added (streptatvin) and this solution sits in the plate for 20 

minutes. During this time, the secondary antibody binds to the primary antibody, which 

acts as an amplification step, because multiple secondary antibodies can bind to each of 
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the primary antibodies. This approach allows for the amplification of the signal to the 

level of detection in the units necessary. Finally, a substrate (tetramethylbenzidine, TMB) 

is added, which initiates a chemical reaction that changes the color of the solution in each 

well. The chemical reaction is allowed to proceed for up to 20 minutes in the dark, at 

room temperature. The reaction (i.e., the color change) is stopped at a predetermined 

endpoint with sulfuric acid, and the absorbance, which is proportional to the 

concentration of IL-6 in the sample, is read in a plate reader (Tecan plate reader) at 450 

nm with a secondary filter at 620nm. See Figure 2 for an example of what a microtiter 

plate looks like at the end of the assay.  

Post-Processing 

The data were post-processed using a non-linear 4-parameter regression/curve fit 

(as suggested by Salimetrics) in GraphPad Prism (Graphpad Software, version 6.0 for 

Windows, San Diego, CA, USA). This process regresses the absorbance values of the 

unknowns (samples) onto the standard curve (run on each plate) to ultimately obtain 

values of IL-6 concentrations in pico-grams per milliliter (pg/mL). Undetectable (or out-

of-range) values were replaced with one-half the concentration of the lower detection 

limit value; the lower detection limit was calculated as three standard deviations above 

the blank/0 replicates and then interpreted from the standard curve. It would be incorrect 

to treat undetectable values as missing values because they are not missing – they are 

simply below the point of detection. As such, replacing the undetectable values with one-

half the concentration of the lower detection limit is a very conservative approach, as it 

essentially pulls sample values down towards a concentration of 0 pg/mL.  
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The salivary interleukin(IL)-6 data was natural log-transformed to normalize its 

distribution before any analyses were performed. Upon visual inspection, outliers were 

removed from analyses, including all of one participant’s immune data due to this 

individual smoking and creating large outliers (~>150 pg/mL). Table 4 presents 

descriptive statistics of the non-transformed immune data. Approximately 2% of the data 

was missing (more thorough information concerning the feasibility findings from 

collecting repeated salivary measures each day is described in the Results section below). 

Additionally, 26% of the data was lower than the detection limit. As previously 

described, these data below the detection limit were not treated as missing, but rather 

replaced with one-half the concentration of the lower detection limit. A closer 

examination of the detectability of IL-6 is also described in the Results section below. In 

preliminary analyses, I tested associations between participants’ IL-6 levels and 

demographic and health characteristics (i.e., use of caffeine, gender, BMI, age, income, 

race, level of education, and overall perceived stress). Gender, BMI, income, race, and 

overall perceived stress were not associated with salivary IL-6 (all ps > .10). 

Characteristics that were significantly associated with salivary IL-6 (i.e., caffeine, age, 

and level of education) were retained as covariates in all models.  

Data Analysis 

Multilevel models that accounted for repeated measures within person, within 

couple, were used to address all Aims and hypotheses. Multilevel modeling (MLM) 

offers advantages such as increased statistical power due to the repeated-measures design, 

while accounting for within-person and within-day nesting of immune data and the 

associated correlated error (auto-correlation) from time-to-time and day-to-day. MLM 
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also allows for simultaneous modeling of the effects of both time-varying (e.g., partner’s 

immune levels) and non-time varying (e.g., baseline) covariates on immune parameters. 

The dyadic MLM approach further offers the advantage of accommodating 

interdependent data collected from couples and providing simultaneous estimates and 

effects for female and male partners. Partners were included in analyses even if they did 

not provide all samples each day. All statistical analyses were performed in R, version 

3.0.3, using the lme function from the nlme library and estimated using maximum 

likelihood.  

Descriptive Analysis: Diurnal Rhythm  

First, a descriptive analysis was performed to establish whether or not salivary IL-

6 exhibited a diurnal pattern. Diurnal rhythms produce repeating patterns over the course 

of a day. In general, any repeating rhythm can be generated by a sine and/or cosine wave. 

Thus, the following equation was used to determine if salivary IL-6 exhibited a sinusoidal 

pattern (Rudnicka, Rumley, Lowe, & Strachan, 2007):   

𝑌(𝑡) = 𝑎 + 𝑏 sin (
2𝜋𝑡

𝑛
) + 𝑐 cos (

2𝜋𝑡

𝑛
) +  𝜖𝑖  ,   

In this equation, Y(t) is the immune level of interest at time (t), a is the overall mean of 

immune levels, and n is the number of intervals of time over which measurements of 

taken. Sine and cosine values for each individual, at each time point were calculated 

using the (military) hour of day for “t”, and 24 for “n” (because there are 24 hours in 1 

day). The 𝜖𝑖 term is the residual error from the model. Statistical significance of the 

sinusoidal parameters (sine and cosine) determine whether or not there is diurnal 

variability.  
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The model included separate male and female fixed and random intercepts, along 

with male and female fixed and random effects of sine and cosine. I allowed separate 

within-person residuals for men and women, which were allowed to co-vary between 

partners, and that were auto-correlated within person. The Level 1 and Level 2 equations 

are represented below:  

Ytime i, couple j = male * (π1j(Sinei) + π2j(Cosinei))  

+ female * (π3j(Sinei) + π4j(Cosinei)) + eij , (1)  

The Level 2 equation is represented below:   

(𝑚𝑎𝑙𝑒) ∗ [
π1𝑗  =  ϒ10  +  ζ1𝑗

π2𝑗 =  ϒ20 +  ζ2𝑗
] + (𝑓𝑒𝑚𝑎𝑙𝑒) ∗ [

π3𝑗  =  ϒ30  + ζ3𝑗

π4𝑗 =  ϒ40 + ζ4𝑗
], (2)   

The ϒ’s represent population average of the level-1 parameters, and the ζ’s represent 

between-person residual variance in the level-1 parameters (i.e., random parameters), and 

we assume the between-person residual variances are independent of each other.  

The descriptive model of diurnal rhythm showed that salivary IL-6 did display a 

diurnal pattern. The sine and cosine terms were statistically significant for females (sine: 

b=0.68, t=5.79, p=.000; cosine: b=0.31, t=2.70, p=.007) and only the sine term was 

statistically significant for males (sine: b=0.86, t=5.23, p=.000; cosine: b=0.19, t=1.09, 

p=.274, n.s.). Despite the non-significant cosine term for males, these results provide 

evidence that salivary IL-6 exhibits a diurnal pattern. Sine and cosine terms capture the 

same sinusoidal pattern except that cosine functions are shifted to the left by 90 degrees, 

or π/2; thus, the “peak” of a cosine function occurs at a slightly different place as a sine 

function. Figure 3 depicts the mean IL-6 values (and standard errors) for men and women 

over the 5-day study design. These descriptive results suggest that the sampling 

procedures captured the previously documented diurnal rhythm of salivary IL-6 (Izawa, 
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Miki, et al., 2013), with IL-6 peaking at awakening, decreasing over the course of the day 

and bottoming out in the afternoon around 1pm, and increasing again before bed. 

Furthermore, the descriptive model of diurnal rhythm showed that the pattern within each 

day could be approximated by a quadratic curve. To test hypotheses, therefore, I used a 

growth curve model that included linear and quadratic time, as well as moderators of 

daily immune growth patterns (discussed below).  

Aim 1: Immune Recovery and Allostatic Load 

Aim 1 was to determine a) how long it takes for healthy adults’ inflammatory 

levels to recover after an interpersonal stressor and b) the association between immune 

recovery and allostatic load indicators.  

Overview – Hypothesis 1a. Hypothesis 1a stated that after an interpersonal 

stressor, all participants’ immune levels would “recover”, or return to their normative 

diurnal rhythm, within 48 hours after the stressor. To examine partners’ diurnal immune 

patterns and recovery after the stressor, participants’ four immune samples (upon waking, 

mid-morning, later afternoon, and before bed) from the 2 days before the lab stressor 

(i.e., “baseline” days), the day of (i.e., “stressor” day), and the 2 days after the lab stressor 

(i.e., “recovery” days) were modeled simultaneously. I operationalized immune recovery 

as participants’ IL-6 levels not significantly differing on the post-stress (recovery) days as 

compared to the pre-stressor (baseline) days. To accommodate the dyadic nature of 

longitudinal immune data collected from couples, multilevel growth curve models with 

appropriate error structures to account for repeated measures within person, within dyad 

were used.  
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Predictive Model #1 (4 Samples per Day). To examine the overall pattern of 

immune functioning, I first tested whether there were main effects or interactions with 

sex and any of the predictors, including day, time, and time squared (quadratic time). Sex 

was not a significant main effect, nor were there any significant interactions with sex, and 

so the fixed effects were pooled over sex. At Level 1, immune values for both partners 

were predicted by the categorical day number (Day 1: baseline, Day 2: baseline, Day 3: 

lab stressor, Day 4: recovery, Day 5: recovery), time of day (indicated by number of 

hours since awakening), and time of day squared (to model nonlinear time effects). 

Interactions of day by linear time, and day by time squared (quadratic time) were also 

included to test if the quadratic diurnal rhythm in IL-6 differed by Day. The Level 1 

equation is represented below:  

Ytime i, couple j = π0j + π1j(Dayi) + π2j(Timei) + π3j(Time2
i)  

+ π4j(Dayi X Timei) + π5j(Dayi X Time2
i) + eij , (3)   

Model comparisons indicated that including separate random intercept and linear 

slope terms for men and women improved the model fit. Thus, at Level 2, I specified 

random male and female intercepts and linear slopes, which were allowed to co-vary 

(unstructured error matrix) between partners, and residuals were allowed to be auto-

correlated within person. Male and female were dummy coded to indicate whether the 

observation is from a man or a woman. “Male” is coded 0 if from a female, and 1 if from 

a male. “Female” is coded 0 if from a male, and 1 if from a female. I also explored 

including additional predictors as random effects (e.g., quadratic slopes); however, these 

models would not converge. The Level 2 equation is represented below:   

 (𝑚𝑎𝑙𝑒) ∗ [
π0𝑗  =  ϒ00  +  ζ0𝑗

π2𝑗 =  ϒ20 +  ζ2𝑗
] +  (𝑓𝑒𝑚𝑎𝑙𝑒) ∗ [

π0𝑗  =  ϒ00  +  ζ0𝑗

π2𝑗 =  ϒ20 +  ζ2𝑗
], (4)  
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The ϒ’s represent population average of the level-1 parameters, and the ζ’s represent 

between-person residual variance in the level-1 parameters (i.e., random parameters), and 

we assume the between-person residual variances are independent of each other. Results 

that would support my hypothesis that immune recovery will occur within 48 hours of the 

laboratory stressor would be a non-significant interaction between Day and quadratic 

time, indicating that the diurnal IL-6 pattern did not differ between the recovery days 

(Days 4 and 5), as compared to the baseline days (Days 1 and 2).  

 Predictive Model #2 (4 Samples Non-Lab Days, 8 Samples Lab Day). Because I 

collected four additional saliva samples on the lab stressor day, including Lab 1 (before 

the stressor), Lab 2 (immediately after the conflict conversation), Lab 3 (30 min. post 

conversation), and Lab 4 (90 min. post conversation), I also ran a separate model to 

account for the higher resolution of the diurnal IL-6 pattern on the day of the lab stressor. 

Thus, this second model is identical to model #1 above in both fixed and random effects, 

except that all 8 observations were included on the lab stressor day (whereas the previous 

model only included the 4 observations that were in common with all non-lab days). The 

purpose of this model was to examine how the interpersonal stressor affected the overall 

pattern of immune functioning (and immune recovery) on the day of the lab stressor – 

i.e., given the higher resolution, whether or not the diurnal slope on the lab stressor day 

(Day 3), was similar to the diurnal slopes from all other non-lab days (Days 1, 2, 4, 5).   

Overview – Hypothesis 1b. Hypothesis 1b stated that allostatic load indicators of 

cardiovascular functioning (mean blood pressure) and lipid/fat metabolism (percent body 

fat, body mass index, and waist-hip ratio), would moderate diurnal immune patterns such 

that higher allostatic load indicators would be associated with longer immune recovery. I 
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operationalized longer immune recovery as significantly elevated IL-6 levels on Days 4 

or 5 (the “recovery” days), as compared to Days 1 and 2 (the “baseline” days). To test 

this hypothesis, I included (one at a time) each allostatic load indicator as a moderator of 

the diurnal IL-6 model #1 (using 4 samples for each of the 5 days) used to test 

Hypothesis 1a above. The Level 1 equation is presented below; the Level 2 equation 

remained the same from testing Hypothesis 1a – i.e., I specified random male and female 

intercepts and linear slopes, which were allowed to covary, and auto-correlated residuals. 

Whenever higher-order interactions were non-significant, I removed them from the 

models, leaving main effects and lower-order interactions.  

