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Abstract

Conjugal bereavement, which is considered as one of the most intense psychosocial stressors, has been studied
extensively for the last three decades. However, despite the wealth of data indicating the deleterious consequences
of the death of a spouse, the process by which bereavement is translated into ill health and increased mortality
remains unclear. Prior research has shown that not all individuals undergoing conjugal bereavement are equally
affected. Increased morbidity is more likely to be observed in the young-old group, and those who are not able to
cope with grief adaptively. A careful examination of the literature identifies two major issues that have not yet been
addressed adequately. The first relates to the elusive physiological mechanisms underlying bereavement-induced
morbidity. The second concerns the exclusive focus on vulnerability in prior research, which results in a lack of
understanding of the factors facilitating better adjustment. This paper addresses the two issues, and puts forward a

psychoneuroendocrine model to inform future research.
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Introduction

Spousal bereavement is considered as one of the most intense
stressors requiring substantial life readjustment [1]. The consequences
for physical health of the loss of a spouse have been studied extensively
over the last three decades. Summarizing findings from 13 longitudinal
studies published since 1999, Stroebe et al. [2] pointed out that an
increase in morbidity is consistently observed in the early months of
bereavement, and that young-old widowers is the most vulnerable
subgroup. The risk of a new or worsened illness increases in the early
months after loss, but decreases after six months. Excessive mortality is
also observed during the early months after bereavement but decreases
over time. The causes of mortality among the bereaved are various, and
include suicide. Despite the significance of the aforementioned data,
several dimensions of the relationship between conjugal bereavement
and physical ill health have received relatively little attention. The
first concerns the psychophysiological mechanisms that mediate loss-
induced morbidity. Despite three decades” worth of research in this
area, the process by which bereavement is translated into physical
ill health is still not completely understood. Second, as the existing
research has focused exclusively on vulnerability factors, few insights
have been gained into the factors that confer resilience on the bereaved.
Although it is now widely appreciated that both risk and resilience
factors determine the trajectory of adaptation to bereavement,
relatively few studies have addressed resilience in this context. I will
address these gaps in the literature in the following and propose a
psychoneuroendocrine model of resilience to inform future research
directions.

Physiological Changes Following Exposure to Chronic
Stressors

The physiological consequences and physical health implications of
conjugal bereavement have been studied extensively over the last three
decades. This stressor was conceptualized as an intense and chronic
stressor inducing detectable changes in the immune and endocrine
systems [3]. The physiological impact of conjugal bereavement may

follow two major pathways: nonspecific and specific. In response to a
stressor, a number of physiological changes are set in motion to allow
the individual to cope with the stressor. These major physiological
changes are initiated by the activation of the hypothalamic-pituitary-a
drenocortical (HPA) axis and the sympathetic-adrenomedullary (SAM)
axis [4]. Despite the adaptive nature of these physiological responses,
prolonged activation of the aforementioned two axis results in chronic
secretion of glucocorticoid and catecholamines. As a variety of immune
cells exhibit receptors for cortisol and catecholamines, the chronic
secretion of these neuroendocrine products may dysregulate immune
function by changing cellular trafficking and proliferation, cytokine
secretion, antibody production, and cytolytic activity, among others [5].
According to a recent review, the altered physiological state induced by
bereavement is characterized by an elevation in cortisol and immune
imbalance, which may account for the increase in cardiovascular risk
in early bereavement [6]. However, not all individuals respond to the
same stressor in an identical way. Superimposed upon the non-specific
endocrine and immune changes are a set of specific changes associated
with stable individual differences and/or variation in coping with a
particular stressor [7]. For instance, there is evidence showing that
failure in coping with bereavement results in complicated grief having
deleterious endocrinological effects as indexed by dysregulation in the
diurnal rhythm of cortisol [8]. Moreover, individuals with a harm-
avoidant temperament have been shown to be more likely to exhibit
dysregulation in endocrine and immune function following spousal
bereavement [3].
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Physiological Changes during Bereavement

The findings of a handful of early longitudinal studies substantiated
the association between conjugal bereavement and suppressed
immunity in the early months of bereavement, as indexed by attenuated
blastogenic responses to mitogens during this period [9]. Although
these findings have been replicated in a recent study, the physical-health
implications of the transient down-regulation of immune function
is unclear, as indicated by results of studies examining the impact of
immunological changes on physical health in bereaved spouses [3,10].
Comparing subgroups of the conjugally bereaved, Zisook et al. [11]
found that only widows with major depressive syndromes exhibited
impaired immune function as reflected by an attenuation in NK cell
activity and blastogenic responses to mitogens. O’Connor et al. [8] have
reported that women who experience the loss of a mother or sister and
exhibit complicated grief (CG) have a flatter diurnal cortisol slope than
their same-sex peers who do not exhibit CG. However, this finding may
not be extended in a simple fashion to conjugal bereavement because
the trajectory of adaptation varies with the type of lost relationship
[2]. A recent study has shown an increased level of proinflammatory
cytokines in bereaved spouses in comparison to matched controls [12],
but the question of whether the increase in circulating inflammatory
markers would actually increase the incidence of inflammatory diseases
in the bereaved participants has not been addressed in the study. Taken
together, these findings suggest that dysregulation in immune and
neuroendocrine function is more accurately predicted by psychological
maladjustment to bereavement than by loss per se. However, there is
no direct evidence showing that short-term alterations in immune
or neuroendocrine function contribute significantly to the excessive
morbidity observed in the bereaved.

