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Background. Several psychosocial risk factors for complicated grief have been described. However, the association of
complicated grief with cognitive and biological risk factors is unclear. The present study examined whether complicated
grief and normal grief are related to cognitive performance or structural brain volumes in a large population-based
study.

Method. The present research comprised cross-sectional analyses embedded in the Rotterdam Study. The study
included 5501 non-demented persons. Participants were classified as experiencing no grief (n = 4731), normal grief
(n = 615) or complicated grief (n = 155) as assessed with the Inventory of Complicated Grief. All persons underwent cog-
nitive testing (Mini-Mental State Examination, Letter–Digit Substitution Test, Stroop Test, Word Fluency Task, word
learning test – immediate and delayed recall), and magnetic resonance imaging to measure general brain parameters
(white matter, gray matter), and white matter lesions. Total brain volume was defined as the sum of gray matter plus
normal white matter and white matter lesion volume. Persons with depressive disorders were excluded and analyses
were adjusted for depressive symptoms.

Results. Compared with no-grief participants, participants with complicated grief had lower scores for the Letter–Digit
Substitution Test [Z-score −0.16 v. 0.04, 95% confidence interval (CI) −0.36 to −0.04, p = 0.01] and Word Fluency Task
(Z-score −0.15 v. 0.03, 95% CI −0.35 to −0.02, p = 0.02) and smaller total volumes of brain matter (933.53 ml v. 952.42
ml, 95% CI −37.6 to −0.10, p = 0.04).

Conclusions. Participants with complicated grief performed poorly in cognitive tests and had a smaller total brain
volume. Although the effect sizes were small, these findings suggest that there may be a neurological correlate of
complicated grief, but not of normal grief, in the general population.
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Introduction

The human reaction to bereavement is characterized by
a variety of feelings, thoughts and behaviors, of which
grief is often regarded as the most common reaction
(Rozenzweig et al. 1997). One possible consequence
of bereavement is an unresolved and prolonged grief,

termed complicated grief. Complicated grief includes
a set of symptoms such as persistent intense yearning,
and longing for and disruptive preoccupation with
thoughts of the deceased. These symptoms are promi-
nent, elevated at 6 months and beyond after the loss,
and are often resistant to antidepressant treatment
(Pasternak et al. 1991; Horowitz et al. 1997).

Complicated grief has been referred to as ‘traumatic
grief’, ‘complicated grief disorder’ and as ‘prolonged
grief’ (Shear et al. 2011) and is distinctly different
from depression ‘accounted for by bereavement’, as
mentioned in the Diagnostic and Statistical Manual of
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Mental Disorders, fourth edition (DSM-IV). Recently,
complicated grief has been included in the DSM-5
under the name ‘persistent complex bereavement dis-
order’ (Boelen & Prigerson, 2012).

Of the population experiencing bereavement, com-
plicated grief affects between 9% and 20% (Newson
et al. 2011), with variations based upon social, cultural
and clinical background as well as age. Complicated
grief strongly affects the well-being of the bereaved
(Lannen et al. 2008) and it is associated with sleep dis-
turbances (Hardison et al. 2005), depression and a
higher risk of suicide (Szanto et al. 1997), abuse of
alcohol (Hardison et al. 2005) and poor health
(Lannen et al. 2008).

In addition, psychosocial risk factors have been de-
scribed, such as a loss, unexpected death or suicide
(Ginzburg et al. 2002; Mitchell et al. 2004), lack of social
support or inability to adapt to the resulting changes
(Ott, 2003). However, the etiology of complicated
grief is not well established.

Recently, a cross-sectional study of 211 older adults
reported that bereavement was associated with poorer
memory performance, especially in men (Rosnick et al.
2010). Another study of 50 elderly people observed
that bereaved persons performedworse in tests of atten-
tion, information processing speed, and verbal fluency
(Ward et al. 2007) when compared with non-bereaved
persons. Furthermore, whether such associations also
exist for complicated grief remains to be studied.

