
Comprehensive Psychoneuroendocrinology 19 (2024) 100247

Available online 24 June 2024
2666-4976/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Interpersonal relationships, PNI, and health: Seeds in the 1980s, fruiting 
trees today 

Theodore F. Robles 
Department of Psychology, University of California, Los Angeles, United States   

A R T I C L E  I N F O   

Keywords: 
Loneliness 
Psychoneuroimmunology 
Close relationships 
Marriage 
Gender 
Health 

A B S T R A C T   

In this contribution to the Special Issue, I highlight how Janice Kiecolt-Glaser’s research in the 1980s planted the 
seeds for two areas of social relationships and health research: loneliness and intimate/marital relationships. I 
review the foundational “seed” studies from the mid-to late-1980s, the research “saplings” that sprouted and 
grew during the subsequent twenty years, and the “mature trees” that have gone on to fruit and grow their 
respective areas of inquiry over the past twenty years. In addition to highlighting the mature trees that have 
borne rich empirical fruit, my other goal for this contribution is to draw attention to ideas and concepts from 
Kiecolt-Glaser’s work and writing that merit further conceptual and empirical examination in the next generation 
of research on social relationships, psychoneuroendocrinology, psychoneuroimmunology, and health.   

1. Interpersonal relationships, PNI, and health: Seeds in the 
1980s, orchards today 

Consider the state of psychoneuroendocrinology (PNE) and psycho-
neuroimmunology (PNI) research at the time that Kiecolt-Glaser and 
Glaser began their collaborations in the 1980s [1,2]. In the late 1960s, 
preclinical animal studies established that experimental stress exposures 
could alter changes in immune function. In the mid-to-late 1970s, 
landmark studies demonstrated conditioned immunosuppression. By the 
early 1980s, researchers had discovered a potential basis for 
brain-to-immune communication: sympathetic nervous system (SNS) 
innervation of lymph nodes. Moreover, the development, use, and pro-
liferation of monoclonal antibodies as a research tool allowed for much 
greater accessibility and precision in immune assays. Studies in humans 
almost exclusively focused on the effects of extreme stressors like 
spaceflight, extreme noise exposure and sleep deprivation, and adjusting 
to training at a military academy. The one exception was spousal 
bereavement, which is notable because it was far more prevalent than 
spaceflight or military training, and at the time, spousal bereavement 
was assigned the most “life change units” on a common checklist mea-
sure of stressful life events [3]. 

The research projects launched by Kiecolt-Glaser and Glaser in the 
1980s planted the seeds that gave rise to two major trees of research on 
interpersonal relationships, biological mechanisms, and health: loneli-
ness and marital/intimate relationships. After describing the initial seed 
studies, I briefly describe major developments in the growth and fruiting 

of both areas of inquiry. I then close by discussing several contributions 
from Kiecolt-Glaser and her research group that are important directions 
for continuing to grow and cultivate research on interpersonal re-
lationships, PNE/PNI mechanisms, and health. 

2. Loneliness 

As recounted by her husband and collaborator Ronald Glaser twenty 
years later, for their very first collaboration together Kiecolt-Glaser and 
Glaser “decided that the best approach would be to start by studying 
healthy young adult individuals experiencing ‘every day’ types of 
stressors,” [4] and specifically first-year medical students during final 
examination week. Three significant contributions of that approach 
were: 1) Introducing a new model of naturalistic stress exposure that 
would be adopted by other research teams, 2) Presciently measuring the 
inflammatory marker C-reactive protein, and 3) Publishing “the first 
article to provide biological health-relevant data for loneliness” [5], 
which turned out to be seed that sprouted future research on loneliness 
and physical health. Loneliness has been defined as the subjective 
distress associated with experiencing a discrepancy between one’s 
desired and actual state of social relationships [6]. In their sample of 75 
medical students, those reporting higher scores on the UCLA Loneliness 
scale [7] showed lower natural killer (NK) cell activity during a less 
stressful timepoint (1 month prior to exams) and during final exami-
nation week [8], as well as higher levels of antibodies against 
Epstein-Barr Virus in a subsample of 49 students (indicating poorer 
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control of the latent herpesvirus, [9]). Similar results for loneliness and 
NK cell activity were observed in a sample of psychiatric inpatients [10]. 
Kiecolt-Glaser noted at the time that “Unlike social support, research on 
the medical consequences of loneliness has been very limited thus far” 
[8]. 

Throughout the late 1990s and into the early 2000s, the seeds 
planted by Kiecolt-Glaser provided empirical foundations for work by 
other PNE and PNI research groups that spanned the lifecourse and 
helped usher in the focus on inflammatory mechanisms in the early 
2000s. Regarding the lifecourse, foundational work in college students 
was conducted and published during this period by Cacioppo and 
Hawkley [6,11]. Steptoe and colleagues examined cardiovascular, 
hypothalamic-pituitary-adrenal (HPA) axis, and immune measures both 
at rest and in response to acute stress in a subset of middle-aged par-
ticipants from Whitehall II [12]. That study is notable because it was 
also one of the first to identify inflammation (fibrinogen levels) as a 
plausible mechanistic pathway linking loneliness to health. Informed by 
those findings and other PNE research on loneliness, Cole and colleagues 
demonstrated links between chronic loneliness and the leukocyte tran-
scriptome (i.e., mRNA expression) in older adults, including lower 
expression of genes bearing response elements for the anti-inflammatory 
glucocorticoid receptor and higher expression of genes bearing tran-
scriptional response elements for the pro-inflammatory transcription 
factor nuclear factor-κB. That study also represented the first time that 
indicators of transcription factor activity derived from mRNA expression 
were linked to any psychosocial risk factor [13]. 

Those findings in the early 2000s provided the empirical basis for 
additional studies of loneliness and inflammatory pathways over the 
past 20 years. While work on loneliness and circulating inflammatory 
markers has been heterogeneous [14], more consistent are associations 
with mortality [15,16]. The past two decades also marked a return by 
Kiecolt-Glaser and her lab group to studying loneliness. Rather than a 
focus on main effect associations, such as “is greater loneliness related to 
greater inflammation?”, her team focused on interactive effects, 
particularly loneliness as a moderator that may prime greater inflam-
matory responses to stress exposures [17,18], combine with lower 
parasympathetic activity related to predict greater latent cytomegalo-
virus activation and shorter leukocyte telomeres [19], and that the 
propensity for heightened inflammatory responses may increase risk for 
depressive symptoms in the face of social stressors [20]. Ultimately, 
loneliness both through and in concert with inflammatory processes may 
have clinical relevance for patient-reported outcomes including pain, 
depressive symptoms, and fatigue both cross-sectionally [21] and over 
time [22]. 

