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Abstract.

Background: Anger is commonly experienced by family caregivers of people living with dementia yet its effect on caregivers’
physical health remains unknown.

Objective: The primary aim of this study was to systematically review current evidence on the effects of anger and hostility
on caregivers’ physical health.

Methods: We searched Medline, EMBASE, PubMed, and PsycINFO up to January 2022. Two review authors independently
extracted data on study characteristics, study quality, and effect sizes of associations of anger and hostility with caregiver
health outcomes.

Results: We found eight studies examining the effects of anger and hostility on caregivers’ physical health reporting on a
total of 937 participants, of which four were cross-sectional and four were longitudinal. Overall findings indicated that higher
levels of anger and hostility exerted a negative effect on caregivers’ physical health. Higher anger control was longitudinally
associated with increased weight gain (3 =1.13, p <0.001), whereas higher anger out predicted higher glucose dysregulation
at long-term follow-up (r=0.27, p <0.05). Higher levels of caregiver hostility were associated with increased risk of chronic
low-grade inflammation long-term (r=0.18, p <0.05), and increased risk of cognitive decline over time (r=-0.16, p <0.05).
Conclusion: Our review provides the first systematic synthesis of the evidence demonstrating the harmful effects of anger
and hostility on dementia caregivers’ health and highlights the need for preventative interventions to support family caregivers
experiencing high levels of anger.
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someone living with dementia is a source of chronic
stress [3], placing family caregivers increasingly vul-
nerable to negative health outcomes [4]. Systematic
reviews and meta-analyses have shown that demen-
tia caregivers generally have poorer health outcomes
compared to non-caregivers and are more vulnera-
ble at experiencing psychological and financial strain
[5]. The negative effects of caregiving are most likely
to be found in psychologically distressed caregivers,
who often report high levels of anxiety and depression
[6].

Although not all family caregivers will experience
these negative affective reactions, chronic stress asso-
ciated with the demands of caregiving predisposes
family caregivers to difficulties in emotion regula-
tion, which often lead to interpersonal conflict, and
experiencing feelings of resentment [7]. Recent stud-
ies have consistently shown that family caregivers are
also vulnerable to experiencing high levels of anger
[8]. For example, they may often express anger as
a response to highly distressing situations, such as
when a care recipient exhibits high levels of neu-
ropsychiatric symptoms [9]. Feelings of anger have
in fact been found to be highly prevalent in demen-
tia caregivers [9], who often report that experiencing
difficulties in suppressing anger in the context of pro-
viding care can be very distressing [10, 11].

Despite anger being a commonly experienced
negative affective reaction for dementia caregivers
[12], it remains the least understood compared to
experiences of clinically significant symptoms of
depression, anxiety, and caregiver burden [13, 14].
The lack of research in the area may partly stem
from the stigma associated with these feelings, or the
fear of social or legal consequences for caregivers
for reporting such reactions [15]. Nevertheless, sev-
eral studies have shown that similarly to the general
population caregiver anger and hostility, may exert a
harmful effect on caregivers’ physical well-being and
increase risk of ill health [12, 16]. Understanding how
anger influences disease risk in dementia caregivers
is important for preventing poor physical health out-
comes for this vulnerable group, and for informing
future clinical behavioral interventions to lower this
risk.

Anger and its effects on physical health

Prior research and theory have highlighted the mul-
tifaceted nature of anger, described as a continuum
of behaviors exhibited by individuals in response to
challenging interpersonal situations [17]. Although

manifestations of anger are considered to be quite
complex, a broad conceptualization of anger and its
management is illustrated in Spielberger’s State-Trait
Anger Expression Inventory [18], designed to assess
the experience, expression, and control of anger.
Important distinctions include those between anger-
in versus anger-out referring to the suppression or
internalization of anger versus the expression of phys-
ical or verbal behavior [19], whereas the concept of
control refers to conscious efforts by individuals to
control feelings of anger and their expression [20].

Later theoretical work pointed towards the impor-
tance of measuring state versus trait anger, with
state anger referring to situational responses and
subjective experiences, versus measuring anger as a
stable personality trait (trait anger) [21]. An impor-
tant inter-related construct of trait anger is hostility
[22], conceptualized as a negative psychological trait
which similar to anger consists of physiological,
biobehavioral, and cognitive dimensions that increase
risk of chronic disease [23, 24].

