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Abstract

Objective: Using an integrative view of psychology, neuroscience, immunology and 

psychophysiology, the present review of literature curates the findings that have had an impact on 

the field of bereavement research, and shaped its development.

Methods: Beginning with Lindemann’s systematic descriptions of medical and psychological 

responses to the death of a loved one, specific studies that investigate medical outcomes following 

loss, their psychological predictors, and biopsychosocial mechanisms are discussed. This selective 

review culminates in recommendations for the field for future research, including greater 

integration of these disparate fields of inquiry.

Results: Morbidity and mortality following the death of a loved one has long been a topic of 

research. Early researchers characterized somatic and psychological symptoms and studied 

immune cell changes in bereaved samples. More recent research has repeatedly demonstrated 

increased rates of morbidity and mortality in bereaved samples, as compared to married controls, 

in large epidemiological studies. Recent developments also include the development of criteria for 

prolonged grief disorder (also termed complicated grief). Newer methods, including 

neuroimaging, have observed that the greatest impact of the death of a loved one is in those who 

have the most severe psychological grief reactions. Mechanisms tying bereavement to medical 

outcomes are scarce, but differences in rumination, in inflammation and in cortisol dysregulation 

between those who adapt well and those who do not, have been offered with some evidence.

Conclusions: Recommendations to propel the field forward include longitudinal studies to 

understand differences between acute reactions and later adaptation, comparing samples with grief 

disorders from those with more typical responses, and integrating responses in brain, mind and 

body.
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Psychosomatic medicine has a long and storied history of studying the health effects of 

bereavement. The death of a loved one has been recognized as the greatest life stressor that 
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we face as humans, heading the list of stressful life events compiled by Holmes and Rahe(1). 

These researchers were attempting to quantify the relationship between life events that 

require an ongoing adjustment (e.g., chronic stress) and the timing of illness onset. The 

earliest accounts of the symptomatology and management of acute grief harken back to the 

beginning of the field of psychosomatic medicine. In 1944, Erich Lindemann published data 

collected from bereaved family members following the Cocoanut Grove Fire that killed 492 

people, the deadliest nightclub fire in history. This was the first-ever systematic study of the 

somatic and psychological aspects of bereavement(2), which continue to interest the field 

today.

The present paper will cover topics that are not frequently combined in a review, despite the 

fact that they all include the empirical investigation of grief. In the first section I will discuss 

some important historical and contemporary developments in the field of bereavement 

research, including theoretical models that can be used to understand the experience and 

process of grieving. These historical events in the field affected the way that subsequent 

grief research has been conducted. The next section will cover adaptation to grief in the 

body, chronicling investigations of medical outcomes during bereavement, followed by acute 

and chronic changes seen in the biomarkers of diverse physiological systems. Although not 

often studied in a combined research design, these biomarkers are the presumed mechanisms 

linking the loss event with medical morbidity and mortality. The next section covers 

advancements in what is known about how the mind adapts during grief, preferentially 

covering those mental processes that are amenable to psychological intervention. The 

following section reviews findings in neuroscience that speak to how the brain adapts 

following the death of a loved one. Last, a summary section makes recommendations for 

future research and integration of these disparate subfields. As a final note, the present 

review is not a systematic or comprehensive one, but rather highlights particular studies in 

the field that I believe may point us to a greater understanding of the role of grief in illness.

Important historical developments in bereavement research

Descriptions and theories of what happens in grief have largely come from psychiatry and 

psychology. From these domains, current grief research relies heavily on attachment theory 

and cognitive stress theory to understand the process of adapting after the death of a loved 

one, rather than the outdated and inaccurate five-stage model of grief(3). Acute grief, or the 

period immediately following a death, is often characterized by a loss of regulation. This can 

be observed as increased intensity and frequency of sadness, anger and/or anxiety, and also 

emotional numbness and difficulty concentrating, in addition to dysregulation in sleep and 

appetite.

There are wide individual differences in the adaptation process, but George Bonanno has 

demonstrated a small number of trajectories, using prospective data to examine adaptation 

after a death(4,5). One insight from this work, which disrupted the field of bereavement 

research, was that the vast majority of individuals are very resilient (approximately 60%). 