3. Marital relationships 

Unlike loneliness and health, by the mid-1980s data were available 
linking marital quality as well as separation and/or divorce to health 
[23]. Marital quality has been defined as a person’s global evaluation of 
their marriage along positive and negative dimensions including atti-
tudes towards one’s spouse, and reports of spouse’s behaviors [24]. 
Strained or distressed marriages are characterized by low positive and 
high negative marital quality and are at greater risk for dissolution 
(separation or divorce, [25]). Noting that marital strain and disruption 
were also ubiquitous, everyday stress exposures, Kiecolt-Glaser exam-
ined neuroendocrine and immunological correlates of low marital 
quality and marital disruption in two studies of married and separate-
d/divorced women [26] and men [27]. In this review, for brevity I 
primarily focus on functional immune measures from those studies, 
specifically anti-EBV antibodies, rather than enumerative measures (e. 
g., cell counts) and in vitro measures (e.g., lymphocyte proliferation to 
mitogens). 

3.1. Marital quality 

Higher marital quality measured by the Dyadic Adjustment Scale was 
related to lower EBV antibody titers, suggesting better control of the 
latent virus in women [26] and in men [27]. While results were reported 
for women and men separately, the observed effect sizes were larger for 
women compared to men. In a subsequent groundbreaking study con-
ducted in a hospital research unit, Kiecolt-Glaser incorporated obser-
vational coding of behavior while couples discussed problems in the 
relationship along with repeated measures of neuroendocrine and im-
mune function [28,29]. Importantly, the 90 newlywed couples were 
young and physically healthy, which helped increase internal validity by 
reducing the influence of health behavior and disease-related confounds 
[30]. While the findings may be less generalizable to couples where one 
or both spouses have existing physical illnesses, engage in 
health-compromising behaviors (sedentary activity, poor diet/nutrition, 
substance use, poor sleep health), or have highly distressed marriages, 
the findings most likely underestimate what might be observed in such 
marriages. For example, observed behavior in the laboratory is less 
negative and critical compared to when behavior is observed in the 
home [31]. 

Repeated blood draws obtained while couples were discussing 
problems in the relationship (“problem discussions”) allowed for 
examining associations between observed behavior and concurrent 
neuroendocrine hormone concentrations. Greater hostile behavior dur-
ing problem discussions was related to larger increases in SNS hormones 
(norepinephrine and epinephrine) as well as adrenocorticotropic hor-
mone [ACTH, 28], with a similar pattern of associations for older cou-
ples married for at least four decades on average [32]. Moreover, serum 
cortisol levels were persistently elevated throughout the day of the study 
for wives, and in particular, wives for whom husbands were more likely 
to respond to wives’ demands during the problem discussion with 
avoidance and withdrawal [33]. In highly hostile problem discussions, 
wives’ supportive behaviors during the discussion were related to 
steeper declines in wives’ ACTH and cortisol, suggesting that positive 
and constructive behaviors during problem discussions could buffer 
against persistent HPA axis activation during problem discussions [34]. 
For functional immune measures, high levels of hostility during problem 
discussions were related to higher EBV antibody titers in newlyweds and 
in older couples [29,32]. 

During the first decade of the 2000s, PNE and PNI researchers began 
to emphasize that endocrine and immune changes associated with acute 
stressors needed relevance for clinical outcomes [35–37]. Kiecolt--
Glaser’s research on marital relationships began integrating clinical 
outcomes by incorporating blister wound healing as an observable 
health outcome with real-world implications for phenomena like sur-
gical wound healing and chronic wounds [38,39]. In a within-couples 
design, couples visited the hospital research unit on two separate oc-
casions [40]; during one visit couples discussed problems in their rela-
tionship similar to the previous studies, and during another visit couples 
discussed personal concerns (e.g., “I would like to exercise more”). The 
rate of blister wound healing following the relationship problem dis-
cussion was 73 % of the rate of healing following the personal concern 
discussion. The rate of blister healing in high hostility couples across 
both discussions was 60 % of the rate of healing in low hostility couples. 
In addition, couples characterized by the combination of low mutual 
discussion avoidance and high positive behavior showed the fastest 
wound healing [41]. 

Low quality relationships have implications for health in a variety of 
conditions [24], including cardiovascular disease risk and progression 
[42]. Influences on health behaviors and mental health are part of the 
mechanistic pathway [43,44]. At the same time, Kiecolt-Glaser uncov-
ered how relationship functioning may impact how the brain and body 
respond to food, particularly high-fat meals. In another within-couples 
design, a sample of 43 married couples completed one hospital visit in 
which they consumed a high saturated fat breakfast meal, and another 
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visit in which they consumed a meal with the same number of calories, 
but with high oleic sunflower oil content (less saturated fat). During 
both visits couples discussed a problem in the relationship 2 h after meal 
consumption. Higher hostility across both discussions was related to 
higher post-meal insulin, larger peak triglyceride response in partici-
pants with a history of mood disorders, and most notably, lower 
post-meal energy expenditure. These influences on metabolism – 
particularly lower resting energy expenditure, when extrapolated over 
the long-term, highlight a mechanism whereby distressed marriages 
increase risk for cardiometabolic diseases [45]. Another pathway may 
involve elevated inflammation due to increased gut permeability to 
bacteria. In the same sample, greater hostile behaviors were related to 
higher levels of circulating lipopolysaccharide-binding protein in blood. 
Lipopolysaccharides are large molecules that are found on the cell 
membranes of Gram-negative bacteria like E. coli and salmonella; high 
levels of the binding protein indicate greater translocation of 
Gram-negative bacteria from the gut into circulation (a “leakier gut”) 
and was also associated with elevated CRP [46]. 