Ytime i, couple j = π0j + π1j(BMI) + π2j(Dayi) + π3j(Timei) + π4j(Time2
i)  

+ π5j(Dayi X Timei) + π6j(Dayi X Time2
i)  

+ π7j(BMI X Dayi) + π8j(BMI X Timei)+ π9j(BMI X Time2
i) 

+ π10j(BMI X Dayi X Timei)+ π11j(BMI X Dayi X Time2
i) + eij ,  (5)   

Results that depict a significant three-way interaction between the allostatic load 

indicator, day, and time (e.g., BMI X Day X Time2) would constitute support for my 

hypothesis such that, for individuals with higher allostatic load indicators (e.g., at higher 

BMI values), the IL-6 pattern would differ by Day (showing significantly elevated IL-6 

levels on Days 4 or 5, as compared to Days 1 or 2, and thus longer immune recovery). 

For individuals with lower allostatic load indicators (e.g., at lower BMI values), the IL-6 

pattern would not differ by Day, suggesting that immune levels on Days 4 or 5 are similar 

to Days 1 and 2 and thus immune recovery occurs sooner.   

Aim 2: Physiological (Immune) Linkage 

Aim 2 was to test whether partners’ immune patterns are linked.  
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Hypothesis 2. Hypothesis 2 stated that partners’ immune patterns would show 

physiological linkage; specifically, I hypothesized that couples would display stronger 

“in-phase” physiological linkage on the Day of the laboratory stressor (Day 3), as 

compared to linkage on all other non-lab days, pooled together. Physiological linkage is 

operationalized as one individual’s unstandardized beta (b) for their immune measure 

predicting his or her partner’s concurrent immune measure. A positive coefficient 

corresponds to “in-phase” physiological linkage, whereas a negative coefficient 

corresponds to “anti-phase” physiological linkage.   

For hypothesis testing, I used two models – one to test linkage specifically on the 

lab stressor day (including all 8 samples on Day 3), and a second model to test linkage on 

all other non-lab days (including 4 samples across the 4 days: Days 1, 2, 4 and 5). In both 

models, Partner A’s immune level was predicted from Partner B’s immune level at the 

same time point (“partner_IL6”), while controlling for Partner A’s previous (lagged) 

immune level (“IL6_L1”). Including the partner version of IL-6 as a predictor 

(“partner_IL6”) yields simultaneous estimates of female IL-6 predicted by male IL-6 and 

male IL-6 predicted by female IL-6. In this model, I also accounted for the effects of the 

time of the sample (number of hours since awakening), and the quadratic time of the 

sample (i.e., the diurnal rhythm of IL-6 over the 5-day study). As such, the partner IL-6 

variable predicts linkage while controlling for the typical diurnal pattern that is to be 

expected.  

 The Level 1 equation for the predictive model is represented below:   

Ytime i, couple j = π0j + π1j(IL6_L1i) + π2j(partner_IL6i) + π3j(Timei) + π4j(Time2
i) + eij ,  (6)   

All partner IL-6 terms (e.g., “partner_IL6”) were person-centered.  
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At Level 2, I specified random male and female intercepts and linear slopes, 

which were allowed to covary. Male and female were dummy coded to indicate whether 

the observation is from a man or a woman. “Male” is coded 0 if from a female, and 1 if 

from a male. “Female” is coded 0 if from a male, and 1 if from a female. The final Level 

2 equation is represented below:  

(𝑚𝑎𝑙𝑒) ∗ [
π0𝑗  =  ϒ00  +  ζ0𝑗

π3𝑗 =  ϒ30 +  ζ3𝑗
] +  (𝑓𝑒𝑚𝑎𝑙𝑒) ∗ [

π0𝑗  =  ϒ00  +  ζ0𝑗

π3𝑗 =  ϒ30 +  ζ3𝑗
], (6)   

The ϒ’s represent population average of the level-1 parameters, and the ζ’s represent 

between-person residual variance in the level-1 parameters (i.e., random parameters), and 

we assume the between-person residual variances are independent of each other. Results 

that support my hypothesis would depict a larger and significantly positive linkage 

parameter on the day of the lab stressor (indicative of strong in-phase physiological 

linkage), as compared to the linkage parameter from the samples on all other non-lab 

days, pooled together.  

Aim 3: Emotion Dynamics as Moderators of Immune Functioning 

Aim 3 was to examine the moderating effects of interpersonal emotion dynamic 

patterns on partners’ diurnal immune patterns.   

Hypotheses 3a and 3b. Hypothesis 3a stated that in the context of negative 

emotions, couples who could more effectively co-regulate their negative emotions during 

an interpersonal stressor would have faster immune recoveries, whereas couples who 

experienced co-dysregulation would take longer to recover. In parallel, Hypothesis 3b 

stated that in the context of positive emotions, couples who could more effectively co-

regulate their positive emotions during an interpersonal stressor would have faster 
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immune recoveries, whereas couples who experienced co-dysregulation would take 

longer to recover.  

Current approaches in relationship and health research have generally not 

accounted for complex interpersonal emotion processes such as co-regulation and co-

dysregulation due to the challenge of accurately modeling them (Butler, 2011). Recently, 

however, models that incorporate derivatives and second derivatives, including the 

Coupled Linear Oscillator (CLO) model have been used to distinguish between co-

regulation and co-dysregulation (Helm, Sbarra, & Ferrer, 2012; Reed et al., 2015). 

Specifically, the CLO model can estimate meaningful components of emotion dynamics, 

including frequency/oscillations, the amount of dampening or amplification, and the 

coupling of partners’ emotions. Thus I use this approach to investigate the connections 

between different interpersonal emotion dynamics and immune patterns.  

Overview. To test Hypotheses 3a and 3b, I performed the following steps 

(described in more detail below): (1) Visually inspected the raw negative and positive 

emotion dial ratings to ensure that a Coupled Linear Oscillator (CLO) model was an 

appropriate model given the observed emotion trajectories; (2) Estimated the first and 

second derivatives of the raw negative and positive dial ratings using Generalized Linear 

Local Approximation; (3) Used the derivative estimates as input data for a multilevel 

model estimating the CLO parameters, and outputted the person-specific CLO 

parameters; (4) Used the person-specific CLO parameters to make visual graphs of  each 

couples’ model-predicted negative and positive emotion dynamics; (5) Categorized each 

couples’ negative and positive emotion dynamics to depict whether or not (yes/no) the 

couple displayed co-regulation, co-dysregulation, or another emotion dynamic pattern not 
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previously hypothesized; (6) Tested these yes/no emotion categorizations as moderators 

of the diurnal IL-6 pattern used to test Hypothesis 1a (model #1, which included only the 

4 shared samples per day).    

(1) Visual Inspection.  First, I inspected the raw dial ratings data for evidence of 

systematic oscillations, amplification/dampening, and coupling to investigate the 

appropriateness of the CLO model. Figure 4 presents the plots for all of the couples’ raw 

negative experienced emotion dial ratings over time (colored panels); Figure 5 presents 

the plots for all of the couples’ raw positive experienced emotion dial ratings over time 

(colored panels). Most couples in both figures demonstrate a moderate to large amount of 

emotionality in the form of medium to high amplitude oscillations. Additionally, couples 

demonstrate clearly oscillating patterns with some evidence of dampening and of 

amplification. Furthermore, there is evidence of varying patterns of coupling, with 

couples showing both in phase and out of phase patterns. Thus, I concluded that the CLO 

model was a reasonable representation of the couples’ raw emotion data.  

(2) Estimate Derivatives. Second, I used General Local Linear Approximation 

(GLLA) to estimate derivatives of the de-trended negative and positive emotion time-

series (Boker, Deboeck, Edler, & Keel, 2010). GLLA requires that a decision be made 

regarding two parameters: the number of embedding dimensions (d), which indicates the 

number of points to include during derivative approximation; and Tau (τ), which 

indicates how far apart successive observations will be when performing the GLLA 

(Boker et al., 2010; Steele & Ferrer, 2011). For both the negative and positive emotion 

time-series, I chose a d parameter of 5 (which corresponds to 5 data points being included 

to estimate derivative approximation), and τ value of 3 (which indicates that every third 
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observation will be used). These values were chosen by finding the optimal combination 

of d and τ values at which the variance explained (R2) of a univariate oscillator model 

begins to asymptote (i.e., the first value at which the variance explained seems to become 

maximal). The combination of d = 5 and τ = 3 (R2 = .52 for negative emotions, R2 = .51 

for positive emotions) produced an estimate of the grand-average emotional frequency as 

one cycle every 5 minutes. Using these parameters, I computed the estimates of the first 

and second derivatives using R syntax available in the supplemental material from Reed 

and colleagues (2015).  

(3) Coupled Linear Oscillator Model. Third, I used the derivative estimates as 

input data for the coupled linear oscillator model (CLO) (Boker & Laurenceau, 2006; 

Butner, Amazeen, & Mulvey, 2005; Butner, Diamond, & Hicks, 2007). The CLO model 

uses the first (dx/dt) and second (d2x/dt2) derivatives of a focal variable (e.g., repeated 

measures of emotional experience) to model a process that fluctuates around a 

homeostatic set point. The univariate damped linear oscillator model can be extended into 

a bivariate CLO model by taking into account two interconnected oscillating emotion 

systems (i.e., one for each person in the couple/dyad). I focused on a version of the CLO 

model that I employed in previous research (Reed, Barnard, & Butler, 2015). The 

expression for CLO model I used is:  

(d2x(t)/dt2) = ηx(t) + ζ(dx(t)/dt) + κ(y(t) – x(t)) + e(t)             

(d2y(t)/dt2) = ηy(t) + ζ(dy(t)/dt) + κ(x(t) – y(t)) + e(t)    ,  

where, x and y correspond to repeated emotional ratings from the man (x) and woman (y) 

in a couple. In the first equation, the man’s acceleration (d2x(t)/dt2) in emotions at time t is 

predicted from his own position (x(t)), own velocity (dx(t)/dt), and coupling between his 
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partner’s and his own emotion ratings (y(t) – x(t)) at time t. The second equation is 

symmetric, predicting the woman’s acceleration from her own position, own velocity, 

and coupling with her partner.  

The parameter (η) represents the frequency of emotional oscillations, the 

parameter (ζ) represents dampening (when negative) or amplification (when positive), 

and the last parameter (κ) represents coupling, or how much the partners are pulled into 

phase with each other. In combination with the partners’ actual starting values of 

experienced emotion, these parameters together determine the temporal dynamics of the 

system.  

The CLO equations were embedded in a multilevel model with an appropriate 

error structure for the nesting of repeated measures within person within couple. The 

fixed effects of this multilevel model included all of the variables from the equation 

above (frequency, dampening/amplification, and coupling).  

The Level 1 equation for this model was:  

d2 Dial time i, couple j = (male)* [π1j(Diali) + π2j(d
1 Diali) + π3j(PartnerDiali – OwnDiali)]  

+ (female)* [π4j(Diali) + π5j(d
1 Diali) + π6j(PartnerDiali - OwnDiali) ] + eij   ,  (7)  

where “d2Dial” is the second derivative of the observed dial ratings, “Dial” is the 

observed dial ratings (the associated parameters represent frequency), “d1 Dial” is the first 

derivative of the observed dial ratings (the associated parameters represent 

dampening/amplification), and “PartnerDial – OwnDial” is the difference in the two 

partners’ observed dial ratings (the associated parameters represent coupling). Finally, 

“male” and “female” represent indicator variables, set to 0 or 1 to indicate whether an 

observation came from a man or woman. Note that this model does not have the usual 
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intercept term. I specified the eij to have separate variance components for men and 

women and allowed those to covary between partners (Laurenceau & Bolger, 2005). All 

estimates were included as random effects as well. The Level-2 equation for this model 

is:  

(𝑚𝑎𝑙𝑒) ∗ [

π1𝑗  =  ϒ10  +  ζ1𝑗

π2𝑗 =  ϒ20 +  ζ2𝑗

π3𝑗 =  ϒ30 +  ζ3𝑗

] +  (𝑓𝑒𝑚𝑎𝑙𝑒) ∗ [

π4𝑗  =  ϒ40  +  ζ4𝑗

  π5𝑗 =  ϒ50 +    𝜁5𝑗  

π6𝑗  =  ϒ60  +  ζ6𝑗

]  , (8)  

The ϒ’s represent population average of the level-1 parameters, and the ζ’s represent 

between-person residual variance in the level-1 parameters (i.e., random parameters), and 

we assume the between-person residual variances are independent of each other.  

Next, to calculate the person-specific CLO parameters, I outputted each partners’ 

random frequency, dampening/amplification, and coupling estimate and added each term 

to its corresponding fixed effect (grand average) frequency, dampening/amplification, 

and coupling estimate. Thus, for each couple I had frequency, dampening/amplification, 

and coupling estimates for the man and woman.   

(4) Graph Model Estimated Emotion Dynamics. Emotion dynamics are 

dependent on the set of the CLO parameters as a whole, as well as the initial starting 

values (i.e., how negative/positive each individual felt at the beginning of the 

conversation). Thus, rather than look solely at partners’ CLO estimates to categorize 

emotion dynamics, I graphed the model-estimated trajectories for each couple in Matlab 

(version R2013b), using each partner’s actual initial starting value and calculated CLO 

estimates. This process allowed me to visually inspect the predicted emotion dynamics to 

determine each couple’s emotion dynamic categorization. Figure 4 presents the plots for 

all of the couples’ model-predicted negative emotion dynamics over time, with a side-by-
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side comparison of participants’ actual/raw negative dial ratings, as well. Figure 5 

presents the plots for all of the couples’ model-predicted positive emotion dynamics over 

time, with a side-by-side comparison of participants’ actual/raw positive dial ratings.  

