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Abstract

Marital quality shares ties to inflammation-related conditions like cardiovascular disease and 

diabetes. Lab-based studies implicate hostility during marital conflict as a mechanism via 

inflammatory reactivity, but little attention has been paid to the inflammatory aftermath of other 

marital exchanges. A spouse’s emotional distress is an important but overlooked context for 

middle-aged and older couples, as conflict declines and networks shrink. To examine the links of 

spousal distress to changes in proinflammatory gene expression, 38 adults ages 40–81 witnessed 

their spouse relive an upsetting personal memory aloud, rated their mood before and after, and 

provided blood samples at baseline and twice post-task; they also shared their own upsetting 

memory and discussed a marital problem in the interim. Those whose spouse disclosed their 

upsetting memory with greater emotional intensity showed larger elevations in proinflammatory 

gene expression 30–40 min and 80–90 min after the task. The association replicated for listeners 

whose negative mood increased more in response to spousal disclosure. Findings were robust to 
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behavior in the other emotional tasks, race, gender, age, alcohol, smoking, comorbidities, and 

sagittal abdominal diameter. These novel results identify spousal distress as a key marital context 

that may escalate inflammation-related health risks.
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1. Introduction

Marital quality shares clear ties to inflammation and its associated chronic conditions. 

Indeed, according to data from large national studies, people who rate their marriage as less 

supportive and satisfying have higher circulating interleukin (IL)-6 and C-reactive protein 

(CRP) levels compared to their happily married counterparts (Donoho et al., 2013; Whisman 

and Sbarra, 2012). In tandem, the unhappily married carry greater risks for cardiovascular 

events, diabetes, and earlier mortality (Liu and Waite, 2014; Robles et al., 2014; Whisman 

et al., 2014). Lab-based studies of marital interaction have converged on one prominent 

mechanism to explain this pattern: hostility during marital conflict. In two studies, couples 

who discussed problems in their relationship with more criticism, disgust, and blaming had 

higher IL-6 and tumor necrosis factor (TNF)-α relative to couples who conversed with less 

hostility (Kiecolt-Glaser et al., 2015; Kiecolt-Glaser et al., 2005). According to the dominant 

conceptual framework (McEwen, 1998), more hostile exchanges trigger longer and more 

frequent inflammatory responses, leading to greater inflammatory burden and higher disease 

risk (Kiecolt-Glaser et al., 2020).

However, hostile marital conflict may decline as couples age. According to social-emotional 

aging theories, as adults age, they increasingly prioritize emotional fulfillment and close 

relationships over future-oriented instrumental goals (Carstensen, 1995). For this reason, 

older adults tend to avoid overt conflict and positively reframe stressors more than their 

younger counterparts (Charles, 2010). Although the evidence for this pattern in married 

couples is mixed, the longest prospective study of middle-aged and older couples’ observed 

interaction showed that negative emotional behavior during marital conflict discussions 

decreased over 13 years, whereas positive behavior increased (Verstaen et al., 2018). In 

other work, older couples rated their spouse’s behavior during conflict as more positive than 

outside coders judged them to be (Story et al., 2007). An increasingly prevalent phenomenon 

wherein couples divorce in middle or older age after decades-long marriage, “gray divorce” 

magnifies the pattern of diminishing negativity as dissatisfied couples opt out of marriage 

in later years, leaving the intact subset of older couples happier than younger counterparts 

(Brown and Lin, 2012).

If marital conflict does decline in frequency and intensity with older age, other stressful 

marital exchanges may pose greater challenges to older couples’ health and well-being than 

overt hostility. A spouse’s emotional distress represents one such experience that is likely to 

persist over the adult lifespan, as the stressors of midlife—e.g., work, family, and competing 

demands—give way to those of older age—e.g., the loss of loved ones and emergence 
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of health problems. Such unavoidable stressors represent a vulnerability in older adults’ 

emotion regulation and, thus, their physiological reactivity (Charles, 2010). Indeed, listening 

to a spouse’s disclosure, watching a spouse in pain, or even talking about the suffering of 

one’s spouse can increase blood pressure (Monin et al., 2010) and disrupt sleep (Kane et 

al., 2014). Specifically, in older, long-married couples, spousal caregivers’ blood pressure 

and heart rate increased more after witnessing their own partner complete painful tasks 

compared to watching a stranger in pain (Monin et al., 2010). In addition, satisfied and 

dissatisfied spouses showed equal amounts of reactivity to their partner’s pain. In other 

evidence, husbands whose wives disclosed more of their thoughts and feelings had poorer 

sleep efficiency (Kane et al., 2014), a pattern the authors attributed to stress contagion 

between the partners. Nevertheless, whether a spouse’s emotional distress is also sufficient 

to evoke changes in inflammatory biology remains unknown.

