
Grief: 
A Multi-Method Approach

Mary-Frances O’Connor, PhD
University of Arizona

Department of Psychology



What we will cover
� Theoretical ideas about what happens in grief from 

the perspective of the human brain

� Neuroimaging findings, heavily curated

� What goes wrong in grief

� Oxytocin study in human grief behavior

� Few studies about cortisol in human grief



Of mice and men
� What is different about grief in humans compared 

to rodents?

� Both are social, both bond, both have certain goals 
(mating, rearing), both can learn new information 
and have memories

� Humans can explicitly draw on memories, humans 
have counterfactual thinking (imagining a present 
that is different with different prior events), humans 
can imagine the future

� Humans can understand the abstract idea of death 
(and not just separation)



Neurobiology of grief
� Why study grief from the perspective of the 

brain?

� Many variations in grief experience and 
expression are possible, based on personal, 
familial, cultural, and historical factors.

� Grief is conserved across evolution—a 
finding that is the basis of attachment 
theory.

� Are there aspects of the nervous system that 
constrain our experience of grief?



Virtual reality
� We walk around in virtual reality, a 

representation of our physical world.

� A working model, schema, or representation, 
stands in for our loved one when they are gone
� Across distance
� Across time

� The schema is instantiated in neurons of the 
brain, particular firing patterns in particular 
parts of the brain. 

� The schema is the virtual reality that includes 
our loved one.



Object trace cells

Tsao, Moser & Moser, Curr Biol, 2013



Learning that they are gone
� So, why does it take so long to learn that they are 

gone? Why do we grieve and yearn?

� Attachment is a powerful motivational state, and 
fulfilling this crucial need is rewarding. Yearning 
might be analogous to hunger or thirst.

� Motivation is maintained through neurobiology, with 
opioids and dopamine as a reward for being in 
proximity to our loved ones, and oxytocin and 
cortisol as an inducer for seeking them.



Magical thinking
� Bonding creates a neural 

stamp that tells us this
conspecific is my special 
one.

� The neurobiology of 
attachment may encode 
the belief that they will 
always be there, that they 
can always be found.

� Death is a low-likelihood 
event, unlike separation.

� Magical thinking is 
reported regularly. “It 
doesn’t feel like they’re 
really gone.”



Learning interference
� Why would we believe that our loved ones 

will return, if we know that’s not true?

� Two streams of information, episodic 
memory for the death and attachment 
motivation, are conflictual.

� This conflict may be actively preventing 
learning, remembering, or accepting the loss.



What goes wrong in grief?

although anticipatory bereavement stress may occur in the context
of terminal illness or traumatic injury.

Thus, the increase in morbidity and risk for mortality after be-
reavement contribute to its importance as a distinct social stressor.
Depressive and grief disorders may be consequences, but are not
ubiquitous, and can be distinguished through clinical criteria (8).
Because the advent of diagnostic criteria for prolonged grief
disorder is very recent, research must be undertaken in the fu-
ture to determine any physiological aspects that may discrimi-
nate this disorder from major depression. Nonetheless, a crucial
question concerns whether or how the experience of bereavement
may influence physiological dysregulation to increase morbidity
and risk for mortality in the bereaved. In particular, there is a
significant body of research examining immune function after
bereavement.

Dysregulation of the immune systems has been shown to play a
critical role in the etiology and progression of various diseases in-
cluding infections, autoimmune disease, some forms of cancer,
cardiovascular disease, and mortality (9). In addition to physical
health, inflammation can have adverse effects on mental health
(10). Consequently, bereavement-related alterations in immune
function could have considerable implications for health.

Forty-one years ago, Bartrop and colleagues (11) published the
first empirical study on bereavement-related changes in immune
function. Including this article, there have been 33 studies on this
subject examining various biomarkers of immune function (e.g.,
immune cell proliferation, cytokine levels) across different types
of bereavement (e.g., spousal, parental) and populations (e.g.,
healthy adults, HIV-positive men). This heterogenous body of re-
search examines the association of immune biomarkers and be-
reavement (as an all-or-nothing event) and/or psychological
responses to bereavement (e.g., grief severity). The study designs
range from prospective investigations of immune function and be-
reavement to examinations of the association between immune
function and bereavement, ranging from 2-week postloss to a life-
time history of loss. Thus, there is considerable variability in study

design and immune biomarkers, and the current review seeks to re-
view the findings, identify limitations of the literature, and suggest
directions for future research.

A barrier to programmatic progress in this field has been what
appears as a spray pattern of scattered studies. The data cover var-
ied immune biomarkers, the samples are not representative, and
most of the studies are older than 20 years. This review gathers
all existing data so that researchers have a complete view of what
has come before to inform future investigation. In addition,
Figure 1 displays a broad conceptualization of alteration in im-
mune parameters after bereavement that may help organize per-
ception of the existing literature and provide a roadmap for
future studies to facilitate progress. Immune alteration is placed
on the y-axis and time since loss is placed on the x-axis. The
y-axis could be replaced with any specific immune parameter un-
der investigation (e.g., inflammation, proliferative response).
Quadrant A refers to people with immune dysregulation acutely
after bereavement and quadrant R refers to those in acute grief
who are Resilient to immune changes. Quadrant C refers to those
who show Chronic immune dysregulation over time and quadrant
N shows those whose immune dysregulation Normalized over
time. We hypothesize that alteration of certain immune parameters
occurs in acute bereavement (and likely before death in caregivers;
(12)) and normalizes over time for most people (path A to N). On
the other hand, for a subset of bereaved people, we hypothesize
that alterations in immune parameters persist over time and main-
tain levels of increased morbidity and mortality risk (path A to C).
Biopsychosocial factors contributing to this path may include
previous health conditions, genetic vulnerabilities (e.g., particular
proinflammatory genotypes), grief severity, depressive symptoms,
and coping style. Empirical investigation of trajectories of depres-
sive symptoms after bereavement has shown that most people who
experience the death of a loved one are psychologically very resil-
ient (13). Future study should consider the interrelationship be-
tween mental and physical health and may similarly find that
most bereaved individuals are in the Resilient quadrant of immune