3.2. Marital dissolution 

In the initial marriage studies [26,27], separated/divorced partici-
pants showed higher EBV antibody titers compared to married partici-
pants. In the sample of women, a subset who had recently separated in 
the past year showed higher EBV antibody titers compared to married 
women, and greater self-reported attachment to one’s ex-spouse was 
also related to higher EBV antibody titers. Men who initiated the 
divorce/separation showed lower EBV antibody titers compared to men 
who did not initiate the divorce/separation. This work provided the first 
evidence for biobehavioral mechanisms that could explain prior obser-
vations linking divorce to poor health [23]. However, except for a small 
study showing elevated salivary cortisol in the evening and higher 
cortisol during a dexamethasone suppression test in women undergoing 
divorce/separation compared to women in stable marriages, research on 
neuroendocrine and immune correlates of marital dissolution were 
non-existent in the late 1990’s and during the 2000’s. Instead, the 
directional arrow briefly turned towards testing associations between 
physiological responses to problem discussions early in marriage and 
separation/divorce later in the marriage. 

Motivated by work that used couples’ psychophysiological responses 
to viewing previous problem discussions to predict divorce six years 
later [47], Kiecolt-Glaser examined links between neuroendocrine re-
sponses in her sample of 90 newlywed couples and marital status out-
comes 10 years later [48]. With 100 % retention of the newlywed sample 
after 10 years, out of 90 couples, 17 couples had divorced (11 within the 
first 4 years of marriage). Rather than using newlywed measures to 
predict later divorce, which would have been prohibitive given the 
sample size and base rate of divorce, Kiecolt-Glaser focused on identi-
fying differences in measures during the first year of marriage between 
intact vs. eventually divorced couples.1 Intact vs. divorced couples did 
not differ in baseline sociodemographic or relationship characteristics 
(dating or cohabitation before marriage), marital satisfaction, time 
talking during the problem discussion task, hostile personality, or mood 
during the baseline newlywed visit. Regarding behaviors, husbands who 
eventually divorced showed greater probability of responding to wives’ 
hostile behavior with one’s own hostile behavior compared to husbands 
in intact marriages (no differences for women); and no other differences 
were observed related to other negative or positive behaviors during the 
problem discussion. 

Regarding physiology, in couples who eventually divorced, circu-
lating epinephrine was 34 % higher during the problem discussion 

compared to those who stayed married. In addition, a group × gender 
interaction for ACTH showed that wives who eventually divorced had 
higher ACTH compared to wives who stayed married; no differences 
were observed between husbands that eventually divorced or those in 
intact marriages. No differences in circulating norepinephrine, cardio-
vascular reactivity, or cortisol were observed during the problem dis-
cussion. Most likely reflecting the experience of being in a hospital unit 
for 24 h together, differences in daytime and overnight epinephrine 
were 22 % and 16 % higher, respectively, for couples who eventually 
divorced compared to those that stayed married. No differences were 
observed for daytime norepinephrine (though overnight norepinephrine 
was 16 % higher in eventually divorced couples) and cortisol. 

Since the initial studies in the 1980s, research on divorce and mor-
tality showed the most growth over the decades, in part because marital 
status is regularly recorded in large epidemiological studies. Indeed, in 
the most recent meta-analysis of divorce and mortality involving 104 
studies across 24 countries, and over 600 million respondents, divorce 
was related to a 30 % higher risk for mortality [49]. Theory and data 
continue to accumulate regarding mechanisms linking divorce to later 
poor health [50], and moderators that can help explain why some 
people are resilient in the face of this major life stressor, and why others 
are more vulnerable [51]. The challenges of long-term follow-up in 
samples of couples with behavioral and biological data early in marriage 
have limited the corpus of research predicting divorce from physiolog-
ical responses. One notable example collected cardiovascular and 
cortisol responses to a problem discussion in a sample of 68 couples 
participating in randomized trial of relationship distress prevention 
program [52]. The researchers also collected a measure of f0 (funda-
mental frequency), which corresponds to pitch in the human voice. A 
higher f0, and a greater range of f0 in recorded speech is related to higher 
emotional arousal, with small positive correlations with cardiovascular 
and cortisol reactivity during marital discussions [53]. Using statistical 
approaches specifically designed to prospectively test risk, Kliem et al. 
[52] predicted divorce status in the sample (22 couples divorced [32.5 
%] after 11 years) and time to divorce. For wives, higher f0 range during 
problem discussions predicted greater risk for divorce, and for husbands, 
higher baseline heart rate and larger increases in cortisol during dis-
cussion predicted greater risk for divorce (all were medium effect sizes, 
controlling for intervention condition). Coded behaviors did not predict 
divorce, and no measures predicted time to divorce. Thus, much like the 
intriguing Kiecolt-Glaser finding from the previous decade, objective 
physiological markers collected from couples during problem discus-
sions were systematically related to divorce outcomes. 

4. Suggested directions for “notching” inspired by Kiecolt- 
Glaser’s work 

Arborists can promote the growth of a new fruit tree branch by 
making a small cut in the bark just above a bud, known as “notching.” In 
this final section I suggest specific directions for notching new branches 
based on Kiecolt-Glaser’s work. Loneliness and social isolation are now 
recognized as a public health concern [54]. Main effect associations with 
depression [55] and mortality, and mixed findings with biological 
mechanisms like inflammation described earlier, suggest that the next 
branches in research on loneliness, biological mechanisms, and health 
should focus on “when” and “for whom” questions as well as moving 
from identifying biological mechanisms to intervention targets. Work by 
Kiecolt-Glaser’s group provided insights into “when” [stress exposures 
combined with pathogen exposure, 17] and “for whom” [persons with 
lower resting parasympathetic activity, 19]. Additional “for whom” 
factors may also include individuals who experienced exposure to early 
social adversity (socioeconomic and/or interpersonal), and “where” 
factors - structural factors that may impact social, microbial, and 
chemical exposures [56–58]. Ultimately, if inflammation continues to be 
a mechanism that explains why the “when,” “for whom,” and “where” 
factors increase risk for poor health in persons reporting high loneliness, 

1 Kiecolt-Glaser et al. (2003) also reported differences between couples that 
were highly satisfied vs. less satisfied at 10-year follow-up, but for brevity those 
findings are not reviewed here. 
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future work should consider focusing on those specific populations when 
testing behavioral and pharmacological interventions that can reduce 
inflammation [59]. 

Another “notch” involves findings from our meta-analysis on marital 
quality and health [24] that diverged from Kiecolt-Glaser’s conclusions 
of larger effects for women compared to men in her 2001 review [60]. In 
studies with a larger proportion of women in the sample, the effect size 
for better marital quality and better health was larger (though this effect 
was p = .051). However, in studies that directly tested gender differ-
ences in the association between marital quality and health, gender 
differences were not statistically significant (34 studies, p = .12). 
Findings for cardiovascular reactivity and HPA axis responses were also 
equivocal. That being said, in seven out of the 34 health outcome studies 
that reported statistically significant gender differences, five studies 
found larger effects for women compared to men. Moreover, associa-
tions between marital quality and cardiovascular disease-related sur-
rogate endpoints (e.g., blood pressure) were larger for women compared 
to men. 