In the elderly, accumulating pathology in the brain
can lead to structural changes visible on magnetic
resonance imaging (MRI). These structural changes in-
clude cortical atrophy and white matter lesions, which
have been associated with cognitive decline (Vernooij
et al. 2009). Such changes could increase the vulner-
ability to complicated grief. However, studies exploring
complicated grief and structural brain changes have not
been performed. The aim of the current study was to
examine the relationship of complicated grief with dif-
ferent domains of cognition and with brain volumes
assessed by MRI in the general population. We tested
two hypotheses. First, we postulated that persons
with complicated grief symptoms perform worse in
cognitive tests than those without grief or with normal
grief. Second, we postulated that persons with symp-
toms of complicated grief have less brain volume than
persons without grief or with normal grief.

Method

Study participants

The study utilizes data from the Rotterdam Study, a
large population-based cohort designed to examine
the occurrence of chronic diseases. The study has

been described in detail elsewhere (Hofman et al.
2011) and was approved by the medical ethical com-
mittee of the Erasmus Medical Center. Participants
gave written informed consent.

From July 2004 to September 2009, 6321 persons
were interviewed at home; this interview included the
Inventory of Complicated Grief (ICG). Individuals
with Mini-Mental State Examination (MMSE) score
<23 (n = 346), major depression (n = 112), and with an
ICG score5 22 but with less than 6 months since the
loss of a loved one (n = 29), missing data on the
MMSE (n = 163) or on the question ‘Are you currently
experiencing grief?’ (n = 170) were excluded. Therefore
5501 eligible persons aged over 45 years, with complete
data on complicated grief symptoms and cognitive
functioning were available.

From August 2005 onwards, participants from
the Rotterdam Study were invited for brain MRI.
Individuals with dementia, claustrophobia or MRI con-
traindications were excluded. Of the 4566 persons that
were approached for imaging, 3759 participated (84%).
After the same exclusion criteria as above were applied,
3607 persons with data on complicated grief for the
structural MRI study were available.

Assessment of complicated grief

All participants were asked if they were currently
grieving. If the answer was positive we asked formal
follow-up questions ‘When did this person die?’, and
‘Who was this person?’. Participants who were mourn-
ing over someone with severe disease or a pet were not
eligible for follow-up questions and classified as con-
trols. The participants who answered the first question
affirmatively were assessed for complicated grief with
the Dutch version of the ICG (Prigerson et al. 1995).
The ICG is considered the ‘gold standard’ for measure-
ment of complicated grief in older adults because it has
high internal consistency, and good convergent and
criterion validity. A total of 17 questions were asked
and responses were provided on a five-point scale to
reflect an increase in severity (never, seldom, some-
times, often, always) (Newson et al. 2011). One item
from the original English inventory, ‘I feel bitter over
this person’s death’, was removed as a pilot study
revealed that this sentiment had a very similar mean-
ing within the Dutch language as the included item:
‘I feel anger over this person’s death’. Two further
items (relating to seeing and hearing the deceased)
were combined into one due to their similarity.

A summary score for the ICG was calculated by
totaling each individual item score (responses from 0 =
never to 4 = always) across the 17 items providing a
potential score range of 0 to 68. Participants with a
score of less than 22 were considered as participants
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with grief symptoms. Participants with a score of 22 or
greater and with symptoms reported for at least 6
months were considered to have complicated grief.
This cut-off was based on the cut-off in the original ver-
sion of the ICG (original cut-off of 25 from 19 items).

We classified participants into three groups: no grief
(control group); persons with ‘normal’ grief (experienc-
ing non-complicated grief as shown by an ICG score <
22); and those with complicated grief (ICG score5 22).
The non-grieving control group included persons who
had experienced bereavement in the past but were not
grieving at the time of interview. Likewise, persons
grieving for a pet or a loved one with a severe disease
were included in the control group.

We also performed additional analyses, using a cut-
off of 30, to define participants with complicated grief
(Shear et al. 2005; Zuckoff et al. 2006). This resulted in
703 persons with ‘normal’ grief (experiencing non-
complicated grief as shown by an ICG score <30) and
67 persons with complicated grief (ICG score5 30).