Several decades of research have established a link
between anger and negative health outcomes [16,
25]. For example, studies have shown that individuals
who experience more frequent and severe episodes of
anger are at increased risk of cardiovascular and coro-
nary heart disease [26]. It has been postulated that
both the expression of anger (i.e., internalized ver-
sus externalized) and its chronic internalization (i.e.,
suppression) differentially contribute to poor health
outcomes, by accelerating cumulative stress, and
chronic inflammation processes, thereby increasing
individuals’ risk of ill health [27]. Anger and hostil-
ity may also exert their harmful effects by increasing
dysregulation of cortisol levels, and compromising
immunity responses, predisposing individuals to ill-
ness and morbidity over time [28]. Expression of
anger in daily life has also been linked to poor
health behaviors such as smoking, physical inactivity,
and higher caloric intake, indicating that anger may
impact physical health via both physiological as well
as behavioral pathways [26].

The present study

Although several studies have examined the effects
of anger and hostility on dementia caregivers’ phys-
ical health, there are currently no systematic reviews
synthesizing knowledge on which physical health
outcomes are influenced by caregiver anger. Under-
standing the association between caregiver anger and
physical health is key for informing future interven-
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tions in the area and preventing the health burden
experienced by this group. The primary aim of our
study therefore was to systematically review current
evidence on the effects of anger and hostility on care-
givers’ physical health and comment on the quality of
the evidence. Our secondary objective was to provide
recommendations for future research in the area.

MATERIALS AND METHODS
Search strategy

We conducted a comprehensive search using four
electronic databases: Medline, EMBASE, PubMed,
and PsycINFO, up to January 2022 and regis-
tered our systematic review with PROSPERO (ID
CRD42020198629). We used the terms anger, hostil-
ity, dementia, carer, caregiver, and several other terms
closely aligned to the construct of anger (resentment,
aggression) (see Supplementary Figure 1 for details
of the search strategy). We additionally hand searched
reference lists of retrieved articles to ensure no studies
were missed.

Inclusion and exclusion criteria

We included studies that: a) were either longitu-
dinal or cross-sectional, b) measured anger and/or
hostility as an outcome, c) included physical health
status or any other physiological and/or disease
marker as an outcome (i.e., blood pressure, sleep
quality), and d) reported data on informal caregivers
of people diagnosed with any type of dementia. We
excluded experimental studies, including randomized
controlled clinical trials, case reports or case series
studies, and studies reporting on outcomes for formal
caregivers (i.e., nursing staff or paid caregivers).

Data extraction

Two authors (YNS; PFK) independently selected
eligible studies, with disagreements resolved by con-
sulting a third author (HYK). Data extraction was
also conducted independently (YNS; PFK), using
a standardized data extraction form that included
information on: sample characteristics and sam-
pling method, measures of anger and/or hostility,
physiological outcome measures, correlation coeffi-
cients, and/or odds ratios, and associated confidence
intervals or equivalent, and number and type of con-
founders assessed in each study.

Study quality

Two authors assessed study quality independently
(see Supplementary Table 1 for details of study
quality criteria) using a modified version of the
Newcastle-Ottawa quality assessment tool, which
was adapted based on previous recommendations [29,
30]. The tool addressed the following domains: 1)
selection of sample and measurement of outcome of
interest, 2) number of confounders, and 3) outcome
reporting, reporting of results, and length of follow
up for longitudinal studies. Any disagreements were
resolved with a third author.

RESULTS
Search results

We identified a total of 4,644 references (see Fig. 1
for details of the search process), of which 77 were
duplicates, with an additional 5 studies identified
from other sources. A total of 4,551 articles were
screened by title and abstracts, of which 4,530 were
excluded as not relevant, leaving 20 studies to be
assessed for full text eligibility. Of these, eight stud-
ies were excluded with reasons (see Supplementary
Table 2), leaving eight original studies meeting our
inclusion criteria.