By six months, the resilient group shows no elevation in depressive symptoms or functional 

impairment. This does not mean that resilient people do not experience the intense short-

term pangs of grief, but these emotional waves do not cause functional impairment. The 
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realization that previous theories of grief were largely based on a treatment-seeking 

population forced the field to reconsider some of its assumptions. Consequently, a very 

influential model of grief, the dual process model of coping, was adopted to reflect the 

oscillation that occurs in typical grief(6). In day-to-day life during bereavement, healthy 

people oscillate between focusing on loss-related stressors (e.g., the pain of living without 

the person) and restoration-related stressors (e.g., engaging in new roles and identities due to 

the loss), and at other times are simply engaged in everyday life experience.

Importantly, Bonanno’s research demonstrated that the functioning of a person prior to the 

death event is also an important aspect of their trajectory of adaptation. Those who are 

depressed prior to bereavement may need different interventions from those who develop 

depression only after the event. Depression and grief can be distinguished clinically, 

statistically(7), and even pharmacologically, as antidepressants do not ameliorate grief 

symptoms(8). It is notable that there is very little application of these trajectories of 

adaptation to physiological systems (thus far). Sporadic work has compared acute grief 

(from immediately following the death event to six months after the loss) to later grief (from 

six months to a lifetime exposure to deaths), but it is difficult to compare across these 

studies, and they have rarely taken advantage of sophisticated longitudinal statistical 

analyses that are now available.

The most recent insight that has changed the field of grief research is the development of 

criteria characterizing disordered grief. Although for decades psychiatry and psychology 

have described the fact that some people experience grieving of greater intensity and 

functional impairment in comparison to others, criteria were developed in the 1990’s to 

define what is now most often termed “complicated grief disorder” or “prolonged grief 

disorder”. Symptoms are divided into separation distress, including persistent yearning and 

pre-occupation with the loss, and traumatic distress. These may include difficulties accepting 

the death, feeling one has lost a part of one’s self, anger about the loss, guilt, or difficulty in 

engaging with social or other activities. These disorders now appear in the Diagnostic and 

Statistical Manual-5 (DSM-5; as an area for continued study)(9) and in the International 

Classification of Diseases-11 (ICD-11). The advent of a discrete disorder required a name 

for “non-complicated grief,” (i.e., those who are bereaved, but resilient in integrating the 

experience). This term is based on the label used for “non-depressed”. However, additional 

work is needed to validate the diagnostic criteria, especially across cultures, and to compare 

diagnostic criteria sets that have been developed(10). Although the criteria sets share the 

hallmark symptoms of intense yearning and preoccupation with the deceased, additional 

criteria requirements for diagnosis vary in type and number. As with all mental disorders, the 

rates of complicated grief are very low (approximately 10 percent of bereaved 

individuals(11)) and likely form a continuous phenomenon of grief severity, with a chosen 

cut-off point for diagnosis.

This historical inflection point of diagnostic criteria means that it is now difficult to compare 

studies done prior to the advent of the grief disorder category to those done after, because 

earlier studies looked at health effects of grief across the full range of severity. The samples 

from these earlier studies include people with complicated grief and bereaved people who do 

not. Later studies often specifically model complicated grief or grief severity as a predictor 
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of health outcomes. Because of the recency of these diagnostic criteria, the vast majority of 

studies reviewed in the present paper investigate bereavement as a category, and not grief 

severity or disordered grief.

Absent grief, or a lack of overt expression of grief through denial or suppression, was 

described originally with psychoanalytic theories. As a construct, absent grief has been 

clarified through contributions of psychology research (although more research is needed in 

this area). The difficulty in distinguishing resilience (which appears as a lack of overt grief 

expression) and suppression (which also appears as a lack of overt grief expression, but 

masks intense emotional experience) has made this area difficult to study. Elegant laboratory 

work has distinguished these two phenomena under conditions of cognitive load(12), but 

clinicians rarely have laboratory tasks to rely on with individual patients. It has been 

demonstrated that delayed increased medical consequences are not commonly seen in those 

who do not express overt grief. However, there is still the open question as to whether 

discriminating true resilience from suppression (the latter being employed by a much 

smaller group) would reveal mechanisms of poor physical health outcomes in those who 

suppress grief emotions.