Understanding how the social environment impacts middle-aged and older adults’ health is 

critical for a few reasons. With longer life expectancies and declining birth rates, much of 

the world’s population is rapidly aging (Wang et al., 2020). Moreover, so-called age-related 
diseases such as cardiovascular disease and diabetes manifest with increasing prevalence in 

middle and older years, and toxic psychosocial stress may further hasten this health decline 

(Epel, 2020). In this way, middle and older age are critical periods of unprecedented health 

risk and disease burden, which relationships may further exacerbate or buffer, depending on 

relationship characteristics and quality.

1.1. Current study

To examine the links between a spouse’s emotional distress and subsequent changes in 

cellular aspects of inflammatory biology, we assayed pro-inflammatory gene expression 

in circulating blood cells from middle-aged and older adults before and after they relived 

an upsetting personal memory in front of their partner. As part of a larger parent study, 

participants also discussed a marital problem with their spouse. We hypothesized that 

proinflammatory gene expression would increase more among those whose spouse disclosed 

their upsetting memory with greater emotional intensity, controlling for their emotional 

behavior during their own disclosure and the marital conflict. In tandem, we predicted 

that those who experienced greater increases in negative affect while listening to their 

spouse would also show larger rises in proinflammatory gene expression, above and beyond 

emotional responses to the other tasks. We chose to examine changes in proinflammatory 

gene expression in part due to their rapid response times (as gene expression changes can 

take place within minutes and precede protein production) and in part to capture changes 

in circulating immune cell components of inflammation (whereas plasma cytokine levels 

often derive from other cellular sources such as adipose tissue or lymphoid organs). To this 

end, we focused on a well-validated multigene profile of proinflammatory RNA transcripts 

in order to smooth over idiosyncratic variations in activity of specific individual gene 

transcripts and capture overall inflammatory “tone” in the pool of circulating immune cells.
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2. Method

2.1. Participants

Middle-aged and older heterosexual couples were recruited for a parent study on molecular 

aging. Interested couples in a marriage or marriage-like relationship completed online 

and in-person screens to determine eligibility. Couples were excluded if they were 

together and cohabiting fewer than three years, were younger than 40 years old, and had 

sensory or cognitive impairments that would interfere with study completion. To reduce 

bias in physiological data, couples were also excluded if either partner had a range of 

chronic health problems (e.g., cancer, autoimmune conditions, diabetes [Hba1c > 6.5], 

chronic obstructive pulmonary disease, liver failure), smoked, abused substances, or took 

prescription medication that affected the immune system, e.g., steroids, methotrexate. A 

total of 412 interested individuals were excluded because they or their partner did not meet 

the stringent health criteria. From the parent sample, 38 participants in 19 couples provided 

gene expression data and were, thus, included in the present analyses. Although budget 

constraints limited the size of the subsample, the hypotheses were adequately powered. 

Indeed, a comparable study wherein individuals witnessed their spouse’s pain reported 

effects on blood pressure and heart rate that were large in magnitude (η2 =.12–.19) (Monin 

et al., 2010). With N = 38 participants, a minimal expected couple-level intraclass coefficient 

(ICC =.01) (Kiecolt-Glaser et al., 2015), and α = .05, the current study had 80% to detect 

an association of moderate magnitude (r = .40). This value provides a very conservative 

power estimate given the study’s repeated-measures design, with three blood samples and 

expression of multiple proinflammatory genes, for a total of up to n = 1824 observations.

The subsample consisted of mostly non-Hispanic white participants (92.1%) with a 

bachelor’s degree (42.1%) or graduate education (44.7%) who had never smoked (73.7%) 

and had no chronic conditions (73.7%). They ranged 40–81 years old (M = 58.6, SD = 11.2) 

and had been married 1–55 years (M = 30.6, SD = 14.3). On average, they were highly 

satisfied in their relationship (MCouple Satisfaction Index = 129.1, SD = 28.6), though marital 

satisfaction scores spanned a large range (43− 158), with 18.4% of the sample meeting 

criteria for clinically significant relationship distress (<104.5). There were no differences 

between the analytic subsample and the parent study’s participants on any demographic, 

relationship, or health dimension (i.e., race, age, education, comorbidities, smoking history, 

alcohol intake, sagittal abdominal diameter, marital satisfaction), except that couples in the 

present study had lived together longer than those in the parent sample (t(212) = − 2.31, p = 

.022; Manalytic sample = 33.3, SD = 14.2; Mparent sample = 27.6, SD = 13.9).