(5) Categorize Emotion Dynamics. Lastly, I categorized couples (see below for 

categorization decision rules) into various emotion dynamic patterns by looking at their 

model-predicted emotion dynamic figures, created in step #4. In doing so, I found that 

there were more emotion patterns than the hypothesized co-regulation and co-

dysregulation. Two other emotion dynamics emerged: a disconnected pattern, and an 

indeterminate pattern. These categorizations in the context of negative and positive 

emotions, as well as the number of couples per categorization, are described next:   

Negative Emotions (Figure 6, Panels A – D).   

1) Co-regulation (n = 5 couples): Depicted in Fig. 6, Panel A. Partners are 

coupled (moving together, in-synch) and are mutually dampening (i.e., 

negative emotions are decreasing over time). Partners’ amplifications are 

well-matched to each other.  

2) Co-dysregulation (n = 6 couples): Depicted in Fig. 6, Panel B. Partners are out 

of phase, or moving out of phase, with each other, and one or both partners are 

not dampening in their negative emotions. Instead, one or both partners are 

clearly amplifying in negative emotions.  

3) Disconnected (n = 10 couples): Depicted in Fig. 6, Panel C. One partner has 

demonstrably lower amplitude/emotionality (i.e., depicts a flatter line) than 

the other partner. In essence, one partner seems much less emotional, as 

compared to the other partner.  
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4) Indeterminate (n = 3 couples): Depicted in Fig. 6, Panel D. One or both 

partners show unpredictable changes in negative emotions (e.g., lack of 

oscillations or very quick succession of multiple oscillations that do not reach 

full, expected amplification.)   

Positive Emotions (Figure 6, Panels E – H).  

1) Co-regulation (n = 7 couples): Depicted in Fig. 6, Panel E. Partners are 

coupled (moving together, in-synch) and are amplifying to reasonable levels 

of positive emotions (i.e., partners feel more positive over time). Partners’ 

amplifications are well-matched to each other.  

2) Co-dysregulation (n= 10 couples): Depicted in Fig. 6, Panel F. Partners are 

out of phase, or moving out of phase, with each other and one or both partners 

show dampening of positive emotions (i.e., feeling less positive over time). 

Or, one or both partners show amplification in positive emotions to 

unstable/extreme levels.  

3) Disconnected (n = 4 couples): Depicted in Fig. 6, Panel G. One partner has 

demonstrably lower amplitude/emotionality (i.e., depicts a flatter line) than 

the other partner. In essence, one partner seems much less emotional, as 

compared to the other partner.  

4) Indeterminate (n = 3 couples): Depicted in Fig. 6, Panel H. One or both 

partners show unpredictable changes in positive emotions (e.g., lack of 

oscillations or very quick succession of multiple oscillations that do not reach 

full, expected amplification.)   
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(6) Test Emotion Categorization as Moderators of Diurnal IL-6 Model.  To test 

the hypothesis that interpersonal emotion patterns will moderate partners’ diurnal 

immune patterns, I included each emotion dynamic categorization (co-regulation, co-

dysregulation, disconnected, and the indeterminate pattern) one at a time as a moderator 

of the diurnal IL-6 model presented in Aim 1 (model #1, which included only the 4 

shared samples on each of the 5 days)1. For these analyses, the target pattern (e.g., co-

regulation) was coded “1” and the other three patterns (e.g., co-dysregulation, 

disconnected, indeterminate) were coded “0”, so the results compare the target pattern to 

the average of the other three patterns. The Level 1 equation (#9) is presented below. The 

Level 2 equation remained the same from Aim 1 (equation #4); partners’ intercepts and 

linear slopes were allowed to covary, and residuals to auto-correlate. Whenever higher-

order interactions were non-significant, I removed them from the models, leaving main 

effects and lower-order interactions.   

Ytime i, couple j = π0j + π1j(Dayi) + π2j(Timei) + π3j(Time2
i) + π4j(Emotion)  

+ π5j(Dayi X Timei) + π6j(Dayi X Time2
i)  + π7j(Emotion X Dayi)  

+ π8j(Emotion X Timei)+ π9j(Emotion X Time2
i)  

+ π10j(Emotion X Dayi X Timei)+ π11j(Emotion X Dayi X Time2
i) + eij ,  (9)   

Results that depict a significant three-way interaction between the emotion pattern, day, 

and time would constitute support for my hypothesis such that, for couples who display 

co-dysregulation,  the IL-6 pattern would differ by Day (showing significantly elevated 

IL-6 levels on Days 4 or 5, as compared to Days 1 or 2, and thus longer immune 

                                                           
1The data were also analyzed using the Model #2 from Aim 1 (with 8 samples on the laboratory 

stressor day, and 4 samples on all other days), and the pattern of results remained the same. Thus, 

for clarity, I provide the results from the more parsimonious model with only 4 samples each day.  
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recovery), whereas for couples who display co-regulation, the IL-6 pattern would not 

differ by Day, suggesting that immune levels on Days 4 or 5 are similar to Days 1 and 2, 

and thus immune recovery occurs sooner.   
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CHAPTER V: RESULTS 

Overview 

I first discuss results specific to the salivary immune data, including the feasibility 

of collecting the saliva samples, and the detectability of the salivary immune data. Then I 

describe results from the primary analyses, which are organized by specific aim and 

hypothesis.  

Immune Data 

Feasibility Findings 

One goal of the present study was to determine the feasibility and participant 

compliance of collecting repeated saliva assessments four times a day for five days, in 

addition to four additional saliva assessments on the lab stressor day (4x per day for 5 

days + 4 lab samples = 24 sample total per person). Participants completed 1,127 saliva 

samples out of the 1,152 possible total samples (98% completion rate; 25 samples 

missing). On average, men completed 23.50 samples and women completed 23.46 

samples out of 24 total samples per person. Of the 25 missing samples, the later afternoon 

sample was the most missed sample (11 missed), followed by the mid-morning sample (8 

missed), then the before bed sample (5 missed), and finally the upon waking sample (1 

missed). Additionally, participants completed the samples at the appropriate times. 

Across all participants, the average time to complete the upon waking sample was 

7:15AM, mid-morning was 11:40AM, later afternoon was 5:30 PM, and before bed was 

10:00PM. Table 2 presents the average hours since awakening that each sample, on each 

of the 5 days, was collected. Table 3 presents the average hours since awakening that 

each sample, averaged across all days, was collected.   

Predicting Detectability of Immune Samples 
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Given the relative newness of the salivary IL-6 biomarker and the salivary kits 

used to assay the samples, I examined the detectability of the immune samples. I used 

multilevel binomial models that predicted whether or not the level of IL-6 was detectable 

(yes/no) from sex, BMI, age, measurement occasion (upon waking, mid-morning, later 

afternoon, before bed, and lab samples), and day number (Day 1: baseline, Day 2: 

baseline, Day 3: lab stressor, Day 4: recovery, Day 5: recovery). Sex and BMI were not 

significant predictors of IL-6 detectability. Age was a significant predictor of 

detectability (b = -0.060, z = -3.063, p =.002); for every 1 unit increase in age (i.e., age 

increase by 1 year), the probability of being within the detectable range increased by 

94%. Indeed, older adults experience age-related declines in immune functioning, one of 

which is characterized by alterations in the production of various cytokines, including 

increases in IL-6 (Malaguarnera et al., 2001).   

Measurement occasion (upon waking, mid-morning, later afternoon, before bed, 

and lab samples) and day number (Day 1: baseline, Day 2: baseline, Day 3: lab stressor, 

Day 4: recovery, Day 5: recovery) were also significant predictors of the detectability of 

salivary IL-6. As shown in Figure 7, salivary IL-6 had the highest percent chance of 

being detectable at the upon waking time point (95%), and the lowest percent chance of 

being detectable at the mid-morning time point (69%). These results are in line with the 

one other study that has previously documented the diurnal rhythm of salivary IL-6 with 

it peaking at awakening and decreasing over the course of the morning and early 

afternoon, and increasing again before bed (Izawa, Miki, et al., 2013). As shown in 

Figure 8, on the day of the laboratory stressor (Day 3), salivary IL-6 had the highest 

percent chance of being detectable at the baseline lab time point (85%; circa 11:40 AM) 
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and at the 30-mintue post-stressor lab time point (87%; circa 12:50 PM), as compared to 

the 90-min post-stressor lab time point (66%; circa 2:05 PM). These results suggest that 

on the lab stressor day, salivary IL-6 levels were higher than normal for midday due to 

the lab session, and therefore more detectable than normal for midday. Lastly, as shown 

in Figure 9, salivary IL-6 had the highest percent chance of being detectable on Day 2 

(87%; baseline day), as compared to Day 5 (77%; recovery day). Taken together, these 

findings suggest that, in general, salivary IL-6 is more detectable during earlier hours of 

the morning (upon waking), and on the day before a laboratory stressor.  

Primary Analyses  

Aim 1: Immune Recovery and Allostatic Load  

Hypothesis 1a. Hypothesis 1a stated that immune levels would recover within 48 

hours after an interpersonal stressor. This hypothesis was supported. As predicted, results 

from the model that included the 4 observations per day indicated that Day did not 

significantly moderate the quadratic diurnal IL-6 patterns (F(4, 865) = 0.201, p = 0.938), 

as displayed in Figure 10. Consistent with Hypothesis 1a, the diurnal patterns on Days 4 

and 5 were similar to the baseline diurnal patterns captured on Days 1 and 2. Thus, 

immune recovery occurred well within 48 hours after the interpersonal stressor.  

Results from the model that included 8 observations for the lab stressor day, and 4 

observations for all other days, also indicated that Day did not significantly moderate the 

quadratic diurnal IL-6 patterns (F(4, 1051) = 1.23, p=.296). However, a closer 

examination of the diurnal slope and IL-6 levels on Day 3 (using the higher resolution 

from the 8 time points) suggests that the slope on Day 3 is trending to be somewhat 

flatter than other days (compared to Day 2: p=.089, and compared to Day 5: p=.092). To 
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better visualize the diurnal pattern of IL-6 on the lab stressor day (Day 3), as compared to 

all other days (Days 1, 2, 4 & 5), I plotted the model-predicted diurnal IL-6 trajectories, 

as displayed in Figure 11. Indeed, Figure 11 depicts that Day 3’s diurnal pattern 

(quadratic slope)  appears qualitatively flatter than Days 1, 2, 4, and 5 (quadratic slope on 

Day 1= .0183; Day 2=.0189; Day 3=.0102; Day 4=.0192; Day 5=.0191). Additional 

results depict that the “before bed” time point on Day 3 is not significantly higher than 

the before bed time point on any other Days, suggesting that recovery likely occurred by 

the evening of the stressor. However, the “later afternoon” time point on Day 3 is 

significantly higher than the later afternoon time point on Days 1, 4, and 5. Interestingly, 

these results suggest that the lab stressor may have influenced the curvature of the IL-6 

slope that day, making it a bit flatter as compared to the other baseline and recovery days. 

Additionally, these results also suggest that IL-6 levels on the day of the lab stressor may 

still be elevated approximately 3 hours after the lab stressor (at the later afternoon time 

point), but return to baseline levels by the evening of the lab stressor.    

Hypothesis 1b. Hypothesis 1b stated that allostatic load indicators of 

cardiovascular functioning (mean blood pressure) and lipid/fat metabolism (percent body 

fat, body mass index, and waist-hip ratio) would moderate diurnal immune patterns such 

that higher allostatic load indicators would be associated with elongated immune 

recovery. This hypothesis was not supported. None of the allostatic load indicators 

moderated the diurnal IL-6 pattern (e.g., BMI X Day X Time2). Additionally, none of the 

allostatic load indicators moderated IL-6 patterns by day (e.g., BMI X Day), by time 

(e.g., BMI X Time), or by quadratic time (e.g., BMI X Time2) –while controlling for the 
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diurnal pattern (Day X Time and Day X Time2). There were no significant main effects 

of any of the allostatic load indicators either.   

However, to further explore this association, I plotted the IL-6 diurnal patterns of 

five individuals with the highest BMIs (“obese” BMIs = 32, 31.4, “overweight” BMIs = 

29.7, 29.6, 29.2) to visually inspect any qualitative differences in their diurnal patterns. 

Figure 12 displays these results. Due to this small sample (n=5), it is not safe to interpret 

significance tests; however, qualitatively, the diurnal patterns do appear to be somewhat 

different for the individuals with the highest BMIs (Figure 12), as compared to the whole 

sample (Figure 11). Specifically, for this sub-sample with high BMIs, their Day 4 

recovery slope appears to be similar to the baseline days (Days 1 and 2), suggesting that 

recovery is not necessarily delayed in these 5 individuals. However, their Day 3 

laboratory stressor slope appears to be especially flattened and blunted, particularly in the 

beginning of the day, and continuing to rise later in the day. Additionally, across days, 

the before bed time points appear to be as high as, or even higher than, their respective 

upon waking time points – especially for Days 1, 2, and 3. Taken together, these results 

qualitatively suggest that higher allostatic load indicators may not affect immune 

recovery in the sense that recovery takes longer (i.e., that the stressor seeps into the Day 4 

diurnal pattern), however higher allostatic load indicators may blunt the diurnal pattern in 

anticipation of a laboratory stressor, and influence the overall diurnal pattern on typical 

days to ramp up levels to higher than usual levels at bedtime.     

