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Mood symptoms and disorders are common in dementia caregivers, who can be exposed to a myriad of potential stressors
including their care recipient’s neuropsychiatric symptoms. Existing evidence indicates that the effects of potentially stressful
exposures on mental health depend on the caregiver’s individual characteristics and responses. Specifically, prior studies indicate
that risk factors measured on psychological (e.g., emotion-focused/behaviorally disengaged coping responses) and behavioral (e.g.,
sleep and activity restriction) levels of analysis may confer the effects of caregiving exposures on mental health. Theoretically, this
process from caregiving stressors and other risk factors to mood symptoms is neurobiologically mediated. This article reviews
recent studies that used brain imaging to identify neurobiological factors that are related to psychological outcomes in caregivers.
Available observational data indicate that psychological outcomes in caregivers are related to differences in the structure/function
of regions involved in socio-affective information processing (prefrontal), autobiographical memory (the posterior cingulate), and
stress (amygdala). In addition, two small randomized controlled trials using repeated brain imaging showed that Mentalizing
Imagery Therapy (a mindfulness program) increased prefrontal network connectivity and reduced mood symptoms. These studies
raise the possibility that, in the future, brain imaging may be useful to detect the neurobiological basis of a given caregiver’s mood
vulnerability and guide the selection of interventions that are known to modify it. However, there remains a need for evidence on
whether brain imaging improves on simpler/inexpensive measurement modalities like self-report for identifying vulnerable
caregivers and matching them with efficacious interventions. In addition, to target interventions, more evidence is needed
regarding the effects that both risk factors and interventions have on mood neurobiology (e.g., how persistent emotion-focused
coping, sleep disruption, and mindfulness affect brain function).
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Due to a myriad of factors, being a dementia caregiver (dCG) can
be extremely stressful. As such, it is not surprising that an
estimated 1 in 5 dCGs have a depressive disorder [1]. Depression
symptoms are consequential in dCGs, including by their relation-
ship with poorer quality caregiving [2] and higher risk for chronic
diseases [3–7]. But even in these studies which demonstrate high
rates of depression and anxiety in dCGs, the evidence is clear: not
all dCGs experience significant mood disturbance. Indeed, a recent
report from the National Academies of Sciences, Engineering, and
Medicine titled “Families Caring for an Aging America” [8] noted
that the impact of caregiving on mental health is “highly
individualized.” What is protecting some, but not all, dCGs from
depression?
Several conceptual models have been developed to explain

individual variability in the psychological consequences of
caregiving [9–13]. Common across these conceptual models is
the idea that individual differences, e.g., in circumstances,
characteristics, and/or responses, determine whether caregivers
will experience mood disturbances. Considerable research in this
area has examined individual differences in terms of caregiving
exposures, as well as psychological (e.g., coping styles), and
behavioral (e.g., insufficient sleep) risk factors. In theory, these
effects of stressful caregiving exposures and other risk factors on

mood are neurobiologically mediated. But only relatively recently
have studies been able to use MRI to examine how individual
differences in dCG’s brain structure and function relate to their
mental health.
This review describes the findings from initial studies that used

brain MRI to examine relationships between dCG’s neurobiology
and psychological outcomes. To provide context, we first review
the types of stressors that caregivers may face, as well as evidence
from studies that have identified psychological and behavioral
factors that are associated with worse mood outcomes in
caregivers. As a guide, we provide a simplified conceptual model
(Fig. 1) that distinguishes potentially stressful exposures, from
individual factors/characteristics that may mediate their effects
(measurable across levels of analysis), leading to negative
outcomes like depression.

POTENTIALLY STRESSFUL EXPOSURES FACING DEMENTIA
CAREGIVERS
A major potentially stressful exposure for dCGs is the presence of
neuropsychiatric symptoms in the care recipient (left of Fig. 1).
Neuropsychiatric symptoms have been consistently linked with
worse mental health outcomes among dCGs [14–17]. Common
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neuropsychiatric symptoms in people with dementia include
depression and apathy, as well as behavioral disruption such as
irregular sleep patterns. Aggressive or dangerous actions such as
wandering can also occur in people with dementia.
Differences in regional neurodegeneration among dementia