2.2. Data collection procedure

Study procedures were approved by the Ohio State University Institutional Review Board; 

participants provided written informed consent before completing study activities. When 

participants arrived at the hospital research unit, both partners were fit with a venous 

catheter. Following a brief relaxation period, participants provided baseline blood samples 

and rated their moods. Then, in a variation of the relived emotion task (Levenson et al., 

1991; Richter et al., 2011) adapted for couples, each person took a turn reliving a distressing 

personal memory aloud for 8 min in their partner’s presence—in randomized order, balanced 
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by sex. The event had to be one that continued to elicit strong emotion, and that they 

experienced as an individual (e.g., death of a parent or sibling), not jointly with the partner 

(e.g., illness of a child). Before the task, participants were directed away from events 

that triggered clinically significant posttraumatic symptoms according to a PTSD screener 

(Prins et al., 2016). The discloser was asked to focus on reliving their emotions rather than 

reporting the facts—how they felt at the time, what made it difficult, what it felt like in their 

body, how they felt in the present moment—reviewing each vivid scene in emotional detail. 

The listener was asked to silently take in the discloser’s experience without interrupting 

or conversing (Langer et al., 2007; Lewis and Manusov, 2009). Immediately afterward, 

both participants rated their moods, then they switched roles and, again, rated their moods. 

Because it takes ~20–25 min for proinflammatory gene expression to meaningfully change 

following a stimulus (Cole, 2010), after 30 min had passed, both participants provided a 

blood sample. In accordance with the parent study’s aims, thereafter, the couple discussed 

one or two of their most important marital disagreements (e.g., money, communication, 

or in-laws) for 20 min, then rated their moods. The research team remained out of sight 

while videotaping each task. Final blood samples were collected 5 min after the conflict 

discussion, 80–90 min after the disclosures. See the timeline of study activities visualized in 

Fig. 1.

2.3. Self-report measures

Participants rated their negative mood at baseline and after each task on a scale of 0 (not 

at all) to 100 (extremely). Items included “sad or blue”, “gloomy”, “angry or irritable”, and 

“upset,” given their reliability and sensitivity to an emotional video (Richter et al., 2011). 

Cronbach’s α ranged .81–.89 for these items in the present study. To examine negative mood 

reactivity as a predictor of post-task gene expression, difference scores subtracted baseline 

negative mood from each post-task rating so that higher scores reflected larger increases.

2.4. Behavioral coding

Each participant’s disclosure received a global rating for its emotional intensity. The score 

took into account any observable cue that indicated emotional upset—crying (e.g., tears 

welling up, wiping of the eyes), facial expressions (e.g., eyebrows furrowing in sadness 

or anger), vocal cues (e.g., cracking, wavering), physical gestures (e.g., covering face with 

hands, using hands or arms for emphasis), and emotional language (e.g., using negative 

emotion words such as sad, devastated, etc.). Scores ranged 0, i.e., not at all emotionally 

upset while strictly reporting the facts or events, to 3, i.e., intensely upset. Independent 

coders achieved reliable ratings (Finn’s r = 0.85).

Marital disagreement discussions were coded using the Rapid Marital Interaction Coding 

System (RMICS), which discriminates well between distressed and nondistressed couples 

(Heyman, 2004). Consistent with prior work (Kiecolt-Glaser et al., 2005), the composite 

hostility score summed the four most negative RMICS codes of both partners in the conflict 

discussion: psychological abuse (e.g., disgust, contempt), distress-maintaining attributions 

(e.g., “You were being mean on purpose”), hostility (e.g., criticism), and withdrawal (e.g., 

behaviors that suggest not listening). Interrater agreement was sufficient, with a Holley and 

Guilford’s G of 0.86.
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2.5. Gene expression assays

Immediately after each blood draw, technicians pipetted 200 μL of whole blood onto 

Whatman #903 filter paper, allowed it to dry for 24 h, then stored at − 80°C. This method 

mirrored that of a follow-up study wherein serial blood draws from a venous catheter 

would not be feasible. Following RNA extraction, samples were tested for suitable mass and 

integrity, converted to cDNA using a high-efficiency mRNA-targeted reverse transcription 

system (Lexogen QuantSeq 3’ FWD), and sequenced on an Illumina NextSeq system, all 

following the manufacturers’ standard protocols for low-mass RNA samples (Cole et al., 

2011; McDade et al., 2016; Moieni et al., 2015). Assays targeted 4 million reads per 

sample (achieved median = 4.2), each of which was mapped to the GRCh38 reference 

human transcriptome (median mapping rate = 91.6%) and quantified as gene transcripts per 

million total mapped reads using the STAR aligner. Read counts were log2-transformed to 

stabilize variance and analyzed as described below, focusing on a well-validated set of 19 

proinflammatory genes, in accordance with prior work (Cole et al., 2015). Of the 19 genes in 

our targeted set, 16 produced detectable expression (mean transcript counts per million total 

reads > 1) and sufficient variability for analysis (CXCL8, FOS, FOSB, FOSL2, IL1B, JUN, 
JUNB, JUND, NFKB1, NFKB2, PTGS1, PTGS2, REL, RELA, RELB, TNF).