In addition to transparency and providing meta-analytic synthesis of 
the literature, my primary motivations for highlighting those findings in 
the 2014 review was to draw attention to two key points: 1) Having 
adequate power to test gender differences, in light of the observed effect 
sizes and the need to test a statistical interaction [61], requires very 
large sample sizes (>1500); and 2) Most importantly, that the field 
would benefit by moving from testing binary gender differences to 
focusing on gender-related moderators that exist along a continuum. 
Indeed, one of the major contributions of Kiecolt-Glaser and Newton 
[60] was drawing attention to gender-related self-representations, traits, 
and roles as moderators of links between marital functioning and health. 
Wanic and Kulik [62] highlighted power differentials in society and 
within relationships as an alternative moderator. My hope was that our 
2014 review would encourage greater adoption of the constructs iden-
tified by Kiecolt-Glaser and Newton [60] and Wanic and Kulik [62] in 
future relationships and health research. 

While that hope has not yet been fulfilled, I note that measuring 
gender-related moderators like self-representations, traits, roles, and 
power differentials in future intimate relationships and health research 
has multiple benefits that extend beyond increasing statistical power. 
First, androgen and estrogen hormones have been traditionally excluded 
from most human PNE/PNI research [63], due in part to logistical 
barriers (additional assay costs, the potential requirement of multiple 
samples to capture estradiol and progesterone fluctuations across the 
menstrual phase) and the exclusion of female animals in preclinical 
research [64,65]. Incorporating gender-related constructs alongside sex 
hormone measurements can help disentangle the contributions of cul-
ture, societal structure, and biology that are oversimplified and 
conflated when relying on the gender binary as an independent variable 
or covariate [66]. Second, moving beyond the gender binary allows for a 
more inclusive science of relationships and health – namely allowing 
sexual and gender diverse couples to contribute to the larger corpus of 
data generated almost exclusively from opposite-sex, heterosexual, 
White middle-class couples [67,68]. Finally, because the antecedents of 
gender-linked self-representations, traits, roles, and power dynamics are 
rooted in culture, incorporating these constructs can enable diversifying 
the cultures and identities that are included in the science of relation-
ships and health. 

5. Concluding comments 

This contribution to the Festschrift issue celebrating Janice Kiecolt- 
Glaser’s career focused on the “seed” studies planted in the 1980s that 
identified key PNE and PNI foundations for research on loneliness, close 
relationships, and health. In addition, Kiecolt-Glaser’s work in these 
domains represented major conceptual and methodological advances in 
studying stress exposures (everyday, ubiquitous stress exposures like 
examination stress and relationship conflict), prescient methods that 

eventually became widespread decades later (inflammatory markers), 
fascinating findings on physiological responses to conflict discussions in 
the first year of marriage and associations with later divorce, and 
importantly demonstrated plausible health-relevant biological mecha-
nisms in humans (inflammation and wound healing, metabolic re-
sponses to high-fat meals, intestinal permeability). Along the way, 
Kiecolt-Glaser and her research group made important conceptual con-
tributions to how loneliness interacts with other “when” and “for whom” 
factors to influence health, and how gender-linked constructs may 
explain observed gender differences in the links between marital func-
tioning, physiology, and health. Increased empirical attention to the 
latter has the potential to grow more diverse and inclusive orchards of 
research on social relationships, PNE, PNI, and health. 

CRediT authorship contribution statement 

Theodore F. Robles: Writing – review & editing, Writing – original 
draft, Conceptualization. 

Declaration of competing interest 

None. 

References 

[1] J.K. Kiecolt-Glaser, R. Glaser, Psychoneuroimmunology: past, present, and future, 
Health Psychol. 8 (1989) 677–682, https://doi.org/10.1037/0278-6133.8.6.677. 

[2] R. Ader, On the development of psychoneuroimmunology, Eur. J. Pharmacol. 405 
(2000) 167–176, https://doi.org/10.1016/S0014-2999(00)00550-1. 

[3] T.H. Holmes, R.H. Rahe, The social readjustment rating scale, J. Psychosom. Res. 
11 (1967) 213–218, https://doi.org/10.1016/0022-3999(67)90010-4. 

[4] R. Glaser, Stress-associated immune dysregulation and its importance for human 
health: a personal history of psychoneuroimmunology, Brain Behav. Immun. 19 
(2005) 3–11, https://doi.org/10.1016/j.bbi.2004.06.003. 

[5] Award for Distinguished Scientific Contributions, Janice K. Kiecolt-Glaser, Am. 
Psychol. 73 (2018) 1095–1097, https://doi.org/10.1037/amp0000377. 

[6] J.T. Cacioppo, L.C. Hawkley, L.E. Crawford, J.M. Ernst, M.H. Burleson, R. 
B. Kowalewski, W.B. Malarkey, E. Van Cauter, G.G. Berntson, Loneliness and 
health: potential mechanisms, Psychosom. Med. 64 (2002) 407–417, https://doi. 
org/10.1097/00006842-200205000-00005. 

[7] D. Russell, L.A. Peplau, C.E. Cutrona, The revised UCLA Loneliness Scale: 
concurrent and discriminant validity evidence, J. Pers. Soc. Psychol. 39 (1980) 
472–480, https://doi.org/10.1037/0022-3514.39.3.472. 

[8] J.K. Kiecolt-Glaser, W. Garner, C. Speicher, G.M. Penn, J. Holliday, R. Glaser, 
Psychosocial modifiers of immunocompetence in medical students, Psychosom. 
Med. 46 (1984) 7–14, https://doi.org/10.1097/00006842-198401000-00003. 

[9] R. Glaser, E.C. Strain, K.L. Tarr, J.E. Holliday, R.L. Donnerberg, J.K. Kiecolt-Glaser, 
Changes in Epstein-Barr virus antibody titers associated with aging, Exp. Biol. Med. 
179 (1985) 352–355, https://doi.org/10.3181/00379727-179-42108. 

