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Abstract

Background

Engaging in chronically stressful behaviours has been hypothesised to increase the
risk of experiencing cardiovascular disease (CVD). Providing unpaid care is known
to be a stressful activity, but it is not clear whether this caregiving is associated with
CVD. This study filled a gap in the existing literature by examining the association
between providing unpaid care and incident cardiovascular disease among a nation-
ally representative sample of Australian adults.

Methods

11,123 adult participants aged over 18 years from the Household Income and Labour
Dynamics in Australia (HILDA) survey were followed for up to 14 years from base-
line (2003) until 2017. Gender-stratified survival analysis models used self-reported
caregiving and heart disease statuses as well as time-varying covariates, to assess
the association between providing high-intensity or low-intensity unpaid care (to an
elderly or disabled relative) and incident CVD in comparison with a non-caregiving
control.

Results

Among females, there was weak evidence that CVD was associated with high-
intensity unpaid care (HR=1.27, 95% CI =[0.83, 1.95]) and no evidence for low-
intensity unpaid care (HR=0.79, 95% CI =[0.50, 1.26]) in comparison with non-carers
after adjusting for confounders. There was no association between caregiving and
incident CVD for high-intensity (HR=0.82, 95% CI =[0.47, 1.42]) or low-intensity
(HR=0.84, 95% CI =[0.55, 1.28]) caregiving males in the adjusted models.
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Conclusions

These findings do not provide strong evidence to reject the null hypothesis that pro-
viding unpaid care does not increase risk of developing CVD in the Australian popu-
lation. Given that these findings are somewhat inconsistent with the extant literature
from other populations, further research is necessary, both in Australia and interna-
tionally, to build on the findings of this study and improve understanding of the nature
of the association between caregiving and incident CVD.

Introduction

Unpaid care is a vital social resource to aid in fulfilling the care needs of vulnera-

ble people. It also serves to reduce demands and cost burdens placed upon formal
health institutions. The economic value of the care performed by unpaid carers in
Australia has been estimated to be equivalent to AU$78 billion annually, representing
a value that is equal to 4% of the country’s total GDP [1]. Globally, it has been esti-
mated that there are 16.4 billion hours of unpaid care work performed each day [2]. In
comparison with population groups who do not provide care to others, unpaid carers
have been observed to experience reduced time for leisure and self-care activities
[3]. Additionally, there are increased financial costs that are incurred when supporting
the needs of a person who cannot independently sustain themselves [4]. Moreover,
the demands of providing unpaid care to others can significantly reduce the availabil-
ity and capacity of carers to be able to fulfil their occupational responsibilities [5].

Particular social determinants of health can affect the likelihood of an individual
performing unpaid care work, including age, gender, and socioeconomic status [6].

In Australia, the likelihood of providing unpaid care is positively correlated with age
throughout the population until the 55-64 year old age group, with reductions seen
in the over-65 population [1]. However, the number of unpaid carers aged 65—-74

or 75+has increased between 2015 and 2020 [1]. It is also estimated that 11% of
the population (2.7 million people) act as unpaid carers to others [1], with Austra-
lian women contributing a majority of the nation’s unpaid care work - equivalent to
57.3% of the national total [7]. Additionally, primary caregiving prevalence is greater
among Australians who fall into the two lowest quintiles of weekly income, whereas
the national likelihood of being a non-carer is positively correlated with increases in
income across these quintiles [1].

Unlike formal care workers, unpaid carers typically have an existing relationship
with their care recipient [7]. Among individuals who provide care to a loved one, a
‘family effect’ of caregiving has been observed [8]. This family effect suggests that
the wellbeing of the family carer is contingent on the health and welfare of their care
recipient [9], such that the stress produced from acting as a caregiver can be exacer-
bated depending on the condition of their kin care recipient. Research which exam-
ines the family effect has reported that family carers suffer adverse mental health
effects as the health of their parents or spouses deteriorated [10,11]. The relationship
quality between the unpaid carer and their care recipient can also positively influence
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the wellbeing of both individuals. An integrative review found that having higher quality relationships provided benefits for
both unpaid carers and their care recipients, observing decreases in measures of distress and caregiving burden among
carers who were considered to have high quality relationships with their care recipients [12].

Unpaid care has been associated with increases in cardiovascular disease (CVD) risk factors, suggesting that perform-
ing this unpaid work can confer negative health effects. Risk factors including hypertension [13], depressive symptoms
[14], and increases in Framingham CVD risk scores, which predict the likelihood of experiencing a heart attack in the next
decade [15], have all been linked with unpaid caregiving. However, some studies have observed reduced mortality among
caregivers versus a non-caring control group [16—18], suggesting that unpaid care may be observed to produce positive
health effects. The relationship between unpaid caring and specific CVD outcomes is less well defined. The associa-
tion between providing unpaid care and cases of incident CVD was first observed in a study by Vitaliano et al. [19] who
reported that participants who engaged in chronically stressful behaviours, such as providing care to their spouse, were at
increased risk of developing coronary heart disease (CHD).