Adaptation of the body during grief

In 1961 in Psychosomatic Medicine, George Engel wrote an article entitle, “Is Grief a 

Disease? A Challenge for Medical Research(13).” Engel is often misquoted by relying on 

the title of the article, and although he did not state that grief was a disease, he did suggest 

that grief was a legitimate topic for medical research(14). Nonetheless, he pointed in the 

direction that the field has followed ever since:

“Until—and not until—much more is known about the biochemical, physiological, 

and psychological consequences of such losses, no one is justified in passing 

judgment as to how important this factor is in the genesis of the disease states that 

seem so often to follow close upon an episode of grief.” (p. 21)

The study of these “biochemical, physiological” mechanisms can be traced back to the 

earliest publication of immune correlates of bereavement, published by Roger Bartrop and 

colleagues in 1977(15). In the past forty years, the field of psychosomatic medicine has 

investigated biomarkers that may help to explain the relationship between bereavement and 

medical outcomes, including mechanisms in autonomic (particularly cardiovascular), 

endocrine, and immune systems. Additionally, the neural correlates of bereavement have 

been investigated, specifically attempting to determine the role of the brain in the 

relationship between the death event and subsequent medical illness. Notably, Engel also 

presciently considered this: “…whatever the consequences of object loss and grief may be, 

whether manifest ultimately in biochemical, physiological, psychological or social terms, 

they must first be initiated in the central nervous system (emphasis added).” In the past 

fifteen years or so, studies of the physiological concomitants of grief have included 

functional magnetic resonance imaging (fMRI), a method Engel would no doubt have found 

exciting.
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Perhaps the most compelling evidence that there is a connection between bereavement and 

medical consequences is documentation of the “broken-heart phenomenon”, or the increased 

risk of mortality for bereaved people in the first six months after the loss event compared to 

their married counterparts. Evidence of his phenomenon was first published in 1963 in the 

Lancet(16) and in the British Medical Journal(17). Unfortunately, the term “broken-heart” 

has become associated with a specific medical condition in the literature. First reported in 

1990 by Sato and colleagues, Takotsubo cardiomyopathy is acute stress-induced 

cardiomyopathy involving left ventricular apical ballooning that mimics acute myocardial 

infarction(18). Because the stressful event leading to Takotsubo cardiomyopathy is 

sometimes (though not always) the death of a loved one, the condition has become 

synonymous with the “broken heart”. For this reason, the increased risk of all-cause 

morbidity and mortality in the bereaved has alternatively been called “the widowhood 

effect”. However, this term is also somewhat unsatisfying, as the stressful event does not 

have to be the death of a spouse, but can be the death of any attachment figure.

In the past twenty years, multiple epidemiological studies have verified the excess morbidity 

and mortality following the death of a loved one. In a study of 1.5 million Finns, risk of 

chronic ischemic heart disease was 2.08-fold higher in men in the six months after the death 

of their wife, compared to the continuously married cohort(19). In the Health and 

Retirement Study (N=12,316), mortality risk for widowed men was 1.87 adjusting for 

demographics, behavioral risk factors and co-morbidities(20). The relative risk of death is 

22% higher for both widows and widowers compared to married individuals, adjusting for 

age and other relevant covariates(21), although the effect may also be moderated by sex(22). 

The increased risk is for all-cause mortality, including cardiovascular disease, acute health 

events (e.g. infections), chronic diseases (e.g. diabetes), and cancer(23). This increased risk 

from bereavement is higher than well-established cardiovascular risk factors, such as 

smoking(24).

All-cause morbidity is also increased following the death of a loved one, including 

cardiovascular events(25), vascular disease(23), incidence of cancer(26,27) and self-reported 

hypertension(28). In a case crossover study, increase in the incidence of a non-fatal 

myocardial infarction was 21 times higher in the 24 hours after the death of a loved one 

when compared to an a priori control period in the previous 6 months of the patient’s 

life(25). The risk in the first day was almost 28 times higher when the patient reported that 

the death was moderately or extremely meaningful, pointing to the psychological aspect of 

grief contributing to the medical outcome. Although the death of a loved one is a rare event 

in the life of an individual, it is a nearly universal experience across the population. This 

means that in absolute terms, there is one excess heart attack per 1394 people at low 

cardiovascular risk, and one excess heart attack per 320 people at high cardiovascular 

risk(25). These numbers demonstrate that the effect of bereavement on medical outcomes is 

a significant public health concern.