[10] J.K. Kiecolt-Glaser, D. Ricker, J. George, G. Messick, C.E. Speicher, W. Garner, 
R. Glaser, Urinary Cortisol Levels, Cellular immunocompetency, and loneliness in 
psychiatric inpatients, Psychosom. Med. 46 (1984) 15–23, https://doi.org/ 
10.1097/00006842-198401000-00004. 

[11] J.T. Cacioppo, J.M. Ernst, M.H. Burleson, M.K. McClintock, W.B. Malarkey, L. 
C. Hawkley, R.B. Kowalewski, A. Paulsen, J.A. Hobson, K. Hugdahl, D. Spiegel, G. 
G. Berntson, Lonely traits and concomitant physiological processes: the MacArthur 
social neuroscience studies, Int. J. Psychophysiol. 35 (2000) 143–154, https://doi. 
org/10.1016/S0167-8760(99)00049-5. 

[12] A. Steptoe, N. Owen, S.R. Kunz-Ebrecht, L. Brydon, Loneliness and neuroendocrine, 
cardiovascular, and inflammatory stress responses in middle-aged men and 
women, Psychoneuroendocrinology 29 (2004) 593–611, https://doi.org/10.1016/ 
S0306-4530(03)00086-6. 

[13] S.W. Cole, L.C. Hawkley, J.M. Arevalo, C.Y. Sung, R.M. Rose, J.T. Cacioppo, Social 
regulation of gene expression in human leukocytes, Genome Biol. 8 (2007) R189, 
https://doi.org/10.1186/gb-2007-8-9-r189. 

[14] K.J. Smith, S. Gavey, N.E. RIddell, P. Kontari, C. Victor, The association between 
loneliness, social isolation and inflammation: a systematic review and meta- 
analysis, Neurosci. Biobehav. Rev. 112 (2020) 519–541, https://doi.org/10.1016/ 
j.neubiorev.2020.02.002. 

[15] F. Wang, Y. Gao, Z. Han, Y. Yu, Z. Long, X. Jiang, Y. Wu, B. Pei, Y. Cao, J. Ye, 
M. Wang, Y. Zhao, A systematic review and meta-analysis of 90 cohort studies of 
social isolation, loneliness and mortality, Nat. Human Behav. 7 (2023) 1307–1319, 
https://doi.org/10.1038/s41562-023-01617-6. 

[16] J. Holt-Lunstad, T.B. Smith, M. Baker, T. Harris, D. Stephenson, Loneliness and 
social isolation as risk factors for mortality, Perspect. Psychol. Sci. 10 (2015) 
227–237, https://doi.org/10.1177/1745691614568352. 

T.F. Robles                                                                                                                                                                                                                                       

https://doi.org/10.1037/0278-6133.8.6.677
https://doi.org/10.1016/S0014-2999(00)00550-1
https://doi.org/10.1016/0022-3999(67)90010-4
https://doi.org/10.1016/j.bbi.2004.06.003
https://doi.org/10.1037/amp0000377
https://doi.org/10.1097/00006842-200205000-00005
https://doi.org/10.1097/00006842-200205000-00005
https://doi.org/10.1037/0022-3514.39.3.472
https://doi.org/10.1097/00006842-198401000-00003
https://doi.org/10.3181/00379727-179-42108
https://doi.org/10.1097/00006842-198401000-00004
https://doi.org/10.1097/00006842-198401000-00004
https://doi.org/10.1016/S0167-8760(99)00049-5
https://doi.org/10.1016/S0167-8760(99)00049-5
https://doi.org/10.1016/S0306-4530(03)00086-6
https://doi.org/10.1016/S0306-4530(03)00086-6
https://doi.org/10.1186/gb-2007-8-9-r189
https://doi.org/10.1016/j.neubiorev.2020.02.002
https://doi.org/10.1016/j.neubiorev.2020.02.002
https://doi.org/10.1038/s41562-023-01617-6
https://doi.org/10.1177/1745691614568352


Comprehensive Psychoneuroendocrinology 19 (2024) 100247

5

[17] L.M. Jaremka, C.P. Fagundes, J. Peng, J.M. Bennett, R. Glaser, W.B. Malarkey, J. 
K. Kiecolt-Glaser, Loneliness promotes inflammation during acute stress, Psychol. 
Sci. 24 (2013) 1089–1097, https://doi.org/10.1177/0956797612464059. 

[18] L.M. Jaremka, M.E. Lindgren, J.K. Kiecolt-Glaser, Synergistic relationships among 
stress, depression, and troubled relationships: insights from 
psychoneuroimmunology, Depress. Anxiety 30 (2013) 288–296, https://doi.org/ 
10.1002/da.22078. 

[19] S.J. Wilson, A. Woody, A.C. Padin, J. Lin, W.B. Malarkey, J.K. Kiecolt-Glaser, 
Loneliness and telomere length: immune and parasympathetic function in 
associations with accelerated aging, Ann. Behav. Med. 53 (2019) 541–550, https:// 
doi.org/10.1093/abm/kay064. 

[20] A.A. Madison, R. Andridge, M.R. Shrout, M.E. Renna, J.M. Bennett, L.M. Jaremka, 
C.P. Fagundes, M.A. Belury, W.B. Malarkey, J.K. Kiecolt-Glaser, Frequent 
interpersonal stress and inflammatory reactivity predict depressive-symptom 
increases: two tests of the social-signal-transduction theory of depression, Psychol. 
Sci. 33 (2022) 152–164, https://doi.org/10.1177/09567976211031225. 

[21] L.M. Jaremka, C.P. Fagundes, R. Glaser, J.M. Bennett, W.B. Malarkey, J.K. Kiecolt- 
Glaser, Loneliness predicts pain, depression, and fatigue: understanding the role of 
immune dysregulation, Psychoneuroendocrinology 38 (2013) 1310–1317, https:// 
doi.org/10.1016/j.psyneuen.2012.11.016. 

[22] L.M. Jaremka, R.R. Andridge, C.P. Fagundes, C.M. Alfano, S.P. Povoski, A. 
M. Lipari, D.M. Agnese, M.W. Arnold, W.B. Farrar, L.D. Yee, W.E. Carson, T. Bekaii- 
Saab, E.W. Martin, C.R. Schmidt, J.K. Kiecolt-Glaser, Pain, depression, and fatigue: 
loneliness as a longitudinal risk factor, Health Psychol. 33 (2014) 948–957, 
https://doi.org/10.1037/a0034012. 