A recent systematic review examined the incidence of CVD amongst unpaid carers compared to non-caregiving con-
trols [20], and found evidence that the risk of developing CVD among unpaid carers was modified by the intensity of the
care provided by the caregiver. Prior studies which have categorised the measurement of the caregiving exposure into
high-intensity and low-intensity groups have observed an association between providing intense levels of unpaid care and
CVD [21-23]. In contrast, other studies which measured the caregiving exposure as a binary variable have yielded more
mixed results. Some studies found no association between providing care to others and increased risk of developing CVD
outcomes [24—26], whereas other studies observed increases in the incidence of CVD outcomes amongst family caregiv-
ers compared with a control group [27,28]. Additionally, a Northern Irish study identified a protective association between
providing care to an ill, disabled, or elderly person and CVD-related mortality, with more intense caregiving (=20 hours per
week) associated with lower risk of mortality [17]. Moreover, whilst prior studies have explored the association between
unpaid caring and CVD outcomes in different populations and settings, none have been undertaken in the Australian pop-
ulation. Furthermore, scant studies have accounted for the intensity of caregiving provided while exploring how this might
influence any observed association.

It is noteworthy that the distributions of both unpaid caregiving and CVD in the Australian population are gendered.

As previously mentioned, the unpaid care contribution of women exceeds that contributed by men [7]. In contrast, CVD

is higher amongst men compared to women [29]. In Australia, 1.2 million people aged 18 and over (6.2% of the adult
population) were living with one or more conditions related to heart, stroke or vascular disease in 2017—18 [29]. Based on
self-reported data, the prevalence of heart, stroke and vascular disease among adults was higher among men (641,000,
an age-standardised rate of 6.5%) than women (509,000, an age-standardised rate of 4.8%) [29]. However, there are

key distinctions in the development of CVD by gender in Australia. Whilst CVD is more prevalent in males (compared to
females) over the age 45, the prevalence of CVD among females is reportedly twice that of males in the under-45 popula-
tion [29]. Gender differences in the severity of CVD can also be observed. For example, women are more likely than men
to be hospitalised or die due to hypertensive disease, with atrial fibrillation and stroke both also causing greater mortality
amongst Australian women than men [29].

Addressing key gaps in the extant literature, this study aims to: examine associations between providing unpaid care
and the incident of CVD among Australian adults; and assess whether this association varies by the intensity of care pro-
vided, as well as by gender.

Methods
Study population

Data from the Household, Income and Labour Dynamics in Australia (HILDA) survey was used. Commencing in 2001,
HILDA is Australia’s first nationally representative longitudinal survey, amassing over 20 annual waves of data since it
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began [30]. The survey follows over 17,000 participants each year, collecting information about their household and family
relationships, income, employment, health, and education [31]. Data is collected annually from the same households and
participants, using a combination of participant interviews as well as a self-completion questionnaire [32]. The first wave of
the HILDA survey included 13,969 respondents residing in 7,682 different households, retaining the majority of this cohort
in subsequent years. The number of participants included in the HILDA survey was allowed to fluctuate as household
members moved in and out of participating residences, or existing family members became eligible for inclusion (e.g., by
turning 15 years old).

Study sample

This analysis was restricted to adult participants (18 years and over) who did not have CVD at the start of follow-up
(2003). Self-reported CVD status was first measured in wave 3 (2003) of the HILDA survey and thus was selected as the
baseline time at which participants must be active in the study. Follow-up continued until wave 17 (2017), the most recent
wave at which CVD status had been measured. There were 12,822 participants aged over 18 years at baseline in wave 3
of the HILDA survey. Of these, 557 (4.3%) were excluded from the analysis, due to positive indication of CVD at baseline.
A further 1,010 individuals (8.2%) were excluded as their caring intensity (exposure) status at baseline could not be ascer-
tained. Finally, 132 participants (1.2%) were removed as they had missing data for covariates included in the analyses.
This resulted in a final analytic sample size of 11,123 participants, comprising 5,927 females and 5,196 males (see Fig 1).

12,822 participants aged 18 years or older at baseline wave 3

Excluded 557 (4.3%) participants
with heart disease at baseline wave 3

12,265 participants with no heart disease at baseline wave 3

Excluded 1,010 (8.2%) participants
with missing caring intensity data at

baseline

11,255 participants with no missing exposure data at baseline

Excluded 132 (1.2%) participants
with missing covariate baseline data

Total analytic sample size of 11,123 participants

5,927 female participants — 5,196 male participants

Fig 1. Flow chart of sample selection for HILDA survey participants.

https://doi.org/10.1371/journal.pone.0323245.9001
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Unpaid care

Unpaid care was measured in each wave of the HILDA survey from wave 2 onwards as the combined total hours or
minutes per week spent providing care to an elderly or disabled relative. Responses were self-reported using the self-
complete questionnaire and coded in the HILDA dataset as a continuous numerical variable. To enable comparisons
between high- and low-intensity care provision in this analysis, the data was classified into a three-tiered categorical vari-
able comprising of: 0 hours of care per week (no care), >0 and <14 hours of care per week (low-intensity care), and 214
hours of care per week (high-intensity care). The 14 hour per week threshold of high-intensity caregiving was informed by
prior research on caregiver health utilising this cut-off point [21,33,34].