2.6. Analytic approach

Hypotheses were evaluated in SAS version 9.4 (Cary, NC) with linear mixed models, 

which allowed explicit modeling of within-person correlations across blood samples and 

gene transcripts using random person-level intercepts. We attempted to estimate couple-level 

intercepts to account for possible within-couple correlation, but the variance at this level was 

too small for the model to converge. To facilitate model estimation, log2-transformed gene 

expression abundance data were z-scored (Moieni et al., 2015; Schwaiger et al., 2016).

In the first set of models, we examined whether individuals whose partners disclosed with 

greater emotional intensity had larger subsequent increases in average proinflammatory 

gene expression from baseline, using two-way interactions between time and partners’ 

emotional intensity. Couples provided the first post-task blood sample 30 min following 

the second partner’s disclosure and 40 min after the first partner’s disclosure. Because it 

takes ~20–25 min for proinflammatory gene expression to meaningfully change following 

a stimulus (Cole, 2010), this time point captured reactivity to the disclosure task. The 

final blood sample was collected 80 min after the second disclosure and 90 min after 

the first disclosure. Because responses in proinflammatory gene expression can resolve 

in approximately 60 min (Cole, 2010), this sample enabled us to examine whether more 

emotionally intense partner disclosures were associated with higher sustained reactivity; a 

non-significant effect would signal recovery. To account for the differing time intervals in 

the partners’ disclosures relative to the blood sampling, models controlled for disclosure 

order. To tease apart the reactivity associated with partners’ emotional disclosure from 

that of individuals’ own disclosure and marital conflict, we controlled for the emotional 

intensity of individuals’ own disclosure (i.e., the actor effect in this indistinguishable-dyad 

actor-partner model) and couples’ hostile behavior during the conflict discussion. Other 

demographic and health-related covariates included the fixed effects of gene, gender (female 

or male), race (person of color or white), age, smoking history (previously smoked or never 
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smoked), number of alcoholic drinks per week, comorbid conditions (a score of 1 or 2 on 

the Charlson comorbidity index versus none), and sagittal abdominal diameter. In a second 

step, we examined whether associations with partner emotional intensity were explained by 

leukocyte redistribution by controlling for expression of mRNA markers of major leukocyte 

subsets: CD3D, CD19, CD4, CD8A, FCGR3A, NCAM1, and CD14 (Cole et al., 2015).

A second set of models substituted the listener’s self-reported negative emotional reactivity 

as the focal predictor in place of the discloser’s coded emotional intensity. By examining 

two separate indicators of the hypothesized associations, we sought to leverage the unique 

predictive power of observed behavior alongside individuals’ emotional changes, thereby 

gauging the robustness of the findings. These models replicated the structure and sequence 

of the first, and treated negative emotional reactivity to individuals’ own disclosure and the 

conflict discussion as covariates to parallel the predictor. Finally, supplemental analyses in 

both sets of models tested the interactions between time (i.e., blood sample) and the other 

emotional tasks, seeking to further tease apart the unique variance associated with partner’s 

emotional intensity and changes in proinflammatory gene expression.

3. Results

More than half of spouses (52.6%) in the analytic sample showed overwhelming emotion 

as they recalled their upsetting memory (a score of 3 on the 0–3 behavioral coding 

scale), but emotional intensity spanned the entire range. Likewise, on average, listeners’ 

negative emotion rose 21 points on the 0–100 self-report scale, but ranged widely between 

individuals (−2.5 to 77.5). All chosen memories were meaningful to the participants: on 

a scale of 1–7, the topics averaged a score of 6.3 (SD = 0.90). Most couples had already 

discussed their chosen memories at least a handful of times (81.6%), and some reported 

discussing the topic frequently (36.8%). As shown in Table 1, spouses’ observed emotional 

intensity and listeners’ self-reported emotional responses correlated with moderate strength 

(r = 0.47, p = .003). In addition, negative emotional responses to disclosing an upsetting 

memory and listening to the spouse’s disclosure tracked together (r = 0.57, p = .0002). 

Those who showed more hostile behavior during the conflict also endorsed larger increases 

in self-reported negative emotion post-conflict (r = 0.69, p < .0001). However, behavior 

and emotional responses to the disclosure tasks were unrelated to those of marital conflict. 