FIGURE 1. Broad model of acute and chronic alterations in immune parameters after bereavement. Quadrants: A = Acute immune
dysregulation, R = Resilient to immune changes, C = Chronic immune dysregulation, N = Normalized immune function. The vertical
transition line refers to the time point where most individuals show normalization in immune parameters. The horizontal clinical cutoff
line refers to the level at which immune parameters affect pathophysiology of disease. RR = relative risk.
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Complicated Grief
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Not the same, but often 
comorbid

MDD. Similarly, 51% failed to meet the criteria for current
PTSD and 47% for lifetime PTSD (Fig. 1). Both conditions
share symptoms with CG. Other conditions that were
diagnosed in our grief sample include generalized anxiety
disorder (GAD) and panic with or without agoraphobia
(Table 1). Although analyses were limited by the high
proportion of women and white participants, there were no
sex or race differences in comorbidity rates. Patients with at
least one current comorbid disorder were younger (45.1
[11.5] years) compared with those without comorbidity
(50.6 [14.1] years: t(df) = 2.8(204), P b .01). In addition,
those with psychiatric comorbidity tended to present for
treatment sooner after the loss at the level of a statistical
trend (mean 4.4 [6.2] years vs 6.6 [10.3] years: t(df) = 1.89
(203), P = .06).

Complicated grief patients with psychiatric comorbidity
were more severely ill and more impaired than those
without comorbidity (Table 2). This was also the case for
those with at least one anxiety disorder compared with those
with no anxiety disorder (Table 2). To examine whether the
severity of CG contributes to work and social impairment
above and beyond the presence of current comorbid anxiety
disorders and/or MDD, we examined the prediction of
WSAS score by ICG score in a linear regression including
covariates for MDD and anxiety disorders. The ICG scores
remained significantly associated with greater work and
social impairment (B = 0.43, t = 5.57, P b .001) after
adjustment for current depression and anxiety comorbidity
and also after adjustment for lifetime comorbidity (B = 0.52,
t = 6.74, P b .001).

Most individuals with lifetime psychiatric comorbidity
(75%, 128 of 175) reported an age of onset for at least one
psychiatric disorder before the reported CG-associated loss,

with the earliest disorder onset at a mean of 16.7 ± 14.3
(range 0.2-65.6, 95% confidence interval 14.2-19.2) years
before the loss. Of note, more than 80% of those with MDD
(87%, 127 of 146) and PTSD (82.2%, 88 of 107) reported
onset of the DSM disorder before bereavement.

4. Discussion

We found that one fourth of help-seeking CG patients had
no current DSM-IV Axis I comorbidity, despite diagnosing
DSM conditions without judging if they were better
explained by grief. High rates of psychiatric comorbidity
are common in treatment-seeking populations, and our
comorbidity rates are similar to those for mood and anxiety
disorders in the recent replication of the National Comor-
bidity Study [29,30]. Thus, the 25% of our CG sample
without such comorbidity represents psychopathology dis-
tinct from other mood and anxiety disorders.

As predicted, study participants with a comorbid mood or
anxiety disorder were more severely ill; with greater
functional impairment, sleep disturbance, depression,
trauma, and general anxiety symptoms; and with higher
levels of grief. Nonetheless, CG severity in and of itself was
linearly associated with greater work and social impairment
after controlling for the presence of psychiatric comorbidity,
thus providing additional support for its independent
contribution to impairment. Also of interest, age of onset
of psychiatric comorbidity occurred before bereavement in
most of the patients, suggesting that preexisting psychiatric
illness may be a risk factor for CG [30]. This finding is
similar to data suggesting that individuals with a history of
mood or anxiety disorders are at increased risk for the
development of PTSD after a traumatic event [31] and is
consistent with the notion of CG as a stress response disorder

Table 1
Psychiatric comorbidity in treatment-seeking individuals with CG (n = 206)

Comorbid disorder a Current % (n) Lifetime % (n)

MDD 55.34 (114) 71.84 (148)
PTSD 48.54 (100) 52.91 (109)
Panic disorder 13.59 (28) 21.84 (45)
Agoraphobia without panic 0.97 (2) 0.97 (2)
GAD 18.45 (38) N/A
Social anxiety disorder 7.77 (16) 13.11 (27)
Obsessive-compulsive disorder 6.31 (13) 6.80 (14)
Any anxiety disorder b 62.62 (129) 69.42 (143)
Any comorbid disorder 75.24 (155) 84.47 (174)
1 comorbid disorder 24.76 (51) 21.36 (44)
2 comorbid disorders 30.58 (63) 33.01 (68)
3 comorbid disorders 13.59 (28) 18.45 (38)
≥ 4 comorbid disorders 6.31 (13) 11.65 (24)
No comorbid disorder 24.76 (51) 15.53 (32)

a Bipolar disorder was an exclusion criterion for randomization in the
treatment study, but was diagnosed in 10 individuals at screening assessment
(6 bipolar I, 4 bipolar II).

b The presence of any anxiety disorderwas defined as at least one DSM-
IV diagnosis of panic disorder with or without agoraphobia, agoraphobia
without panic, obsessive-compulsive disorder, GAD, PTSD, or social
anxiety disorder.

Fig. 1. Current PTSD and MDD comorbidity in treatment-seeking
individuals with CG disorder (n = 206).

397N.M. Simon et al. / Comprehensive Psychiatry 48 (2007) 395–399

Simon,et al, Comprehensive Psychiatry, 2007



Anti-depressants don’t help CG
� A) CG self-ratings

� improvement in participants 
randomized to complicated 
grief treatment (CGT) 

� no specific benefit of 
citalopram (black line) 
relative to placebo (orange 
line)

� B) Depression self-ratings 
� improvement in depression 

when citalopram is co-
administered with CGT (blue 
line)

� little improvement in 
depression with citalopram 
but no CGT (black line)

Copyright 2016 American Medical Association. All rights reserved.

score mean [SE] difference of −1.24 (0.65; P = .06). Figure 2 dis-
plays observed mean trajectories of CG (ICG) and depressive
(QIDS-SR16) symptoms.