[23] B. Burman, G. Margolin, Analysis of the association between marital relationships 
and health problems: an interactional perspective, Psychol. Bull. 112 (1992) 
39–63, https://doi.org/10.1037/0033-2909.112.1.39. 

[24] T.F. Robles, R.B. Slatcher, J.M. Trombello, M.M. McGinn, Marital quality and 
health: a meta-analytic review, Psychol. Bull. 140 (2014) 140–187, https://doi. 
org/10.1037/a0031859. 

[25] B.R. Karney, T.N. Bradbury, Research on marital satisfaction and stability in the 
2010s: challenging conventional wisdom, J. Marriage Fam. 82 (2020) 100–116, 
https://doi.org/10.1111/jomf.12635. 

[26] J.K. Kiecolt-Glaser, L.D. Fisher, P. Ogrocki, J.C. Stout, C.E. Speicher, R. Glaser, 
Marital quality, marital disruption, and immune function, Psychosom. Med. 49 
(1987) 13–34, https://doi.org/10.1097/00006842-198701000-00002. 

[27] J.K. Kiecolt-Glaser, S. Kennedy, S. Malkoff, L. Fisher, C.E. Speicher, R. Glaser, 
Marital discord and immunity in males, Psychosom. Med. 50 (1988) 213–229, 
https://doi.org/10.1097/00006842-198805000-00001. 

[28] W.B. Malarkey, J.K. Kiecolt-Glaser, D. Pearl, R. Glaser, Hostile behavior during 
marital conflict alters pituitary and adrenal hormones, Psychosom. Med. 56 (1994) 
41–51, https://doi.org/10.1097/00006842-199401000-00006. 

[29] J.K. Kiecolt-Glaser, W.B. Malarkey, M. Chee, T. Newton, J.T. Cacioppo, H.Y. Mao, 
R. Glaser, Negative behavior during marital conflict is associated with 
immunological down-regulation, Psychosom. Med. 55 (1993) 395–409, https:// 
doi.org/10.1097/00006842-199309000-00001. 

[30] J.K. Kiecolt-Glaser, R. Glaser, Methodological issues in behavioral immunology 
research with humans, Brain Behav. Immun. 2 (1988) 67–78, https://doi.org/ 
10.1016/0889-1591(88)90007-4. 

[31] R.E. Heyman, Observation of couple conflicts: clinical assessment applications, 
stubborn truths, and shaky foundations, Psychol. Assess. 13 (2001) 5–35, https:// 
doi.org/10.1037/1040-3590.13.1.5. 

[32] J.K. Kiecolt-Glaser, R. Glaser, J.T. Cacioppo, R.C. MacCallum, M. Snydersmith, 
C. Kim, W.B. Malarkey, Marital conflict in older adults: endocrinological and 
immunological correlates, Psychosom. Med. 59 (1997) 339–349, https://doi.org/ 
10.1097/00006842-199707000-00001. 

[33] J.K. Kiecolt-Glaser, T. Newton, J.T. Cacioppo, R.C. MacCallum, R. Glaser, W. 
B. Malarkey, Marital conflict and endocrine function: are men really more 
physiologically affected than women? J. Consult. Clin. Psychol. 64 (1996) 
324–332, https://doi.org/10.1037/0022-006X.64.2.324. 

[34] T.F. Robles, V.A. Shaffer, W.B. Malarkey, J.K. Kiecolt-Glaser, Positive behaviors 
during marital conflict: influences on stress hormones, J. Soc. Pers. Relat. 23 
(2006) 305–325, https://doi.org/10.1177/0265407506062482. 

[35] M.E. Kemeny, An interdisciplinary research model to investigate psychosocial 
cofactors in disease: application to HIV-1 pathogenesis, Brain Behav. Immun. 17 
(2003) 62–72, https://doi.org/10.1016/S0889-1591(02)00069-7. 

[36] S.C. Segerstrom, G.E. Miller, Psychological stress and the human immune system: a 
meta-analytic study of 30 years of inquiry, Psychol. Bull. 130 (2004) 601–630, 
https://doi.org/10.1037/0033-2909.130.4.601. 

[37] R. Glaser, J.K. Kiecolt-Glaser, Stress-induced immune dysfunction: implications for 
health, Nat. Rev. Immunol. 5 (2005) 243–251, https://doi.org/10.1038/nri1571. 

[38] J.K. Kiecolt-Glaser, G.G. Page, P.T. Marucha, R.C. MacCallum, R. Glaser, 
Psychological influences on surgical recovery: perspectives from 
psychoneuroimmunology, Am. Psychol. 53 (1998) 1209–1218, https://doi.org/ 
10.1037/0003-066X.53.11.1209. 

[39] R. Glaser, J.K. Kiecolt-Glaser, P.T. Marucha, R.C. MacCallum, B.F. Laskowski, W. 
B. Malarkey, Stress-related changes in proinflammatory cytokine production in 
wounds, Arch. Gen. Psychiatr. 56 (1999) 450, https://doi.org/10.1001/ 
archpsyc.56.5.450. 

[40] J.K. Kiecolt-Glaser, T.J. Loving, J.R. Stowell, W.B. Malarkey, S. Lemeshow, S. 
L. Dickinson, R. Glaser, Hostile marital interactions, proinflammatory cytokine 
production, and wound healing, Arch. Gen. Psychiatr. 62 (2005) 1377, https://doi. 
org/10.1001/archpsyc.62.12.1377. 

[41] M.R. Shrout, M.E. Renna, A.A. Madison, W.B. Malarkey, J.K. Kiecolt-Glaser, 
Marital negativity’s festering wounds: the emotional, immunological, and 

relational toll of couples’ negative communication patterns, 
Psychoneuroendocrinology 149 (2023) 105989, https://doi.org/10.1016/j. 
psyneuen.2022.105989. 

[42] T.W. Smith, Intimate relationships and coronary heart disease: implications for 
risk, prevention, and patient management, Curr. Cardiol. Rep. 24 (2022) 761–774, 
https://doi.org/10.1007/s11886-022-01695-4. 

[43] J.K. Kiecolt-Glaser, S.J. Wilson, Lovesick: how couples’ relationships influence 
health, Annu. Rev. Clin. Psychol. 13 (2017) 421–443, https://doi.org/10.1146/ 
annurev-clinpsy-032816-045111. 