Aim 2: Physiological (Immune) Linkage  

Hypothesis 2. My second hypothesis stated that partners’ immune patterns would 

be linked, above and beyond the expected diurnal rhythm, such that partners would 
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display stronger “in-phase” physiological linkage on the lab stressor day (Day 3, using 8 

saliva samples), as compared to linkage on all other non-lab days (Days 1, 2, 4, and 5, 

using 4 saliva samples per day). This hypothesis was partially supported. As predicted, 

results indicated that couples displayed significant physiological linkage above and 

beyond the expected diurnal rhythm; however, contrary to the hypothesis, the 

physiological linkage parameter was significantly negative (i.e., “anti-phase” linkage) on 

the lab stressor day, b= -0.174, t(311)= -3.02, p=.003. The linkage parameter was also 

significantly positive (i.e., “in-phase” linkage) when pooled across all other days, 

b=0.109, t(612) = 2.74, p =.006 (as depicted in Figure 13). These results suggest that the 

regulatory and interpersonal mechanisms that influence “anti-phase” and “in-phase” 

linkage patterns for immunity across a slower time scale may be different than those 

operating for autonomic physiology across a faster time scale, the latter of which were 

used to form the present hypothesis. Specifically, the results suggest that couples may 

have engaged in more of a regulatory effort on the day of the lab stressor (“anti-phase” 

pattern), whereas all other days, there was a relaxation of regulation and enhanced 

emotional connectedness (“in-phase” pattern).  

Aim 3: Emotion Dynamics as Moderators of Immune Functioning  

Hypotheses 3a and 3b. My final two hypotheses stated that interpersonal 

emotion dynamics in the context of negative (H3a) and positive (H3b) emotions would 

moderate partners’ diurnal immune patterns such that couples who could more effectively 

co-regulate their negative and positive emotions during an interpersonal stressor would 

have shorter immune recoveries, whereas couples who experienced co-dysregulation of 

negative and positive emotions would take longer to recover. These hypotheses were not 
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supported; co-regulation of negative and positive emotions did not moderate partners’ 

diurnal immune patterns, nor did co-dysregulation of negative and positive emotions. 

However, in addition to co-regulation and co-dysregulation, partners exhibited two other 

emotion dynamic patterns, specifically a disconnected pattern and an indeterminate 

pattern. Results indicated that the disconnected pattern of negative emotions, and the 

disconnected and indeterminate patterns of positive emotions moderated partners’ diurnal 

immune patterns. These results are further discussed below.  

 Hypothesis 3a: Negative Emotion Dynamics. In the negative emotion context, 

the “disconnected” emotion dynamic pattern moderated the linear diurnal pattern of IL-6 

(F(4,851) = 3.62, p=0.006). The interaction was decomposed following Aiken and West 

(1991) and is displayed in Figure 14. Within couples who displayed disconnected 

negative emotions (Fig. 14, Panel A), there were no significant differences in slopes 

across any of the days. Additionally, the time points on the lab stressor day (upon 

waking, mid-morning, later afternoon, and before bed) did not consistently differ from 

the same time points on any other days. Within couples who displayed connected 

negative emotions (Fig. 14, Panel B), there were also no significant differences in slopes 

across any of the days. However, for connected couples, Day 3’s upon waking sample 

was trending to be lower than the same time point for Days 2 (p=.051) and 5 (p=.078).   

 When comparing the couples who were disconnected vs. connected in their 

negative emotions, the Day 5 linear slopes significantly differed between the two couple 

types (p=.045; “disconnected” Day 5 slope = -0.19, “connected” Day 5 slope = -0.46), 

however, none of the quadratic slopes differed. Additionally, Day 3’s mid-morning and 

later afternoon samples for the connected couples were significantly lower than the same 
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time points for the disconnected couples, suggesting that the connected couples’ lab day 

levels were on average lower than the disconnected couples’ IL-6 levels. When 

comparing the slopes qualitatively, the disconnected couples tended to have higher 

salivary IL-6 levels overall and also displayed more variability in their day-to-day slope 

patterns. For example, the disconnected couples had a very flat Day 5 slope and a lack of 

end-of-day rise on Day 1 (baseline). Additionally, on the day of the lab stressor (Day 3), 

the disconnected couples did not display a heighted later afternoon sample time point, nor 

the expected end-of-day rise at the before bed time point. Conversely, the connected 

couples displayed overall lower levels of salivary IL-6, including lower levels on the day 

of the lab stressor, and more typical daily immune patterns; additionally, the connected 

couples showed a slightly elevated later afternoon response on the lab stressor day, 

suggesting an appropriate response to the lab stressor. Taken together, these results 

suggest that the disconnected couples may have displayed more dysregulated daily 

immune patterns (on both non-lab days as well as on the lab stressor day), as compared to 

the connected couples.  

Hypothesis 3b: Positive Emotion Dynamics. In the positive emotion context, the 

“disconnected” emotion dynamic was trending towards moderating the linear diurnal 

pattern of IL-6 (F(4, 851) = 2.49, p=.066). Although trending, the interaction was 

decomposed following Aiken and West (1991) to allow for qualitative comparisons 

between the disconnected and connected couples, as displayed in Figure 15. Within 

couples who displayed disconnected position emotions (Fig. 15, Panel A), there were no 

significant differences in diurnal slopes as compared to any other day. However, the Day 

3 slope was not significantly quadratic, suggesting that couples disconnected in their 
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positive emotions displayed flatter slopes on the day of the lab stressor. Additionally, all 

time points from the lab stressor day (upon waking, mid-morning, later afternoon, and 

before bed) did not consistently differ from the same time points on any other day. 

Within couples who displayed connected positive emotions (Fig.15, Panel B), there were 

no significant differences in slopes as compared to any other day; however, the Day 3 

slope was significantly quadratic, suggesting a more typical curvature on the day of the 

lab stressor for these connected couples. Lastly, the Day 3 slopes did not significantly 

differ between the disconnected and connected couples, nor did the Day 3 time points. 

Taken together, however, these results from the trending interaction suggest that overall, 

on the day of the lab stressor, couples who were disconnected in their positive emotions 

displayed a flatter diurnal response, whereas couples who were connected in their 

positive emotions displayed a more typical quadratic pattern.    

 Additionally, in the positive emotion context, the “indeterminate” emotion 

dynamic pattern moderated the quadratic diurnal pattern of IL-6 (F(4, 851) =2.77, 

p=0.027). The interaction was decomposed following Aiken and West (1991) and is 

displayed in Figure 16. Within couples who displayed the indeterminate pattern in 

positive emotions (Fig. 16, Panel A), all slopes (except for Day 2’s slope) were not 

significantly quadratic, meaning the slopes were flatter on each of those days. (As seen in 

Figure 16, Panel A, the upon waking time point for Day 2 is highly elevated. Given the 

smaller sample size, however, as well as the number of models run to complete these 

analyses, I do not completely trust that this highly elevated time point has meaningful, 

interpretable information and instead consider it as noise.) Conversely, within couples 

who displayed determinate patterns of positive emotions (Fig. 16, Panel B), slopes were 
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significantly quadratic for all days. When comparing the couples who were determinate 

vs. indeterminate in their positive emotions, the slopes for Days 2, 4, and 5 significantly 

differed from each other, with the slopes being significantly flatter for the indeterminate 

couples, as compared to the determinate couples. Qualitatively, however, all slopes for 

the indeterminate pattern couples appeared to be relatively flatter than their 

corresponding slopes for the determinate pattern couples, suggesting that the 

indeterminate positive emotion pattern is associated with flatter diurnal patterns (on both 

non-lab days as well as on the lab stressor day).  
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CHAPTER VI: DISCUSSION 

Overview and Summary of Findings 

The primary goals of my dissertation were to (a) investigate how long immune 

recovery would take after an acute interpersonal laboratory stressor, and explore 

associations between allostatic load indicators and immune recovery; (b) examine if 

partners’ immune patterns are linked, particularly on the day of the laboratory stressor; 

and (c) examine how interpersonal emotion dynamics displayed during the stressor 

influenced immune functioning. All of these goals were accomplished. Specifically, the 

present research provides new evidence that after an interpersonal laboratory stressor 

(discussing an area of disagreement in the relationship), partners’ salivary interlukein-6 

returns to normative baseline diurnal variability within 48 hours, and actually may 

recover by the evening of the stressor. Allostatic load indicators of cardiovascular 

functioning and lipid/fat metabolism do not moderate immune recovery; however, there 

may be qualitative differences in IL-6 diurnal patterns between individuals with high 

versus low allostatic load. Secondly, after accounting for the typical diurnal pattern of 

immune functioning, partners display physiological linkage in their immune patterns. 

Specifically, couples show anti-phase physiological linkage on the day of the lab stressor 

(Day 3), and in-phase physiological linkage on all other days, pooled together. Lastly, 

couples’ emotion dynamics moderate the diurnal pattern of IL-6 such that couples who 

exhibit disconnected versus connected negative and positive emotions, as well as 

indeterminate versus determinate positive emotions, show flatter diurnal IL-6 patterns.  

 The remainder of this discussion is organized by aims and hypotheses, with 

detailed discussion and explanation of the results and convergence and/or divergence 
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with previous literature. Following the hypotheses-specific discussion, I turn to 

methodological contributions of the present research to psychoneuroimmunology 

research and emotion research. Lastly, I discuss general limitations of the study, 

suggestions for future research, and implications of studying immune functioning and 

emotion dynamics in the context of close relationships.  

Diurnal Rhythm of Salivary IL-6 

In the present study, salivary IL-6 exhibited a diurnal rhythm with IL-6 typically 

peaking at awakening, decreasing over the course of the day and bottoming out in the 

afternoon, and increasing again before bed. This diurnal rhythm finding corroborates the 

one other study, to date, that has examined diurnal salivary IL-6 patterns (Izawa, Miki, et 

al., 2013). Interestingly, in the figure that depicts the actual mean-level diurnal variation 

in IL-6 in men and women over the 5-day design (Fig. 3), it appears that there may be a 

hint of a sex difference on Day 4 in regards to the upon waking time point (men > 

women). This observation could suggest that men may take longer to recover after an 

interpersonal lab stressor than women because men’s upon waking sample the morning 

after the lab stressor is higher than women’s levels. Unfortunately, however, I did not 

have had adequate power to detect this difference in my small sample size; there were no 

sex differences in any of the main predictors or interactions (and indeed, the error bars for 

this time point overlap in Fig. 3). Nevertheless, this is a future direction issue, and I 

return to the discussion of sample size in the limitations section below.  

Aim 1: Immune Recovery and Allostatic Load 

Hypothesis 1a: Immune Recovery 
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Hypothesis 1a was supported: after an interpersonal stressor, all participants’ 

immune levels returned to their normative diurnal rhythm well within 48 hours. Results 

suggested that, in fact, salivary IL-6 may recover by the evening of the lab stressor (i.e., 

by the before bed sample on the lab stressor day). An interesting finding also emerged: 

Day 3’s later afternoon sample (approximately 3 hours after the lab stressor) was elevated 

as compared to most other days, suggesting that immune levels may still be elevated 

approximately 3 hours after the laboratory session Additionally, on the day of the 

laboratory stressor, the diurnal slope was trending to be flatter than the slopes on other 

days. Taken together, these results (elevated later afternoon time point and qualitatively 

flatter slope) suggest that there was some disruption of the diurnal rhythm on the day of 

the interpersonal stressor. Convergence and divergence of these findings with related 

literature are discussed below, along with implications for future research.  

Previous research on salivary IL-6 and acute stress suggests that salivary IL-6 

returns to “baseline” 60 minutes after the completion of a TSST (Izawa, Sugaya, et al., 

2013), and 90-120 minutes after the completion of exercise stressors (Minetto et al., 

2007; Usui et al., 2012). These studies, however, did not take multiple measurements 

over the course of an entire day (or across multiple days) to consider how ‘baseline’ may 

change depending on diurnal variability. Findings from the present study, which 

accounted for diurnal variability in salivary IL-6 and used an ecologically-valid 

interpersonal stressor, therefore provide new evidence that salivary IL-6 may still be 

elevated 3 hours post-stressor, and may not recover until the evening of the stressor. As 

described in the Introduction, a previous study also demonstrated that in response to a 

similar interpersonal stress paradigm (discussing an area of conflict in the relationship), 
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healthy couples’ plasma IL-6 levels remained elevated 24 hours after (i.e., the morning 

after) the interpersonal stressor (Kiecolt-Glaser et al., 2005). In the present study, I found 

much faster recovery in salivary IL-6 (recovering by the evening of the stressor). This 

divergence in findings is likely due to the difference in timing between plasma vs. 

salivary changes in IL-6 post-stressor. Some salivary markers of inflammation, including 

salivary IL-6, rise more quickly than blood-derived markers (Slavish et al., 2015). For 

instance, two studies (Minetto et al., 2007; Minetto et al., 2005) found that salivary IL-6 

levels peaked almost immediately after the completion of an exercise stressor, whereas 

serum IL-6 levels peaked 60 minutes after the completion of an exercise stressor in one 

study (Minetto et al., 2005) and had not yet returned to baseline by 90 minutes post-

stressor in another study (Minetto et al., 2007). Thus, salivary IL-6 may operate on a 

faster time course than plasma or serum IL-6, likely because the mechanisms responsible 

for IL-6 release in saliva are different than those regulating serum IL-6.  I return to this 

discussion in the Limitations section below.  