Incident CVD

Two variables were used to report heart disease status in HILDA, and these were used to derive the measure of incident
CVD. The first variable used asked participants in waves 3, 7 and 9 to self-report whether they had heart disease as part of
the self-completion questionnaire, noting that only participants who had reported having a long-term health condition were
asked this question. A second heart disease variable was introduced in wave 9, replacing the first one. The second heart
disease variable was administered as part of the interview, and asked participants who had reported that they had a long-
term health condition if they had ever been told by a doctor or nurse that they had heart disease. The second variable was
again measured in waves 13 and 17. In this analysis, these two variables were combined into a binary yes/no variable for
CVD outcome status, using the first HILDA variable for waves 3, 7 and 9, and the second HILDA variable for waves 13 and
17. As such, our outcome (incident CVD) was able to be measured at waves 3, 7, 9, 13, and 17. We regarded the onset
year of CVD as the year when participants first reported a new CVD diagnosis following baseline. As it was only participants
with a long-term health condition that were asked to report their heart disease status in the HILDA data collection process, it
was considered that individuals who reported having no long-term health conditions in this analysis also did not have CVD.

Covariates

Potential confounders were identified a priori based on the existing literature These were age, gender, Indigenous ethnic-
ity, country of birth, education, household structure, long-term health condition, labour force status, location, and house-
hold income. Aside from variables that were not expected to change over time (gender, Indigenous ethnicity, country of
birth), all covariates were treated as time-varying and were assessed for all participants in each wave. Country of birth
was grouped as Australia, other English-speaking country, or non-English-speaking country. Education was categorised
by the highest level of attainment including bachelor’s degree or higher, tertiary diploma or certificate, completed high
school, or no completion of high school. Household structure was classified as couple with children, couple with no chil-
dren, lone parent with child/children, lone person, or other. Labour force status included employed, unemployed, or not in
the labour force. Location classified participants as living in a major city, a regional area, or in a rural area per the Austra-
lian Standard Geographical Classification 2001 [33]. Household disposable income, calculated by summing the income
components for the previous financial year for all adults in the household, was equivalised using the modified OECD scale
[34]. For each wave of data, nominal household income values were converted to quintiles of the Australian population
distribution using percentile statistics for the corresponding financial year from the Australian Bureau of Statistics biennial
Survey of Income and Housing. The lowest quintile of the population distribution of disposable household income was
used as the referent group [35].

Statistical analysis

Cox proportional hazards regression was used to model the association between providing unpaid care and incident CVD
as a survival analysis with time-varying covariates. The regression model adjusted for the wave in which observations
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were recorded as well as all potential confounders except for age and gender. Age was used as the timescale of the
survival analysis, rather than the year of each wave observed which was instead included as a confounder, to improve
exchangeability between the caregiving and control groups. Censoring occurred due to attrition; reporting having heart
disease; or the end of the observation period at wave 17, whichever of these occurred first. Censoring was assumed to
be noninformative. Though there was no strong evidence of an interaction effect on the association between caring and
CVD by gender (p=0.289), we elected to stratify analysis by gender due to differences in the provision of unpaid care in
the Australian population between males and females [7], as well as differences in the clinical development of CVD by
gender [36]. We calculated cluster-robust standard errors to account for the correlation within clusters across repeated
measurements over time. We tested for heterogeneity in all variables included in the survival analyses using a global test
of proportional hazards. This test assessed whether Schoenfeld residuals were correlated with time, which would indicate
a violation of the proportional hazards assumption and suggest heterogeneity. No evidence of heterogeneity was found for
caring intensity or any other variables for either males or females, except for long-term health conditions in females. As a
result, we stratified the models by long-term health conditions for females to account for this heterogeneity in the survival
analyses. Given the relatively low proportion of missing data (9.4%) and analysis of missing data (S1 Table) supported
data missing at random, a complete case analysis was undertaken. All analyses were conducted using Stata version 17
[37].

Results

Table 1 presents descriptive statistics for the study sample. The analytic sample comprised 11,123 participants, stratified
by gender into two subgroups of 5,927 females (53.3%) and 5,196 males (46.7%). During the period of observation, which
totalled 124,080 person-years, 686 incident cases of heart disease were reported, occurring at a rate of 55.3 cases per
10,000 person-years. The mean total follow-up time for all participants was 11.8 years. Among females, there was 326
cases of heart disease reported in 67,082 person-years under observation, an incidence rate of 48.6 cases per 10,000
person-years. The incidence rate for males was higher, at 63.2 cases of heart disease per 10,000 years, with 360 incident
cases observed in 56,998 person-years. Missingness was disproportionately represented by males, those over the age