Characteristics of included studies

Characteristics of included studies are presented
in Table 1. There were four cross-sectional stud-
ies [31-34], and four longitudinal studies [35-38],
reporting on a total of 937 participants; two studies
[37, 38] reported both cross-sectional and longitudi-
nal data. One study reported data based on the same
sample across five published articles [38-42], with
each examining a different physiological marker and
its association with caregiver anger and/or hostility.
Follow-up duration for the longitudinal studies varied
from 15 to 84 months.

Participants

Across studies, family caregivers were recruited
primarily from community settings via mass mail-
ings, with sample sizes ranging from 82 to 173. Most
caregivers were female, and the primary caregiver of
the care recipient. Mean caregiver age was 65.8 years,
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Fig. 1. PRISMA flow chart for study selection.

with half of the studies recruiting spousal caregivers
and the remaining half both spousal and non-spousal
caregivers.

Outcome measures of anger and hostility

The most common measure used to assess anger
was the Anger Expression Scale (AX) [43], fol-
lowed by the State-Trait Anger Expression Inventory
(STAXI) [18], and the State-Trait Anger Expres-
sion Inventory — revised version (STAXI-II) [44].
Two studies measured hostility using the Cook-
Medley Hostility Scale [45], and a further two
studies used items from the Kessler Psychological
Distress K10 and K6 scales [46]. One study mea-
sured hostility using the Brief Symptoms Inventory
(BSI) [47].

Main results

Caregiver anger, weight gain, and insulin and
glucose levels

In one longitudinal study [39], higher anger con-
trol was associated with higher weight gain at 15-18
months in female caregivers (3=1.13, p<0.001),
whereas follow-up data of the same sample [40],
showed higher anger-out being associated with higher
levels of glucose dysregulation (r=0.27; p<0.05)
at long-term follow-up (15-18 months), and higher
insulin over time but only in female caregivers
(r=0.23; p<0.05).

Caregiver anger and plasma lipids
One cross-sectional study [38] examining the asso-
ciation between caregiver anger and plasma lipids



Table 1

Cross-sectional and longitudinal studies of caregiver anger, hostility, and physical health outcomes

Study Aim Design Sample Outcome measures Results Covariates
Graham et al.,  Examine the Longitudinal N=113 (F=78; Hostility e Higher hostility was associated with higher ~ Sex, age, marital
2006 [35] association between M=35) e Cook-Medley Hostility CRP levels (r=0.18, p<0.05) status, depression,
USA caregiver hostility, Current/former Scale o Higher hostility was associated with higher =~ BMI, sleep quality,
bodily pain, CRP, and spousal dementia Pain bodily pain (r=0.25, p<0.01) smoking, exercise,
serum IL-6 over 72 caregivers o RAND 36-Item Health o No association with IL-6 levels caffeine use,
months Mean age=69.8 y Survey bodily pain subscale medications
CRP and IL-6 levels
e Plasma sample analysis
using immunoassay
Leggett et al., Examine the Cross- N=164 (sex Anger e Higher anger levels were associated with Sex, age, carer-related
2015 [31] association between sectional demographics not e Anger and hostility items lower AUC (3 =-0.00, p<0.05) stressors, use of adult
USA caregiver anger and reported) from the Kessler o No association between anger and CAR day services, duration
daily cortisol (AUC Spousal and Psychological Distress K10 (p>0.05) of caregiving
and CAR) non-spousal dementia  and K6 scales
caregivers e Cortisol
Mean age=61.8y o Saliva samples of AUC and
CAR
Liuetal., Examine the Cross- N=173 (F=150; Anger e Higher levels of anger were associated with ~ Age, sex, spouse
2015 [32] association between sectional M=23) e Anger items from the lower sleep quality (3=-0.21, p<0.001) status, hours spent
USA caregiver anger and Spousal and Kessler Psychological caregiving, education,
sleep non-spousal dementia  Distress K10 and K6 scales ADL assistance
caregivers Sleep quality
Mean age=62.0y e l-item 5-point Likert Scale
Lépez et al., Examine the Cross- N=108 (F=87; Anger o Higher levels of Trait Anger Reaction were ~ None assessed
2015 [33] association between sectional M=21) o Trait Anger Reaction Scale associated with lower vitality (f =-0.32,
Spain caregiver anger and Spousal and of the STAXI-II p<0.001)
vitality non-spousal dementia  Vitality
caregivers e SF-36 Health Survey
Mean age=59.1y vitality subscale
Scanlan et al., Examine the Longitudinal N=82 (F=53; Anger o Higher Anger Expression (Anger Depression
2001 [36] association between M=29) o AES Out/Anger Control) was associated with
USA caregiver anger and Spousal AD o Trait Anger Scale of the lower PHA (r=-0.26, p<0.01)
lymphocyte caregivers STAXI o Higher Anger Expression (Anger
proliferation over Mean age=69.4 y Lymphocyte Proliferation Out/Anger Control) was associated with
15-18 months o Assays analyses of PHA, lower ConA (r=-0.19, p<0.05)
ConA, and PW e Higher Anger Expression (Anger
Out/Anger Control) was associated with
lower PW (r=-0.23, p<0.01)
(Continued)