Regarding the present study’s findings, it is important to recognize that the 

heightened immune activation three hours after the laboratory stressor, and recovery by 

the evening of the stressor, is adaptive in light of intermittent stressor exposure. In 

general, these healthy adults showed an expected stress response by reacting to the 

laboratory stressor and ultimately recovering by the evening of the stressor. Under 

prolonged conditions, however, the immune response may stay elevated for longer 

periods of time (and not recover as quickly), which  could generate wear-and-tear, or 

increased allostatic load, that could lead to disease (McEwen & Seeman, 1999).  For 

example, in chronically stressed populations (e.g., couples who experience conflict as a 
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repeated, chronic stressor, or caregivers who experience an acute stressor on top of their 

existing chronic stress), this elevated profile could, over time, lead to immune 

dysregulation and ultimately disease.  

An interesting finding also emerged such that on the day of the laboratory 

stressor, the diurnal slope was trending to be less quadratic, or flatter, than the slopes on 

other days. Day 3’s lower upon waking level and higher later afternoon level likely 

contributed to the overall flattened slope, suggesting that there was disruption in the 

diurnal rhythm of salivary IL-6 on the lab stressor day. Diurnal variability in salivary IL-

6 has not been previously studied; therefore, I draw from literature on diurnal rhythms of 

neuroendocrine functioning, namely cortisol, to aid in the interpretation of this finding. 

Cortisol has a very well-established diurnal rhythm that, in normal/healthy individuals 

without disease of the HPA axis, is at very low levels at midnight, builds up overnight to 

peak at approximately 30 min. after waking (called the cortisol awakening response, 

CAR), and then declines throughout the day (Debono et al., 2009; Krieger, Allen, Rizzo, 

& Krieger, 1971). The negative decline in the cortisol slope over a day has been 

hypothesized to represent an intact HPA axis negative feedback loop, as well as an ability 

to disengage from stressful events at the end of the day (Heim, Ehlert, & Hellhammer, 

2000; Miller, Chen, & Zhou, 2007). Previous research indicates that disruption in the 

dynamic quality of cortisol across the day (i.e., flattened or blunted cortisol slopes) 

represent less healthy profiles (Adam & Kumari, 2009; Piazza, Almeida, Dmitrieva, & 

Klein, 2010) and may be associated with poorer health outcomes (Heim et al., 2000). 

Flattened cortisol profiles are associated with participants who are cigarette smokers, 

male, older, and report poorer health (Dmitrieva, Almeida, Dmitrieva, Loken, & Pieper, 
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2013; Steptoe & Ussher, 2006). Additionally, altered cortisol slopes are linked to shorter 

survival in breast, lung, and renal cell cancer patients (Cohen et al., 2012; Schrepf et al., 

2015; Sephton et al., 2013). Interestingly, studies also demonstrate that less satisfied 

couples display flatter diurnal cortisol slopes during the day (Saxbe, Repetti, & Nishina, 

2008), lower waking cortisol levels (Floyd & Riforgiate, 2008; Saxbe et al., 2008), and 

higher total daily cortisol levels (Ditzen, Hoppmann, & Klumb, 2008). These results are 

mixed, however, because a recent meta-analysis indicated that marital quality was not 

significantly related to daily cortisol slopes or cortisol reactivity (Robles et al., 2014).  An 

important caveat, however, is that the studies included in the meta-analysis from Robles 

and colleagues (2014) only sampled cortisol over 1-2 days, whereas more than 3 days 

(rather, 5-8 days) may be needed to establish reliable slope  estimates (Segerstrom, 

Boggero, Smith, & Sephton, 2014).  Thus, this remains a future direction issue.  

Overall, a flattened slope represents a loss of flexibility or variability in the 

biomarker and may be associated with poorer health outcomes and relationship processes. 

The majority of literature reviewed above, however, focuses on cortisol as the biomarker 

of interest. Although neuroendocrine and immune systems are intricately linked, gaining 

further knowledge of the dysregulation of immune diurnal patterns is an exciting new 

direction that the present study begins to address. It will be important to test if diurnal 

immune findings have similar associations to health outcomes and relationship processes, 

as demonstrated in the neuroendocrine literature.  

Hypothesis 1b: Allostatic Load 

Contrary to prediction, allostatic load indicators of cardiovascular functioning and 

fat/lipid metabolism did not moderate the diurnal immune patterns. Thus, hypothesis 1b 
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was not supported. These null findings could be due to the relatively healthy sample that 

was recruited (e.g., free from major medical and psychiatric disorders), or due to the 

small sample size and lack of power to detect an effect. To help disentangle between 

these two possible explanations, I plotted the IL-6 diurnal trajectories of five individuals 

with the highest BMIs (Fig. 12).  

Figure 12 revealed qualitative differences in the diurnal patterns of the sub-

sample with the highest BMIs, as compared to the overall sample. Specifically, the sub-

sample’s diurnal patterns on the baseline and recovery days appeared to be different– 

with bedtime levels that were often as high as, or higher than their respective upon-

waking levels. Previous cortisol research from a large, middle-aged representative sample 

found that cortisol slopes from people classified as obese were also characterized by 

higher evening cortisol levels, as well as lower waking cortisol – contributing to flatter 

overall slopes (Kumari, Chandola, Brunner, & Kivimaki, 2010). In the present study, I 

did not necessarily see the lower waking levels of salivary IL-6, as described in the 

previous sample using cortisol; however, the diurnal pattern of salivary IL-6  on the day 

of the laboratory stressor was particularly flattened, with blunted upon waking and mid-

morning levels and comparatively higher bedtime levels. Obesity-related alterations in 

cytokine profiles and activation of the innate immune system contribute to a pro-

inflammatory state (i.e., chronic low-grade inflammation) (Bastard et al., 2006; Wellen & 

Hotamisligil, 2005; Wisse, Kim, & Schwartz, 2007). Thus, when participants with higher 

BMIs are faced with a stressor, they may experience a blunted response pre-stressor, 

perhaps due to the long-term activation of inflammatory activity from adipose tissue that 

decreases responsivity particularly in anticipation of a stressor. However, this research 
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question should be replicated in a larger sample because the null findings in the present 

study are likely due to lack of power.  

Aim 2: Physiological (Immune) Linkage 

Hypothesis 2 

Hypothesis 2 was partially supported: as predicted, partners displayed 

physiological linkage above and beyond the expected diurnal rhythm. Contrary to 

prediction, however, on the lab stressor day (Day 3), couples displayed “anti-phase” 

physiological linkage (i.e., when one partner’s immune level was lower, the other 

partner’s immune level was higher, or vice versa). Additionally, on all other days (pooled 

together), couples displayed “in-phase” physiological linkage (i.e., when one partner’s 

immune level was lower, the other partner’s immune level was also lower, or 

higher/higher).   

Originally I had hypothesized that couples would display stronger “in-phase” 

physiological linkage on the day of the interpersonal laboratory stressor, as compared to 

the other days, because the strongest linkage often occurs in conflict situations (Levenson 

& Gottman, 1983). Additionally, attempts to influence one another (as may occur during 

a conflict discussion) can result in “in-phase” linkage, whereas the metabolic demands 

involved in simple turn-taking during a conversation can result in “anti-phase” linkage 

(Reed, Randall, Post, & Butler, 2013; Vallacher, Nowak, & Zochowski, 2005). However, 

the “anti-phase” finding on the interpersonal stressor day suggests that there may be a 

more nuanced interpretation of when in-phase versus anti-phase physiological linkage of 

immune functioning occurs. Indeed, the literature I used to form this hypothesis 

examined physiological linkage in 10-second increments (during a laboratory interaction 
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task) in autonomic physiology, whereas the present study examined linkage on a slower 

time scale (8 times throughout one day) in immune functioning. Thus, the explanation of 

when “in-phase” and “anti-phase” physiological linkage occur may need to be qualified, 

depending on the context, the physiological system being studied, and the timing interval 

chosen to examine linkage.  

In the present study, the “anti-phase” pattern exhibited on lab stressor day (Day 3) 

may demonstrate more of a couple-level regulatory pattern, as opposed to merely the 

metabolic demands involved in turn-taking during a conversation (Reed, Randall, Post, & 

Butler, 2013). Indeed, on the lab stressor day, partners were involved with one another 

and attempting to resolve an area of disagreement in their relationship, thus, likely 

regulating their own and their partner’s emotions. Evidence of the “anti-phase” pattern as 

a regulatory-type pattern has received some support from the child and infant 

development literature. Mothers and infant emotional patterns are characterized by an 

oscillating sequence of mother-increasing and infant-decreasing in arousal (anti-phase), 

in a way that modulates the infant’s arousal around an optimal level and contributes to 

their development of emotion regulation strategies later in life (Feldman, 2003) 

(Feldman, Greenbaum, & Yirmiya, 1999). In adult relationship research, one other study 

differentiated between in-phase and anti-phase linkage in experienced emotional 

experience coordination (not physiology) and found that women showed an anti-phase 

coordination pattern, in which her partner’s emotions predicted opposite changes in her 

emotions at a later time point (i.e., when he was more negative, she became less 

negative); these results suggest that the woman may act as more of a regulatory controller 

of the emotional experience (Randall, Post, Reed, & Butler, 2013). In the present study, I 
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did not find any sex differences in linkage patterns; however, this should be replicated in 

a larger sample in the future. Lastly the “in-phase” physiological linkage pattern 

exhibited on all other days may be more indicative of a relaxation of regulation (i.e., less 

need to regulate their own and each other’s emotions), and increased emotional 

connectedness. Thus, on typical low-stress days, the linkage pattern of immune 

functioning may tend to be in-phase, whereas on higher-stress days, the linkage pattern 

may tend to be anti-phase, suggesting a stronger attempt to regulate each other’s 

emotions on those days.   

Findings from this aim corroborate other findings of physiological linkage in 

autonomic physiology (e.g., skin conductance, heart rate; Levenson & Gottman, 1983; 

Reed, Randall, Post, & Butler, 2013) and stress hormones (e.g., cortisol; Papp et al. 2012; 

Saxbe & Repetti, 2010), and provide new evidence of physiological linkage in immune 

functioning between romantic partners in naturalistic settings. Immune linkage was not 

accounted for by immune diurnal rhythms and shared sampling times, suggesting that 

over and above the expected diurnal changes in immune functioning, partners’ immune 

levels were linked. Furthermore, prior work has often assessed emotional and 

physiological linkage in 10-second segments (e.g., Gottman & Levenson, 1985; 

Levenson & Gottman, 1983; Randall, Post, Reed, & Butler, 2013; Reed, Randall, Post, & 

Butler, 2013), however, the present study demonstrates that linkage also occurs over 

larger time units (i.e., over the course of a day, across multiple days).  

To date, the growing literature on physiological linkage seems to be mixed on 

whether it is beneficial or not. For example, husband-wife cortisol linkage was stronger 

for dissatisfied wives in Saxbe and Repetti (2010), but linkage was stronger between 
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parents and adolescents who spent more time together and were more engaged in each 

other’s lives (Papp et al., 2009), and between spouses when husbands reported spending 

more time with their spouses (Papp et al., 2012). Unfortunately, the majority of research 

examining linkage (also referred to as synchrony) typically uses statistical models that do 

not differentiate between in-phase and anti-phase linkage, despite theoretical reasons why 

we should expect different patterns to emerge depending on the context. A future 

research direction that may help to clear up these contradicting findings is to use the 

linkage parameters themselves to predict clinically relevant health outcomes. For 

example, during stressful relationship interactions, does a lack of anti-phase physiological 

linkage in immunity contribute to shared health trajectories in risk for (or development 

of) hypertension, diabetes, or obesity? Evidence suggests that there is concordance in 

partners’ mental health, physical health, and health behaviors (Di Castelnuovo et al., 

2009; Meyler et al., 2007), however the interpersonal mechanisms that lead to these 

similar health trajectories have not been tested empirically.  

Aim 3: Emotion Dynamics as Moderators of Immune Functioning 

Hypothesis 3a 

Hypothesis 3a was partially supported: one emotion dynamic pattern in the 

context of negative emotions moderated the diurnal patterns of IL-6, however, contrary to 

the hypothesis, co-regulation and co-dysregulation of negative emotions did not 

moderate the diurnal pattern. Instead, the disconnected emotional pattern for negative 

emotions moderated the diurnal IL-6 pattern. I expand on this finding below.    