of 75 years, and those living in other types of household structures (S1 Table). More females (12.4%) than males (8.6%)
provided any amount of care for an elderly or disabled relative. The mean age at baseline (HILDA wave 3) was 45 years
for females and 44 years for males, with most participants being between 25 and 64 years of age (73.3% and 74.6% for
females and males respectively). A larger proportion of female participants in our sample identified as being an Indige-
nous Australian than males. There were similar levels of immigration among females and males with 22.7% of female and
23.7% of males born outside of Australia. Just under half (42.0%) of female participants and just over half (56.6%) of male
participants had a tertiary qualification. Single parenting was common among female participants, with 11.9% of females
living alone with children. Nearly three-quarters of male participants (74.4%) lived with a partner, regardless of whether

or not they had children. Most participants (74.3%) did not have a long-term health condition. Unemployment levels were
similar for both female and male participants, and a substantial proportion of females (38.9%) were not in the labour
force. Approximately 62% of both females and males resided in major cities and nearly half of females (49.2%) and males
(54.5%) were in the two highest population quintiles of disposable income.

Table 2 presents the results of the age-adjusted model. Findings suggested that there was an increased risk of incident
CVD among females providing at least 14 hours of care per week compared with female non-carers. The estimated haz-
ard ratio of 1.60 with a corresponding 95% confidence interval indicating that an increased risk of incident CVD for female
high-intensity carers could be as little as 5% or as much as 144% more than the incident CVD risk for female non-carers.
No difference was observed between females who provided care for less than 14 hours per week and non-carers. This
model also estimated that there was no difference in the hazard of incident CVD for males in either caregiving category
compared with males who did not provide any care.
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Table 1. Descriptive statistics of analytic sample.

Female Male Total
Number (%) of participants 5,927 (53.3%) 5,196 (46.7%) 11,123
Mean (SD) follow-up time (years) 11.94 (4.75) 11.69 (4.84) 11.82 (4.79)
Cases of heart disease reported 326 360 686
Caregiving (%)
None 87.6 914 89.4
<14 hours/week 8.8 6.3 7.7
>14 hours/week 3.6 2.3 3.0
Baseline Characteristics at wave 3
Age in years Mean (SD) 44.51 (16.69) 43.80 (16.11) 44.48 (16.42)
Age group (%)
18-24 12.5 13.2 12.8
25-34 18.7 18.7 18.7
35-44 231 231 231
45-54 18.6 19.3 18.9
55-64 12.9 13.5 13.2
65-74 8.5 8.4 8.4
275 5.7 3.9 4.9
Country of birth (%)
Australia 75.2 74.9 751
Other English speaking 9.8 1.4 10.5
Non-English speaking 12.9 12.3 12.6
Australia of Indigenous origin 21 1.5 1.8
Education (%)
School not completed 40.9 28.5 35.1
Finished high school 171 14.9 16.0
Diplomal/certificate 20.7 36.8 28.3
Bachelor’s degree or higher 21.3 19.8 20.6
Household structure (%)
Couple with no children 28.4 30.1 29.2
Couple with children 39.7 44.3 41.9
Lone parent with children 11.9 5.2 8.8
Lone person 15.7 15.4 15.6
Other 4.3 4.9 4.6
Long-term health condition (%)
Yes 25.3 26.2 25.7
No 74.7 73.8 74.3
Labour force status (%)
Employed 58.4 75.2 66.2
Unemployed 2.8 3.5 3.1
Not in the labour force 38.9 21.3 30.7
Location (%)
Major city 62.6 62.0 62.3
Regional 35.1 35.8 35.4
Remote 2.2 2.2 2.2
(Continued)
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Table 1. (Continued)

Female Male Total
Disposable income (%)
Quintile 1 (lowest) 15.2 12.8 141
Quintile 2 17.3 14.5 16.0
Quintile 3 18.3 18.1 18.2
Quintile 4 21.9 234 22.6
Quintile 5 (highest) 27.3 31.1 29.1.

https://doi.org/10.1371/journal.pone.0323245.t001

Table 2. Age-adjusted estimates of CVD hazard ratios by caring intensity and stratified by gender.

Female Male
Caring intensity HR 95% CI p-value HR 95% ClI p-value
No caring ref ref
<14 hours/week 0.78 (0.49-1.23) 0.280 0.85 (0.56 - 1.30) 0.449
> 14 hours/week 1.60 (1.05 - 2.44) 0.027 0.99 (0.57 - 1.70) 0.957

https://doi.org/10.137 1/journal.pone.0323245.t002

The results of the primary analysis model are displayed in Table 3. This model included the wave at which observations
were recorded as well as potential confounders as time-varying covariates. After adjusting for these covariates, the risk
estimates were attenuated, and the confidence intervals included the null across all models.

Discussion

In this sample of Australian adults, there was little evidence that unpaid caring is associated with increased CVD risk. In
age-adjusted models, there was weak evidence that higher levels of caring were associated with increased risk of incident
CVD among females. However, irrespective of the amount of time spent providing care to an elderly or disabled relative,
there was no difference in the hazard of CVD for male carers in comparison with their non-caregiving control group.
These findings are consistent with both the 2013 study by Buyck et al. [25] which observed no difference in the risk
of incident CHD for participants who provided care to an elderly or disabled relative and non-carers, as well as the 2018
study by Burr et al. [24] which observed no difference in incident CVD risk for participants aged over 51 years who pro-
vided care to a parent or spouse in comparison with those who did not. However, our results are inconsistent with the
findings of other studies of family caregiving [27,28], including three studies which accounted for the weekly time intensity
participants spent providing care to family members [21-23]. These three studies each used different thresholds for caring

Table 3. Covariate Adjusted estimates of incident CVD hazard ratios by caring intensity and stratified by gender.