In Search of a Reliable Health Outcome in Conjugal
Bereavement

One possible explanation for the lack of a relationship observed
between changes in immune/endocrine parameters and health
status is that prior studies relied heavily on self-reported measures
of health outcomes whose links to specific immune or endocrine
parameters are unclear. In order to identify and examine the
neuroendocrine mechanisms mediating the health consequences of
conjugal bereavement, a new paradigm is needed to link loss-induced
physiological changes to an objective health outcome that can be
monitored and assessed longitudinally. Recent advances in wound-
healing research have shown clearly that the healing of experimental
cutaneous wounds is a reliable and valid index of health outcome in
the context of chronic stress. Psychosocial factors influence the healing
of cutaneous wounds in animals as well as humans [13]. Exposure
to everyday stressors [14] and/or chronic stressors tends to delay
healing whereas social support has been shown to promote healing
[15]. Crucially, as pointed out by Broadbent and Koschwanez [16],
wound healing is itself a health outcome, and thus provides more
direct and valid information than other biomarkers of health. As the
immunological and endocrine mechanisms mediating wound healing
have been clearly delineated [17], wound healing enables researchers
to study both health outcomes and their mediating physiological
mechanisms at the same time. In addition, the progress in the healing
of experimental cutaneous wounds can be assessed reliably by using
ultrasound scans that allows researchers to measure accurately the
change in wound diameter over time [18].

It is now known that cortisol [19], the end product of the

hypothalamic-pituitary-adrenal (HPA) axis, and proinflammatory
cytokines [20] are interactively involved in wound healing in humans.
Psychological stress delays wound healing by shifting the cytokine
balance towards a Th2 profile that is associated with antibody
production rather than cell-mediated immune activities [13].The HPA
axis is one of the major pathways through which this effect is produced
[5]. The stress-induced increase in the production of cortisol causes
a decrease in the local production of proinflammatory cytokines,
thereby attenuates the initial inflammatory phase of the repair process
[20]. Impairment in the early response will disrupt the entire healing
process. However, despite the apparent superiority of wound healing
to other biomarkers/measures of health, this measure has not been
adopted in research on spousal bereavement.

Control of Cortisol Secretory Activity

One of the major challenges of studying the mediating effect of
cortisol on stress and health outcomes is the establishment of reliable
indices of cortisol secretory activity. The release of cortisol into the blood
stream is a result of a cascade initiated in the hypothalamus. Specifically,
the corticotropin-releasing-hormone (CRH) is synthesized in and
released by the paraventricular nucleus (PVN) of the hypothalamus
into the portal blood circulation. When the CRH reaches the anterior
pituitary gland, it stimulates the secretion of adrenocorticotropic
hormone (ACTH). ACTH enters the systemic blood circulation, and
stimulates the synthesis and secretion of glucocorticoids, with cortisol
being the main glucocorticoid in humans [21]. Cortisol has profound
effects on glucose metabolism, helps to make fat available for energy, and
modulate the immune responses, among other physiological functions
that it regulates [22]. Exposure to psychosocial stress intensifies the
activity of the HPA axis, which results in an increase in the secretion of
cortisol to maintain homeostasis. This increase in cortisol secretion is
controlled by a negative feedback mechanism which detects increased
cortisol level by receptors located in multiple brain regions such as
the hypothalamus, the hippocampus, and the pituitary gland [22,23].
Although the cortisol response to psychosocial stressors is adaptive,
chronic elevation of this hormone has been shown to lead to a number
of pathological conditions such as psychiatric disorders, cardiovascular
diseases, and type 2 diabetes [24].

Measuring Cortisol Secretory Activity

The basal level of HPA axis activity follows a well-documented
diurnal rhythm with several episodes of high-amplitude secretion.
Cortisol secretion peaks within 60 minutes after waking and declines
thereafter until reaching the nadir around midnight. Recent evidence
suggests that the Cortisol Awakening Response (CAR), which is
marked by an increase from 50% to 150% within the first 30 minutes
after waking up in the morning, is a reliable marker of HPA axis activity
[25]. This distinct component of the cortisol diurnal rhythm has a
salient genetic component because CAR concordance in MZ twins is
statistically greater than that observed in DZ twins [26]. An absence or
accentuation of the CAR is associated with various psychopathological
conditions or adverse outcomes such as chronic stress [27], and
depressive symptomatology [28]. The CAR can be divided into two
separate components: the area under the curve with respect to ground
(AUC,) and the area under the curve with respect to increase (AUC))
[29]. The former captures the overall concentration whereas the latter
indexes the increase from after post-awakening. However, a number of
researchers have argued that CAR should be used restrictively to refer
to the increase in cortisol from after awakening and operationalized by
the AUC, or similar indices [22].
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Another reliable marker of the activity of the HPA axis is the
diurnal variation or decline which has been operationalized as a descent
of cortisol levels measured at different times over the day [30,31]. As
mentioned earlier, the cortisol diurnal pattern is characterized by a
gradual descent from high levels in the post-awakening period to lower
levels in the evening. The diurnal decline has been operationalized in
prior research as a decrease in the cortisol levels measured at different
times during the day [30]. For example, the diurnal slope which is
computed by dividing the difference between the cortisol level at 30
minutes and 12 hours post-awakening by the time interval between
these two samples [32]. A flatter profile has been observed among
people with depression [33], PTSD [34], and under severe parenting
stress [35].