YIaY |, S124182400) pup 128Uy /[0 12 23§ "N A

689



Table 1
(Continued)
Study Aim Design Sample Outcome measures Results Covariates
Shaw et al., Examine the Cross- N=111(F=178; Hostility o Hostility was not associated with SBP ADL assistance, care
2003 [37] association between sectional and M=33) o BSI (p>0.05) or DBP (p>0.05) at baseline recipient behavior
USA caregiver hostility and  longitudinal Spousal AD Blood Pressure o Hostility was not associated with SBP problems
blood pressure over caregivers e Semi-automated (p<0.63) or DBP (p <0.68) at follow-up
84 months Mean age=71.6y sphygmomanometer
Vitaliano et Vitaliano et al., 1995 Cross- N=96 (F=58; Anger e Higher Anger In was associated with Sex, BMI, volume
al., 1995 [38] [38] sectional M=38) o Trait Anger Scale of the higher HDLC (B =0.12; p<0.05) active drugs,
*main study Examine the Spousal AD STAXI e Higher Anger In was associated with lower  vasoactive drugs,
USA association between caregivers o AES TG (B=-0.26; p<0.001) estrogen use, alcohol
caregiver anger and Mean age=69.8 y Plasma lipids e Higher Anger Control was associated with ~ use
plasma lipid levels e HDLC lower HDLC (3 =-0.16; p<0.01)
¢ LDLC e Higher Anger Out was associated with
e TG lower LDLC in females (3 =-0.55; p <0.05)
Vitaliano et al., 1996 Longitudinal N=81 (F=52; Anger o Higher Anger Control was associated with ~ Age, average exercise
[39] M=29) o AES higher weight gain in females (B =1.13; per year, changes in
Examine the Spousal AD BMI p<0.001) diet, depression,
association between caregivers e Calculated from weight and perceived control,
caregiver anger and Mean age=69.8 years  height perceived burden
BMI changes over
15-18 months
Vitaliano et al., 1996 Longitudinal N=78 (F=51; Anger o Higher Anger Out/Hostility was associated  Sex, obesity, lipid
[40] M=27) o AES with higher insulin in females (r=0.23; levels, CVD
Examine the Spousal AD o Trait Anger Scale of the p<0.05)
association between caregivers STAXI o Higher Anger Out/Hostility was associated
caregiver anger and Mean age=69.8 y Glucose with higher glucose (r=0.27; p <0.05)
insulin and glucose o Hexokinase
over 15-18 months e Glucose-6-phosphate
dehydrogenase
Insulin
e Radioimmunoassay
antibody
Vitaliano et al., 2002 Longitudinal N=72 (F=48; Anger e Anger was not associated with incidence of ~ Medication, chronic
[41] M=24) o AES CHD (p>0.05) stress, personal and
Examine the Spousal AD o Trait Anger Scale of the social resources
association between caregivers STAXI

caregiver anger and
CHD over 27-30
months

Mean age=70.4 y

CHD

Date and type of diagnosis,
treatment, prognosis, and
medication

069
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Vitaliano et al., 2005 Longitudinal N=96 (F=58; Hostility e Higher hostility was associated with lower  Sex, ethnicity,

[42] M=38) e Abbreviated Cook-Medley cognition (r=-0.16; p <0.05) education, income,