Disconnected vs. Connected Negative Emotions. In the context of negative 

experienced emotions, couples who were ‘disconnected’ in their negative emotions (i.e., 
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one partner was relatively unemotional, unengaged, and displayed a relatively flat 

emotion line as compared to their emotional and engaged partner) displayed generally 

higher salivary IL-6 levels and atypical immune patterns on the non-lab days (e.g., 

relatively flat Day 5 slope and lack of end-of-day rise on Day 1), as well as on the lab 

stressor day (e.g., lack of appropriately heighted later afternoon time point and lack of 

end-of-day rise at the before bed time point). These results suggest that the disconnected 

couples displayed more dysregulated daily immune patterns. Conversely, couples who 

were ‘connected’ in their negative emotions (i.e., both partners were emotional in a 

negative sense, and engaged – whether in a co-regulated, co-dysregulated, or 

indeterminate pattern) displayed overall lower levels of salivary IL-6, more typical daily 

immune patterns, and an appropriately heighted immune response post-lab stressor at the 

later afternoon time point as well as the expected end-of-day rise at the before bed time 

point. These results suggest that the connected couples displayed more typical immune 

patterns, as compared to the disconnected couples.  

 From a theoretical, interpersonal emotion system perspective, these findings make 

sense. When discussing an area of disagreement, having one partner who is disconnected 

or disengaged may hinder the resolution of the conflict while increasing the engaged 

partner’s anger and other negative emotions due to having an unresponsive partner. This 

sort of emotion pattern, if repeatedly used to deal with interpersonal stressors, could be a 

chronic stressor that could facilitate a blunted or hypoactive immune response to the 

stressor (as depicted for disconnected couples’ Day 3 later afternoon and before bed time 

points). Conversely, couples who are somewhat connected in each other’s negative 

emotions, although not ideal, may allow for the opportunity to try to resolve the conflict 
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because both partners are at least engaged (although experiencing negative emotions) and 

responsive to each other and the situation. Thus, these couples display more typical 

immune patterns, both on the lab stressor day, as well as the non-lab days.  

Hypothesis 3b 

Hypothesis 3b was partially supported: two emotion dynamic patterns in the 

context of positive emotions moderated the diurnal patterns of IL-6, however, contrary to 

the hypothesis, co-regulation and co-dysregulation of positive emotions did not moderate 

the diurnal pattern. Instead, the disconnected and indeterminate patterns for positive 

emotions moderated the diurnal IL-6 pattern. I expand on these findings below.   

Disconnected vs. Connected Positive Emotions. In the context of positive 

experienced emotions, couples who were ‘disconnected’ in their positive emotions (i.e., 

one partner was relatively unemotional, unengaged, and displayed a relatively flat 

emotion line as compared to their emotional and engaged partner) displayed a flatter 

diurnal response on the day of the lab stressor, whereas couples who were ‘connected’ in 

their positive emotions (i.e., both partners were emotional and engaged – either in a co-

regulated, co-dysregulated, or indeterminate pattern) displayed a more typical quadratic 

pattern on the day of the lab stressor, with the later afternoon time point being slightly 

elevated, as compared to other days. Importantly, a normative stress response should 

include an appropriate activation to, and recovery from, a stressor. Thus, it is expected to 

see elevated salivary IL-6 levels at the later afternoon time point, as the immune system 

is still activated in response to the stressor (but recovers by the evening). Interestingly, 

however, the couples who displayed ‘disconnected’ positive emotions had Day 3 levels 

that were, in general, not significantly higher than the other days. These results indicate 
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that disconnected couples in a positive emotion context may not show an appropriate or 

typical response to the stressor. In fact, these couples could be described as having a 

blunted or hypoactive immune response, similar to the couples who were “connected” in 

their negative emotions.    

From a theoretical, interpersonal emotion system perspective, these findings also 

make sense. When discussing an area of disagreement, being somewhat connected in 

each other’s positive emotions (either in an amplifying, or even dampening pattern) may 

be more beneficial in resolving the disagreement, because it suggests that both partners 

are engaged and contributing towards a solution or compromise. Being disconnected 

from each other in a positive emotion context may be more indicative of one partner 

tuning out and/or not contributing (either emotionally or otherwise) to resolve the 

disagreement. Thus, it may be more beneficial, both emotionally and immunologically, to 

be connected in each other’s positive experienced emotions during an interpersonal 

conflict, as this pattern is associated with a healthy stress response as well as more typical 

quadratic immune patterns on other days.  

Indeterminate vs. Determinate Positive Emotions. In the context of positive 

experienced emotions, couples who displayed an “indeterminate” pattern in their positive 

emotion dynamics (i.e., one or both partners showed unpredictable changes in their 

positive emotion dynamics) exhibited flatter diurnal slopes (both on days with and 

without the laboratory stressor), whereas couples who displayed a “determinate” pattern 

in their positive emotions (i.e., partners showed predictable changes in their positive 

emotion dynamics – either in co-regulated, co-dysregulated, or disconnected pattern) 

exhibited typical, quadratic slopes for all days, including the laboratory stressor day. 
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These findings also align well with emotion and relationship theories. When discussing 

an area of disagreement or interacting in every-day life, individuals who show 

unpredictable (indeterminate) changes in their positive emotions may negatively impact 

their own, and their partners’ immune functioning. Predictable behaviors and emotions 

play an important role in contributing to well-functioning relationship and family 

interactions. Indeed, a main argument of attachment theory posits that unpredictable 

responsiveness from a caregiver or close relationship partner contributes to insecure 

attachment whereby individuals are constantly hyper-vigilant (Main, 1981). This constant 

hyper-vigilance (chronic stressor) may be accompanied by heighted biological 

responding that ultimately goes awry and fails to keep up with the demands of the body. 

Thus, unpredictability in expressed and experienced emotions in relationship interactions 

may act as a chronic stressor to dysregulate neuroendocrine and immune responses, 

ultimately contributing to flatter diurnal salivary IL-6 slopes. Conversely, couples who 

show determinate, or predictable, patterns of positive emotions display the typical and 

expected quadratic diurnal salivary IL-6 slopes.  

Summary. Taken together, these findings indicate that during an interpersonal 

stressor, being disconnected in negative and positive emotions and having positive 

emotion patterns that are considered indeterminate may contribute to dysregulated and 

atypical salivary IL-6 diurnal rhythms. Specifically, these emotion dynamics may be 

associated with overall flatter (e.g., less curvature, lack of end-of-day rises, etc.) and in 

some cases, blunted (e.g., atypically low levels as compared to other days, or when 

considering the stress response) IL-6 patterns on the lab day as well as non-lab days. As 

previously described, flattened and blunted responses represent less healthy profiles in 
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HPA activity (Adam & Kumari, 2009; Piazza et al., 2010), and are associated with poorer 

self-reported health outcomes (Dmitrieva et al., 2013). Previous cortisol research 

suggests that blunted patterns may be due to chronic stress, which facilitates chronic 

activation of the hypothalamic-pituitary-adrenal axis and ultimately exhausts the body of 

its potential for a normal response to acute stress (Adam & Kumari, 2009). The blunted 

immune response could reflect a similar mechanism in that a chronically activated 

immune system could become overwhelmed and eventually have minimal capacity for 

generating an otherwise robust response to acute stress. This issue is compounded by 

ineffective interpersonal emotion regulation techniques; how well partners are able to 

regulate their own and their partners’ emotions during stressors may also contribute to 

healthier or less healthy immune profiles. Specifically, couples who experience acute or 

chronic interpersonal stressors and employ ineffective interpersonal emotion regulation 

techniques (e.g., “disconnected” negative and positive emotions, and unpredictable or 

“indeterminate” positive emotions) may further contribute to less healthy immune 

profiles. Although the present study is not experimental and therefore cannot tease apart 

the direction of associations, it is one of the first studies to provide knowledge of how 

interpersonal emotion patterns are associated with biological processes, specifically 

diurnal immune patterns.  

 Lastly, an important question is whether these findings for connected negative 

emotions and disconnected positive emotions are just presenting the same story two 

different ways? The negative and positive dial ratings were correlated r = -0.51, and the 

mean negative and positive dial ratings were correlated r = -0.43. Thus, although the 

ratings are fairly strongly correlated, they are not completely redundant and so the results 
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may still reflect independent pieces of information regarding the health effects of being 

disconnected in negative emotions vs. being disconnected in positive emotions.    

Methodological Contributions 

Contributions to PNI Research: Feasibility Study 

One methodological contribution of the present study to psychoneuroimmunology 

(PNI) research is determining the feasibility of assessing salivary immune functioning 

multiple times a day, for five days, to capture immune recovery after a laboratory 

stressor, and to account for diurnal variability in the immune biomarker. Although some 

could argue that the design of the present study may have presented problems, including 

lack of control over participants’ daily lives when collecting diurnal measures, this type 

of naturalistic design to examine immune regulation as it occurred in every-day life was 

the intention of the present study. Moreover, although more complex, this naturalistic 

design translates and generalizes more effectively to the population at large, who do not 

experience biopsychosocial processes in a tightly controlled setting. Importantly, the 

methodology of the present study proved to be feasible, and the study was accomplished 

without unforeseen problems. Participants completed 98% of the saliva samples; of the 

missing samples, the later afternoon sample was the most-missed sample, perhaps 

because it is an especially busy time for people (e.g., just getting home from work, 

running errands, preparing dinner), and parents (e.g., picking children up from after-

school programs, preparing dinner, etc.). For future studies, it may be especially helpful 

to send reminders to participants (e.g., text message, phone call, etc.) to complete their 

samples during the later afternoon hours. Indeed, my ability to monitor daily diary 
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completion in real time also allowed me to troubleshoot with couples before non-

compliance became a concern.  

Ultimately, this study also indicates that salivary IL-6 may be a useful biological 

parameter for capturing recovery and, more broadly, for capturing changes in diurnal 

immune patterns in a naturalistic setting. Simultaneous evaluation of stress and the 

immune system with noninvasive (and thus non-stress-inducing) techniques such as the 

salivary method will help to elucidate the interactions of the nervous and immune 

systems and their role in disease susceptibility and progression of stress-related disorders. 

The success of this project suggests that capturing ambulatory information about salivary 

immune functioning while in a naturalistic setting, combined with the benefit of having a 

laboratory experience as a controlled stressor, may prove to be a fruitful design for future 

research projects.  

Contribution to Emotion Research: Quantitative-Qualitative Approach 

One of the main methodological contributions from the present study to emotion 

research is the quantitative-qualitative approach used to examine couple’s emotion 

dynamic patterns. The emotion dynamics were categorized based on a multi-step process 

that included visually inspecting the raw data for evidence of emotion dynamics, 

estimating the first and second derivatives of the raw data, using the derivatives as inputs 

in a Coupled Linear Oscillator (CLO) model, calculating each person’s specific CLO 

parameters, using the person-specific CLO parameters to graph the model-predicted 

emotion dynamics per couple, and finally, qualitatively categorizing couples based on 

these visual representations. This process allowed for greater flexibility in the 

interpretation of various emotion dynamics. For example, this method allowed me to 
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identify two other emotion dynamics (“disconnected” and “indeterminate”), not 

previously hypothesized, both of which may have particularly relevant implications for 

relationships and health. In previous research, it has been common practice to base 

interpretations on just quantitative information from the CLO model (e.g., frequency or 

dampening estimates); although the quantitative information is highly relevant, it may be 

just one piece of the puzzle, which includes a qualitative component, for identifying 

emotion dynamics.  

Another novel methodological contribution of the present study is that the 

quantitative-qualitative approach allowed for categorizations of emotion dynamics, which 

were then used to predict changes in diurnal IL-6. Typically, the coupled linear oscillator 

model has been used to examine in what situations, or for what people, certain emotion 

dynamics occur. Put another way, the common practice is to test moderators of emotion 

dynamics – not emotion dynamics as predictors/moderators of other processes. For 

example, a recent study demonstrated that during a discussion of shared lifestyle choices, 

healthy-weight couples and mixed-weight couples in which the man was heavier than the 

woman displayed co-regulation, but overweight couples and mixed-weight couples in 

which the woman was heavier than the man showed co-dysregulation (Reed, Barnard, & 

Butler, 2015). The present approach could provide a way to test a possible hypothesis that 

couples who exhibit co-dysregulation during a discussion of shared lifestyle choices will 

gain more weight 6 months later than couples who exhibited co-regulation during the 

discussion. Thus, using the emotion dynamic patterns themselves as predictors may allow 

for a better understanding of the mechanisms that underlie clinically-relevant 

pathophysiology or psychopathological outcomes.  
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Lastly, the present study also explored emotion dynamics in positive and negative 

experienced emotions. Previous research has not differentiated between various emotion 

dynamics in a positive emotion context as opposed to a negative emotion context (Reed, 

Barnard, & Butler, 2015). Importantly, however, I propose that these patterns should be 

defined differently according to the emotion context. For example, as defined in the 

present study, co-dysregulation in a negative emotion context may involve partners’ 

coupled amplification of negative emotions, whereas in a positive emotion context, co-

dysregulation involves partners’ coupled dampening of positive emotions. It is critical to 

begin to unpack these differences to allow for a greater understanding of emotion 

dynamics in various contexts.   

Limitations and Future Directions 

One limitation of the present study involves the characteristics of the sample. The 

participants in the present study were primarily white, educated, satisfied in their 

relationships, and experiencing low to medium amounts of perceived stress. Thus, it 

could be that the sample was “too” satisfied or happy in their relationships to elicit 

significant enough changes in salivary IL-6 to fully require immune recovery. The 

participants were also, on average, quite healthy. This limitation of the sample may 

explain why I did not detect any findings for the allostatic load indicators as moderators 

of immune recovery, in contrast to strong theory and empirical evidence that would 

suggest that these patterns should differ by allostatic load (McEwen & Seeman, 1999). 