An additional short assessment instrument with 13
items (including two severity questions) has been
introduced to establish prolonged grief disorder.
Seven of the eleven items correspond to items in the
ICG. The mean score on these items for persons with
complicated grief in our study was 14.13 v. 5.38 for
persons with normal grief (p4 0.001).

Assessment of cognitive functions

All participants underwent the MMSE, the Stroop Test,
the Letter–Digit Substitution Test (LDST), the Word
Fluency Task, and a 15-word verbal learning test.

The MMSE is a widely used test for screening
dementia and provides a reliable measure of global
cognitive functions.

The LDST, a modified version of the Symbol–Digit
Modalities Test, was used to measure processing
speed. Substitution tests are essentially speed-depen-
dent tasks that require the subject to match particular
signs – symbols, digits or letters – to other signs within
a specified time period. Participants make as many
letter–digit combinations as possible within 60 s, fol-
lowing an example that shows the correct combina-
tions. The LDST has the advantage of using letters
and digits, signs that are well known to those taking
the test. Substitution tasks involve visual scanning,
mental flexibility, sustained attention, psychomotor
speed, and speed of information processing (van
Hoof & Lezak, 1995; Natu & Agarwal, 2002; Vander
et al. 2006).

The Stroop Test consists of three standard trials.
Trials 1 and 2 measure attention and concentration.
In trial 1, the cards show color names printed in
black and participants are asked to name the printed

word. In trial 2, the cards show colored blocks and par-
ticipants are asked to name the printed color. Trial 3 is
an interference trial considered an effective measure of
an executive function. The cards show color names
printed in a different color from the color name and
participants are asked to name the color of the ink.
The outcome variable is the time needed to finish
trial 3 (Reeve & Schnadler, 2001).

The Word Fluency Task was used to test verbal
fluency. Participants are asked to name as many ani-
mals as possible within 60 s. The 15-word verbal learn-
ing test tests memory functions with immediate recall
and delayed recall components. Participants were
given a list of 15 unrelated words repeated over five
different trials and were asked to repeat. Another list
of 15 unrelated words was given and the client was
asked again to repeat the original list of 15 words
and again after 30 min.

For each participant, we calculated Z-scores for each
test separately except for MMSE.

We constructed a compound score for global cogni-
tive function with the average of all individual tests ex-
cept the MMSE (Prins et al. 2005).

Assessment of general cerebral parameters
and white matter lesions

Brain MRI was performed on a 1.5 Tesla scanner (USA)
with an eight-channel head coil and included
T1-weighted, proton-density-weighted and fluid-
attenuated inversion recovery sequences (Ikram et al.
2011). Post-processing steps have been described else-
where and include a conventional k-nearest-neighbor
brain tissue classifier extended with white matter
lesion segmentation (de Boer et al. 2009), obtaining
quantitative measures of white matter volume, gray
matter volume and white matter lesion volume. Total
brain volume was defined as the sum of gray matter
plus normal white matter and white matter lesions.

Assessment of covariates

Potential confounders were selected based on previous
publications and included determinants of grief or
brain atrophy (Ikram et al. 2008; Rosnick et al. 2010).
Information was collected in home interviews and
physical examination. The following variables were
tested as possible confounders: age (continuously per
year), sex, level of education (low, medium, high), sys-
tolic blood pressure (mmHg), diabetes mellitus, history
of stroke, history of depression, history of anxiety, cur-
rent depressive symptoms, and alcohol consumption.
Diabetes mellitus was defined as a fasting serum glu-
cose level of 57.0 mmol/l and/or the use of blood
glucose-lowering drugs. Stroke was defined according
to World Health Organization criteria as a syndrome
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of rapidly developing clinical signs of focal or global
disturbance of cerebral function, with symptoms
lasting 24 h or longer or leading to death. History
of depression was defined by self-reported history
of depression with treatment by a psychiatrist or
psychologist or use of antidepressant medication as
measured by pharmacy records as described pre-
viously (Luijendijk et al. 2008). History of anxiety was
assessed by the Composite International Diagnostic
Interview (Hek et al. 2011) according to DSM-IV cri-
teria. Current depressive symptoms were assessed
with a validated Dutch version of the Center for
Epidemiologic Studies Depression scale (range 0–60)
(Beekman et al. 1997), with a score of 16 or above sug-
gesting clinically relevant depressive symptoms. All
participants with clinically relevant depressive symp-
toms were interviewed by one of two clinicians using
the Present State Examination, a semi-structured psy-
chiatric interview (Wing et al. 1990). Participants with
diagnosis of major depression, as classified according
to the DSM-IV, were excluded.