Examine the Spousal AD Hostility Scale medications, CVD,
association between caregivers Cognitive function depression, anxiety,

caregiver hostility and
cognitive decline over
24 months

Mean age=72.2y

eShipley Institute of Living
Scale

sleep quality

Wilcox et al., Examine the Cross- N=90 (F=90; M=0)  Anger e Lower Anger In was associated with Age, education,
1999 [34] association between sectional Spousal and o AES higher overall global PSQI scores (r=-0.24;  self-rated health,
USA caregiver anger and non-spousal dementia  Sleep p<0.05) hours caregiving, care
sleep complaints caregivers e PSQI o Lower Anger In was associated with lower  recipient night-time
Mean age=62.8 y quality of sleep (r=-0.32; p<0.05) disruptions,
e Lower Anger In was associated with lower  psychological

sleep efficiency (r=-0.25; p<0.05)

distress, perceived
burden

All studies conducted by Vitaliano and Zhang used the same sample, as confirmed by the study author. CRP, C-reactive protein; IL-6, interleukin-6; F, female; M, male; BMI, body mass index;
AUC, area under the curve; CAR, cortisol awakening response; ADL, Activities of daily living; STAXI-II, State-Trait Anger Expression Inventory — revised version; AD, Alzheimer’s disease; AES,
Anger Expression Scale (AX); STAXI, State-Trait Anger Expression Inventory; PHA, phytohemagglutmin; ConA, concanavlin A; PW, pokeweed mitogen; BSI, Brief Symptom Inventory; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol; TG, triglycerides; CVD, cardiovascular disease;
CHD, coronary heart disease; PSQI, Pittsburgh Sleep Quality Index.
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found that higher anger-in was associated with higher
high-density lipoprotein cholesterol (HDLC) lev-
els (3=0.12, p<0.05), but lower triglycerides (TG)
(B=-0.26, p<0.001). In the same study, higher
anger-control predicted lower HDLC ($=-0.16,
p<0.01), whereas higher anger-out was associ-
ated with lower low-density lipoprotein cholesterol
(LDLC); an effect which was observed only in female
caregivers ( =-0.55, p<0.05).

Caregiver anger; daily cortisol levels, and
lymphocyte proliferation

In the cross-sectional study by Leggettet al. (2015)
[31] higher levels of daily fluctuations of anger were
associated with lower area under the curve (AUC)
cortisol (B=-0.00, p<0.05), but not with over-
all cortisol awakening response (CAR) (p>0.05).
In the longitudinal study by Scanlan et al. (2001)
[36], higher anger-out/anger control predicted lower
phytohemagglutinin (PHA) (r=-0.26, p<0.01),
concanavalin A (ConA) (r=-0.19, p<0.05), and
pokeweed (PW) (r=-0.23, p<0.01) at long-term
follow-up (15-18 months).

Caregiver anger and prevalence of CHD

One study investigated the longitudinal association
between caregiver anger and future risk of coronary
heart disease (CHD) [41]; this study reported no sig-
nificant association between caregiver anger and risk
of CHD over a 27 to 30 month period (p > 0.05).

Caregiver anger; sleep quality, and overall
vitality levels

Two studies examined the cross-sectional associ-
ation between caregiver anger and sleep quality. Liu
et al. (2015) [32] found that higher anger reported by
caregivers predicted lower quality of sleep (f =—0.21,
p<0.001). Wilcox and King (1999) [34] reported that
lower levels of anger-in were associated with higher
sleep disturbances overall (r=-0.24; p<0.05), and
both lower sleep quality (r=-0.32; p<0.05), and
sleep efficiency (r=-0.25; p<0.05). One study
investigated the association between vitality levels
and caregiver anger [33]; increased anger-reaction
by caregivers was cross-sectionally associated with
lower vitality levels (3 =-0.32; p<0.001).

Caregiver hostility, inflammation, and bodily
pain

In the study by Graham et al. (2006) [35]
higher hostility was associated with higher levels
of C-reactive protein (CRP) (r=0.18, p<0.05), and

self-reported bodily pain (r=0.25, p<0.01) over a
period of 7 years, but no association was found
between hostility and serum IL-6 levels.