However, although choosing a medically healthy population may be seen as a limitation, 

it also provided a necessary starting point to gain foundational knowledge of ‘typical’ 

immune recovery from interpersonal stressors in healthy adults. Future research in this 
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area may benefit from studying more clinical populations. For example, it would be 

highly relevant to focus specifically on an aging population, as older adults experience 

age-related declines in immune functioning (Vedhara & Irwin, 2005), and 80% of older 

adults have at least one chronic condition, and 50% have at least two ("Centers for 

Disease Control and Prevention," 2013), which likely have immune mechanisms. 

Additionally, it would also be important to recruit couples who are particularly unhappy 

and dissatisfied in their relationships, as these might be the people who would benefit 

most from a couple’s intervention that could target relationship and emotion dynamics 

that ultimately influence health. Nevertheless, the relatively healthy and relationally 

satisfied sample of the present study provides an important starting point to begin to 

understand the temporal dynamics, and emotion dynamics, of salivary IL-6 in response to 

a stressor. It is likely that using a more clinical population in future studies may yield 

more pronounced findings.  

An additional limitation of the present study includes the small sample size (48 

individuals, 24 couples), which will have limited the statistical power. Additional results 

may have emerged with more participants, so using a larger sample is advisable for future 

studies. Furthermore, there may be sex differences in salivary IL-6 responses to stress, 

however, the sample size was too small to detect significant differences between men and 

women. Indeed, it appears that in Figure 3, men’s immune recovery may be slower than 

women’s, given their highly elevated upon waking levels on Day 4 (after the laboratory 

stressor). Thus, I consider these findings (and lack of sex differences) preliminary, and 

suggest that follow-up studies with larger sample sizes may be worthwhile.  
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A final consideration of the present study is the use of a salivary immune 

biomarker. As previously discussed, studies have reported poor correlations between 

saliva and blood for inflammatory markers (Minetto et al., 2007; Riis et al., 2014). It 

would be desirable if salivary inflammation could provide an approximation of what is 

happening systemically, however, this does not appear to be the case. There are two 

likely routes by which acute stress could lead to an increase in inflammation. One route is 

infiltration of proteins from blood into saliva. However, this route is not as likely because 

most proteins do not easily pass through the multiple barriers between these two 

compartments (Bosch, 2014). For example, cytokines are too large to enter saliva via 

passive diffusion (as cortisol does) and enter instead via leaky patches such as through 

sites of inflammation or tissue damage (Bosch, 2014).  The other, more likely, route is 

that stress directly affects oral inflammation in the mouth (Slavish et al., 2015). 

Numerous cell types in the mouth, particularly in the salivary glands, have functions that 

are influenced by sympathetic nervous system innervation and are capable of releasing 

inflammatory cytokines (Schapher, Wendler, & Gröschl, 2011).  Thus, the inflammation 

referred to in the present study is likely inflammation specific to the mouth.  

Although the salivary immune biomarker may not map appropriately onto 

systemic inflammation, it nevertheless provides health-relevant information. The mouth 

is a critical site for immune response, as it is a primary avenue by which bacteria and 

viruses can enter the body. Oral inflammatory activity is implicated in the pathogenesis 

of periodontal disease (Giannopoulou, Kamma, & Mombelli, 2003), which is linked to 

other systemic diseases including diabetes and cardiovascular disease (Genco, Glurich, 

Haraszthy, Zambon, & DeNardin, 2000; Scannapieco, Bush, & Paju, 2003). Furthermore, 
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although there are certain limitations associated with the salivary method, it could 

potentially provide highly-relevant ambulatory information to people about their health. 

Collecting saliva is pain-free and easy to do in the field; if this information from 

biological samples could be collected and determined quickly enough, these salivary 

inflammatory markers could be used to provide real-time feedback to patients as a form 

of intervention (Slavish et al., 2015). This sort of work would be valuable in populations 

who experience significant daily stressors, on-going chronic stress, or for populations 

with autoimmune disorders or other immune-related diseases.   

Finally, one important avenue for future research is to take a systems perspective 

to examine how interpersonal stressors influence (A) not just a single biomarker, but 

multiple immune biomarkers, as well as (B) not just immune functioning alone, but the 

neuro-endocrine-immune response system. Regarding (A), cytokines often have both pro- 

and anti-inflammatory properties. For example, although IL-6 is typically conceptualized 

as inflammatory within the context of psychological stress and depression, IL-6 possess 

both pro- and anti- inflammatory properties (Hawkley, Bosch, Engeland, Marucha, & 

Cacioppo, 2007). Thus, it will be relevant to assay multiple biomarkers to help determine, 

on a mechanistic level, whether individuals are on a track toward progression of immune-

related diseases due to heighted pro-inflammatory activity, or lack of effective anti-

inflammatory activity, or a combination of both – in response to stress. Regarding (B), 

neuroendocrine mechanisms doubtlessly play a role in immune functioning, and vice-

versa (pro-inflammatory cytokines influence glucocorticoid receptors and their function; 

(Pace & Miller, 2009). In theory then, individuals who experience slower IL-6 recovery 

may also experience dysregulated cortisol responses to stress. Future research that 
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examines the dynamic interplay of diurnal immune and neuroendocrine responses in 

every-day life, and in response to stress, may yield new knowledge on how to create 

interventions that improve overall health by targeting multiple interacting levels of 

biological players.   

Summary and Conclusion 

 Very little is known about immune recovery, partners’ linked immune patterns, and 

relevant interpersonal emotion moderators of immune functioning. Thus, the aims of the 

present study were to further understand when immune recovery occurs after an interpersonal 

stressor, how immune functioning in partners may be linked, and what interpersonal emotion 

patterns may moderate diurnal immune patterns. Results suggested that immune recovery 

occurred by the evening of the laboratory stressor, however, the salivary IL-6 levels were still 

elevated approximately 3 hours after the stressor had ended. Results also suggested that 

partners’ immune levels were linked, such that on the day of the lab stressor, couples 

displayed “anti-phase” linkage (perhaps indicative of a regulatory effort), and on all other 

days, couples displayed “in-phase” linkage (perhaps indicative of relaxation of regulation and 

enhanced emotional connectedness). Lastly, results suggested that interpersonal emotion 

dynamics moderated diurnal immune patterns such that couples who were disconnected in 

the negative emotions, disconnected in their positive emotions, and showed indeterminate 

patterns in their positive emotions, displayed flatter immune diurnal patterns, which could be 

indicative of immune dysregulation. Finally, the present study utilized a salivary measure of 

inflammation and established the relevance and feasibility of salivary immune markers for 

future research on stress and immune functioning.  
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The broader goal of this proposed study was to provide new knowledge regarding 

how complex systems of individual biology and emotion play out in a relationship, and 

how relationship factors, including interpersonal emotions, influence partners’ biology 

and health. The present study is significant in that it focuses on health processes and 

interpersonal emotions that are, to an extent, malleable. Ultimately, the present study and 

future research in this area will facilitate new knowledge regarding the effectiveness of 

intervening at the couple-level to change biological, relational, and emotional 

mechanisms to ultimately promote healthy living. For example, this research may aid in 

developing interventions that could support interpersonal emotion quality as one way to 

improve adults’ immune functioning. Indeed, drug-free treatments that modulate 

emotional responses are considered new and worthwhile avenues as therapeutic strategies 

to target inflammation and immune-mediated diseases (D’Acquisto et al., 2014).  

It will be important to continue to refine these methods by using larger and more 

diverse samples, as well as by collecting biological information across systems 

(neuroendocrine, sympathetic and parasympathetic nervous systems, and immune 

system) to uncover the relevant mechanisms by which psychological and interpersonal 

stress and emotions impact disease susceptibility and progression of stress-related 

disorders. There is fertile ground in studying psychosocial influences on immune 

functioning, and focusing on biological and emotion mechanisms in the context of social 

relationships is a worthwhile and exciting future endeavor.  
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Table 1 

Demographic Information for Study Sample  

 

Variable 
Study Sample (N = 48) 

Mean(SD) Range 

Age   35.83(14.31) 20 – 78 

Relationship duration  (years)  9.97(9.53)  0.5 – 31 

 n (%)  

# female  24 (50%)  

Married (% married)  25 (52%)  

Have children  19 (40%)  

Completed education:    

High school  2 (4%)  

Professional program 1 (2%)  

Some college  12 (25%)  

Undergraduate degree  17 (35%)  

Graduate degree  16 (33%)  

Race:    

White  35 (73%)  

African American  3 (6%)  

Asian American  2 (4%)  

Native Hawaiian/ Pacific 

Islander  

1 (2%)  

Other  6 (13%)  

Ethnicity:    

Hispanic  6 (12%)  

Non-Hispanic  42 (88%)  

Income:    

$0 - $25,000 11 (23%)  

$25,000  - $50,000  17 (35%)  

$50,000 - $75,000  7 (15%)  

$75,000 - $100,000  9 (19%)  

$100,000 - $150,000  4 (8%)  

Relationship status:     

Committed (not living 

together) 

4 (8%)  

Committed (living together)  15 (31%)  

Engaged (not living together) 2 (4%)  

Engaged (living together) 2 (4%)  

Married (living together)  25 (52%)  
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Table 2  

Mean Time Since Awakening (Hr) of Salivary Samples on Days 1-5  

 

Day Sample Occasion 
Mean Time Since 

Awakening (hr) 
SD Median (hrs) 

1 

 

Upon waking 0.00 0.00 0.00 

Mid Morning 4.68 1.27 4.46 

Later Afternoon 10.29 1.39 10.25 

Before Bed 15.23 1.10 15.30 

2 

Upon waking 0.00 0.00 0.00 

Mid Morning 4.56 1.26 4.71 

Later Afternoon 10.06 2.24 10.18 

Before Bed 15.35 1.68 15.38 

3 

Upon waking 0.00 0.00 0.00 

Mid morning 3.24 1.41 3.00 

Lab 1 4.64 1.78 4.73 

Lab 2 5.03 1.77 5.10 

Lab 3 5.79 1.78 5.86 

Lab 4 7.04 1.72 7.01 

Later Afternoon 10.46 2.34 10.18 

Before Bed 14.75 1.61 14.75 

4 

Upon waking 0.00 0.00 0.00 

Mid morning 4.55 1.88 4.42 

Later Afternoon 10.55 1.89 10.84 

Before Bed 14.83 1.53 14.98 

5 

Upon waking 0.00 0.00 0.00 

Mid morning 4.64 1.39 4.63 

Later Afternoon 10.51 1.53 10.55 

Before Bed 14.86 2.19 14.74 
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Table 3  

Mean Time Since Awakening (Hr) of Salivary Samples Averaged Across Days   

 

Sample Occasion 
Mean Time Since 

Awakening (hr) 
SD Median (hrs) 

Upon waking 0.0 0.00 0.00 

Mid morning 4.33 1.55 4.28 

Lab 1 4.64 1.78 4.73 

Lab 2 5.03 1.77 5.10 

Lab 3 5.79 1.78 5.79 

Lab 4 7.07 1.72 7.01 

Later Afternoon 10.38 1.89 10.31 

Before Bed 15.00 1.66 15.07 
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Table 4 

Descriptive Data for Non-transformed Salivary Interleukin(IL)-6  

 

 Salivary IL-6 Samples 

Missing = NA 25 

Total n (samples) 1127 

n detectable 839 

% detectable 74% 

 (pg/mL) 

Mean 3.57 

SD 7.27 

Median 1.11 

Min 0.01 

Max 89.69 
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Figure 1. Picture of participant materials, including labeled saliva tubes (banded 

together in sets of four tubes per day, color-coded for each time point per day), a 

sharpie to write the time of the sample on the tube, a storage box kept in the 

freezer to store samples in the freezer, and the Study Information Packet (shown 

folded).    
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Figure 2. Picture of an example microtiter plate that was run through the spectroscoper to 

determine IL-6 concentrations. The darker yellow colors indicate higher concentrations 

of salivary interleukin(IL)-6.  
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Note. UW = upon waking; MM = mid-morning; LA = later afternoon; BB = before bed. Solid line indicates females; dotted 

line indicates males. Standard error bars are shown. There are approximately 10 hours between the BB and the following UW 

time points.  

 

Figure 3. Mean Salivary IL-6 over 5-day study. The average time of day for each time point are as follows: Upon Waking = 

7:15 AM, Mid-Morning = 11:40 AM, Later Afternoon = 5:30 PM, Before Bed = 10:00 PM.  
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Figure 4. Side-by-side comparisons of raw negative emotion dynamics (left panels; 

colored pictures) and model-predicted negative emotion dynamics (right panels; black 

and white) per couple. The solid lines represent the woman’s emotion dynamics and 

mean negative emotion level. The dashed lines represent the man’s emotion dynamics 

and mean negative emotion level.  
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Figure 5. Side-by-side comparisons of raw positive emotion dynamics (left panels; 

colored pictures) and model-predicted positive emotion dynamics (right panels; black and 

white) per couple. The solid lines represent the woman’s emotion dynamics and mean 

positive emotion level. The dashed lines represent the man’s emotion dynamics and mean 

positive emotion level.  
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Figure 6. Representative categorizations of emotion dynamic patterns. Panels A – D are 

in the context of negative emotions; panels E – H are in the context of positive emotions. 