Alcohol consumption was classified as low if the
participant drank zero to two glasses per day, moder-
ate if he/she drank three to four glasses per day, and
high if he/she drank five or more glasses per day.

Statistical analysis

Information on demographic characteristics was com-
pared among the groups using a χ2 test for categorical
data and an analysis of variance for continuous
variables.

First, we investigated the association of complicated
grief with measures of cognitive performance. We
tested the differences between participants with nor-
mal grief and controls. Next we compared participants
with complicated grief with controls as well as with
those participants with normal grief (the latter two
groups each used as reference) with analyses of covari-
ance (ANCOVA).

Second, we explored the association of complicated
grief with total brain volume and subsequently with
gray matter, and white matter separately. Also, we
investigated white matter lesions. Again, we compared
the three groups using ANCOVA.

We mutually adjusted brain volume parameters and
cognitive function when testing the association with
complicated grief.

All analyses were adjusted for age and sex, level of
education, systolic blood pressure, diabetes, and his-
tory of stroke, history of depression and anxiety, cur-
rent depressive symptoms, and alcohol consumption.

The ICG is designed as a screening measure and not
to assess severity of grief. However, we performed
continuous analyses in persons grieving using the

scores on the ICG to test whether there is a dose–
response relationship between the grief symptoms
score and cognition function or MRI brain measures
independently of the predefined cut-off.

Results

Of the 5501 eligible participants, 4731 were classified
as experiencing ‘no grief’, 615 as experiencing ‘normal
grief’, and 155 as experiencing ‘complicated grief’.

Table 1 presents the characteristics of the study
population. The main causes for grief were death of a
partner (complicated grief, 26%; normal grief, 20%)
or parent (complicated grief, 23%; normal grief, 29%).
When compared with persons without grief or with
normal grief, participants with complicated grief
were more likely to be female, older, have current
depressive symptoms and a lower MMSE, consume
less alcohol and have a history of depression, stroke
and diabetes.

Table 2 shows the cognitive test scores across the
three groups. Participants with complicated grief had
lower scores in the LDST [Z-score −0.16 v. 0.04, 95%
confidence interval (CI) −0.36, −0.04, p = 0.01] and
the Word Fluency Task (Z-score −0.15 v. 0.03, 95%
CI −0.35 to −0.02, p = 0.02) compared with no-grief
participants. Participants with normal grief had
slightly higher MMSE scores (score 28.2 v. 28.0, 95%
CI 0.04–0.33, p = 0.01) than no-grief participants. No
other differences were found. When participants with
complicated grief were compared with those with nor-
mal grief, we found that they had significantly lower
MMSE scores (score 27.7 v. 28.2, 95% CI −0.7 to
−0.13, p = 0.004). Also, participants with complicated
grief had lower scores in the LDST (Z-score −0.16 v.
0.03, 95% CI −0.36 to −0.02, p = 0.02) and the Word
Fluency Task (Z-score −0.15 v. 0.03, 95% CI −0.36 to
−0.003, p = 0.04) than participants with normal grief.
No differences in the Stroop Test or word learning
test, immediate and delayed recall, were observed
between these two groups.