Caregiver hostility, hypertension risk, and
cognitive decline

In the longitudinal study by Shaw et al. (2003)
[37] hostility was not associated with increased risk
of hypertension, which was measured by both sys-
tolic (p<0.63), and diastolic blood pressure levels
(»<0.68) at 84 months. Vitaliano et al. (2005) [42]
examined the longitudinal association between care-
giver hostility and risk of cognitive decline and found
that higher hostility levels in caregivers were associ-
ated with increased risk of cognitive decline over time
(r=-0.16, p<0.05) (2-year follow-up).

Risk of bias and quality of studies

Quality ratings of the included studies are summa-
rized in Table 2. Most studies were rated as having
low risk of bias on the domains of measurement of
outcome, and assessment of physiological markers.
The majority of studies reported controlling for sev-
eral confounders, and adequate follow-up rates and/or
accounting for loss to follow up (longitudinal stud-
ies). Two studies were rated as being of poor quality
[32, 33], due to not using well-validated scales to
measure anger and sleep [32], or not including a con-
trol group [33].

DISCUSSION

To our knowledge, this is the first systematic
review examining the effects of anger and hostility
on dementia caregivers’ physical health. The results
of our review are important as they provide the first
systematic synthesis of the evidence on how anger
and hostility influence health outcomes in dementia
caregivers. Overall, our results are consistent with
evidence in the general population that both anger and
hostility increase risk of poor health outcomes by trig-
gering stress-induced physiological processes [16,
25]. An important contribution of our review is the
finding that both caregiver anger and caregiver hos-
tility increased risk of poor outcomes across several
clinical markers of ill health [24]. Similarly to studies
conducted in non-caregiving populations, we found
that different anger dimensions and their biobehav-
ioral sequelae contribute differently in increasing risk
of poor health [27]. Figure 2 provides an overview of
how caregiver anger and hostility may affect health
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Table 2
Results of risk of bias ratings

Study Selection Confounders Outcome and results Overall quality
(1) 2 (3) (1) (1) 2) (3)
Graham et al., 2006 [35] b a a a A a b Good
Leggett et al., 2015 [31] b b a a a N/A b Fair
Liu et al., 2015 [32] b b b a a N/A b Poor
Lopez et al., 2015 [33] b a a [ a N/A a Poor
Scanlan et al., 2001 [36] b a a a a a a Good
Shaw et al., 2003 [37] b a a a a a b Good
Vitaliano et al., 1995 [38] b a a a a a a Good
Wilcox et al., 1999 [34] b a a a a N/A b Fair

Caregiver Anger
and Hostility

| } |
activati 8 . ; Engaging in .
1 activation of sympathetic unhealthy lifestyle HPA dysregulation
nervous system and HPA behaviours
1 level of stress hormones
l v l v v v
1 sleep | immunity 1 risk of metabolic syndrome 1 | vitality
impairment inflammation levels
A A 4

1 cognitive decline

1 risk of cardiovascular disease

Fig. 2. Mechanisms of caregiver anger and hostility and their link to physical

hypothalamic—pituitary—adrenal axis.

outcomes in the context of dementia caregiving as
informed by the current evidence.

Summary of main findings

Caregiver anger, weight gain, and insulin and
glucose levels

In one longitudinal study, higher levels of anger
control in female caregivers were associated with
higher weight gain over 18 months [39]. These results
indicate that female caregivers engaging in anger con-
trol may be more vulnerable to increases in weight
gain over time, which may in turn heighten risk
of health conditions such as obesity, diabetes, and
heart disease [48]. Anger may also predispose fam-
ily caregivers to unhealthy lifestyle behaviors such as
over-eating, and being physically inactive, which may
further heighten risk of chronic health conditions.
Given the limited evidence base future studies will
be key in identifying which specific physiological

illness in dementia caregivers. HPA,

and behavioral changes triggered by anger increase
weight gain in caregivers, and whether these changes
increase risk for other chronic conditions long-term
[49].