Observed behavior was not correlated across the three tasks.

3.1. Changes in proinflammatory gene expression as a function of the spouse’s observed 
emotional intensity

Accounting for the contributions of health covariates, demographics, and the other emotional 

exchanges, those whose spouse disclosed their upsetting memory with greater emotional 

intensity had significantly larger increases in proinflammatory gene expression from 

baseline 30–40 min following the disclosure (Table 2, B = 0.170, SE = 0.060, p = .005, 

Cohen’s f2 = 0.01), and this association remained significantly elevated from baseline 80–90 

min after the disclosure (B = 0.202, SE = 0.060, p = .001, Cohen’s f2 = 0.01). These 

associations remained significant after controlling for the expression of major leukocyte 

subset markers at both 30–40 min (B = 0.149, SE = 0.061, p = .014, Cohen’s f2 = 0.01) 
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and 80–90 min after the spouse’s disclosure (B = 0.226, SE = 0.062, p = .0003, Cohen’s 

f2 = 0.01), which suggests that the changes cannot be attributed to the effects of leukocyte 

redistribution alone. Associations were also robust to other emotional tasks’ interactions 

with time, which were not statistically significant (Table S1).

3.2. Changes in proinflammatory gene expression as a function of the listener’s self-
reported emotional response to the spouse’s disclosure

In parallel, listeners who experienced more severe negative emotional responses following 

their spouse’s disclosure also showed larger increases in proinflammatory gene expression 

from baseline 30–40 min later (Table 3, B = 0.006, SE = 0.003, p = .024, Cohen’s f2 = 

0.01), as well as 80–90 min later (B = 0.010, SE = 0.003, p < .0001, Cohen’s f2 = 0.01). 

In contrast to findings with spouses’ observed emotional intensity, controlling for leukocyte 

subset markers reduced the association at 30–40 min post-disclosure to a non-significant 

trend (B = 0.005, SE = 0.003, p = .077). However, controlling for leukocyte subsets did not 

attenuate the association at 80–90 min post-disclosure (B = 0.010, SE = 0.003, p = .0001, 

Cohen’s f2 = 0.01). These associations did not change with the inclusion of other emotional 

tasks’ interactions with time (Table S2), one of which was statistically significant: those who 

had larger emotional responses to conflict also had greater changes in proinflammatory gene 

expression thereafter (B = 0.006, SE = 0.003, p = .039, Cohen’s f2 = 0.004).

4. Discussion

In a sample of healthy middle-aged and older couples, individuals whose spouse showed 

greater emotional distress while recounting an upsetting personal memory had larger 

increases in proinflammatory gene expression 30–40 min later, and these differences 

persisted 80–90 min after the disclosure. These results were robust with respect to health-

related confounds, demographic differences, the emotional dynamics of other tasks in the 

study visit, and markers of leukocyte redistribution. Associations with listeners’ negative 

emotional reactivity largely mirrored findings with spouses’ observed distress. This study 

provides the first evidence that witnessing a spouse’s emotional distress can trigger 

proinflammatory responses. Thus, spousal distress may play a key role in the way close 

relationships shape health in the second half of life.

Prior work on spousal distress associations has largely focused on suffering related to 

painful or degenerative conditions, such as osteoarthritis and Alzheimer’s disease, and its 

links to a partner’s well-being, sleep, and blood pressure (Martire et al., 2013; Monin 

and Schulz, 2010; Monin et al., 2010). The current findings extend these patterns to 

emotional distress and inflammatory processes in healthy couples, providing a novel 

route by which spousal distress may contribute to inflamm-aging, if repeated over time 

(Franceschi et al., 2000; Kiecolt-Glaser et al., 2020). In terms of the temporal dynamics, 

gene expression changes can appear as early as 20 min after a stressful stimulus and resolve 

in approximately 60 min, if the psychosocial dynamics promote recovery (e.g., Cole, 2010; 

Moieni et al., 2015). Our results showed no evidence of downregulation: proinflammatory 

gene expression continued to rise in association with greater spousal distress 80–90 min 

later. This is especially striking in light of the fact that most couples had discussed their 
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upsetting memories many times before. To the extent that these persisting effects prolong 

the production of new inflammatory proteins, such effects may hold greater potential for 

health relevance than if the response had resolved more rapidly. Couples discussed a 

marital problem immediately before the final blood draw, but models accounted for hostile 

behavior during that discussion. Findings were largely consistent between observed spousal 

distress and listeners’ self-reported emotional reactivity, although results with observed 

emotional intensity were larger and more robust to covariates than those of individuals’ 

emotional responses 30–40 min post-task. This reflects a pattern commonly seen in lab-

based paradigms: Directly observed behavior (spouse distress in this case) more strongly 

predicts health-related outcomes than does self-report (e.g., Wilson et al., 2020), likely due 

to the self-presentation biases and measurement limitations of self-ratings (Fazio and Olson, 

2003).