Female® Male™
Caring intensity HR 95% CI p-value HR 95% CI p-value
No caring ref ref
<14 hours/week 0.79 (0.50 - 1.26) 0.330 0.84 (0.55-1.28) 0.417
> 14 hours/week 1.27 (0.83 - 1.95) 0.267 0.82 (0.47 - 1.42) 0.475

“Model adjusted for wave of observation, age, Indigenous ethnicity, country of birth, education, household structure, labour force status, location, and
income, and further stratified by long term health conditions

“Model adjusted for wave of observation, age, Indigenous ethnicity, country of birth, education, household structure, long-term health condition, labour
force status, location, and income

https://doi.org/10.1371/journal.pone.0323245.t003
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intensity to be measured at but observed an association between providing care for 29 hours [22], 2 14 hours [21], and
>20 hours [23] per week and CVD.

Two prior studies also stratified their results by gender, producing contrasting findings. Burr et al. [24] observed no
difference in incident CVD risk for men or women who were aged 51 years or more and provided care to their parents or
spouses in comparison with non-carers. Whereas the study by Ji et al. [27] observed increases in cardiovascular-related
hospitalisations among spouses of cancer patients, whom the authors had assumed required unpaid care from their
spouses. Three extant studies which had demarcated unpaid care by high and low intensity [21-23], all observed associ-
ations between high-intensity unpaid care and CVD, in contrast with the results of the analysis presented in this paper. All
three of these studies used study populations derived from age-restricted samples, collectively including no participants
who were aged below 46 years. Importantly, the use of an age-restricted sample could influence the results of a study to
observe an increased CVD risk by selecting participants who might be more likely to develop CVD due to older age or
other causes. It is also possible that a reduced CVD risk may be observed if the likelihood of participants being unpaid
carers has increased with the prevalence of aging spouses or relatives who require short-term care in contrast with the
long-term care that might be expected for an individual with a chronic condition.

In addition to variation in sampling between these studies, other reasons for inconsistencies in findings could be owed
to discrepancies in the exposure and outcome definitions. For example, our analysis did not account for death due to
incident CVD or verify CVD status using medical records. Other studies which did validate this information [22,25] bene-
fited from using a more robust exposure variable, reducing misclassification bias. Additionally, there may be differences in
the availability and uptake of support and welfare services for unpaid carers in differing study locations, which could serve
to relieve stress and reduce the risk of CVD development. Moreover, individual differences in the quality of caregiver/care
recipient relationships and the specific demands of caring for a relative with particular needs can vary across populations
and modify the stress levels of different unpaid carers and thus their likelihood of developing CVD. Furthermore, the family
effect of providing unpaid care [9] could also serve to modulate how this association is observed depending on the extent
to which the caregiver’s wellbeing is linked with the health of their care-recipient.

The results of our study may be indicative of a healthy-caregiver effect, which has been posited by Fredman et al. [16]
to explain why studies of caregiver health may observe null or protective effects for carers compared with non-carers. The
healthy-caregiver effect is analogous with the healthy worker effect, suggesting that the capacity for caregivers to provide
care to others is aided by their experience of a more favourable health status than might be expected in the general popu-
lation. This may partly explain why no association was observed in our analysis.

Like the healthy-worker effect, healthy caregivers have been hypothesised to be able to endure higher intensity stress-
ors without experiencing a significant health detriment [16]. Vitaliano and colleagues [19] hypothesised that exposure to
chronic stress may induce CVD among caregivers. The authors conceptualised a path model which outlined a framework
that attempts to explain how chronic caregiving stress can lead to CHD either directly, or indirectly by inducing distress
and poor health behaviours, both of which are associated with metabolic syndrome and, in turn, can manifest as CHD
[19]. The researchers postulated that this pathway could be modified by an individual's vulnerability, defined in their study
as anger and hostility, as well as their personal and social resources, including socioeconomic position and social support
[19].

Our analysis attempted to control for the difference between regularly and occasionally engaging in chronically stress-
ful activity by making use of high-intensity and low-intensity caregiving categories. In separating participants like this, it
would be expected that the low-intensity caregiving group would have been exposed to less stress than those in the high-
intensity care group, who would be hypothesised to be more likely to develop CVD as outlined in the pathway suggested
by Vitaliano et al. [19]. However, because our analysis could not account for the amount of care provided by participants
in the years preceding 2003, the distinction between high- and low-intensity care only measures the frequency of care-
giving over the course of one year and may not be as informative as what might be observed if caring provision was
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distinguished between long-term care over multiple years and short-term care. Those who have regularly provided unpaid
care to others over the course of several years would be expected to have been exposed to greater levels of stress, and
thus, hypothesised to be more likely to develop CVD during the study observation period.