Changes in biomarkers during grief

Although the links between bereavement, morbidity, and mortality highlight the importance 

of bereavement as a public health concern, measuring changes in biomarkers following the 
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death of a loved one can help us to understand the mechanisms that may lead to these 

medical endpoints. As mentioned above, autonomic, cardiovascular, endocrine and immune 

biomarkers are likely candidates. In particular, endocrine and immune biomarkers have a 

widespread effect on end organs and systems of the body, making them likely mechanisms, 

given the all-cause nature of bereavement-related morbidity and mortality.

Cardiovascular biomarkers have shown consistent changes in bereavement when comparing 

acute (e.g., <6 weeks) and chronic grief within bereaved individuals, and also between 

bereaved and nonbereaved groups. The shift is seen in tonic activity, although there are some 

indications that reactivity measures (i.e., phasic activity) may also differ(29,30). These 

biomarkers include increased heart rate (resting and 24-hour), heart rate variability, systolic 

and diastolic blood pressure, von Willebrand factor, and platelet/granulocyte aggregates(31–

34). Higher levels of cortisol(35–37) and dysregulated HPA axis activity are also seen 

consistently in bereavement(38,39). The mechanisms linking biomarkers to medical 

outcome may have mediators or moderators as well. For example, the psychological 

reactions to the death (such as grief severity or numbness) influence cortisol levels following 

the event. Men who experience high levels of numbness following the death have high levels 

of cortisol at 18 months(40). Two studies have demonstrated that those with complicated 

grief drove the cortisol effect compared to other bereaved adults without the disorder(41,42).

Immune changes following bereavement are also documented, although not ubiquitously, as 

shown in a recent systematic review(43). Pro-inflammatory markers IL-6 and IL-1 are 

higher in bereaved adults(44–46). One of these studies found that the elevated IL-6 levels 

were moderated by a pro-inflammatory variant of the IL-6 −174 single-nucleotide 

polymorphism (SNP)(47). However, another inflammatory marker, C-reactive protein, is not 

higher in bereaved compared to non-bereaved adults, even with reasonably large sample 

sizes(32,46). Therefore, inflammatory responses in the wake of bereavement may be 

specific, and these inflammatory changes may be due to cellular immune changes that are 

also observed. In vitro lymphocyte proliferative response to mitogens, natural killer cell 

activity, and neutrophil function are decreased in bereavement and this impairment occurs 

independent of changes in absolute numbers and percentages of lymphocytes and 

lymphocyte subpopulations(15,32,36,48,49). Finally, bereavement is associated with 

decreased antibody response to vaccination(50). In summary, early studies indicate changes 

in the physiological systems of the bereaved that could be investigated as a link between the 

bereavement event and the survivor’s morbidity or mortality.

Figure 1 illustrates a model of the potential trajectories that biomarkers might take, forming 

a link between bereavement and medical outcomes (reproduced with permission from 

Knowles, Ruiz, O’Connor, in press). This model has the advantage of pointing out the 

importance of time in the normalization of biomarkers during grieving. Time since loss is on 

the x-axis and biomarkers (e.g., inflammation, heart rate, blood pressure) are on the y-axis. 

The y-axis could be replaced with any specific parameter under investigation. With a process 

model, we can easily see where previous studies already provide information about 

biomarkers. For example, IL-6 is increased in bereaved people compared to married controls 

at one year and two years (45,46), but we know nothing about this pro-inflammatory marker 

during acute grief. We may hypothesize that increased cardiovascular events during acute 
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grief are related to inflammation, but a process model is required to determine the 

mechanistic links.

In addition, the model highlights fact that not everyone will react in the same way following 

the death of a loved one. The model creates the opportunity to show multiple trajectories. 