In the study by Vitaliano et al. (1996) [40] higher
levels of anger expression increased risk of glu-
cose dysregulation over time. Caregivers reporting
higher anger were more likely to have higher levels
of glucose at long-term follow-up, and higher anger
expression in female caregivers predicted higher
insulin long-term. These results are important as
they demonstrate that caregiver anger is longitudi-
nally associated with several clinical indicators of
glycemic control, an effect that may differ by care-
giver sex. Anger expression may lead to excessive
glucocorticoids, leading to dysregulation of specific
neuroendocrine pathways, which may in turn place
dementia caregivers at greater risk of developing
chronic health conditions associated with glucose
dysregulation such as diabetes [23, 50].
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Caregiver anger and plasma lipid levels

In the cross-sectional study by Vitaliano et al.
(1995) [38] anger was associated with higher lipid
profile dysregulation, with higher anger control pre-
dicting lower HDLC which increases risk of coronary
heart disease [51]. On the contrary, high anger-in
and high anger-out scores were found to be pro-
tective; high anger-in scores were associated with
high HDLC and low TG levels, and high anger-out
with lower LDLC levels only in female caregivers.
Although preliminary these data suggest that anger-in
and anger-out may be more effective emotion reg-
ulation strategies by preventing chronic emotional
arousal compared to anger-control, which requires
to continuously monitor anger responses. Given the
cross-sectional nature of these findings, future lon-
gitudinal studies are needed to estimate the positive,
neutral, or negative influence of the different anger
dimensions on profile lipid dysregulation and cardio-
vascular outcomes [52], and how these effects are
influenced by caregiver gender.

Caregiver anger, daily cortisol levels, and
lymphocyte proliferation

Although prior research has associated higher
anger with both diminished and elevated cortisol
responsiveness, data from one cross-sectional study
identified in our review lend support for overall
diminished cortisol levels in the context of anger
expression in dementia caregivers [31]. Continued
exposure to prolonged stress associated with care-
giving may create a counter-regulatory response,
resulting in below normal levels of cortisol long-
term [53]. Although these findings do suggest that
it will be important to introduce biological indica-
tors such as cortisol levels in future health promotion
programs, large-scale prospective cohort studies are
necessary to examine how caregiver anger influ-
ences daily cortisol levels over long periods of
time.

We found one study examining the longitudinal
association between anger expression and regulation
of immune responses. As predicted, higher anger
expression reported by caregivers was associated
with lower levels of lymphocyte proliferation over
18 months across several immune markers [36].
These findings are important as they suggest that
higher anger expression directly contributes towards
a decline in various cytokines, weakening caregivers’
immune responses, and increasing susceptibility to
disease [54, 55].

Caregiver anger and prevalence of CVD

Despite evidence that anger expression generally
increases risk of CHD, data from one study [41] found
no association between caregiver anger and increased
prevalence of CHD over 30 months. It is highly
likely that the biological mechanisms through which
anger increases risk of CHD are complex [24], and
establishing whether anger and hostility do influence
CHD risk in dementia caregivers, requires carefully
designed etiological studies identifying which spe-
cific physiological and behavioral covariates may
moderate this association.

Caregiver anger, sleep quality, and overall
vitality levels

Data from two cross-sectional studies [32, 34]
showed that caregiver anger was consistently asso-
ciated with overall sleep quality. Higher levels of
anger were associated with higher sleep disturbances,
with one study reporting that lower anger suppression
in particular predicted worse sleep outcomes [34].
Although these findings need to be replicated using
longitudinal data, they are in line with large-scale epi-
demiological studies showing that sleep disturbances
are consistently associated with increased anger and
hostility [56]. Understanding how anger expression
influences sleep quality may lead to useful preventa-
tive interventions that can limit the impact of sleep
disturbances on caregivers’ physical health and the
ability to cope with the demands of the caregiving
role [57].

In one cross-sectional study trait anger was asso-
ciated with lower levels of vitality in caregivers
[33]. Despite being preliminary these findings high-
light that anger regulation skills may potentially
influence caregivers’ ability to manage every-day
caregiving duties, and that similarly to non-caregiver
populations the ability to control anger impacts on
caregivers’ health-related quality of life and general
well-being [58].

Caregiver hostility, inflammation, and bodily
pain

Data from one longitudinal study [35], showed
that higher hostility was associated with higher levels
of proinflammatory biomarkers such as CRP long-
term. In the same study high levels of hostility were
also associated with higher levels of self-reported
pain over time. These findings have important
clinical implications as they suggest that higher hos-
tility may increase disinhibition of inflammatory
responses, predisposing caregivers to increased risk
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of cardiovascular disease [59, 60], and negatively
affect caregivers’ health-related quality of life by
increasing bodily pain over time [61].