The current study’s results are relevant for middle-aged and older couples alike, but may be 

especially important in older age. As social networks shrink across adulthood, the marital 

relationship may grow more influential for the health of both partners (Kiecolt-Glaser and 

Wilson, 2017). In addition, normative challenges faced in older age, such as the loss of loved 

ones and the emergence of health problems, present unavoidable sources of distress. On the 

other hand, longitudinal evidence suggests that hostile marital conflict diminishes over time 

(Verstaen et al., 2018), and some of the most conflict-ridden marriages may dissolve by 

older age (Brown and Lin, 2012). Thus, in comparison to conflict—the most widely studied 

and understood behavioral mechanism linking marriage to health—a spouse’s distress may 

stand to exact greater health costs as couples navigate the difficulties of aging. Indeed, 

supplemental analyses revealed that spousal distress shared larger and more consistent 

associations with inflammatory responses than did marital conflict or even individuals’ own 

upsetting memories.

Moreover, the findings remained significant after accounting for couples’ hostility during 

conflict, the gold-standard behavioral marker of marital distress. Thus, the pattern applies to 

satisfied and dissatisfied couples alike. Indeed, the sample was highly satisfied on average, 

but a notable subset of couples met criteria for clinically significant relationship distress 

(18.4%). Likewise, almost one third of couples (27.8%) exchanged more than 30 hostile 

remarks (i.e., more than one per minute), and up to 83 acts of hostility during the 20-minute 

discussion. In this way, the fact that associations with spousal distress held after controlling 

for hostile marital behavior is meaningful. It also provides a novel pathway by which happy 

couples may face health risks in the relationship, particularly in periods of suffering and 

distress. In addition, emotional reactivity to the partner’s distress was unrelated to hostile 

behavior during conflict, suggesting that it offers unique information about the marital 

relationship. Therefore, examining a person’s emotional and physiological responses to their 

partner’s distress sheds new light on how marriage affects health.

The couples in this sample were recruited for their good health, to avoid disease- and 

medication-related confounds—both a strength and a limitation. It will be important for 

future work to replicate the study in a larger sample with more health conditions and 

greater diversity to gauge generalizability. In another limitation, due to time constraints in 

the laboratory, we had to statistically separate the contributions of listening to the partner’s 
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disclosure from those of their own disclosure and conflict. Future work should seek to 

replicate the findings with more time and separate blood samples between tasks. Also, 

the associations of interest were smaller in magnitude than expected. Nevertheless, the 

study had greater power to detect smaller associations than anticipated given the minimal 

correlations within-person and within-couple, paired with the repeated measures design. In 

addition, a few genes’ expression levels (e.g., IL6, IL1A) could not be detected, in part 

because circulating leukocytes do not actively transcribe IL6 except during acute infection. 

This limitation is generic to all methods that collect circulating leukocytes and assay them 

by the highly specific methodology of RNA sequencing or RT-PCR. Finally, future research 

in larger samples must document the potential health impacts of the RNA biomarker changes 

observed here, as well as conduct well-powered genome-wide discovery analyses to uncover 

additional genomic response beyond the inflammatory dynamics targeted here.

In conclusion, proinflammatory gene expression rose with spousal distress and persisted up 

to 90 min later, with no evidence of recovery during the study visit. Repeated over time, 

this dynamic may contribute a unique role to inflamm-aging for adult couples of all ages, 

and may grow increasingly central to couples’ health with older age. The findings highlight 

a novel risk that may even lurk in satisfying marriages, raising the possibility of a happy 

marriage’s diminishing returns in later life.
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Fig. 1. Study Visit Timeline.
Note. Approximately 2.5 h following the baseline blood draw, each partner completed 

the 8-minute relived emotion task, in randomized order balanced by sex, and rated their 

mood after each turn. Approximately 40 min after the end of the first disclosure and 30 

min after the second disclosure, both partners provided another blood sample. Following 

an unstructured interview to identify the most important areas of disagreement in their 

relationship, the couple discussed one or two marital problems for 20 min then rated their 

mood. The final blood draw was taken 5 min after the end of the marital conflict discussion, 

80–90 min after the disclosures.
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Fig. 2. Spouses’ observed emotional distress and listeners’ emotional reactivity predicting 
changes in proinflammatory gene expression.
Note. Proinflammatory gene expression values represent z-scores and were back-

transformed from the log 2 transformation to aid visual interpretation. Plotted estimates 

adjust for all covariates: disclosure order, emotional valence of individuals’ own disclosure 

and marital problem discussion, gene, gender, race, age, smoking history, alcohol use, 

comorbidities, and sagittal abdominal diameter, and gene expression values associated with 

leukocyte redistribution. Panel A shows changes in association with emotional intensity 

of the spouse’s disclosure. Trajectories of gene expression relative to baseline were 

significantly different for those whose spouse disclosed with high emotional intensity 

(+1 SD, score of 3) versus low intensity (− 1 SD, score of 1) at both time points. 