Quadrant A refers to people with Acute biomarker changes following bereavement and 

quadrant R refers to those in acute grief who are Resilient to the disruption. Quadrant C 

refers to those who show Chronic dysregulation over time and quadrant N shows those 

whose dysregulation Normalizes over time. Most markers normalize over time for most 

people (path A to N). However, a subset of bereaved people show dysregulation in 

biomarkers that persists over time and the putative outcomes of increased morbidity and 

mortality (path A to C). The vertical line in the figure can be used to delineate the point in 

time at which the majority of people have normalized function, providing useful 

comparative information for clinicians. The horizontal line can be used to indicate the 

clinical cut-off point for biomarkers that have known medical consequences or clinical 

guidelines (e.g., 140 for systolic blood pressure).

In the face of clear epidemiological evidence of increased morbidity and mortality during 

bereavement, the field would benefit from moving beyond documenting evidence of the 

widowhood effect, and focusing efforts on how the effect occurs. Longitudinal studies could 

investigate individual differences in the trajectories of physiological adaptation, as we have 

seen done for psychological adaptation. The medical effects during the first weeks post-loss 

may be distinct from those occurring later in adaptation. Discovering whether the 

physiological mechanisms operating during these two periods are independent or causally 

related would advance the field enormously. No longer should studies lump acute grief and 

chronic grief together, nor combine individuals with a resilient trajectory with those 

diagnosed with complicated grief.

Adaptation of the mind during grief

Unfortunately, in the field of bereavement research, scientists who study the effects of grief 

in the body and those who study the effects of grief in the mind do not very often interact, 

attend the same conferences, or read the same journals. Although this split can be seen in 

many subfields (and psychosomatic medicine often attempts to bring subfields together), this 

lack of communication seems particularly problematic for comprehending the effects of 

bereavement; therefore it has been my goal to attempt to bridge these research areas in my 

own work and to introduce the methods, topics, and research advancements to each 

respective community.

A number of factors are associated with greater grief and depressive symptoms following 

bereavement, including avoidant attachment, neuroticism, unexpectedness of the loss, 

adequacy of financial situation and low social support(51). However, these factors would not 

be easily changed by clinical intervention. Thus, the field may benefit by focusing on the 

processes (cognitive, emotional, and behavioral) that are more amenable to intervention and 

processes that mediate the adaptation trajectory in bereavement.
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Processes that mediate the relationship between risk factors and mental health outcomes 

include (among others) rumination(52), deliberate grief avoidance(53), emotional 

expression(54), cognitive appraisals(55), and meaning-making(56). In elegant work 

comparing theoretically important mediators, rumination was found to mediate the 

relationship between several risk factors and greater grief and depressive symptoms(51). 

These risk factors included gender, attachment avoidance, neuroticism, social support and 

expectedness of the loss. Thus, those who experience an unexpected death are more likely to 

ruminate, which causes them to have higher levels of grief and depressive symptoms, as 

shown through mediation analyses. Although rumination has been studied in the context of 

some medical outcomes(57), this has not been closely investigated in bereavement research.

Avoidance is a natural and adaptive response during grieving in small doses; however, high 

levels of deliberate avoidance of grief-related emotions may lead to prolonged activation of 

the suppressed thoughts and physiological arousal, poorer concentration and functioning on 

tasks in the moment, and prolonged likelihood of recurrent intrusive thoughts in the future. 

Surprisingly, rumination can also be a form of avoidance. Maarten Eisma, Maggie Stroebe, 

and Henk Schut have showed this in a series of elegant studies. Grief rumination includes 

repetitive thinking focused on the causes and consequences of the loss and loss-related 

emotions. The specific content of grief-related rumination has been studied, and maladaptive 

grief rumination includes counterfactuals (e.g., could I have done something to prevent the 

death?) and self-focused perseveration on the injustice of the death (e.g., why did this 

happen to me and not someone else?). Maladaptive rumination predicts depressive and 

complicated grief symptoms. As shown through eye tracking, those high in rumination avoid 

looking at reminders of the death compared to those bereaved individuals lower in 

rumination(58), and using a reaction time task, high ruminators are faster to push reminders 

away from themselves than low ruminators(59). To summarize, high levels of avoidance of 

grief (even while simultaneously ruminating about other aspects of the death) appear to be 

detrimental to long-term adaptation.