Next we compared the brain tissue volumes and
white matter lesions across the three groups (Table 3).
Of the 3607 study participants, 3148 were classified as
experiencing ‘no grief’, 373 as ‘normal grief’ and 86
as ‘complicated grief’. When compared with no-grief
participants, complicated-grief participants were
more likely to have smaller total brain volume (volume
933.5 ml v. 952.4 ml, 95% CI −37.67 to −0.10, p = 0.04).
Indeed, all the brain volume comparisons between
non-grieving persons and those with complicated
grief were consistently negative, indicating a smaller
volume associated with complicated grief. No differ-
ences in brain tissue volumes between participants
with normal grief and those without grief were
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observed. When we entered both cognitive and brain
tissue volume parameters in a single model, the associ-
ation between complicated grief and smaller total brain
volume disappeared; however, the association between
lower cognitive functioning and complicated grief
remained (data not shown). When we performed
analyses using a cut-off of 30 to define complicated
grief, we found that participants with complicated
grief had lower MMSE scores than non-grievers
(score 27.4 v. 28, 95% CI −1.00 to −0.16, p = 0.007)
and normal grievers (score 27.4 v. 28.2, 95% CI −1.18
to −0.31, p = 0.001). As in the analyses using a less strin-
gent cut-off, consistent differences in cognitive para-
meters (LDST, Word Fluency Task) were found,
suggesting that persons with complicated grief perform
worse in these tasks independent of the case definition.

Using the cut-off of 30 on the ICG to define
complicated grief, we found that participants with
complicated grief had less gray matter (volume

512.78 ml v. 533.60 ml, 95% CI −37.90 to −3.72,
p = 0.017) and less white matter volume (volume
387.14 ml v. 414.74 ml, 95% CI −46.92 to −8.28,
p = 0.005) than participants with no grief. The total
brain volume of participants with complicated grief
was smaller (volume 903.31 ml v. 952.42 ml, 95% CI
−80.50 to −17.71, p = 0.002) than that of participants
with no grief. The continuous analyses in persons with
grief showed that higher scores on the ICG were asso-
ciated with lower MMSE score (B=−0.02, 95% CI −0.03
to −0.01, p = 0.002) and smaller total brain volumes
(B =−1.28, 95% CI−2.16 to−0.40, p = 0.004).

Discussion

In this population-based study we investigated
whether persons with complicated grief differ in cogni-
tive function and structural brain changes from partici-
pants with normal grief and a control group without

Table 1. Baseline characteristics of the study population (n = 5501)

Characteristics No grief (n = 4731) Grief (n = 615) Complicated grief (n = 155)

Mean age, years (S.D.) 60.7 (8.6) 62.4 (9.3)a 61.9 (8.1)
Women, n (%) 2529 (53) 433 (70)a 121 (78)b

Education, n (%)
Primary 446 (9) 74 (12) 16 (10)
Intermediate 3147 (66) 405 (66) 103 (66)
High 1062 (22) 123 (20) 36 (23)

Alcohol consumption, n (%)
Low (0 to 2 glasses per day) 3585 (76) 497 (81) 134 (86)
Moderate (3 to 4 glasses per day) 919 (19) 95 (15) 16 (10)
High (5 or more glasses per day) 227 (4.8) 23 (3.7) 5 (3.2)

Lives alone, n (%) 472 (10) 70 (11) 17 (11)
Who died?, n (%) N.A.
Partner – 127 (20) 40 (26)
Child – 35 (5.7) 25 (16)
Parent – 177 (29) 36 (23)
Brother/sister – 90 (14) 22 (14)
Others – 186 (30) 32 (21)

Mean MMSE scorec (S.D.) 28 (1.6) 28.1 (1.6) 27.7 (1.8)a,d

Depressive symptoms, CES-D 516, n (%) 285 (6) 64 (10)a,d 41 (26)b,d

History of depression, n (%) 341 (7.2) 74 (12)a,d 29 (19)b,d

History of anxiety, n (%) 309 (6.6) 69 (11)a,d 24 (16)b,d

History of cerebrovascular accident, n (%) 85 (2.0) 9 (1.5) 4 (3.0)
Diabetes, n (%) 258 (5) 40 (6.5)a 14 (9)b

Mean systolic blood pressure, mmHg (S.D.) 139 (20) 142 (20) 137 (19.7)
Mean diastolic blood pressure, mmHg (S.D.) 81.7 (10.9) 81.5 (11.0) 80.7 (11.7)