care recipients have been linked with their neuropsychiatric
symptoms and caregiver psychological symptoms [18]. This study
found greater patient atrophy in right insula and superior medial
frontal areas was related to worse caregiver health. Furthermore,
the relationship between lower patient grey matter in these
regions and caregiver health was partially statistically mediated by
patient neuropsychiatric symptoms. Importantly, the authors
noted that patient cognitive function did not statistically mediate
the association of patient grey matter and caregiver health.
Compared with a model including neuropsychiatric symptoms, a
model additionally including brain volume data explained more
variance in caregiver psychopathology symptoms. Based on these
findings, these authors suggested that, in the future, measures of
regional grey matter degeneration may provide clinical teams
with a warning sign (e.g., that the patient may be more likely to
have neuropsychiatric symptoms and/or that the caregiver may be
more likely to experience mental distress).
It is important to note that in addition to neuropsychiatric

symptoms, several other factors contribute to variability in stress
among dCGs. Caregivers may differ in terms of the level of care
that they provide, including management of complex medical
routines, provision of physical assistance, and if they feel “on call
24/7” to support safety and a broad range of daily functions. Care
regimes, once established, may need to be revised as dementia
progresses and functional decline occurs. In addition, caregivers
may be highly exposed to their care recipient’s physical/emotional
suffering. Difficult role and relationship changes may occur. All of
these potentially stressful exposures theoretically contribute to
feelings of distress/grief about their care recipient’s condition, loss
of function, anticipation of further decline, and death.

INDIVIDUAL FACTORS LINKED WITH MENTAL HEALTH IN
DEMENTIA CAREGIVERS
Evidence suggests that the negative psychiatric effects of
caregiving-related exposures depend upon factors that vary
across individuals (middle of Fig. 1). Note that the individual
differences examined as potential risk factors in research cross
several levels of analysis. First, note that differences in contextual
factors may enhance or mitigate negative health outcomes
among caregivers. As reviewed previously [12], relevant con-
textual factors include an individual’s race, culture, the availability
of social support, and financial resources.
In addition, several studies have examined psychological

coping, in particular emotion-focused and/or behaviorally disen-
gaged coping, as a mediator between caregiving exposures and
psychological/mood outcomes [19–25]. These studies all included
measures of the caregiving context as covariates in statistical
models to demonstrate that, above and beyond exogenous

factors like caregiving intensity or care recipient behaviors,
caregivers with emotion-focused, disengaged, or escape/avoidant
coping responses had worse mental health outcomes. Some of
these studies explicitly modeled statistical mediation to demon-
strate that associations between care recipient behavioral
problems and mood outcomes could be statistically accounted
for by differences in the degree of emotion-focused coping
responses [19–21].
Finally note that several studies have considered disruption to

health behaviors, including sleep and activity, as correlates of
mood disturbances in dCGs. Caregivers often report being unable
to participate in meaningful/rewarding activities due to their
caregiving role; this type of activity restriction has been associated
with depression among caregivers in meta-analysis [26]. In
addition, the majority (50–74%) of dCGs report sleep disturbances
[27]. One meta-analysis estimated that, on average, dCGs slept
23–33minutes a night less than age-matched non-caregiving
adults [28]. Our prior study found that several of these behavioral
factors correlated cross-sectionally with depression symptoms,
including: self-reported activity restriction, self-reported insomnia
severity, actigraphy measured sleep fragmentation, and actigraphy
measured inactivity in the morning hours from 8–10 AM [29]. In a
multivariable model including these sleep and activity character-
istics, only morning inactivity predicted depression symptom
persistence six-months later. While we are unaware of empirical
data linking morning inactivity with the use of emotional-focused
coping, we propose these behavioral and psychological factors
may be on the same pathway (e.g., “lingering” in bed the morning
co-occurring with focus on negative emotions).

NEUROBIOLOGICAL MEASURES RELATED TO MENTAL HEALTH
IN DEMENTIA CAREGIVING
We are only aware of four studies to date that examined caregiver
brain measures in relation to their mental health (Table 1). In 2017,
we reported results from a secondary analysis of data collected in
the early 1990s [30]. The sample consisted of 237 co-residing
spousal caregivers who were not necessarily dementia caregivers.
We analyzed whether visually rated features of brain pathology
were associated with a greater likelihood that participants
reported caregiving strain. Findings showed a relationship
between higher white matter grades, reflecting greater cerebro-
vascular disease, and caregiver strain. Among caregivers with
higher white matter grades (indicating cerebrovascular disease),
about 80% reported strain (compared with ~50% of caregivers
who had lower white matter grades). There was also a statistical
interaction between white matter grade and the level of
functional assistance provided by the caregivers. Among care-
givers with lower white matter grades, caregiving strain was more
common for those who provided more functional assistance to
their care recipient. However, in caregivers with high white matter
grades (indicating possible white matter damage), rates of strain
were high regardless of the level of functional assistance that they
provided.