Panel B shows changes in association with listeners’ emotional reactivity to the spouse’s 

disclosure. Trajectories of gene expression relative to baseline were marginally different 

30–40 min post-disclosure and significantly different 80–90 min post-disclosure for listeners 

who emotionally responded (+1 SD, increase of 43) compared to those who did not (− 

1 SD, increase of 0). Levels of gene expression were significantly different 80–90 min 

after spousal disclosure as a function of the discloser’s emotional intensity and listener’s 

emotional reactivity. *, p < .05, ‡, p < .077.
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Table 2

Associations between Partners’ Observed Emotional Intensity and Proinflammatory Gene Expression

Predictors Primary Model Leukocyte Redistribution

B SE p B SE p

Intercept −0.285 0.173 0.1133 −0.430 0.192 0.0351

CXCL8 −0.007 0.132 0.9608 −0.007 0.132 0.9606

FOS 0.016 0.132 0.9046 0.016 0.132 0.9041

FOSB −0.004 0.132 0.9780 −0.004 0.132 0.9779

FOSL2 0.048 0.132 0.7159 0.048 0.132 0.7145

IL1B 0.016 0.132 0.9017 0.016 0.132 0.9011

JUN 0.001 0.132 0.9944 0.001 0.132 0.9944

JUNB −0.014 0.132 0.9137 −0.014 0.132 0.9133

JUND 0.022 0.132 0.8693 0.022 0.132 0.8686

NFKB1 −0.007 0.132 0.9601 −0.007 0.132 0.9599

NFKB2 0.004 0.132 0.9761 0.004 0.132 0.9760

PTGS1 0.030 0.132 0.8208 0.030 0.132 0.8199

PTGS2 0.013 0.132 0.9221 0.013 0.132 0.9217

REL 0.004 0.132 0.9760 0.004 0.132 0.9759

RELA 0.013 0.132 0.9224 0.013 0.132 0.9220

RELB TNF (Reference) 0.018 0.132 0.8927 0.018 0.132 0.8922

Age 0.006 0.004 0.1152 0.006 0.004 0.1529

Female 0.127 0.090 0.1578 0.119 0.092 0.1960

Race/ethnicity −0.240 0.155 0.1215 −0.251 0.157 0.1114

SAD −0.034 0.013 0.0065 −0.028 0.013 0.0335

Comorbidities 0.007 0.093 0.9421 0.056 0.096 0.5585

Smoking −0.053 0.099 0.5898 −0.081 0.102 0.4260

Alcohol 0.013 0.011 0.2413 0.012 0.011 0.2946

Disclosure Order −0.025 0.106 0.8154 0.012 0.112 0.9150

Time (Baseline) 0.444 0.144 0.0021 0.490 0.149 0.0010

Time (Post +30–40 Min) −0.019 0.141 0.8908 0.107 0.146 0.4666

Time (Post +80–90 Min, Reference)

Leukocyte Redistribution

CD3D 0.013 0.014 0.3565

CD19 0.056 0.058 0.3395

CD4 0.066 0.027 0.0142

CD8A 0.060 0.023 0.0088

FCGR3A 0.005 0.018 0.7815

NCAM1 0.063 0.052 0.2261

CD14 −0.008 0.017 0.6143

Behavioral Measures

Partner Emotional Intensity 0.142 0.054 0.0089 0.141 0.055 0.0107
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Predictors Primary Model Leukocyte Redistribution

B SE p B SE p

Own Emotional Intensity 0.080 0.045 0.0730 0.073 0.046 0.1132

Couple Hostile Behavior −0.002 0.002 0.2351 −0.002 0.002 0.2599

Partner Emotional Intensity * Time (Baseline) −0.202 0.060 0.0008 −0.226 0.062 0.0003

Partner Emotional Intensity * Time (Post +30–40 Min) −0.032 0.059 0.5882 −0.077 0.061 0.2104

Contrasts

Partner Emotional Intensity * Baseline vs. Post-task (Both Points) 0.186 0.052 0.0004 0.188 0.053 0.0004