Outcome for Self-report Measures of Symptoms
and Impairment
Results of inverse probability weighting–adjusted cross-
sectional analyses of mean change in self-report ratings also
closely mirrored the main outcome findings (Table 3). Citalo-
pram and PLA showed no significant difference at week 12 for
CG symptom severity (ICG-adjusted mean [SE] difference, 0.67
[2.04]; P = .74), grief-related impairment (WSAS-adjusted mean
[SE] difference, −0.84 [1.57]; P = .59), or grief-related avoid-
ance (GRAQ-adjusted mean difference, −1.49 [1.56], P = .34);
results were similar at week 20. Similarly, CIT with CGT and
PLA with CGT were not statistically different on any of these
measures at week 20. Citalopram with CGT was associated with
significantly greater change than CIT (adjusted mean [SE] dif-
ferences: ICG, −7.37 [2.08]; P < .001; WSAS, −4.13 [1.46];
P = .005; GRAQ, −5.19 [1.60]; P = .001), and PLA with CGT was
associated with significantly greater change than PLA (ad-
justed mean [SE] differences: ICG, −8.01 [2.04]; P < .001; WSAS,
−5.76 [1.63]; P < .001; GRAQ, −5.74 [1.43]; P < .001). Results
from longitudinal analyses (mixed effects models) using all
available assessments of symptom and impairment mea-
sures are consistent with inverse probability weighting analy-
ses (eAppendix 3 in Supplement 2).

Treatment Effects on Suicidal Ideation
At the first treatment visit, rates of suicidal ideation on a cli-
nician-rated suicide assessment were 30.6% for the CIT group,
32.2% for the PLA group, 32.2% for the CIT with CGT group,
and 25.9% for the PLA with CGT group (Table 2). Those receiv-
ing medication without CGT still reported a wish to die at week
20 (CIT, 17.7%; PLA, 19.0%). Complicated grief treatment with
CIT was associated with significantly lower suicidal ideation
at week 20 compared with CIT (3.5% vs 17.7%; odds ratio, 0.17;
95% CI, 0.05-0.55; P = .003). Similarly, CGT with PLA at week
20 was significantly lower than PLA (6.7% vs 19.0%; odds ra-
tio, 0.30; 95% CI, 0.11-0.85; P = .02).

Treatment Adherence
Seventy-four percent of those assigned to CGT completed all
16 sessions, and CIT did not significantly improve this comple-
tion rate (74.0% vs 73.7%; P = .97). Among participants not as-

Figure 2. Inventory of Complicated Grief Scores
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A, Scores on the Inventory of Complicated Grief (ICG) show improvement in
participants randomized to complicated grief treatment (CGT) but no specific
benefit of citalopram (CIT) relative to placebo (PLA). B, Depression self-ratings
on the Quick Inventory of Depressive Symptoms (QIDS) show improvement
when CIT is co-administered with CGT but little improvement in the absence of
CGT. The ICG total score range is 0 to 76; the QIDS total score range is 0 to 27.
IPW indicates inverse probability weighting.

Table 3. IPW-Adjusted Mean Differences in the Secondary Outcomes for Each Hypothesisa

Test

Aim 1: CIT
vs PLA (wk 12)

Aim 2: CIT With CGT
vs PLA With CGT (wk 20)

Aim 3: CIT With CGT
vs CIT (wk 20)

Aim 3: PLA With CGT
vs PLA (wk 20)

IPW-Adjusted
Difference,
Mean (SE) P Value

IPW-Adjusted
Difference,
Mean (SE) P Value

IPW-Adjusted
Difference,
Mean (SE) P Value

IPW-Adjusted
Difference,
Mean (SE) P Value

ICG 0.67 (2.04) .74 1.26 (1.98) .53 −7.37 (2.08) <.001b −8.01 (2.04) <.001b

WSAS −0.84 (1.57) .59 1.20 (1.44) .40 −4.13 (1.46) .005b −5.76 (1.63) <.001b

QIDS −1.37 (0.89) .12 −2.06 (1.00) .04b −2.35 (1.13) .04b −1.61 (1.15) .16

GRAQ −1.49 (1.56) .34 1.14 (1.38) .41 −5.19 (1.60) .001b −5.74 (1.43) <.001b

Abbreviations: CIT, citalopram; CGT, complicated grief treatment; GRAQ,
Grief-Related Avoidance Questionnaire; ICG, Inventory of Complicated Grief;
IPW, inverse probability weighting; PLA, pill placebo; QIDS, Quick Inventory of
Depressive Symptoms; SE, standard error; WSAS, Work and Social Adjustment
Scale.
a Results obtained by weighted linear regressions of the secondary outcomes

measured at primary time points (week 12 or week 20), controlling for site,
baseline major depressive disorder, and race/ethnicity and with inverse
probability weighting to account for missing assessment data.

b Significant at a significance level of P < .05.
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score mean [SE] difference of −1.24 (0.65; P = .06). Figure 2 dis-
plays observed mean trajectories of CG (ICG) and depressive
(QIDS-SR16) symptoms.