Adaptation of the brain during grief

Neuroscience provides us with another lens through which to view grief and the process of 

adaptation (or lack thereof). After all, it is the perception of the death event through seeing 

or hearing about the death, followed by the comprehension of that information and its 

consequences, which leads to the psychobiological reaction. The neurobiology of grief is 

still in its infancy, but several seminal pieces of research have been conducted thus far. These 

have included functional neuroimaging, structural neuroimaging and even an animal model 

of bereavement (i.e., between monogamous, pair-bonded voles)(60,61).

In the first functional neuroimaging study of grief ever conducted, we chose to have 

participants view a photo of their deceased loved one captioned with a grief-related words 

contrasted with viewing a matched photo of a stranger, captioned with neutral words in order 

to elicit grief. This original study was descriptive, and we realized that grief is a complex 

emotional state, incorporating many mental functions. Resulting activated brain regions are 

involved in emotional processing, mentalizing, episodic memory retrieval, processing of 

familiar faces, visual imagery, autonomic regulation, and modulation or coordination of 
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these functions(62). Regions activated by personally relevant grief-related words compared 

to neutral words, including posterior cingulate cortex (PCC) and medial prefrontal cortex 

(mPFC), are now considered to be the core regions in the default network. Regions activated 

by the photo of the deceased compared to a stranger, including dorsal anterior cingulate 

cortex (dACC) and insula, are now considered to be hubs in the salience network. The 

default network and salience network have become critical in understanding social 

neuroscience in the decade and a half since this first study was conducted (63) and the 

relationship between them is now considered a critical aspect of mood disorders (64).

Following the descriptive study on neural activation during grief, we moved to looking at 

what distinguished complicated grief from non-complicated grief during the same grief 

elicitation task (65). Although replication of areas from the first study was seen across the 

whole sample of participants, results of this second study demonstrated a single area that 

was more active in the complicated grief group than a group of bereaved participants 

adapting well: part of the basal ganglia called the nucleus accumbens. Nucleus accumbens 

activation positively correlated with self-reported yearning across all participants. In 

contrast, there was no correlation between accumbens activation and time since loss, or self-

reported positive or negative affect, suggesting specificity of the association between 

yearning and regional activation.

Interpreting the increased nucleus accumbens activation in those with complicated grief 

necessitated relying on prior studies. Imaging studies of romantic love (partner vs. stranger) 

and parental love (one’s own child vs. another child) of living attachment figures also shows 

activity in this region(66,67). Because nucleus accumbens activity is high in response to 

living loved ones, and is high in those with complicated grief, one speculative possibility is 

that activation in this region in response to reminders of the deceased decreases over time in 

non-complicated grief, as the reminder of the attachment figure no longer generates an 

intense yearning response. In contrast, accumbens activation appears to remain high in 

complicated grief, associated with the continued yearning for the deceased loved one. 

However, longitudinal fMRI studies are needed to determine if changes in nucleus 

accumbens activation over time remain elevated in complicated grief. Yearning is likely a 

part of the “wanting” portion of reward, known to activate nucleus accumbens, although it 

could also be the “liking” part of reward (68). An animal model of bereavement lends 

support to this idea that nucleus accumbens activation is a critical aspect of attachment to 

loved ones. Nucleus accumbens activation is critical for pair bonding in the monogamous 

vole and oxytocin receptor signaling in this region decreases following partner loss(60).

Because of interest in how bereaved people regulate experiences of strong emotions, such as 

yearning and pangs of grief, several researchers have investigated regions in the executive 

network. Three studies have used an emotional Stroop task during neuroimaging in 

bereavement. The emotional Stroop measures reaction time to deceased-related words 

compared to matched neutral words, indexing the capacity to disengage from emotionally 

salient stimuli in order to respond to the task at hand. In the first study, attentional bias to 

grief-related stimuli correlated with amygdala, insula, and dorsolateral prefrontal cortex 