[44] P.N.E. Roberson, R.L. Shorter, S. Woods, J. Priest, How health behaviors link 
romantic relationship dysfunction and physical health across 20 years for middle- 
aged and older adults, Soc. Sci. Med. 201 (2018) 18–26, https://doi.org/10.1016/j. 
socscimed.2018.01.037. 

[45] J.K. Kiecolt-Glaser, L. Jaremka, R. Andridge, J. Peng, D. Habash, C.P. Fagundes, 
R. Glaser, W.B. Malarkey, M.A. Belury, Marital discord, past depression, and 
metabolic responses to high-fat meals: interpersonal pathways to obesity, 
Psychoneuroendocrinology 52 (2015) 239–250, https://doi.org/10.1016/j. 
psyneuen.2014.11.018. 

[46] J.K. Kiecolt-Glaser, S.J. Wilson, M.L. Bailey, R. Andridge, J. Peng, L.M. Jaremka, C. 
P. Fagundes, W.B. Malarkey, B. Laskowski, M.A. Belury, Marital distress, 
depression, and a leaky gut: translocation of bacterial endotoxin as a pathway to 
inflammation, Psychoneuroendocrinology 98 (2018) 52–60, https://doi.org/ 
10.1016/j.psyneuen.2018.08.007. 

[47] J.M. Gottman, J. Coan, S. Carrere, C. Swanson, Predicting marital happiness and 
stability from newlywed interactions, J. Marriage Fam. 60 (1998) 5, https://doi. 
org/10.2307/353438. 

[48] J.K. Kiecolt-Glaser, C. Bane, R. Glaser, W.B. Malarkey, Love, marriage, and divorce: 
newlyweds’ stress hormones foreshadow relationship changes, J. Consult. Clin. 
Psychol. 71 (2003) 176–188, https://doi.org/10.1037/0022-006X.71.1.176. 

[49] E. Shor, D.J. Roelfs, P. Bugyi, J.E. Schwartz, Meta-analysis of marital dissolution 
and mortality: reevaluating the intersection of gender and age, Soc. Sci. Med. 75 
(2012) 46–59, https://doi.org/10.1016/j.socscimed.2012.03.010. 

[50] D.A. Sbarra, J.A. Coan, Divorce and health: good data in need of better theory, Curr 
Opin Psychol 13 (2017) 91–95, https://doi.org/10.1016/j.copsyc.2016.05.014. 

[51] D.A. Sbarra, Divorce and health, Psychosom. Med. 77 (2015) 227–236, https://doi. 
org/10.1097/PSY.0000000000000168. 

[52] S. Kliem, S. Weusthoff, K. Hahlweg, K.J.W. Baucom, B.R. Baucom, Predicting long- 
term risk for relationship dissolution using nonparametric conditional survival 
trees, J. Fam. Psychol. 29 (2015) 807–817, https://doi.org/10.1037/fam0000134. 

[53] S. Weusthoff, B.R. Baucom, K. Hahlweg, Fundamental frequency during couple 
conflict: an analysis of physiological, behavioral, and sex-linked information 
encoded in vocal expression, J. Fam. Psychol. 27 (2013) 212–220, https://doi.org/ 
10.1037/a0031887. 

[54] Office of the Surgeon General, Our Epidemic of Loneliness and Isolation: the U.S. 
Surgeon General’s Advisory on the Healing Effects of Social Connection and 
Community, 2023. Washington, DC. 

[55] D.A. Sbarra, F.A. Ramadan, K.W. Choi, J.L. Treur, D.F. Levey, R.E. Wootton, M. 
B. Stein, J. Gelernter, Y.C. Klimentidis, Loneliness and depression: bidirectional 
mendelian randomization analyses using data from three large genome-wide 
association studies, Mol. Psychiatr. 28 (2023) 4594–4601, https://doi.org/ 
10.1038/s41380-023-02259-w. 

[56] T.F. Robles, Annual Research Review: social relationships and the immune system 
during development, JCPP (J. Child Psychol. Psychiatry) 62 (2021) 539–559, 
https://doi.org/10.1111/jcpp.13350. 

[57] L.M. Diamond, J. Alley, Rethinking minority stress: a social safety perspective on 
the health effects of stigma in sexually-diverse and gender-diverse populations, 
Neurosci. Biobehav. Rev. 138 (2022) 104720, https://doi.org/10.1016/j. 
neubiorev.2022.104720. 

[58] G.M. Slavich, L.G. Roos, S. Mengelkoch, C.A. Webb, E.C. Shattuck, D.P. Moriarity, 
J.C. Alley, Social Safety Theory: conceptual foundation, underlying mechanisms, 
and future directions, Health Psychol. Rev. 17 (2023) 5–59, https://doi.org/ 
10.1080/17437199.2023.2171900. 

[59] J.K. Kiecolt-Glaser, H.M. Derry, C.P. Fagundes, Inflammation: depression fans the 
flames and feasts on the heat, Am. J. Psychiatr. 172 (2015) 1075–1091, https:// 
doi.org/10.1176/appi.ajp.2015.15020152. 

[60] J.K. Kiecolt-Glaser, T.L. Newton, Marriage and health: his and hers, Psychol. Bull. 
127 (2001) 472–503, https://doi.org/10.1037/0033-2909.127.4.472. 

[61] N. Sommet, D.L. Weissman, N. Cheutin, A.J. Elliot, How many participants do i 
need to test an interaction? Conducting an appropriate power analysis and 
achieving sufficient power to detect an interaction, Adv Methods Pract Psychol Sci 
6 (2023), https://doi.org/10.1177/25152459231178728. 

[62] R. Wanic, J. Kulik, Toward an understanding of gender differences in the impact of 
marital conflict on health, Sex. Roles 65 (2011) 297–312, https://doi.org/ 
10.1007/s11199-011-9968-6. 

[63] S.M. van Anders, K.L. Goldey, S.N. Bell, Measurement of testosterone in human 
sexuality research: methodological considerations, Arch. Sex. Behav. 43 (2014) 
231–250, https://doi.org/10.1007/s10508-013-0123-z. 

[64] A.K. Beery, I. Zucker, Sex bias in neuroscience and biomedical research, Neurosci. 
Biobehav. Rev. 35 (2011) 565–572, https://doi.org/10.1016/j. 
neubiorev.2010.07.002. 