Outcome for Self-report Measures of Symptoms
and Impairment
Results of inverse probability weighting–adjusted cross-
sectional analyses of mean change in self-report ratings also
closely mirrored the main outcome findings (Table 3). Citalo-
pram and PLA showed no significant difference at week 12 for
CG symptom severity (ICG-adjusted mean [SE] difference, 0.67
[2.04]; P = .74), grief-related impairment (WSAS-adjusted mean
[SE] difference, −0.84 [1.57]; P = .59), or grief-related avoid-
ance (GRAQ-adjusted mean difference, −1.49 [1.56], P = .34);
results were similar at week 20. Similarly, CIT with CGT and
PLA with CGT were not statistically different on any of these
measures at week 20. Citalopram with CGT was associated with
significantly greater change than CIT (adjusted mean [SE] dif-
ferences: ICG, −7.37 [2.08]; P < .001; WSAS, −4.13 [1.46];
P = .005; GRAQ, −5.19 [1.60]; P = .001), and PLA with CGT was
associated with significantly greater change than PLA (ad-
justed mean [SE] differences: ICG, −8.01 [2.04]; P < .001; WSAS,
−5.76 [1.63]; P < .001; GRAQ, −5.74 [1.43]; P < .001). Results
from longitudinal analyses (mixed effects models) using all
available assessments of symptom and impairment mea-
sures are consistent with inverse probability weighting analy-
ses (eAppendix 3 in Supplement 2).

Treatment Effects on Suicidal Ideation
At the first treatment visit, rates of suicidal ideation on a cli-
nician-rated suicide assessment were 30.6% for the CIT group,
32.2% for the PLA group, 32.2% for the CIT with CGT group,
and 25.9% for the PLA with CGT group (Table 2). Those receiv-
ing medication without CGT still reported a wish to die at week
20 (CIT, 17.7%; PLA, 19.0%). Complicated grief treatment with
CIT was associated with significantly lower suicidal ideation
at week 20 compared with CIT (3.5% vs 17.7%; odds ratio, 0.17;
95% CI, 0.05-0.55; P = .003). Similarly, CGT with PLA at week
20 was significantly lower than PLA (6.7% vs 19.0%; odds ra-
tio, 0.30; 95% CI, 0.11-0.85; P = .02).

Treatment Adherence
Seventy-four percent of those assigned to CGT completed all
16 sessions, and CIT did not significantly improve this comple-
tion rate (74.0% vs 73.7%; P = .97). Among participants not as-

Figure 2. Inventory of Complicated Grief Scores
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A, Scores on the Inventory of Complicated Grief (ICG) show improvement in
participants randomized to complicated grief treatment (CGT) but no specific
benefit of citalopram (CIT) relative to placebo (PLA). B, Depression self-ratings
on the Quick Inventory of Depressive Symptoms (QIDS) show improvement
when CIT is co-administered with CGT but little improvement in the absence of
CGT. The ICG total score range is 0 to 76; the QIDS total score range is 0 to 27.
IPW indicates inverse probability weighting.

Table 3. IPW-Adjusted Mean Differences in the Secondary Outcomes for Each Hypothesisa

Test

Aim 1: CIT
vs PLA (wk 12)

Aim 2: CIT With CGT
vs PLA With CGT (wk 20)

Aim 3: CIT With CGT
vs CIT (wk 20)

Aim 3: PLA With CGT
vs PLA (wk 20)

IPW-Adjusted
Difference,
Mean (SE) P Value

IPW-Adjusted
Difference,
Mean (SE) P Value

IPW-Adjusted
Difference,
Mean (SE) P Value

IPW-Adjusted
Difference,
Mean (SE) P Value

ICG 0.67 (2.04) .74 1.26 (1.98) .53 −7.37 (2.08) <.001b −8.01 (2.04) <.001b

WSAS −0.84 (1.57) .59 1.20 (1.44) .40 −4.13 (1.46) .005b −5.76 (1.63) <.001b

QIDS −1.37 (0.89) .12 −2.06 (1.00) .04b −2.35 (1.13) .04b −1.61 (1.15) .16

GRAQ −1.49 (1.56) .34 1.14 (1.38) .41 −5.19 (1.60) .001b −5.74 (1.43) <.001b

Abbreviations: CIT, citalopram; CGT, complicated grief treatment; GRAQ,
Grief-Related Avoidance Questionnaire; ICG, Inventory of Complicated Grief;
IPW, inverse probability weighting; PLA, pill placebo; QIDS, Quick Inventory of
Depressive Symptoms; SE, standard error; WSAS, Work and Social Adjustment
Scale.
a Results obtained by weighted linear regressions of the secondary outcomes

measured at primary time points (week 12 or week 20), controlling for site,
baseline major depressive disorder, and race/ethnicity and with inverse
probability weighting to account for missing assessment data.

b Significant at a significance level of P < .05.

Optimizing Treatment of Complicated Grief: A Randomized Clinical Trial Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online June 8, 2016 E7

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/15/2016

Shear et al, JAMA Psychiatry, 2016



What happens in the brain?



Neuroimaging and grief

� 23 women 
� 11 Complicated Grief
� 12 Non-Complicated Grief

� Average time since bereavement 
was 27 months

� The mean age of participants was 
43.7 (SD = 10)

� No psychiatric or medical  
disorders, no anti-depressants

� Photos and narrative words as 
reminders of the deceased



Accumbens activation CG > Non-CG

Nucleus accumbens

O’Connor et al, NeuroImage, 2008



Accumbens with yearning
• In 23 participants, 

those with CG showed 
greater activation in 
nucleus accumbens 
compared to those 
with Non-CG.

• Nucleus accumbens 
activity was correlated 
with self-reported 
yearning.
• not with time since 

death, positive or 
negative affect



Continuing brain activation 
after relationship 

disruptions
� If the disruption remains unresolved

Romantic 
rejection

Fisher et al, 2010

Complicated 
Grief

O’Connor et al, 2008



Another fMRI study
� 25 older adults

� 9 CG

� 7 Non-CG

� 9 Nonbereaved

� Average age was 71.4

� 84% female

� Average time since the 
death was 21.19 months

� Similar task, but not exactly

sACC correlated with yearning
(Z = 3.11, p < .005, cluster = 25).

N = 16

McConnell et al, Heliyon, 2018



Why no replication?
� Our sample was 

significantly older than in 
previous work. 

� The intensity of absolute 
nucleus accumbens 
responsiveness may be 
lower in this age group. 

� Recent studies in older 
animals have shown 
changes in nucleus 
accumbens functioning 
and behavior (Ruegsegger et 
al., 2017).