The findings of this study provide no evidence that intensity of unpaid care (low < 14hrs/week or high >14hrs/week)
is associated with risk of developing CVD among males, and weak evidence that high intensity unpaid caring may be
associated with incident CVD among females in the Australian adult population. As this is the first study of its kind to be
conducted using an Australian population, these results and implications should be considered a starting point. We cannot
be sure that the association observed among females is directly related to caregiving intensity, but further research is
required to corroborate these findings in another larger sample. Additionally, further research may benefit from taking
a broader definition of unpaid care, such that it is not delimited to caregiving for disabled or elderly relatives, but also
incorporates the other types of care needs and caring relationships that occur in the population. Finally, other nuances in
the association between unpaid care and CVD that warrant future exploration include: the specific relationships between
caregiver and recipient including how they know each other; which activities carers assist with; and the health condition
that has led the care recipient to require unpaid care; given each of these may influence the stresses experienced by an
individual caregiver.

Strengths and limitations

This study has several strengths. Firstly, the survival analysis methods to assess the effect of changes in care over time
on CVD were carefully considered, with time-varying covariates selected according to a Directed Acyclic Graph as being
plausible common causes of caregiving and CVD. Moreover, using age as the timescale in our survival analysis model
allowed for comparisons of CVD risk to be made among participants of the same age, rather than participants of disparate
ages, who were observed at the same point in time. Although left truncation is associated with using age as a timescale in
survival analysis, causing a survivorship biasing effect, this is unlikely to affect our model as the onset of CVD is unlikely
to occur in participants younger than the ages captured in our sample. This study also had the advantage of using data
drawn from a large, nationally representative survey which should improve the external validity of this study and thus
improve the generalisability of these results into the wider Australian population. Lastly, in addition to contributing to the
small number of studies examining intensity of care provision, this is the first study to our knowledge to examine the asso-
ciation between unpaid care provision and CVD in an Australian population.

This study also had some limitations. First, generalisability of these findings to the broader Australian population may
be limited since the HILDA survey under-represents people of lower socioeconomic positions, as well as migrants/new
Australians [38]. As all variables were self-reported, there is some risk of self-reporting bias. Given that some carers may
not identify as carers, the self-reported nature of the collected variables could lead to bias due to exposure misclassifica-
tion, potentially underestimating associations between caregiving and CVD. Furthermore, the measure of caregiving avail-
able in this data does not capture variations in the intensity and duration, nor type of caregiving. Notably, the caregiving
measure did not include those who provided caregiving for someone who is neither elderly nor has a disability, potentially
underestimating true associations. Non-familial caregiver/care recipient relationships are also likely excluded by the defi-
nition of the exposure variable that was used, which could misclassify caregiving status and cause an underestimation of
associations. Misclassification of the outcome, which was measured as self-reported CVD status, may also have occurred
whereby participants may have not reported having CVD despite having CVD — either because they were unaware or
because they did not want to disclose this information — potentially resulting bias toward the null.

There is also potential for bias due to missing data, as although the final analytic sample only contained participants
who had complete data for exposure, outcome, and covariates, there was a small proportion of eligible participants with
missing data who were therefore excluded from the analysis. The demographic differences at baseline between those
who were removed from the study population due to missing data and those included in the analytic sample are included
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as supplementary material (S1 Table). It is notable that among participants with missing data, there were more males,
more individuals over 75 years of age, and more participants in other household structure types than the set of partici-
pants which comprised the sample used for analysis. Given that these factors might be associated with increased CVD
risk, it is possible that this analysis may have underestimated the risk of CVD compared with what would be observed if
complete data for baseline CVD status was available for all eligible participants.

Furthermore, this study may have been limited by a lack of statistical power due to the small number of incident CVD
events observed during the follow up period. This lack of power may have been exacerbated in our gender stratified analysis,
potentially leading to imprecision in our risk estimates. Lastly, the extent to which these results may be generalisable to popu-
lations of carers in other countries is unclear. Acknowledging the limitations of this study in addressing the research question, it
is clear that further research is needed to interrogate the relationship between caregiving and CVD, with more inclusive mea-
sures of care provision and accounting for types of caregiving required (i.e., what activities require assistance, is the caregiv-
ing long-term or short-term?) and also the nature of the caregiver/care-recipient relationship (familial or otherwise).

Conclusion

This study addressed key research gaps in the literature examining the effects of providing unpaid care on cardiovascular
health. To our knowledge, this is the first such study to be conducted within the Australian population. In addition to this,
this study contributes to the small number of studies that have described the difference in CVD risk between low and high
intensity caregivers. In age- adjusted models, there was weak evidence of an association between unpaid caring intensity
and incident CVD among females, but no association was observed for females in fully adjusted models, nor was there
any increase in the risk of incident CVD for male Australian adults providing unpaid care compared with those who did not.
These findings establish a base understanding of how caregiving may influence the cardiovascular health of Australian
adults and highlight a need for further research to more clearly understand this association, both in Australia and globally.