Fig. 1 Conceptual model. Simplified conceptual model distinguishing potentially stressful exposures, individual factors/characteristics that
may mediate their effects measurable across levels of analysis, leading to negative outcomes like depression.
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In 2019, Jain et al., reported findings relating brain responses
during a functional brain imaging task (fMRI) to mental health
measures in 17 family dCGs [31]. Caregivers provided photographs
of their care recipients who had dementia. The fMRI task included
one factor comparing brain responses to seeing their loved one
versus a picture of a stranger (picture condition). Relative to
viewing strangers, care recipient pictures elicited greater activa-
tion in the dorsal anterior cingulate gyrus and posterior cingulate
cortex. These authors suggested that dorsal anterior cingulate
activation in response to pictures of their care recipients may
be related to a social pain response, and that posterior cingulate
activation may be related to the care recipient picture’s being
autobiographically relevant. Furthermore, the authors examined
how these brain activation responses differed based on grief,
mindfulness, and depression symptoms related to differences in
brain activation during the picture conditions.
These authors [31] noted that dementia caregivers with higher

mindfulness scores had greater brain activation in several regions in
the picture condition (seeing care recipient versus stranger pictures).
Specifically, dCGs with greater mindfulness score had more
engagement of prefrontal, middle temporal, precuneus, and
cerebellar regions in the picture condition. The authors note that
the engagement of these regions in the dCGs with greater
mindfulness scores may reflect sustained attention while processing
potentially emotionally negative autobiographically relevant stimuli.
Note that in this sample, neither grief nor depression severity was
related to statistically significant differences in picture task
activation. Mindfulness scores did correlate moderately with lower
depression symptom severity and strongly with lower levels of grief.
In 2020, we published results comparing dCGs with and without

mild depression symptoms (n= 41) in terms of the structural
integrity of several white matter tracts [32]. Forty-nine percent of
this baseline sample had Patient Health Questionnaire—9 scores
of 5 or more which indicates that they had at least mild
depression symptoms [33] (which are health relevant due to their
potential negative effects [3] and association with the incidence of
major depressive disorder [34, 35]). We compared dCGs with and
without mild depression symptoms in terms of the fractional
anisotropy of white matter tracts (reflecting structural integrity)

connecting to 11 distinct regions that were previously implicated
in depression studies. The group of dCGs with mild depression
symptoms had relatively lower fractional anisotropy in tracts
connecting the dorsolateral prefrontal and rostral cingulate
cortices; and in tracts connecting to the posterior cingulate
cortex. We suggested that lower integrity white matter connecting
to frontal and rostral cingulate regions may impair emotional
reappraisal; and that lower integrity white matter connecting to
the posterior cingulate might compromise autobiographical
information processing.
In 2021, we published a resting-state study [36] using an

expanded version of the dCG sample described in the paragraph
above. Fifty-four dCGs had adequate resting-state fMRI data. We
examined the resting-state functional connectivity of regions
previously implicated in depression including the dorsolateral
prefrontal cortex, amgydala, posterior cingulate, and anterior
insula. Based on our finding (reviewed above) that linked morning
inactivity with mood in dCGs [29], we examined if resting-state
connectivity differed between “morning type” and “non-morning
type” caregivers. Results showed that non-“morning type” dCGs
had relatively greater resting state connectivity between the
amygdala and ventral posterior cingulate. Higher resting-state
amygdala-ventral posterior cingulate cortex connectivity also
statistically mediated the association between a lack of “morn-
ingness” and greater depression symptoms. We interpreted these
findings based on prior studies that show amygdala activation
related to avoidance and escape related responses [37] and
posterior cingulate involvement in self-referential processing
including thinking about one’s duties [38]. We thus suggested
that higher resting amygdala-PCC connectivity observed in dCGs
with morning inactivation may reflect persistent negative emo-
tional self-referential attention, e.g., due to rumination or emotion-
focused coping.

EFFECTS OF INTERVENTIONS ON DEMENTIA CAREGIVER
NEUROBIOLOGY
In 2012, Pomykala et al. reported results from a pilot randomized
controlled trial examining the effects of meditation training versus

Table 1. Summary of MRI findings in dementia caregivers.