Oxytocin in complicated grief

� Nucleus accumbens is rich in oxytocin 
receptors (Ross et al., 2009; Insel, 2010; Liu & Wang, 
2003).

� Pair bonding and maternal bonding are 
dependent on oxytocin mechanisms (Insel
& Young, 2001; Johnson & Young, 2015).

� Approach Avoidance Task
� Counterbalanced, double-blind, within subject
� Two visits, one week apart, with oxytocin or 

placebo administration



3s

~7m

• 37 spousally
bereaved older 
adults 

• Stimuli
• Deceased
• Living loved one
• Stranger
• Grief (generic) 
• Neutral

• Calculated raw 
compatibility score 

• Push–Pull
(+) score, approach bias
(-) score, avoid bias



Across bereaved sample
• Approach bias on spouse 

trials vs. stranger trials (p 
= .001).

• Bias did not significantly 
differ in generic grief trials 
vs. neutral trials 

• The statistically significant 
difference between the two 
contrast estimates 
(estimate = 51.0, p = .02) 
means spouse vs. stranger 
produced larger 
differences than grief vs. 
neutral. 



Non-CG shows approach bias
� AAT performance 

by stimulus 
category and 
group, in the 
placebo condition. 

� Overall, the Non-
CG group showed 
greater approach 
bias regardless of 
stimulus category 
(i.e., no group x 
stimulus 
interaction). 



OT differential impact on CG

Arizmendi, Seely et al, under review

� In the placebo 
condition, across all 
stimuli, the CG group is 
significantly more 
avoidance-biased. 

� The CG group becomes 
significantly more 
approach-biased under 
oxytocin 
� while the Non-CG 

group’s behavior does 
not change 
significantly from the 
placebo condition.



Implications of OT effect
� The oxytocinergic system of those with complicated 

grief was differentially affected, across types of 
stimuli.

� Concern that the social salience aspect of oxytocin 
administration may cause greater rumination about 
the deceased.

� One possibility is that the density or efficacy of 
oxytocin receptors is different in complicated grief.

� Variations in oxytocin receptors occur naturally 
across the population due to single nucleotide 
polymporphisms (SNPs).



Human grief and cortisol
� Those with acute grief are 

experiencing one of life’s 
most stressful events.

� Those with complicated 
grief have a prolonged 
stress.

� What do we know about 
cortisol and human 
bereavement?



Cortisol in human grief

� Increased cortisol in the 
first 2 weeks after spousal 
death (Buckley et al, 2009).

� Widow(er)s with prolonged 
forewarning had higher 
cortisol levels at 6 months 
than those whose spouses 
died suddenly (Richardson, 
et al, 2013). 

cortisol: dehydroepiandrosterone-sulphate (DHEAS)
levels compared with a matched nonbereaved control
group.9 Both cortisol and DHEAS are outputs of the
hypothalamic-pituitary-adrenal (HPA) axis and a
higher ratio of cortisol to DHEAS is observed in older
age, as production of DHEAS, an immune enhancer,
decreases naturally whereas cortisol levels do not. As
such, elevated cortisol in a group with reduced ability
to produce DHEAS is likely to have greater impact in
elderly bereaved, with greater potential for immune
alteration. 

Disturbed sleep

Evidence of sleep disturbance in bereavement stems
from three main study approaches: community-based
studies,18,19 self-reporting questionnaires following
bereavement, and quantification of sleep patterns using
electroencephalography (EEG). In one study conducted
in Sweden, the relative risk of sleep disturbances was
1.95 (CI = 1.5-3.4) in 509 widows whose husbands had
died from cancer 3 years prior compared with women
whose husbands were still alive.18 In another study of
2800 randomly selected Japanese residents, bereavement
was associated with an increased risk of not maintaining
uninterrupted sleep and a higher incidence of using hyp-

notic medications (odds ratio of 1.65 and 2.12 respec-
tively).19 Similarly, another study of 105 bereaved indi-
viduals, examined at least 6 months after their loss,
reported significantly lower sleep quality and efficiency,
with worse self-reported sleep measures associated with
higher levels of depression.20

These reports of an association between bereavement
and altered sleep have been confirmed by studies using
electroencephalography (EEG) monitoring, although
studies have mainly focused on elderly samples. In one
study of 31 elderly bereaved spouses, stratified by the
presence or the absence of major depression 3.5 years
after loss, subjects with major depression had signifi-
cantly lower sleep efficiency, more early-morning awak-
ening, shorter rapid eye movement (REM) latency,
higher REM sleep percentage, and lower rates of delta
wave generation in the first non-REM (NREM) period,
compared with bereaved subjects without depression.
Interestingly in this study, sleep in bereavement without
depression was similar to that of nonbereaved control
subjects.21 These findings have been confirmed in
another evaluation of 14 elderly bereaved subjects who
were experiencing subsyndromal depressive symptoms,
with evidence of diminished REM sleep latency, pro-
longed first REM sleep period, and impaired sleep effi-
ciency at 5.5 months following loss.22
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Figure 2. Morning blood cortisol levels and self-reported hours of sleep in bereaved participants at 2 weeks (entry) and 6 months compared with
nonbereaved controls in the Cardiovascular Health in Bereavement Study.13 *P<0.05 
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Table 3 presents the results of our sensitivity analyses.
The groups now include all persons that experienced grief
or complicated grief up to 5 years ago (those experiencing
grief 2 to 5 years were added in these analyses). No differ-
ences between the participants with grief, complicated
grief, and those without any grief in the cortisol morning
levels or the two sum measures were observed anymore,
whatever the reference and comparison group. Conse-
quently, we tested if the cortisol measures of persons with
complicated grief differed depending on time since be-
reavement. To this aim, we defined exclusive groups of
complicated grievers less than 2 years and between 2 and
5 years since bereavement. Both the AUCg (CG 2 years,
6.84 nmol/L; CG >2–5 years, 9.23 nmol/L; difference,
−2.393; CI = −4.21 to −0.57; F-statistic, 3.33; p = .01) and
the morning cortisol levels (CG 2 years, 11.85 nmol/L;

CG >2–5 years, 16.44 nmol/L; difference, −4.58; CI = −8.46
to −0.70; F-statistic, 2.69; p = .021) differed in persons with
complicated grief depending on the time since bereavement.