Supporting information

S1 Table. Baseline (wave 3) characteristics of participants with missing data and no missing data.
(DOCX)

Author contributions

Conceptualization: Ameer Lambrias, Yamna Taouk, Jennifer Ervin, Tania King.
Data curation: Ameer Lambrias, Yamna Taouk, Jennifer Ervin.

Formal analysis: Ameer Lambrias, Yamna Taouk.

Funding acquisition: Tania King.

Investigation: Yamna Taouk, Jennifer Ervin, Tania King.

Methodology: Ameer Lambrias, Yamna Taouk, Jennifer Ervin, Tania King.
Resources: Tania King.

Software: Ameer Lambrias, Yamna Taouk.

Supervision: Yamna Taouk, Jennifer Ervin, Tania King.

Validation: Ameer Lambrias.

Visualization: Ameer Lambrias.

Writing — original draft: Ameer Lambrias.

Writing — review & editing: Ameer Lambrias, Yamna Taouk, Jennifer Ervin, Tania King.

PLOS One | https://doi.org/10.1371/journal.pone.0323245 June 9, 2025 11/13



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323245.s001

PLO\Sﬁ\\.- One

References
1. Creelman D. The value of informal care in 2020. Carers Australia. 2020.
2. Global Affairs Canada. Changing the balance for women in the care economy. 2022.

3. Digiacomo M, Davidson PM, Zecchin R, Lamb K, Daly J. Caring for others, but not themselves: implications for health care interventions in women
with cardiovascular disease. Nurs Res Pract. 2011;2011:376020. https://doi.org/10.1155/2011/376020 PMID: 21994825

4. Parry M. Caregiver Burden and Cardiovascular Disease: Can We Afford to Keep the Health of Caregivers in Canada Invisible? Can J Cardiol.
2019;35(10):1267-9. https://doi.org/10.1016/j.cjca.2019.06.025 PMID: 31515086

5. Ahonen EQ, Fujishiro K, Brown S, Wang Y, Palumbo A, Michael Y. Gendered exposures: exploring the role of paid and unpaid work throughout life
in US women’s cardiovascular health. Crit Public Health. 2022;32(3):357-67.

6. de Klerk M, de Boer A, Plaisier I. Determinants of informal care-giving in various social relationships in the Netherlands. Health Soc Care Commu-
nity. 2021;29(6):1779-88. https://doi.org/10.1111/hsc.13286 PMID: 33477204

Australian Institute of Health and Welfare. Informal carers. Australian Government. 2023.

8. Bom J, Bakx P, Schut F, Doorslaer E. The impact of informal caregiving for older adults on the health of various types of caregivers: A systematic
review. Gerontol. 2018;59.

9. Bobinac A, van Exel NJA, Rutten FFH, Brouwer WBF. Caring for and caring about: disentangling the caregiver effect and the family effect. J Health
Econ. 2010;29(4):549-56. https://doi.org/10.1016/j.jhealeco.2010.05.003 PMID: 20579755

10. Heger D. The Mental Health of Children Providing Care to their Elderly Parent. Health Econ. 2017;26(12):1617-29. https://doi.org/10.1002/
hec.3457 PMID: 27917556

11. Bom J, Bakx P, Schut F, van Doorslaer E. Health effects of caring for and about parents and spouses. The Journal of the Economics of Ageing.
2019;14:100196. https://doi.org/10.1016/j.jeca.2019.100196

12. Hooker SA, Grigsby ME, Riegel B, Bekelman DB. The Impact of Relationship Quality on Health-Related Outcomes in Heart Failure
Patients and Informal Family Caregivers: An Integrative Review. J Cardiovasc Nurs. 2015;30(4 Suppl 1):S52-63. https://doi.org/10.1097/
JCN.0000000000000270 PMID: 25955196

13. Capistrant BD, Moon JR, Glymour MM. Spousal caregiving and incident hypertension. Am J Hypertens. 2012;25(4):437—43. https://doi.
org/10.1038/ajh.2011.232 PMID: 22189941

14. Lin C, Chung M, Feltner F, Rayens M, Mudd-Martin G, Biddle M. The relationship of health activation to risk of future cardiovascular disease
among family caregivers of patients with chronic illness in rural dwellers. Circulation. 2021;144(Suppl_1):A13305-A.

15. Haley WE, Roth DL, Howard G, Safford MM. Caregiving strain and estimated risk for stroke and coronary heart disease among spouse caregivers:
differential effects by race and sex. Stroke. 2010;41(2):331-6. https://doi.org/10.1161/STROKEAHA.109.568279 PMID: 20075357

16. Fredman L, Cauley JA, Hochberg M, Ensrud KE, Doros G, Study of Osteoporotic Fractures. Mortality associated with caregiving, general stress,
and caregiving-related stress in elderly women: results of caregiver-study of osteoporotic fractures. J Am Geriatr Soc. 2010;58(5):937—43. https://
doi.org/10.1111/j.1532-5415.2010.02808.x PMID: 20374395

17. O’Reilly D, Rosato M, Maguire A. Caregiving reduces mortality risk for most caregivers: a census-based record linkage study. Int J Epidemiol.
2015;44(6):1959-69. https://doi.org/10.1093/ije/dyv172 PMID: 26371207