Observational

Year Sample Findings

2017 237 spousal caregivers Caregivers were more likely to report strain if they had high white matter grades indicating
possible damage to white matter integrity of cerebrovascular origin

2019 17 dementia caregivers Viewing pictures of care recipients vs. strangers elicited greater dorsal anterior cingulate and
posterior cingulate cortex activation. In response to pictures of care recipients, caregivers with
higher mindfulness scores had greater engagement of prefrontal, middle temporal, precuneus,
and cerebellar regions.

2020 41 dementia caregivers Caregivers were more likely to have at least mild depression symptoms if they had lower white
matter integrity in tracts: connecting dorsolateral prefrontal and subgenual anterior cingulate;
and tracts connecting to posterior cingulate cortex.

2021 54 dementia caregivers A lack of “morningness” was associated with higher resting state connectivity between
amygdala and posterior cingulate regions, which statistically mediated the association of low
“morningness” with depression symptoms

Interventional

Year Sample Findings

2012 9 dementia caregivers Changes in brain metabolism differed between caregivers who were randomized to relaxation
versus meditation. The meditation group had decreases in inferior frontal cortex and posterior
cingulate metabolism, whereas the relaxation group had increased metabolism in these regions.

2021 24 dementia caregivers (16 with
imaging)

Mentalizing Imagery Therapy (versus a control group) was associated with improved mental
health and increased resting state connectivity of the dorsolateral prefrontal cortex.

2022 46 dementia caregivers (n= 28 with
imaging)

Results replicated 2021 study (described in the row above) and further showed that increases in
resting state dorsolateral prefrontal network connectivity correlated with decreased depression
symptoms and increases in trait mindfulness.
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relaxation [39]. Dementia caregivers were assigned to do 12min of
meditation (n= 4) or relaxation (n= 5) each day for eight weeks.
Using repeated FDG-PET scans, the authors assessed changes in
resting brain metabolism before and after the intervention. The
observed differences differed by group assignment. The two
largest differences in brain metabolism changes between the two
groups were that: (1) inferior frontal cortex metabolism decreased
in the meditation group, but increased in the relaxation group;
and (2) posterior cingulate metabolism decreased in the medita-
tion group, but increased in the control group. The authors
suggested that the changes observed may be due to the
development of greater resting state metabolic efficiency in these
regions due to meditation.
In 2021 Jain et al. published a pilot study involving 24 family dCGs

who had at least moderate depression symptoms [40]. These dCGs
were equally randomized to a wait list/control or the active
mindfulness training condition called Mentalizing Imagery Therapy
(MIT). The active treatment MIT group had greater improvements in
mental heath measures than the control group. The MIT group (but
not the control group) also had increased resting-state connectivity
within a network containing the dorsolateral prefrontal cortex.
Following up on these findings in 2022, Jain et al. reported

results from a trial of dCGs randomized to MIT (n= 24) or a
support group control (n= 22). Again, relative to the control, MIT
resulted in improved psychological symptoms. In 28 participants
with imaging data, the authors examined changes in resting state
connectivity of two networks: one with bilateral dorsolateral
prefrontal cortex as a major node; and one with subgenual
anterior cingulate cortex as a major node. Reproducing findings
from their pilot (described above), results showed that MIT (but
not the control) was associated with increases in resting
connectivity within the dorsolateral prefrontal cortex network.
Furthermore, in the sample overall, dorsolateral prefrontal cortex
network connectivity increases correlated with improvements in
depression symptoms and increases in trait mindfulness.

SUMMARY AND CONCLUSION
This article began by reviewing salient stressors and maladaptive
responses which may increase the risk that dCGs experience
psychological symptoms. Evidence indicates that neuropsychiatric
symptoms in care recipients and emotion-focused/behaviorally
disengaged coping responses are associated with caregivers
having more psychological symptoms. As summarized here (see
Table 1), studies have also now begun characterizing the
neurobiological correlates of psychological symptoms in dCGs.
These brain imaging studies have suggested that psychological
outcomes in dCGs may be related to differences in the structure/
function of regions subserving socio-affective information proces-
sing (prefrontal [31, 32]), autobiographical memory (the posterior
cingulate [31, 32]), and stress (amygdala [36]).
Causal pathways linking caregiving stress, psychological/beha-