Panels A and E display co-regulation. Panels B and F display co-dysregulation. Panels C 

and G display a disconnected pattern. Panels D and H display the indeterminate pattern.  
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Figure 7. Percent chance of Salivary Interleukin(IL)-6 being detectable by measurement 

occasion. IL-6 values at the upon waking time point have a significantly higher percent 

chance of being detectable (95%), as compared to IL-6 values at all other time points. IL-

6 values at the mid-morning time point have a significantly lower percent chance of being 

detectable (69%), as compared to IL-6 values at all other time points.  
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Figure 8. Percent chance of Salivary Interleukin(IL)- 6 being detectable by the laboratory 

measurement occasions (all on Day 3). IL-6 values from the Lab 1 (baseline) and Lab 

3(30-min post stress) time points have significantly higher percent chances of being 

detectable(85%, 87%, respectively), as compared to IL-6 values from the Lab 4 (90-min 

post stressor) time point.  
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Figure 9. Percent chance of Salivary Interleukin(IL)-6 being detectable by Day. IL-6 

values on Day 2 have a significantly higher percent chance of being detectable (87%) as 

compared to IL-6 values on Day 5 (77%).  
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Note. UW = upon waking; MM = mid-morning; LA = later afternoon; BB = before bed. 

 

Figure 10.  Hypothesis 1a, Model #1: Model-predicted trajectories of salivary IL-6 

concentration (pg/mL) at 4 different time points (upon waking, mid-morning, later 

afternoon, before bed) across the 5-day study design (days 1 & 2 = baseline, day 3 = lab 

stressor day, days 4 & 5 = recovery days). The quadratic IL-6 pattern does not differ on 

the “recovery” days (Days 4 & 5), as compared to the “baseline” days (Days 1 & 2).   
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Note. UW = upon waking; MM = mid-morning; L1 = Lab 1 (baseline), L2 = Lab 2 

(immediately after the conflict conversation), L3 = Lab 3 (30 min. post conversation), L4 

= Lab 4 (90 min. post conversation), LA = later afternoon; BB = before bed. 

 

Figure 11.  Hypothesis 1a, Model #2: Model-predicted trajectories of salivary IL-6 

concentration (pg/mL).  For baseline and recovery days (Days 1, 2, 4, and 5), trajectories 

are shown at 4 different time points (upon waking, mid-morning, later afternoon, before 

bed). For the lab stressor day (Day 3), the trajectory is displayed at 8 different time points 

(upon waking, mid-morning, Lab 1, Lab 2, Lab 3, Lab 4, later afternoon, before bed). 
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Note. UW = upon waking; MM = mid-morning; L1 = Lab 1 (baseline), L2 = Lab 2 

(immediately after the conflict conversation), L3 = Lab 3 (30 min. post conversation), L4 

= Lab 4 (90 min. post conversation), LA = later afternoon; BB = before bed. 

 

Figure 12. Hypothesis 1b: Sub-sample depicted: Model-predicted quadratic trajectories 

of salivary IL-6 concentration (pg/mL) for five individuals with the highest body mass 

indices (BMIs). For baseline and recovery days (Days 1, 2, 4, and 5), trajectories are 

shown at 4 different time points (upon waking, mid-morning, later afternoon, before bed). 

For the lab stressor day (Day 3), the trajectory is displayed at 8 different time points 

(upon waking, mid-morning, Lab 1, Lab 2, Lab 3, Lab 4, later afternoon, before bed).  
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Figure 13. Hypothesis 2: The physiological (immune) linkage parameters and their 

standard errors for the Lab Stressor Day and for all other days. The linkage parameter is 

significantly negative, or “anti-phase” on the lab stressor day (-0.174), and significantly 

positive, or “in-phase”, pooled across all other days (0.109).   
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Note. UW = upon waking; MM = mid-morning; LA = later afternoon; BB = before bed. 

 

Figure 14. Model-predicted diurnal patterns of salivary IL-6 (pg/mL) for couples who displayed “disconnected” negative 

emotion dynamics (Panel A) and “connected” negative emotion dynamics (Panel B).  
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Note. UW = upon waking; MM = mid-morning; LA = later afternoon; BB = before bed. 

 

Figure 15. Model-predicted diurnal patterns of salivary IL-6 (pg/mL) for couples who displayed “disconnected” positive 

emotion dynamics (Panel A) and “connected” positive emotion dynamics (Panel B).  
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Note. UW = upon waking; MM = mid-morning; LA = later afternoon; BB = before bed. 

 

Figure 16. Model-predicted diurnal patterns of salivary IL-6 (pg/mL) for couples who displayed “indeterminate” positive 

emotion dynamics (Panel A) and “determinate” positive emotion dynamics (Panel B).  
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Couples’ Healthy Immune and Emotions Study (CHIMES) 

 

Study Information Packet 

 

Thank you for agreeing to be a part of CHIMES! If at any point you have any questions, 

please don’t hesitate to contact me, Rebecca Reed, at XXX-XXX-XXXX.  

 

Please see the following information below:  

 

1) Daily Schedule (a calendar/schedule that will help you stay organized each day of the 

study)  

2) Baseline Questionnaire (to be completed Before or On Day 1)  

3) Daily Saliva Samples and Questionnaires (to be completed Days 1-5)  

a. How to provide saliva samples  

4) Lab Session at the University of Arizona (on Day 3)  

 

 

1) Daily Schedule  

 

Day 0 

Thur April 3 

 

  Complete Baseline Questionnaire ON or BEFORE Day 1 

 

 

 
Upon 

Wake 

~4 – 9am 

Mid-

morning 

~10- noon 

11:30-

1:30pm 
Late 

Afternoon 

~4 – 6 pm 

Before 

Bed 

~8 – 

midnight 

Day 1 

Fri- April 4  

Saliva #1 

Fill out 

diary 

Saliva #2 

Fill out 

diary 

 

 

 

Saliva #3 

Fill out diary 

Saliva #4 

Fill out 

diary 

Day 2 

Sat – April 5  

Saliva #1 

Fill out 

diary 

Saliva #2 

Fill out 

diary 

 

 

 

Saliva #3 

Fill out diary 

Saliva #4 

Fill out 

diary 

Day 3 

Sun – April 

6 

Saliva #1 

Fill out 

diary 

Saliva #2 

Fill out 

diary 

Lab 

Session 

at U of A 

Saliva #3 

Fill out diary 

Saliva #4 

Fill out 

diary 

Day 4 

Mon –April 

7 

Saliva #1 

Fill out 

diary 

Saliva #2 

Fill out 

diary 

 

 

 

Saliva #3 

Fill out diary 

Saliva #4 

Fill out 

diary 

Day 5 

Tues – April 

8 

Saliva #1 

Fill out 

diary 

Saliva #2 

Fill out 

diary 

 

 

 

Saliva #3 

Fill out diary 

Saliva #4 

Fill out 

diary 

 

1. Upon waking (uw): Immediately after you wake up in the morning, before you do 

anything else (e.g., before you brush teeth, eat breakfast). *Recommend keeping 

the morning tubes right by your bed or computer.  
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2. Mid-morning (mm): Before you eat lunch (approximately between 10am and 

noon).  

 

3. Late afternoon (la): Before you eat dinner (approximately between 4pm and 

6pm).  

 

4. Before bed (bb):  Before you go to bed – before midnight. *Recommend keeping 

the night tubes right by your bed or computer.  

 

2) Baseline Questionnaire (Completed Before Day 1)  

 

The URL for the baseline survey is XXX 

 

Your study ID is XXX 

 

Your password is XXXXX 

 

 Please go to the URL above and use your Study ID and password above to log in 

to the secure system.  

 

 Once you log in, you will read the study’s consent form, which describes all 

aspects of the study.  

 

 The survey will take about 45 minutes to complete – you don’t have to do it all at 

once. You can stop and take as many breaks as you like, or come back and finish 

it on a different day.  

o We just ask that you please complete the survey before or on Day 1 (i.e., at 

least 2 days before the lab session at UofA).  

 

 Your answers will be completely confidential.   

 

 

 

3)  Daily Saliva Samples and Questionnaires (for Days 1 to 5) 

 

 Starting on FRIDAY, April 4 you and your partner will provide a saliva sample 

and complete a short daily diary questionnaire 4 times per day for 5 days.  (See 

Table for Daily Schedule.)  

 

 If you desire, a research member can call or text you to remind you to provide 

your daily saliva samples and to complete your daily diary questionnaires. We can 

also set up an automated email that gets sent to you every day to remind you what 

to do each day. Please let a research member know if you would like any of 

these reminders.  

 

 Instructions on how to collect saliva samples are on the next page.  
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 After providing each saliva sample, please sign into the website four times a day 

(using the same Study ID and password from above) and use the following URL 

to complete the questionnaires during each of the times below:  

 

The URL for the daily diaries is XXX  

3. a)  Instructions on Providing Saliva (Immune) Samples   

 

Providing each saliva sample should take 2 to 3 minutes.  

 

Certain things can change the immune levels in your saliva, so please:  

 ***Do not eat or drink anything for 60 minutes prior to collecting a sample  

 Do not smoke for 30 minutes prior to collecting a sample  

 Do not brush your teeth/use mouthwash for 30 minutes prior  to collecting a 

sample 

 Be sure that the swab is thoroughly saturated with saliva  

 

STEPS PICTURES 

 

 

 

1 

 

Wash your hands (except upon 

awakening).  

 

 

 
 

2 

 

Rinse mouth with water (except upon 

waking) to remove food residue and wait 

at least 10 minutes after rinsing before 

collecting saliva to avoid dilution.   

 
3 (10 minutes after rinsing mouth with 

water)  

Select the tube with the proper day and 

time on the label.  

 

uw = upon waking = Yellow   

 

mm = mid-morning = Green  

 

la = later afternoon = Blue   

 

bb = before bed = Purple 
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3 

 

Hold the tube at the rim and remove the 

stopper by gently pulling. (Don’t remove 

the inner/smaller tube inside of the larger 

tube – keep it all together.)  

  
 

 

 

 

 

4 

 

Place the sponge directly in your mouth 

by tipping the tube so that the sponge 

falls into your mouth. Do not touch the 

sponge with your fingers.  

 

 

 
 

 

5 

 

Move the sponge so that it is underneath 

the front of your tongue.  

Keep the sponge under your tongue for 2 

minutes to ensure that it is saturated. Do 

not move the sponge around in your 

mouth – keep it under the front of your 

tongue.  

  
 

 

 

 

6 

(If you have trouble getting enough 

saliva to flow in your mouth, try 

imagining the taste of a lemon – or 

smelling a lemon or orange.  

Or, try imagining eating your favorite 

food). 
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7 

While the sponge is in your mouth, log 

on to your daily diary survey using the 

following link:  

XXXXX 

 

and complete the corresponding daily 

diary.  

 
 

 

 

 

8 

When the sponge is full, spit the sponge 

back into the tube. Do not touch the 

sponge with your fingers.  

 

 
 

 

 

9 

Replace the cap and snap securely onto 

the tube – ensure that the cap is on 

tightly.   

 

 
 

 

10 

On the tube, write the exact time that 

you collected your saliva (please 

include AM or PM, e.g., 6:47pm).  

  

Please use the provided sharpie.  
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11 

 

It is critical to immediately place the tube 

into your freezer at home (or work) in 

either the box provided to you, or a 

baggie (with the tube sitting up-right).  

 

If you are not near a freezer, refrigerate 

or keep cool using an insulated container 

with ice packs. Transfer the tube to your 

freezer as soon as possible (within 2 

hours of collection).  

 

Some additional tips: 

Place your samples in coldest part of 

your freezer - the center of the top shelf 

of your freezer, and preferably away 

from the walls and from the bottom of 

the freezer (these walls and bottom of 

freezer actually produce some heat to 

prevent frost build-up – so it is not the 

coldest part of your freezer). Please place 

your samples in the area indicated by the 

star in the photo.   

 

Please be sure your samples are standing 

up-right, with the cap portion on top.  

 

 

 
 

 
 

Participant Materials:  

- Labeled saliva tubes in plastic sleeve  

- Sharpie to write the time onto the tubes (before freezing them) 

- Box to store tubes in  

 

4)  Laboratory Session at the U of A (completed on Day 3)  

 

Your lab session date is SUNDAY, April 6, 2014 and time is 11:30am. 
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 This lab session will take approximately 2 hours.  

 

 We can arrange for parking at the University of Arizona, if needed. Free parking 

at Tyndall garage on the weekends (starred location below in map).  

 

 For your lab session, please wear loose comfortable clothing. We will need to 

place physiological sensors on your lowest ribs, so please do not wear a one-piece 

dress or jumpsuit.  

 

 Please use the following map below to help you find where our building is 

located. You will be coming to McClelland Park, 650 N. Park Ave, Tucson, AZ 

85719-0078. McClelland Park is the red building below. 

 

 Please call the research lab phone number (XXX) XXX-XXXX when you arrive 

at the building (the building is locked on the weekends – but a researcher will 

come right down to get you!)  
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