(DLPFC) activation(69). In addition, a continuous measure of self-reported intrusiveness of 

grief-related thoughts correlated with ventral amygdala and rostral anterior cingulate 
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activation, while avoidance correlated with deactivation of dorsal amygdala and DLPFC. In 

the second study, participants with non-complicated grief exhibited activity in the rostral 

anterior cingulate/orbitofrontal cortex to grief-related vs. matched neutral words, and this 

region was not observed in the non-bereaved control group(70). This rostral area is 

important for emotion regulation in other fMRI emotional Stroop studies, and would be 

expected in a bereaved group facing greater emotional distress. However, the complicated 

grief group displayed no rostral anterior cingulate activation, even when examining this 

circumscribed area. This could be interpreted as a relative inability of individuals with 

complicated grief to recruit the regions needed to down-regulate emotional responses in 

order to successfully complete the task. In the third study using the emotional Stroop and 

bereaved participants across the spectrum of grief severity(71), bereaved individuals did not 

show differential brain activation to words related to the deceased versus living attachment 

figures, even at a lenient statistical threshold. Notably, this was despite their finding of a 

behavioral attentional bias towards the deceased, with greater attentional bias associated 

with higher levels of complicated grief symptoms.

Looking across these three fMRI studies of the emotional Stroop task, we do not see a clear 

picture of the neural foundations of this task in grief or complicated grief. This may be due 

to the very wide heterogeneity between these three studies (e.g., type of loss, time since 

death, participant age). However, as a follow up to the last study, a multivoxel pattern 

analysis was used to identify a pattern of brain activity associated with intrusive deceased-

related thoughts. The authors focused on interacting connectivity between the salience 

network, and the ventral attention and default networks (72). This interaction was different 

among those high and low in deliberate avoidance as a coping strategy. Those high in 

avoidance appeared to maintain continuous application of the attentional network during a 

mind-wandering task, and this monitoring was associated with a lower likelihood of 

reporting conscious thoughts of the loss. It may be that deliberate avoidance, also predictive 

in behavioral and clinical studies, is a neural signature in those who are not adapting well 

during grieving. Avoiding the situations and reminders of loss may prolong the time it takes 

to learn how to adapt to a world without the attachment figure.

One possibility when considering neurobiology of grief is that cognitive impairment may 

help to explain differences between those who are adapting well, and those who have 

prolonged grief severity. In the largest comprehensive study of neuropsychological testing in 

a bereaved sample (n’s = 150 with complicated grief, 615 with non-complicated grief and 

4731 non-bereaved), group differences emerged(73). Neuropsychological testing 

demonstrated that participants with complicated grief performed poorly in cognitive tests 

compared to those with non-complicated grief and the non-bereaved, although effect sizes 

were small. Those with complicated grief also had a smaller total brain volume, for both 

white matter and gray matter. Longitudinally, participants with complicated grief showed 

greater cognitive decline than matched, non-bereaved participants during seven years of 

follow-up in a very large sample(74). Those with non-complicated grief did not show 

cognitive decline over this period. This suggests that complicated grief is a risk factor for 

cognitive decline, and as with physical health, effects seem to be driven by those with the 

most severe grief reactions. Therefore, future research seeking a mechanistic understanding 
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should assess grief severity, and not lump those with complicated and non-complicated grief 

together.

In conclusion, at least three possible explanations should be considered for the lack of 

decisive, replicated findings so far in neuroimaging studies of bereavement (and the author’s 

knowledge of some unpublished null findings). First, the tasks used thus far (i.e., passive 

viewing of deceased-related cues; the emotional Stroop) may not be ideal for discriminating 

neural differences between bereaved and non-bereaved, or complicated and non-complicated 

grief. As Schneck and colleagues point out(71), there may be a great deal of similarity in the 

way that deceased and living loved ones are encoded in the brain, and therefore the typical 

analytic imaging method of subtracting activation in one condition from another may lead to 

minimal (or potentially less replicable) activations. New, validated tasks that index the 

cognitive and affective mechanisms of grief and complicated grief are needed (possibly 

related to grief rumination or avoidance), and behavioral tasks that also show discrimination 

between complicated and non-complicated groups would be preferable.

Second, with the eventual progress toward more reliable diagnostic criteria for complicated 

(or prolonged) grief disorder (which would capture a smaller and more severely affected 

portion of the population), studies that compare disordered grief to controls may reveal more 

reliable differences in neural processing. Studies to date have used a range of diagnostic 

criterion sets, and occasionally phenomena that co-occur with complicated grief, such as 

intrusive thoughts or poor coping. Hopefully, better validity and reliability in the most 

critical psychological aspects of grief will lead to greater understanding of the neurobiology.