The continuous analyses in persons with grief experi-
enced in the past 5 years showed that higher scores on the
ICG were associated with lower morning cortisol (B =
−0.270; 95% CI = 11.94 to −0.72; p = .027).

DISCUSSION
In this population-based study, we studied whether diurnal
cortisol secretion of persons with complicated grief or per-
sons with normal grief differed from those not experiencing
grief in the past 2 years. As hypothesized, the present study
demonstrated that participants with complicated grief
2 years after loss showed lower level of morning cortisol
and lower overall diurnal cortisol exposure than the

TABLE 2. Cortisol Saliva Summary Measures in Persons Up to 2 years After Loss

No Grief
Reference
Category
n = 1922

Grief
n = 131

Complicated
Grief n = 31

Comparison Complicated
Grief - No Grief

Comparison Complicated
Grief - Grief

Outcome Salivary Cortisol
Measure 2 years After
Loss

Estimated
Mean

Estimated
Mean

Estimated
Mean

Difference With
Reference (95% CI) p

Difference With
Reference (95% CI) p

Morning cortisol, nmol/L 14.72 15.51 11.26 −3.46 (−6.78, −0.13) .042 −4.25 (−7.87, −0.62) .022
Area under the curve, nmol/L 8.31 8.98 6.89 −1.42 (−2.99, 0.16) .078 −2.01 (−3.81, −0.37) .017
Slope, nmol/L per hour −0.83 −0.83 −0.64 0.19 (−0.04, 0.06) .113 0.19 (−0.06, 0.44) .134

The table presents estimated means, which are adjusted values. The analyses included persons who grieved after a loss up to 2 years ago. Analysis of covariance
was performed, and adjusted values are presented. Participants using corticosteroid were excluded. All analyses were adjusted for age, sex, level of education,
smoking, bodymass index, CES-D score,MDD, anxiety symptoms, andMiniMental State Examination score. P values are Bonferroni corrected accounting for
the three groups.

CES-D, Center of Epidemiological Studies—Depression scale; MDD, major depressive disorder.

TABLE 3. Cortisol Saliva Summary Measures in Persons Up to 5 years After Loss

No Grief
Reference
Category
N = 1922 Grief N = 210

Complicated
Grief N = 82

Comparison Complicated
Grief - No Grief

Comparison Complicated
Grief - Grief

Outcome Salivary
Cortisol Measure
2 years After Loss

Estimated
Mean

Estimated
Mean

Estimated
Mean

Difference With
Reference (95% CI) p

Difference With
Reference (95% CI) p

Morning cortisol, nmol/L 14.72 15.18 14.44 −0.26 (−2.34, 1.81) .802 −0.74 (−3.09, 1.60) .535
Area under the curve, nmol/L 8.31 8.57 8.39 0.07 (−0.91, 1.05) .884 −0.18 (−1.29, 0.95) .743
Slope, nmol/L per hour −0.83 −0.83 0.04 0.04 (−0.10, 0.18) .596 0.19 (−0.12, 0.20) .636

The table presents estimated means, which are adjusted values. The analyses included persons who grieved after a loss up to 2 years ago. Analysis of covariance
was performed and adjusted values are presented. Participants using corticosteroid were excluded. All analyses were adjusted for age, sex, level of education,
smoking, bodymass index, CES-D score, MDD, anxiety symptoms andMiniMental State Examination score. P-values are Bonferroni corrected accounting
for the three groups.

CES-D, Center of Epidemiological Studies-Depression scale; MDD,major depressive disorder.
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Cortisol in younger bereaved 

intercept and linear and quadratic slope terms for time improved the
model fit and were therefore included. A maximum likelihood estimation
procedure and an unstructured error matrix of the random components
were specified in the model. Results from the most parsimonious model
with the best-fit criteria are reported.

RESULTS
The average age of the whole sample was 19 years, and
slightly more than half were female (58%) and white
(56%). The sample was similar to the larger population
of undergraduate students, from which they were drawn,
exhibiting mildly elevated depression scores, typical in
the fall of freshman year (data available upon request). De-
scriptive characteristics in Table 1 show a comparison of
the three loss groups and the control group. These groups
did not differ significantly in age, race, sex, depressive symp-
toms, loneliness, attachment style, or body mass index. The
loss subgroups did not differ in their level of yearning.

When examining the whole sample, the quadratic slope
of cortisol values was significant (F(1,128) = 31.91,
p < .001). As hypothesized, group moderated the acute cor-
tisol stress response (i.e., quadratic slope) (F(1,126) = 4.41,
p < .04) such that participants in the loss group showed
less of an acute cortisol rise (i.e., a flatter slope) across the
four time points when compared with those in the control
group (Fig. 2).

It was important for the validity of the virtual reality
TSST to examine the number of cortisol responders in our
control group (because our loss group had a flatter slope,
as hypothesized). Using the more recent (lower) criteria of
a 1.5-nM rise (21), 62% of our control participants were
responders. Perhaps it is not surprising that a real-world
TSST would create a stronger acute stress response (i.e.,
75%), but the present finding is noteworthy. Replica-
tion is necessary, but the present results are promising
for creating a physiological acute stress response with a
novel method.

When examining the whole sample, the quadratic slope
of subjective reports of stress was significant (F(1,148) =
72.86, p < .001). Subjective stress ratings increased by
61% at 15 minutes after the onset of the stressor. However,
the quadratic slope of subjective stress did not differ signif-
icantly between the loss and control groups, when including
main effects of group, time, and sex (F(1,146) = 0.40,
p = .53; Fig. 3).