Partner Emotional Intensity * Baseline vs. Post +30–40 Min 0.170 0.060 0.0049 0.149 0.061 0.0144

Partner Emotional Intensity * Baseline vs. Post +80–90 Min 0.202 0.060 0.0008 0.226 0.062 0.0003

Partner Emotional Intensity * Post +30–40 Min vs. Post +80–90 Min 0.032 0.059 0.5882 0.077 0.061 0.2104
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Table 3

Associations between Emotional Responses to Partners’ Upsetting Disclosure and Proinflammatory Gene 

Expression

Predictors Primary Model Leukocyte Redistribution

B SE p B SE p

Intercept −0.150 0.132 0.2673 −0.328 0.146 0.0332

CXCL8 −7.61E-15 0.127 1.0000 −6.33E-15 0.127 1.0000

FOS −7.37E-15 0.127 1.0000 −6.09E-15 0.127 1.0000

FOSB −7.54E-15 0.127 1.0000 −6.25E-15 0.127 1.0000

FOSL2 −7.39E-15 0.127 1.0000 −6.10E-15 0.127 1.0000

IL1B −7.37E-15 0.127 1.0000 −6.09E-15 0.127 1.0000

JUN −7.68E-15 0.127 1.0000 −6.41E-15 0.127 1.0000

JUNB −7.65E-15 0.127 1.0000 −6.37E-15 0.127 1.0000

JUND −7.61E-15 0.127 1.0000 −6.33E-15 0.127 1.0000

NFKB1 −7.33E-15 0.127 1.0000 −6.04E-15 0.127 1.0000

NFKB2 −7.56E-15 0.127 1.0000 −6.27E-15 0.127 1.0000

PTGS1 −8.47E-15 0.127 1.0000 −7.19E-15 0.127 1.0000

PTGS2 −7.42E-15 0.127 1.0000 −6.14E-15 0.127 1.0000

REL −7.58E-15 0.127 1.0000 −6.30E-15 0.127 1.0000

RELA −7.37E-15 0.127 1.0000 −6.10E-15 0.127 1.0000

RELB −7.37E-15 0.127 1.0000 −6.10E-15 0.127 1.0000

TNF (Reference)

Age 0.011 0.004 0.0063 0.009 0.004 0.0262

Female 0.181 0.092 0.0485 0.161 0.089 0.0718

Race/ethnicity −0.139 0.157 0.3748 −0.182 0.153 0.2337

SAD −0.024 0.014 0.0853 −0.020 0.014 0.1580

Comorbidities 0.004 0.104 0.9677 0.061 0.101 0.5483

Smoking −0.041 0.101 0.6825 −0.088 0.099 0.3784

Alcohol 0.006 0.012 0.6222 0.008 0.011 0.4915

Disclosure Order −0.089 0.103 0.3888 −0.023 0.102 0.8182

Time (Baseline) 0.229 0.079 0.0038 0.226 0.081 0.0053

Time (Post +30–40 Min) 0.027 0.078 0.7312 0.082 0.080 0.3044

Time (Post +80–90 Min, Reference)

Leukocyte Redistribution

CD3D 0.020 0.014 0.1618

CD19 −0.013 0.037 0.7164

CD4 0.068 0.026 0.0089

CD8A 0.053 0.022 0.0189

FCGR3A 0.004 0.017 0.8093

NCAM1 0.045 0.051 0.3757

CD14 0.003 0.015 0.8659
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Predictors Primary Model Leukocyte Redistribution

B SE p B SE p

Behavioral Measures

Emotional Response to Partner Disclosure 0.007 0.003 0.0052 0.007 0.003 0.0051

Emotional Response to Own Disclosure 0.001 0.002 0.7500 0.001 0.002 0.7705

Emotional Response to Conflict −0.004 0.002 0.0325 −0.003 0.002 0.1434

Emotional Response to Partner Disclosure * Time (Baseline) −0.010 0.003 <.0001 −0.010 0.003 0.0001

Emotional Response to Partner Disclosure * Time (Post +30–40 Min) −0.005 0.003 0.0726 −0.005 0.003 0.0369

Contrasts

Emotional Response to Partner Disclosure * Baseline vs. Post-task (Both 
Points)

0.008 0.002 0.0003 0.007 0.002 0.0013

Emotional Response to Partner Disclosure * Baseline vs. Post +30–40 Min 0.006 0.003 0.0237 0.005 0.003 0.0772

Emotional Response to Partner Disclosure * Baseline vs. Post +80–90 Min 0.010 0.003 <.0001 0.010 0.003 0.0001

Emotional Response to Partner Disclosure * Post +30–40 Min vs. Post +80–
90 Min

0.005 0.003 0.0726 0.005 0.003 0.0369
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