Third, the sample sizes of imaging studies of grief have been quite small, although as with 

all areas of neuroimaging research, this is changing. Brains have considerable structural as 

well as functional heterogeneity, which only increases with age, and when we add the 

heterogeneity of the mental aspects of grief, larger samples would increase the chances of 

finding convergent and reliable results. As grief research becomes more common, likely we 

will see more established research programs with the grant funding, infrastructure and 

collaborations needed to recruit larger samples. Taken together, researchers need more signal 

(e.g., better tasks and diagnostic criteria) and less noise (e.g., less heterogeneity through 

larger samples) in order to make progress in the neurobiology of grief.

Future directions

I hope that adaptation by the mind, brain, and body during bereavement will not be studied 

apart indefinitely, and that future research will reflect a greater integration of the depth of 

knowledge developed in each area. Better assessment of grief severity can be applied to 

future study of the medical consequences of bereavement. Early indications suggest that 

grief severity (including meeting complicated grief criteria or major depression) as a 

reaction to bereavement may drive the observed morbidity. Additional basic psychological 

science discriminating resilience from suppression or avoidance would further clarify the 

mechanisms that may lead to poor health following this stressful life event.
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Finally, as researchers with interest in translational applications, clinical trials should 

examine how intervention during acute and chronic grief could improve health. In acute 

grief, we have published a very small feasibility trial of low-dose aspirin as a potential 

primary prevention strategy(29). As a risk factor, bereavement is often predictable and the 

increased risk is temporary. Low-dose aspirin targets some of the main cardiovascular 

biomarkers affected during acute grief, is inexpensive, is widely available, does not require a 

prescription, and is feasible in other short-term interventions. Effective psychotherapeutic 

interventions for complicated grief have been developed and empirically tested(75,76). 

These manualized treatments are based on the dual-process model and cognitive behavioral 

principles, and have demonstrated efficacy even in those who have had complicated grief for 

many years. Future research should assess whether remission of complicated grief co-occurs 

with improvement in biomarkers, and ultimately, in health.

The field of psychoneuroimmunology has proposed that mind, brain, and body interact, 

especially under stressful circumstances; for example, circulating inflammation may be 

related to cognitive, emotional and physical dysregulation. Combining the neuroimaging 

method with the assessment of immune activation, O’Connor and colleagues(77) looked at 

the correlation between regional activation during the photo/word grief elicitation task 

described above and circulating inflammatory markers in a bereaved sample. The subgenual 

anterior cingulate cortical activation was correlated with circulating interleukin (IL)-1β, 

suggesting that those with the highest level of inflammatory activity following bereavement 

stress are also processing deceased-related stimuli differently. This cingulate region is active 

in many mental functions, but also reliably shows high levels of activation in other mood 

disorders. Given the known interplay between physical health and mood disorders (which 

may include complicated grief disorder), further investigation of this area may be a fruitful 

area for future research linking bereavement with medical outcomes through neural and 

immune processes. Future research could integrate whether the neural signatures of plausible 

mental processes (avoidance, rumination) are mechanisms that mediate the relationship 

between psychological experiences (yearning, grief severity) and medical outcomes 

(biomarker changes, morbidity and mortality).

Overall, progress has been made in the field of grief research, investigating how body, mind, 

and brain adapt. This progress has led to the awareness that nuances of the bereavement 

experience must be captured in order to explain medical outcomes, despite the universality 

of this experience. More integration between the subfields studying this unique stressful life 

event is needed. The historical study of grief in psychosomatic medicine has a bright and 

growing future.
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Figure 1. (adapted with permission from Knowles, Ruiz, O’Connor, in press).
Broad Model of Acute and Chronic Alterations in Biomarkers Following Bereavement. 

Quadrants: A = Acute dysregulation, R = Resilient to changes, C = Chronic dysregulation, N 

= Normalized function. The vertical transition line refers to the time point where most 

individuals show normalization in parameters. The horizontal clinical cutoff line refers to the 

level at which parameters affect pathophysiology of disease. RR = relative risk.
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