DISCUSSION
The present study provides evidence that an online vir-
tual TSST produces subjective and physiological stress re-
sponses. This finding replicates prior studies that have
shown an increase in cortisol to a virtual presentation of the
TSST (8–10), although the present study uses a freely avail-
able software program on a regular computer screen. Qualita-
tive responses by participants suggested that they were
immersed in the task, even presented on a two-dimensional

TABLE 1. Descriptive Statistics and Group Comparisons for the Three Loss Groups and Control Group

Variables
Bereaved
(n = 9)

Homesick
(n = 16)

Breakup
(n = 9)

Control
(n = 16)

Total
(n = 50)

F
Value/χ2 P

Age, y 18.89 (0.78) 18.38 (0.72) 19 (1.32) 19.31 (2.12) 18.88 (1.44) 1.17 .33
Percent white (versus nonwhite) 6 (67%) 11 (69%) 3 (33%) 8 (50%) 28 (56%) 3.58 .31
Percent male 4 (44%) 6 (38%) 3 (33%) 8 (50%) 21 (42%) 0.85 .83
CESD scale 19.78 (4.66) 19.69 (5.56) 17.89 (3.66) 17.75 (4.02) 18.76 (4.59) 0.72 .55
UCLA Loneliness Scale 41.67 (7.23) 40.81 (12.12) 38.67 (6.76) 42.56 (8.83) 41.14 (9.31) 0.34 .80
ECR-R Anxious 57.44 (27.48) 54.25 (21.93) 61.78 (12.17) 58.25 (17.68) 57.46 (19.93) 0.27 .84
ECR-R Avoidance 48.67 (22.60) 62.19 (19.03) 44 (18.14) 62 (27.11) 56.42 (23.10) 1.96 .13
Yearning Scale 50.22 (17.04) 46.31 (16.66) 44.44 (21.22) NA NA NA NA
Body mass index, kg/m2 25.44 (5.44) 23.46 (3.92) 24.05 (3.48) 22.41 (3.50) 23.59 (4.05) 1.13 .35

CESD = Center for Epidemiologic Studies Depression; ECR-R = Experiences in Close Relationships–Revised.

Data are presented as mean (standard deviation) or n (%).

FIGURE 2. Cortisol: model-predicted quadratic trajectories of
cortisol (not raw values) over the four time points for the control
and loss groups. The quadratic slope of the Loss group is
significantly flatter than the control group. TSST = Trier Social
Stress Test.
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nalizing and externalizing symptoms on the Child Behavior
Checklist (completed by caregiver; a’s = .87—.90), the Youth
Self-Report (completed by child; a = .86), the Child Depres-
sion Inventory (completed by child; a = .87), and the Chil-
dren’s Manifest Anxiety Scale-Revised (completed by child;
a = .90) (Reynolds and Richmond, 1978; Achenbach, 1991b;
Kovacs, 1992). As the CDI and R-CMAS were highly correlated
(r = .65), a composite of the means of their standardized
scores was used as the youth report of internalizing problems.
Composite scores were constructed by standardizing the
caregiver and youth report measures of internalizing pro-
blems or externalizing problems and then averaging them.
Contemporaneous externalizing and internalizing symptoms
were assessed at the six-year follow-up with the Youth Self-
Report if the participant was 14—18-year-old (a = .88—.90),
or the Young Adult Self-Report for participants over 18
(a = .87—.88; Achenbach, 1991a, 1997).

1.4. Data analytic strategy

Multilevel linear modeling was used to evaluate group differ-
ences in cortisol using the SPSS MIXED procedure, with
repeated cortisol measures nested within subjects and sub-
jects nested within families. A level 1 variable, cortisol
sample order, modeled the pattern of responses (within-
persons) over time. Group assignment served as the
between-persons dimension, coded with the intervention
group = ‘1’, control group = ‘0’. Time of day was included
as a level 2 variable. Participant gender was included as a
covariate for analyses involving internalizing or externalizing
symptoms.

2. Results

The main effect of group on cortisol was significant (b = .092;
95% confidence interval [CI], .011—.174; F(1, 135) = 5.1,
p = .026; Cohen’s d = .39). The intervention group showed
significantly higher cortisol across the task (see Fig. 1), but
did not differ in the pattern of response over time ( p = .98).
The intervention group’s cortisol was significantly higher
immediately after the task, p = .021, 15 min after the task,
p = .021, and 30 min after the task, p = .048. The main effect
remained significant after adjusting for gender, age, age at
the time of parental death, family income, hormonal contra-
ceptive use, caffeine intake, exercise, smoking status, time
of last meal, use of medications, pre-intervention psychoso-
cial risk, and contemporaneous internalizing and externaliz-
ing symptoms.

Cortisol levels were not associated with pre-intervention
psychosocial risk ( p = .27) or contemporaneous internalizing
symptoms ( p = .90). However, lower cortisol levels were
significantly associated with higher contemporaneous exter-
nalizing symptoms, (b = !.054; 95% confidence interval [CI],
!.093 to !.014; p = .008; hp

2 = .15). The group by externa-
lizing symptoms interaction was not a significant predictor of
cortisol ( p = .55), suggesting the impact of intervention on
cortisol did not differ by level of current externalizing symp-
toms.

Post hoc analyses considered if the age at which parental
death occurred would moderate the impact of intervention
on cortisol levels six years later. The group by age at parental

death interaction was not a significant predictor of cortisol,
(b = !.0018; 95% confidence interval [CI], !.035 to .032;
p = .92). Similarly, the group by age at intervention interac-
tion did not predict cortisol (b = !.007; 95% confidence
interval [CI], !.041 to .028, p = .71).

3. Discussion

The present study extends previous research on the short-
term neurobiological effects of preventive interventions by
evaluating cortisol activity in parentally bereaved children
six years after participation in a preventive intervention.
Adolescents and young adults randomized to the FBP condi-
tion exhibited significantly higher cortisol collected across
four samples in the late afternoon/early evening compared
to youth in the control group. The intervention effects on
cortisol did not differ by participant age at the time of
parental death. In addition, lower cortisol levels were asso-
ciated with elevated externalizing symptoms. These results
suggest that a family-based preventive intervention for par-
entally bereaved youth may have prevented the develop-
ment of a pattern of adrenocortical activity often associated
with externalizing problems.