vioral risk factors, and mood neurobiology are plausible. For
example, it is plausible that emotion-focused coping responses
lead to sleep disruption, e.g., by increasing negative emotional
arousal after care-related awakenings. In turn, morning inactivity/
fragmentation of rapid eye movement sleep (which occurs
predominately in later sleep cycles/early morning hours [41])
may promote ongoing amygdala activation and distress [42].
Other links between psychological/behavioral factors and neuro-
biological mediators are also plausible. For example, initial studies
in dCGs show that mindfulness practices, which deploy focused
attention/increase non-judgmental accepting awareness, can
affect prefrontal network connectivity strength [40, 43], and this
could translate into greater use of problem-focused coping and
mood resilience. While these pathways linking traditional psycho-
logical/behavioral factors with mood neurobiology are plausible,
future studies are needed to evaluate these hypotheses about

how risk factors measured across multiple levels of analysis inter-
relate and uniquely contribute to shape mood outcomes and
treatment responses.
Achieving a transdisciplinary understanding of why many, but

not all, dCGs develop significant mood disturbances could
facilitate more targeted screening and deficit-based interventions.
Indeed, in 2012 Pomykala et al [39]. suggested that “more research
in this area can enrich clinical practice and help individualize and
tailor behavioral interventions to individual brain metabolic
profiles.” Now a decade later, research in this area remains
promising but still new. The brain imaging studies of dementia
caregivers reviewed here have been few in number, and based on
relatively small sample sizes which may not be representative of
all dementia caregivers. These studies have yet to demonstrate
that the relatively high cost and burden of brain imaging will be
warranted in practice, i.e., whether brain imaging data significantly
improves on questionnaires in terms of detecting mood vulner-
ability or selecting of interventions that modify it. Future studies
are needed to determine which combination(s) of psychological,
behavioral, and neurobiological data optimally predict which
caregivers are susceptible to mood disturbances and who will
respond to particular treatments. In addition, to help guide the
development of neuroscience-based precision intervention
approaches, future studies are needed to establish how risk
factors affect mood neurobiology and which interventions work
on these processes.

REFERENCES
1. Cuijpers P. Depressive disorders in caregivers of dementia patients: a systematic

review. Aging Ment Health. 2005;9:325–30.
2. Smith GR, Williamson GM, Miller LS, Schulz R. Depression and quality of informal

care: a longitudinal investigation of caregiving stressors. Psychol Aging.
2011;26:584–91.

3. Meeks TW, Vahia IV, Lavretsky H, Kulkarni G, Jeste DV. A tune in “a minor” can “b
major”: a review of epidemiology, illness course, and public health implications of
subthreshold depression in older adults. J Affect Disord. 2011;129:126–42.

4. Penninx BW, Guralnik JM, Ferrucci L, Simonsick EM, Deeg DJ, Wallace RB.
Depressive symptoms and physical decline in community-dwelling older persons.
JAMA. 1998;279:1720–6.

5. Bush DE, Ziegelstein RC, Tayback M, Richter D, Stevens S, Zahalsky H, et al. Even
minimal symptoms of depression increase mortality risk after acute myocardial
infarction. Am J Cardiol. 2001;88:337–41.

6. Morris PL, Robinson RG, Andrzejewski P, Samuels J, Price TR. Association of
depression with 10-year poststroke mortality. Am J Psychiatry. 1993;150:124–9.

7. Katon WJ, Rutter C, Simon G, Lin EH, Ludman E, Ciechanowski P, et al. The
association of comorbid depression with mortality in patients with type 2 dia-
betes. Diabetes Care. 2005;28:2668–72.

8. National Academies of Sciences Engineering and Medicine. Families Caring for an
Aging America. Washington, DC 2016.

9. Cohen S, Kessler RC, Gordon LU. Strategies for measuring stress in studies of
psychiatric and physical disorders. Measuring stress: a guide for health and social
scientists. New York, NY, US: Oxford University Press; 1995. p. 3–26.

10. McCurry SM, Song Y, Martin JL. Sleep in caregivers: what we know and what we
need to learn. Curr Opin Psychiatry. 2015;28:497–50.

11. Knight BG, Silverstein M, McCallum TJ, Fox LS. A sociocultural stress and coping
model for mental health outcomes among African American caregivers in
Southern California. J Gerontol B Psychol Sci Soc Sci. 2000;55:P142–150.

12. Knight BG, Sayegh P. Cultural values and caregiving: the updated sociocultural
stress and coping model. J Gerontol B Psychol Sci Soc Sci. 2010;65b:5–13.