S.D., Standard deviation; N.A., not applicable; MMSE, Mini-Mental State Examination; CES-D, Center of Epidemiological
Studies Depression scale.
Group comparisons were performed with χ2 or analysis of variance.
aComparison of no-grief participants with grief participants (p < 0.05). bComparison of no-grief participants with

complicated-grief participants (p < 0.05). cParticipants with MMSE <23 were excluded. dComparison of grief participants with
complicated-grief participants (p < 0.05).
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Table 2. Cognition in participants with no grief, normal grief and complicated grief (n = 5501)

No grief (n = 4731) Grief (n = 615) Comparison with no grief Complicated grief (n = 155) Comparison with no grief

Cognitive testsa Estimated mean Estimated mean Difference (95% CI) p Estimated mean Difference (95% CI) p

Global measures
Global cognition compound scoreb 0.01 −0.00 −0.01 (−0.07 to 0.04) 0.58 −0.07 −0.08 (−0.19 to 0.01) 0.08
MMSE 28.0 28.2 0.2 (0.04 to 0.33) 0.01 27.7 −0.2 (−0.51 to 0.03) 0.08

Individual test scores
Letter–Digit Substitution Test 0.04 0.03 −0.01 (−0.09 to 0.07) 0.79 −0.16 0.20 (−0.36 to −0.04) 0.01
Stroop Test, reading 0.02 0.003 −0.01 (−0.11 to 0.06) 0.60 −0.07 −0.10 (−0.27 to 0.06) 0.23
Stroop Test, color naming 0.03 −0.01 −0.04 (−0.13 to 0.04) 0.33 −0.11 −0.14 (−0.31 to 0.02) 0.09
Stroop Test, interference 0.03 −0.002 −0.03 (−0.12 to 0.05) 0.46 −0.07 −0.10 (−0.27 to 0.05) 0.19
Word Fluency Task 0.03 0.03 −0.0 (−0.09 to 0.09) 0.99 −0.15 −0.18 (−0.35 to −0.02) 0.02
Word learning test, immediate recall −0.03 0.01 0.04 (−0.05 to 0.13) 0.43 −0.12 −0.09 (−0.27 to 0.07) 0.27
Word learning test, delayed recall 0.02 0.01 −0.01 (−0.10 to 0.08) 0.80 −0.01 −0.03 (−0.20 to 0.12) 0.65

CI, Confidence interval; MMSE, Mini-Mental State Examination.
aAll individual cognitive tests scores have been standardized. Those for the Stroop Test have additionally been inverted to indicate poorer performance with lower scores. All analy-

ses are adjusted for age, sex, level of education, blood pressure, history of depression, history of anxiety, history of stroke, diabetes, alcohol consumption and Center for
Epidemiologic Studies Depression scale score5 16. bGlobal cognitive function (average of three trials of the Stroop Test; Letter–Digit Substitution Test, Word Fluency Task, 15-word
learning test – immediate and delayed recall).

1394
H
.C

.Saavedra
P
érez

et
al.

https://doi.org/10.1017/S0033291714002499 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0033291714002499


Table 3. Brain volume differences in participants with no grief, normal grief and complicated grief (n = 3607)a

No grief (n = 3148) Grief (n = 373) Comparison with no grief Complicated grief (n = 86) Comparison with no grief

Brain parameters Estimated mean Estimated mean Difference (95% CI) p Estimated mean Difference (95% CI) p

Global
Total brain volumeb, ml 952.4 949.1 −3.3 (−13.06 to 6.49) 0.51 933.5 −18 (−37.67 to −0.10) 0.04

Separate brain tissue classes
White matter volume, ml 414.7 411 −3.73 (−9.74 to 2.28) 0.22 403.6 −11.1 (−22.66 to 0.44) 0.05
Gray matter volume, ml 533.6 534.0 0.45 (−4.87 to 5.77) 0.87 526.5 −7.06 (−17.28 to 3.15) 0.17