The current findings are consistent with shorter-term
studies (Dozier et al., 2006; Brotman et al., 2007; Fisher
et al., 2007), which suggest that with effective early inter-
vention the potential adrenocortical dysregulation asso-
ciated with early adversity may be preventable. Given the
complexity of neuroendocrine alterations associated with
early adversity, the interpretation of higher cortisol in FBP
participants is not straightforward. One way to address this
issue is to consider associated affective pathology. The find-
ings that youth in the control condition had lower cortisol,
and lower cortisol was associated with higher externalizing
symptoms, suggest that for these at-risk youth, higher corti-
sol levels may be indicative of better mental health.

There are several limitations of these analyses. First,
cortisol levels were not assessed pre-intervention; however,

Fig. 1 Intervention group difference in cortisol. Error bars
represent standard errors of the means. Group differences are
significant at p < .05.

Bereavement intervention and cortisol 787

Luecken, et al, 2010
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compared with nonbereaved adults. The lower antibody titer re-
sponse to vaccination in bereaved older adults suggests reduced
adaptive immunity, which is consistent with the findings on im-
paired cellular immunity in bereaved adults (3).

Cytokines
Prolonged stress can lead to dysregulation of the immune system
and increased cellular inflammatory signaling. Over time, higher
levels of inflammation may cause inflammation-associated cardio-
vascular, autoimmune, neurodegenerative, and neoplastic diseases
(48). Persistent activation of inflammatory mechanisms such as in-
terleukin 6 (IL-6), interleukin 1 beta (IL-1β), and tumor necrosis
factor α (TNF-α) are associated with morbidity and mortality risk
(49–52). Researchers have investigated the association between
bereavement, grief and cytokines IL-6, IL-1β, TNF-α, interleukin
1α (IL-1α), interleukin 1 receptor antagonist (IL-1RA), interferon
gamma (IFNγ), and acute-phase proteins such as C-reactive pro-
tein (CRP). Most research is focused on the proinflammatory role
of IL-6, and it has recently been hailed as a “keystone cytokine in
health and disease” and a target for reduction (53).

Four publications were identified that examined circulating
concentrations of IL-6, IL-1RA, IL- lα, and/or IFNγ in bereaved
people. Three of these studies (33,37,40) were rated good quality
and found higher levels of IL-6 and/or IL-1RA in bereaved adults
compared with nonbereaved adults. The fourth study (24) used a
sample size of 12 bereaved adults without a nonbereaved control
group and did not find longitudinal changes in IL-lα or IFNγ from
2- to 12-month postloss. One of these studies (37) rated good qual-
ity found that elevated IL-6 level in bereaved adults was moder-
ated by a proinflammatory variant of the IL-6 -174 SNP. A
secondary analysis of this data (54) found adults with severe pro-
longed grief (SPG) and the proinflammatory variant of the IL-6
-174 SNP showed IL-6 levels that were twice as high as those of
participants with SPG and the protective variant of the IL-6 -174
SNP. An additional small study with 18 bereaved adults examined
salivary markers of inflammation and found an increase in levels
of salivary IL-1β and soluble tumor necrosis factor receptor II
from pre- to postgrief elicitation task (34).

Two publications were identified that examined circulating
concentrations of CRP in bereaved adults (36,40). Both studies
were rated good quality and neither found an association between
bereavement and CRP levels. The model developed in the present
review is shown in Figure 2 with the incorporated findings from
the articles that measured IL-6 and CRP. These biomarkers were
measured in multiple studies and the findings highlight the poten-
tial benefits of the model. On the left in Figure 2, the results of the
three studies measuring IL-6 demonstrate that the average IL-6
levels could be placed in the Chronic quadrant for the bereaved
(compared with the nonbereaved control group levels) (33,37,40).
The average IL-6 level from one study (33) is above the level of
IL-6 considered to be clinically relevant (55), although all three
studies showed statistically different averages between bereaved
and nonbereaved groups. On the right in Figure 2, the results by
Buckley and colleagues (36) demonstrate that the average levels
of CRP are in the Resilient quadrant when measured shortly after
the death event and do not differ from nonbereaved controls. This
study (36) also demonstrates the power of comparing two time
points after the death event—the study continues to find nonclinical
(Normalized) levels of CRP when measured at 6 months after the
death event. Cohen and colleagues (40) also find nonclinical levels
of CRP that do not differ from nonbereaved controls at 1 year.

Immune Cell Gene Expression
One group of researchers used social genomics to take a broader
view of the impact of bereavement on immune function (38).
O'Connor and colleagues' study (38) was rated good quality and
investigated immune cell gene expression in widowed and
nonbereaved adults. Compared with nonbereaved adults, all
widow(er)s showed upregulated expression of genes involved in
general immunological activation (e.g., inflammatory response)
and a selective downregulation of genes involved in B-cell re-
sponses (e.g., B-cell proliferation). However, those with SPG evi-
denced downregulation of antiviral response genes and those
without severed prolonged grief showed upregulated antiviral re-
sponse genes. The lower antiviral response gene expression in
widow(er)s with SPG suggests impaired resistance to infectious

FIGURE 2. Model with IL-6 and CRP results after bereavement. C = Chronic immune dysregulation, R = Resilient to immune changes,
N = Normalized immune function. The vertical transition lines refer to various time points postloss. The horizontal clinical cutoff line
refers to the level at which immune parameters affect pathophysiology of disease. Asterisks refer to statistically significant group
comparisons.
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Summary
� Grief is painful (from death and/or separation), and 

may cause physiological dysregulation.

� Humans may be able to believe that their loved one 
is just far away (but still alive) AND also that they 
are dead, slowing the learning and adaptation 
process.

� Yearning may get in the way of learning, and prevent 
enjoyment of rewards and opportunities for 
attachment in the present moment.
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