13. Pearlin LI, Mullan JT, Semple SJ, Skaff MM. Caregiving and the stress process: an
overview of concepts and their measures. Gerontologist. 1990;30:583–94.

14. Arthur PB, Gitlin LN, Kairalla JA, Mann WC. Relationship between the number of
behavioral symptoms in dementia and caregiver distress: what is the tipping
point? Int Psychogeriatr. 2018;30:1099–107.

15. Ornstein K, Gaugler JE. The problem with “problem behaviors”: a systematic
review of the association between individual patient behavioral and psycholo-
gical symptoms and caregiver depression and burden within the dementia
patient-caregiver dyad. Int Psychogeriatr. 2012;24:1536–52.

16. Schulz R, O’Brien AT, Bookwala J, Fleissner K. Psychiatric and physical morbidity
effects of dementia caregiving: prevalence, correlates, and causes. Gerontologist.
1995;35:771–91.

S.F. Smagula and H.J. Aizenstein

4

Translational Psychiatry          (2023) 13:169 



17. Teri L. Behavior and caregiver burden: behavioral problems in patients with
Alzheimer disease and its association with caregiver distress. Alzheimer Dis Assoc
Disord. 1997;11:S35–38.

18. Hua AY, Wells JL, Haase CM, Chen KH, Rosen HJ, Miller BL, et al. Evaluating patient
brain and behavior pathways to caregiver health in neurodegenerative diseases.
Dement Geriatr Cogn Disord. 2019;47:42–54.

19. Mausbach BT, Aschbacher K, Patterson TL, Ancoli-Israel S, von Känel R, Mills PJ,
et al. Avoidant coping partially mediates the relationship between patient pro-
blem behaviors and depressive symptoms in spousal Alzheimer Caregivers. Am J
Geriatr Psychiatry. 2006;14:299–306.

20. Garcia-Alberca JM, Cruz B, Lara JP, Garrido V, Gris E, Lara A, et al. Disengagement
coping partially mediates the relationship between caregiver burden and anxiety
and depression in caregivers of people with Alzheimer’s disease. Results from the
MALAGA-AD study. J Affect Disord. 2012;136:848–56.

21. Khalaila R, Cohen M. Emotional suppression, caregiving burden, mastery, coping
strategies and mental health in spousal caregivers. Aging Ment Health.
2016;20:908–17.

22. Spira AP, Beaudreau SA, Jimenez D, Kierod K, Cusing MM, Gray HL, et al.
Experiential avoidance, acceptance, and depression in dementia family care-
givers. Clin Gerontologist. 2007;30:55–64.

23. Garcia-Alberca JM, Cruz B, Lara JP, Garrido V, Lara A, Gris E. Anxiety and depression
are associated with coping strategies in caregivers of Alzheimer’s disease patients:
results from the MALAGA-AD study. Int Psychogeriatr. 2012;24:1325–34.

24. Garcia-Alberca JM, Cruz B, Lara JP, Garrido V, Lara A, Gris E, et al. The experience of
caregiving: the influence of coping strategies on behavioral and psychological
symptoms in patients with Alzheimer’s disease. Aging Ment health. 2013;17:615–22.

25. Vara-Garcia C, Mausbach BT, Romero-Moreno R, Losada-Baltar A, Jeste DV, Grant I.
Longitudinal correlates of depressive symptoms and positive and negative
affects in family caregivers of people with dementia. Am J Geriatr Psychiatry.
2022;30:148–57.

26. Mausbach BT, Chattillion EA, Moore RC, Roepke SK, Depp CA, Roesch S. Activity
restriction and depression in medical patients and their caregivers: a meta-
analysis. Clin Psychol Rev. 2011;31:900–8.

27. Peng HL, Chang YP. Sleep disturbance in family caregivers of individuals with
dementia: a review of the literature. Perspect Psychiatr Care. 2013;49:135–46.

28. Gao C, Chapagain NY, Scullin MK. Sleep duration and sleep quality in caregivers
of patients with dementia: a systematic review and meta-analysis. JAMA Netw
Open. 2019;2:e199891.

29. Smagula SF, Hasler BP, Schulz R, Graves JL, Reynolds CF, Aizenstein HJ et al.
Activity patterns related to depression symptoms in stressed dementia care-
givers. Int Psychogeriatr. 2019:1–8. https://doi.org/10.1017/S1041610219001601.
Epub ahead of print.