Caregiver hostility, hypertension risk, and
cognitive decline

Contrary to previous longitudinal studies where
hostility increases risk of hypertension [62], the lon-
gitudinal study by Shaw et al. (2003) [37] found no
association between caregiver hostility and both sys-
tolic and diastolic arterial blood pressure. As this is
the only study in the literature to test for this asso-
ciation, it is important that future large-scale studies
are conducted to examine whether hostility influences
hypertension control and blood pressure burden. An
important finding of our review is that higher care-
giver hostility was associated with increased risk of
cognitive decline over time [42]. Although prelimi-
nary these findings suggest that routine screening for
anger and hostility is important for both physical and
cognitive health in dementia caregivers. Future work
will be key in terms of understanding how individ-
ual differences in expression of hostility may predict
changes in cognitive impairment over time [63], and
how cardiovascular, neuroendocrine, and inflamma-
tory responses associated with hostility and anger,
influence both physical and cognitive health [64, 65].

Implications

Our findings have important clinical implications.
The consistent harmful effect of anger and hostility
for several outcomes suggests that interventions sup-
porting caregivers to manage high levels of anger
will be protective long-term [8]. Given the consis-
tent effects of both anger and hostility on caregivers’
physical health, routine screening, and the provi-
sion of support to manage anger may prevent or
reduce risk of chronic disease [10]. Raising aware-
ness about anger and hostility and its effects on
caregivers’ physical health will be key in reducing the
stigma associated with its recognition and manage-
ment. Incorporating anger management in caregiver
education may not only promote good physical health
and prevent illness, but may additionally decrease
carer psychological distress [8]. For example, anger
management psychoeducation may increase positive
coping skills for caregivers supporting them to cope
better with the caregiving role, by preventing high
levels of distress and anger when dealing with care-
giving duties.

Limitations and directions for future research

Despite the originality of our review, there are
several important limitations. The overall small num-
ber of studies identified, limits the conclusion of our
review and our confidence in the results. Due to the
heterogeneity of physiological markers tested, it was
not possible to quantify the effect of anger and hos-
tility on caregivers’ physical health. As a result, we
were only able to describe and synthesize results
narratively, which is an important limitation of our
review. Most of the included studies were conducted
in the US, which means our results may not be widely
applicable to the wider population of caregivers. The
majority of studies recruited family caregivers who
were healthy at baseline which limits the generaliza-
tion of our findings. The average length of duration
of care was 4.9 years, so the results of our review
may not be applicable to caregivers new to the care-
giving role or those caring for longer periods of time.
Although some of the studies meeting our inclusion
criteria controlled for several caregiving variables
such as duration and hours spent caregiving, and lev-
els of perceived burden, none of the studies examined
the role of the caregiving relationship, which may be
an important mediator of the expression of anger on
caregivers’ physical health.

Our review highlights that future studies are
needed to examine the effect of several impor-
tant mediators on the association between anger
and caregivers’ physical health such as age, sex,
patient-specific factors and interpersonal variables
[66]. Despite the growth of research in the area large-
scale prospective population-based studies will be
important in understanding how anger and hostility
may influence both caregiver and patient outcomes.
These studies may help identify the specific physio-
logical and behavioral mechanisms that mediate the
relationship between caregiver anger and vulnerabil-
ity to disease and apply this knowledge to inform
future interventions. Given the limited knowledge
of the psychometric performance of anger question-
naires for caregivers, additional studies are needed
to examine the validity and reliability of both anger
and hostility measures in the context of dementia
caregiving.

Conclusions
To our knowledge this is the first systematic

review synthesizing current evidence on the associ-
ation between anger, hostility, and physical health
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outcomes in dementia caregivers. Our findings are
important as they demonstrate that both anger and
hostility increase caregivers’ vulnerability to poor
health outcomes. Caregiver anger and caregiver hos-
tility influence a variety of biological and clinical
health indicators, such as weight gain, glucose dys-
regulation, immunity, higher cellular inflammatory
levels as well vulnerability to cognitive decline over
time. Further larger-scale longitudinal studies are
needed to replicate these findings and increase our
understanding of the key mechanisms through which
anger and hostility increase disease vulnerability in
dementia caregivers.
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