Brain lesions
White matter lesions, ml 4.11 4.07 −0.04 (−0.72 to 0.65) 0.92 3.38 −0.73 (−2.05 to 0.59) 0.28

CI, Confidence interval.
aAll analyses are adjusted for age, sex, level of education, blood pressure, history of depression, history of anxiety, history of stroke, diabetes, alcohol consumption and Center for

Epidemiologic Studies Depression scale score 516. bTotal brain volume = gray matter + normal white matter + white matter lesions.
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grief. Compared with either normal-grief or no-grief
groups, participants with complicated grief performed
worse in domains of executive function, and infor-
mation processing speed, and had a lower total brain
volume as measured by structural brain imaging.

The few previous studies of bereavement and cog-
nition demonstrated poorer memory performance
and attention in persons with normal grief, but did
not specifically examine complicated grief (Xavier
et al. 2002; Ward et al. 2007; Rosnick et al. 2010;
Corruble et al. 2011). Two other studies examined the
emotional Stroop Test in persons with complicated
grief, demonstrating that participants have more cogni-
tive interference compared with no-complicated-grief
participants (Maccallum & Bryant, 2010; O’Connor &
Arizmendi, 2014). However, the mechanisms suppos-
edly underlying the association between normal grief
and poor cognition may also explain our observations
in persons with complicated grief. First, individuals
with grief or complicated grief may perform worse in
the cognitive tests because they find it more difficult
to direct their attention (Maccallum & Bryant, 2010;
Rosnick et al. 2010; O’Connor & Arizmendi, 2014).
Interestingly, no differences in Stroop Tests 1 and 2
were observed between complicated-grief participants
and non-grievers in the present study, suggesting
that attention problems cannot easily explain our
findings. However, we did not perform the emotional
Stroop Test, which uses death-related and neutral cue
words. Second, depressed mood, which is common
in persons with normal grief, may interfere with cogni-
tive performance in the bereaved (Boelen & Prigerson,
2007). However, we excluded participants with major
depression and adjusted our analyses for depressive
symptoms.

Participants with complicated grief were character-
ized by more brain atrophy, whereas white matter
lesion volumes, which reflect vascular brain damage,
did not differ between those with complicated grief,
normal grief or no grief. We argue that the absence
of specific compartmental differences between the
groups is most likely due to a non-specific process in
participants with complicated grief. Our study cannot
establish the temporal sequence, but if this is not a
chance finding, our results suggest that differences in
structural brain volumes are linked to complicated
grief.

The observed brain volume loss could be a conse-
quence or a precipitating factor of complicated grief.
If poorer cognitive performance in persons with com-
plicated grief is a consequence of the brain loss, the
observed atrophy may reflect a vulnerability to de-
veloping complicated grief. This interpretation is in ac-
cordance with the results of the cognitive testing. The
Word Fluency Task is considered to be related to the

intact function of the frontal cortices and the medial
temporal areas (Pihlajamäki et al. 2000; Funahashi,
2001), and the LDST is sensitive to brain dysfunction
(Lezak et al. 2004). The Word Fluency Task and
LDST were affected most in persons with complicated
grief. In our study, participants with complicated grief
had lower brain volumes. It is recognized that as peo-
ple get older, their brain volume decreases and that dif-
ferent brain regions decrease in volume at different
rates (Romanowski & Wilkinson, 2011). The brain vol-
ume decrease implies neuronal loss that may disrupt
the microstructural integrity of the fascicles connecting
the prefrontal cortex with the cortical (frontal, tem-
poral and occipital lobes) and the subcortical areas
(amygdala and hippocampus), and even in the func-
tioning of corticostriatal circuitry (Elliot, 2003;
Shimada et al. 2012). A lack of cerebral connectivity
could explain a more prolonged resolution of grief in
older adults as well as the poor performance in cogni-
tive tests.