30. Smagula SF, Beach S, Rosso AL, Newman AB, Schulz R. Brain structural markers
and caregiving characteristics as interacting correlates of caregiving strain. Am J
Geriatr Psychiatry. 2017;25:582–91.

31. Jain FA, Connolly CG, Moore LC, Leuchter AF, Abrams M, Ben-Yelles RW, et al.
Grief, mindfulness and neural predictors of improvement in family dementia
caregivers. Front Hum Neurosci. 2019;13:155.

32. Smagula SF, Stahl ST, Santini T, Banihashemi L, Hall MH, Ibrahim TS, et al. White
matter integrity underlying depressive symptoms in dementia caregivers. Am J
Geriatr Psychiatry. 2020;28:578–82.

33. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16:606–13.

34. Joling KJ, Smit F, van Marwijk HW, van der Horst HE, Scheltens P, Schulz R, et al.
Identifying target groups for the prevention of depression among caregivers of
dementia patients. Int Psychogeriatr. 2012;24:298–306.

35. Joling KJ, van Marwijk HW, Veldhuijzen AE, van der Horst HE, Scheltens P, Smit F,
et al. The two-year incidence of depression and anxiety disorders in spousal
caregivers of persons with dementia: who is at the greatest risk? Am J Geriatr
Psychiatry. 2015;23:293–303.

36. Smagula SF, Karim HT, Ibrahim TS, Krafty RT, Stahl ST, Rodakowski J et al. Resting-
state function connectivity associated with being a “morning-type” dementia
caregiver and having lower depression symptom severity. J Gerontol B Psychol
Sci Soc Sci. 2021;76:1071–1076. https://doi.org/10.1093/geronb/gbaa115.

37. Schlund MW, Cataldo MF. Amygdala involvement in human avoidance, escape
and approach behavior. Neuroimage. 2010;53:769–76.

38. Johnson MK, Nolen-Hoeksema S, Mitchell KJ, Levin Y. Medial cortex activity, self-
reflection and depression. Soc Cogn Affect Neurosci. 2009;4:313–27.

39. Pomykala KL, Silverman DH, Geist CL, Voege P, Siddarth P, Nazarian N, et al. A
pilot study of the effects of meditation on regional brain metabolism in dis-
tressed dementia caregivers. Aging health. 2012;8:509–16.

40. Jain FA, Chernyak S, Nickerson L, Abrams M, Iacoboni M, Christov-Moore L
et al. Mentalizing imagery therapy for depressed family dementia caregivers:
feasibility, clinical outcomes and brain connectivity changes. J Affect Disord
Rep. 2021;5:100155. https://doi.org/10.1016/j.jadr.2021.100155. Epub 29 May
2021.

41. Carskadon MA, Dement WC. Distribution of REM sleep on a 90min sleep-wake
schedule. Sleep. 1980;2:309–17.

42. Wassing R, Lakbila-Kamal O, Ramautar JR, Stoffers D, Schalkwijk F, Van Someren
EJW. Restless REM sleep impedes overnight amygdala adaptation. Curr Biol.
2019;29:2351–e2354.

43. Jain FA, Chernyak SV, Nickerson LD, Morgan S, Schafer R, Mischoulon D, et al.
Four-week mentalizing imagery therapy for family dementia caregivers: a ran-
domized controlled trial with neural circuit changes. Psychother Psychosom.
2022;91:180–9.

AUTHOR CONTRIBUTIONS
SFS performed the literature review and drafted the manuscript. SFS and HJA wrote
and critically revised the manuscript.

FUNDING
This work was supported by the National Institute of Mental Health via awards
K01MH112683 and R01MH125846 to SFS.

COMPETING INTEREST
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Stephen F.
Smagula.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

S.F. Smagula and H.J. Aizenstein

5

Translational Psychiatry          (2023) 13:169 

https://doi.org/10.1017/S1041610219001601
https://doi.org/10.1093/geronb/gbaa115
https://doi.org/10.1016/j.jadr.2021.100155
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Initial evidence regarding the neurobiological basis of psychological symptoms in dementia caregivers
	Potentially stressful exposures facing dementia caregivers
	Individual factors linked with mental health in dementia caregivers
	Neurobiological measures related to mental health in dementia caregiving
	Effects of interventions on dementia caregiver neurobiology
	Summary and conclusion
	Author contributions
	Funding
	Competing interest
	ADDITIONAL INFORMATION