[65] G. Jasienska, M. Jasienski, Interpopulation, interindividual, intercycle, and 
intracycle natural variation in progesterone levels: a quantitative assessment and 
implications for population studies, Am. J. Hum. Biol. 20 (2008) 35–42, https:// 
doi.org/10.1002/ajhb.20686. 

T.F. Robles                                                                                                                                                                                                                                       

https://doi.org/10.1177/0956797612464059
https://doi.org/10.1002/da.22078
https://doi.org/10.1002/da.22078
https://doi.org/10.1093/abm/kay064
https://doi.org/10.1093/abm/kay064
https://doi.org/10.1177/09567976211031225
https://doi.org/10.1016/j.psyneuen.2012.11.016
https://doi.org/10.1016/j.psyneuen.2012.11.016
https://doi.org/10.1037/a0034012
https://doi.org/10.1037/0033-2909.112.1.39
https://doi.org/10.1037/a0031859
https://doi.org/10.1037/a0031859
https://doi.org/10.1111/jomf.12635
https://doi.org/10.1097/00006842-198701000-00002
https://doi.org/10.1097/00006842-198805000-00001
https://doi.org/10.1097/00006842-199401000-00006
https://doi.org/10.1097/00006842-199309000-00001
https://doi.org/10.1097/00006842-199309000-00001
https://doi.org/10.1016/0889-1591(88)90007-4
https://doi.org/10.1016/0889-1591(88)90007-4
https://doi.org/10.1037/1040-3590.13.1.5
https://doi.org/10.1037/1040-3590.13.1.5
https://doi.org/10.1097/00006842-199707000-00001
https://doi.org/10.1097/00006842-199707000-00001
https://doi.org/10.1037/0022-006X.64.2.324
https://doi.org/10.1177/0265407506062482
https://doi.org/10.1016/S0889-1591(02)00069-7
https://doi.org/10.1037/0033-2909.130.4.601
https://doi.org/10.1038/nri1571
https://doi.org/10.1037/0003-066X.53.11.1209
https://doi.org/10.1037/0003-066X.53.11.1209
https://doi.org/10.1001/archpsyc.56.5.450
https://doi.org/10.1001/archpsyc.56.5.450
https://doi.org/10.1001/archpsyc.62.12.1377
https://doi.org/10.1001/archpsyc.62.12.1377
https://doi.org/10.1016/j.psyneuen.2022.105989
https://doi.org/10.1016/j.psyneuen.2022.105989
https://doi.org/10.1007/s11886-022-01695-4
https://doi.org/10.1146/annurev-clinpsy-032816-045111
https://doi.org/10.1146/annurev-clinpsy-032816-045111
https://doi.org/10.1016/j.socscimed.2018.01.037
https://doi.org/10.1016/j.socscimed.2018.01.037
https://doi.org/10.1016/j.psyneuen.2014.11.018
https://doi.org/10.1016/j.psyneuen.2014.11.018
https://doi.org/10.1016/j.psyneuen.2018.08.007
https://doi.org/10.1016/j.psyneuen.2018.08.007
https://doi.org/10.2307/353438
https://doi.org/10.2307/353438
https://doi.org/10.1037/0022-006X.71.1.176
https://doi.org/10.1016/j.socscimed.2012.03.010
https://doi.org/10.1016/j.copsyc.2016.05.014
https://doi.org/10.1097/PSY.0000000000000168
https://doi.org/10.1097/PSY.0000000000000168
https://doi.org/10.1037/fam0000134
https://doi.org/10.1037/a0031887
https://doi.org/10.1037/a0031887
http://refhub.elsevier.com/S2666-4976(24)00023-7/sref54
http://refhub.elsevier.com/S2666-4976(24)00023-7/sref54
http://refhub.elsevier.com/S2666-4976(24)00023-7/sref54
https://doi.org/10.1038/s41380-023-02259-w
https://doi.org/10.1038/s41380-023-02259-w
https://doi.org/10.1111/jcpp.13350
https://doi.org/10.1016/j.neubiorev.2022.104720
https://doi.org/10.1016/j.neubiorev.2022.104720
https://doi.org/10.1080/17437199.2023.2171900
https://doi.org/10.1080/17437199.2023.2171900
https://doi.org/10.1176/appi.ajp.2015.15020152
https://doi.org/10.1176/appi.ajp.2015.15020152
https://doi.org/10.1037/0033-2909.127.4.472
https://doi.org/10.1177/25152459231178728
https://doi.org/10.1007/s11199-011-9968-6
https://doi.org/10.1007/s11199-011-9968-6
https://doi.org/10.1007/s10508-013-0123-z
https://doi.org/10.1016/j.neubiorev.2010.07.002
https://doi.org/10.1016/j.neubiorev.2010.07.002
https://doi.org/10.1002/ajhb.20686
https://doi.org/10.1002/ajhb.20686


Comprehensive Psychoneuroendocrinology 19 (2024) 100247

6

[66] J.S. Hyde, R.S. Bigler, D. Joel, C.C. Tate, S.M. van Anders, The future of sex and 
gender in psychology: five challenges to the gender binary, Am. Psychol. 74 (2019) 
171–193, https://doi.org/10.1037/amp0000307. 

[67] K.W. Springer, O. Hankivsky, L.M. Bates, Gender and health: relational, 
intersectional, and biosocial approaches, Soc. Sci. Med. 74 (2012) 1661–1666, 
https://doi.org/10.1016/j.socscimed.2012.03.001. 

[68] H.C. Williamson, J.X. Bornstein, V. Cantu, O. Ciftci, K.A. Farnish, M. 
T. Schouweiler, How diverse are the samples used to study intimate relationships? 
A systematic review, J. Soc. Pers. Relat. 39 (2022) 1087–1109, https://doi.org/ 
10.1177/02654075211053849. 

T.F. Robles                                                                                                                                                                                                                                       

https://doi.org/10.1037/amp0000307
https://doi.org/10.1016/j.socscimed.2012.03.001
https://doi.org/10.1177/02654075211053849
https://doi.org/10.1177/02654075211053849

	Interpersonal relationships, PNI, and health: Seeds in the 1980s, fruiting trees today
	1 Interpersonal relationships, PNI, and health: Seeds in the 1980s, orchards today
	2 Loneliness
	3 Marital relationships
	3.1 Marital quality
	3.2 Marital dissolution

	4 Suggested directions for “notching” inspired by Kiecolt-Glaser’s work
	5 Concluding comments
	CRediT authorship contribution statement
	Declaration of competing interest
	References