Alternatively, cognitive impairment may be a conse-
quence of complicated grief. Recently a study showed
that the regional brain activation to grief cues fre-
quently includes the dorsal anterior cingulate cortex
and the insula, as well as the posterior cingulate cortex
(O’Connor, 2012). Some researchers have proposed
that the anterior cingulate cortex, specifically the an-
terior cingulate gyrus, is part of an executive attention
network, and its main role is to regulate the processing
of information from other networks, both sensory
modalities, and emotional (Ochsner & Gross, 2005;
Posner & Rothbart, 2007; Posner et al. 2007; Nelson
et al. 2010; Pearson et al. 2011). The regional neural ac-
tivation of the dorsal anterior cingulate gyrus, insula,
and posterior cingulate cortex in persons with compli-
cated grief could cause a deregulation in the network
processing the information.

Complicated grief is also perceived as a continuous
and chronic stress. Chronic stress has long-lasting
negative effects on cognitive performance (Rosnick
et al. 2010). This stress can act in two forms: first, pre-
cipitating the neuronal loss and resulting in atrophy of
the brain and cognitive decline. Second, glucocorti-
coids can cause a pronounced loss of synapses which
are independent of volume brain loss, producing a dis-
connection among the brain areas (Tata et al. 2006).
Importantly, these explanations for the possible causal
process need not be exclusive.

In our study, we found no differences in cognition
and structural brain changes between persons with
normal grief and the controls. These findings were
not unexpected if one views grief as a normal life
event, unrelated to pre-existing vulnerabilities such as
structural brain volume loss. The previous studies
finding poorer cognition in participants with normal
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grief could be explained by the lack of distinction
between normal grief and complicated grief; i.e. pre-
vious studies combined persons with normal grief
and complicated grief.

Strengths of our study include the very large sample
size, the population-based setting and the volumetric
quantification of brain tissue volumes. A control
group of non-grieving persons was used to provide a
contrast to participants with normal grief and those
with complicated grief. Also, we controlled for clini-
cally relevant depressive symptoms and excluded
persons with major depression.

Some limitations of the current study should also be
mentioned. First, it is not possible to evaluate if these
associations were causal due to the cross-sectional
design of the study. Second, we used a slightly mod-
ified version of the original ICG. Third, we focused
on selected cognitive domains (e.g. global, memory,
information processing speed, and executive func-
tion), and could not examine cognitive domains such
as visuospatial processing, visuoperceptual tasks, or
naming. Fourth, we studied global tissue volumes,
but not subcortical or lobar tissue volumes. Fifth, we
could not examine if complicated grief was associated
with poorer self-care or if there were nutritional
deficiencies.

Conclusion

In conclusion, we found that participants with compli-
cated grief had poorer cognitive performance than non-
grievers and normal grievers, and lower total brain vol-
ume than non-grievers. Our study underscores the im-
portance of assessing social, neuropsychological and
biological factors that may underlie the occurrence of
complicated grief or may result from prolonged ex-
posure to a normal grief reaction. The neuropsycholo-
gical differences between persons with and without
complicated grief were more modest than in clinical
studies (Xavier et al. 2002; Ward et al. 2007;
Maccallum & Bryant, 2010; Rosnick et al. 2010;
Corruble et al. 2011; O’Connor & Arizmendi, 2014).
Thus, any clinical implications must be inferred cau-
tiously. We suggest that physicians should monitor
patients who are in a prolonged grieving process clo-
sely and test these persons for possible cognitive defic-
its. Our analyses with a cut-off of 30 showed a more
marked difference between participants with compli-
cated grief and persons without grief, suggesting that
clinical definitions of complicated grief describe a cog-
nitively more compromised group. Support techniques
for complicated grievers could include cognitive sup-
port and treatment or prevention of vascular risk fac-
tors, as these can slow the process of brain atrophy.
Similarly, patients with known cognitive deficits

should be offered support for cognitive problems in ad-
dition to psychological and social support if confronted
with the loss of a loved one to prevent complicated
grief.

We carefully controlled for cognitive decline by
adjusting for the MMSE score. However, our results
suggest that complicated grief, like severe depressive
symptoms, may in some persons be prodromal of de-
mentia. To address the temporality of the associations
observed, we are planning to follow the participants
and conduct a longitudinal study of the cognitive
changes in participants with complicated grief.
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