Vulnerability Resilience in

Bereavement

versus Conjugal

The exclusive focus in prior research on vulnerability or risk
factors has precluded an adequate understanding of factors that confer
resilience to the spousally bereaved. Although studies have shown
complicated grief and prolonged dysphoric mood to be major factors
predicting subsequent morbidity [2,3], a substantial portion (almost
50%) of the bereaved were resilient and did not exhibit increased
grief and depressive symptoms [36]. Although the antecedents of
maladaptation to bereavement have been extensively studied, relatively
little is known about the factors leading to resilience in the bereaved, or
their effects on physical health.

The risk factors examined in prior studies include a number of
situational, socio-demographic, and psychosocial factors [2]. Sudden
death of a spouse is associated with more negative impact than an
expected death. Higher pre-loss care giving strain is also associated
with more negative impact of subsequent loss due primarily to
neglect of one’s own health. In terms of sociodemographic variables,
socioeconomic status does not affect adjustment to bereavement.
However, widowers and the younger are more vulnerable. Factors
pertaining to the pre-loss relationship have also been studied but the
findings are mixed [20]. Concurrent stressors such as financial hardship
and drop in economic resources tend to complicate the adjustment and
make the bereaved more vulnerable.

On the other hand, a number of psychosocial resources have
been shown to confer resilience to the negative health effects of
bereavement. In particular, higher levels of optimism and self-esteem,
and secure attachment styles are associated with better adjustment [2].
Psychological resilience, which refers to the ability to emerge from stress
or adversity, has also been found to predict better daily adjustment in
widows [37]. As shown by Tugade and Fredrickson [38], individuals
with high levels in psychological resilience exhibit faster cardiovascular
recovery in response to laboratory stressors. Tugade and Fredrickson
[38] argued that this ability to bounce back physiologically faster
from acute stressors may lead to better physical well-being in resilient
individuals in the long run.

With respect to the effect of psychological resilience on cortisol,
the number of studies demonstrating the sensitivity of cortisol to
factors closely associated with psychological resilience is growing
[23,39]. Various indices of the diurnal cycle of salivary cortisol have
been reported to be associated with optimism [40,41], positive affect
[42], humor [43], social network characteristics [44], and positive well-
being [45]. A recent study has also demonstrated a positive association

Figure 1: Impact of Psychological Resilience on Wound Healing in the
Bereaved. Bereavement leads to poor health outcome (e.g., delay in wound
healing) via chronic activation of the HPA axis and the resulting dysregulation in
cortisol secretion. Psychological resilience is conceptualized as the key factor
modulating this pathogenic pathway by (1) mitigating the negative impact of
bereavement on activity of the HPA axis and (2) contributing to maintenance
of a normal healthy diurnal rhythm of cortisol.

between optimism, a key component of psychological resilience [45],
and rate of wound healing in healthy men [19], thus providing support
for the role cortisol possibly plays in mediating the relationship
between psychological resilience and wound healing.

Conclusion

A Psychoneuroendocrine Model of resilience in conjugal
bereavement

Integrating findings reviewed in the previous sections, a newly
developed conceptual framework is formulated to guide research on
the adjustment to conjugal bereavement (Figure 1). As researchers have
consistently demonstrated the positive health effects of psychological
resilience, and its recruitment of crucial personal and interpersonal
resources that promote successful adaptation to a wide range of
stressors [38], this construct can be hypothesized as a key predictor
of wound healing among bereaved spouses via its direct and indirect
effect on cortisol secretion. Dysregulation in diurnal cortisol rhythm
is conceptualized as the physiological mediator because of the prime
role of neuroendocrine processes in wound healing, and its association
with multiple health pathways compatible with the diversity of causes
of morbidity and mortality in bereavement [46].

The significance of the framework lies in its ability to generate
research having significant empirical and clinical implications. As
bereavement serves as a clearly defined longitudinal model of stress,
the framework will lead to studies that shed light on the mechanisms
whereby chronic stress in general is translated into ill health. In
addition, the framework also facilitates research to pinpoint the
principal physiological and psychological mechanisms that explain
morbidity in bereavement, thus leading to the formulation of effective
pharmacological and psychological interventions for the bereaved.
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