18. Roth DL, Fredman L, Haley WE. Informal caregiving and its impact on health: a reappraisal from population-based studies. Gerontologist.
2015;55(2):309-19. https://doi.org/10.1093/geront/gnu177 PMID: 26035608

19. Vitaliano PP, Scanlan JM, Zhang J, Savage MV, Hirsch IB, Siegler IC. A path model of chronic stress, the metabolic syndrome, and coronary heart
disease. Psychosom Med. 2002;64(3):418-35. https://doi.org/10.1097/00006842-200205000-00006 PMID: 12021416

20. Lambrias A, Ervin J, Taouk Y, King T. A systematic review comparing cardiovascular disease among informal carers and non-carers. Int J Cardiol
Cardiovasc Risk Prev. 2023;16:200174. https://doi.org/10.1016/j.ijcrp.2023.200174 PMID: 36874047

21. Capistrant BD, Moon JR, Berkman LF, Glymour MM. Current and long-term spousal caregiving and onset of cardiovascular disease. J Epidemiol
Community Health. 2012;66(10):951-6. https://doi.org/10.1136/jech-2011-200040 PMID: 22080816

22. Lee S, Colditz GA, Berkman LF, Kawachi |. Caregiving and risk of coronary heart disease in U.S. women: a prospective study. Am J Prev Med.
2003;24(2):113-9. https://doi.org/10.1016/s0749-3797(02)00582-2 PMID: 12568816

23. Miyawaki A, Tomio J, Kobayashi Y, Takahashi H, Noguchi H, Tamiya N. Impact of long-hours family caregiving on non-fatal coronary heart dis-
ease risk in middle-aged people: Results from a longitudinal nationwide survey in Japan. Geriatr Gerontol Int. 2017;17(11):2109-15. https://doi.
org/10.1111/ggi. 13061 PMID: 28464424

24. Burr JA, Han S, Lee HJ, Tavares JL, Mutchler JE. Health Benefits Associated With Three Helping Behaviors: Evidence for Incident Cardiovascular
Disease. J Gerontol B Psychol Sci Soc Sci. 2018;73(3):492-500. https://doi.org/10.1093/geronb/ghx082 PMID: 28637329

25. Buyck J-F, Ankri J, Dugravot A, Bonnaud S, Nabi H, Kivimaki M, et al. Informal caregiving and the risk for coronary heart disease: the Whitehall I
study. J Gerontol A Biol Sci Med Sci. 2013;68(10):1316-23. https://doi.org/10.1093/gerona/glt025 PMID: 23525476

26. Manley NA, Hicken BL, Rupper RW. Veterans Caregiving for Others: Caregiving as a Factor in the Health of America’s Military Veterans. Mil Med.
2019;184(1-2):e162-8. https://doi.org/10.1093/milmed/usy131 PMID: 29901741

PLOS One | https://doi.org/10.1371/journal.pone.0323245 June 9, 2025 12713



https://doi.org/10.1155/2011/376020
http://www.ncbi.nlm.nih.gov/pubmed/21994825
https://doi.org/10.1016/j.cjca.2019.06.025
http://www.ncbi.nlm.nih.gov/pubmed/31515086
https://doi.org/10.1111/hsc.13286
http://www.ncbi.nlm.nih.gov/pubmed/33477204
https://doi.org/10.1016/j.jhealeco.2010.05.003
http://www.ncbi.nlm.nih.gov/pubmed/20579755
https://doi.org/10.1002/hec.3457
https://doi.org/10.1002/hec.3457
http://www.ncbi.nlm.nih.gov/pubmed/27917556
https://doi.org/10.1016/j.jeoa.2019.100196
https://doi.org/10.1097/JCN.0000000000000270
https://doi.org/10.1097/JCN.0000000000000270
http://www.ncbi.nlm.nih.gov/pubmed/25955196
https://doi.org/10.1038/ajh.2011.232
https://doi.org/10.1038/ajh.2011.232
http://www.ncbi.nlm.nih.gov/pubmed/22189941
https://doi.org/10.1161/STROKEAHA.109.568279
http://www.ncbi.nlm.nih.gov/pubmed/20075357
https://doi.org/10.1111/j.1532-5415.2010.02808.x
https://doi.org/10.1111/j.1532-5415.2010.02808.x
http://www.ncbi.nlm.nih.gov/pubmed/20374395
https://doi.org/10.1093/ije/dyv172
http://www.ncbi.nlm.nih.gov/pubmed/26371207
https://doi.org/10.1093/geront/gnu177
http://www.ncbi.nlm.nih.gov/pubmed/26035608
https://doi.org/10.1097/00006842-200205000-00006
http://www.ncbi.nlm.nih.gov/pubmed/12021416
https://doi.org/10.1016/j.ijcrp.2023.200174
http://www.ncbi.nlm.nih.gov/pubmed/36874047
https://doi.org/10.1136/jech-2011-200040
http://www.ncbi.nlm.nih.gov/pubmed/22080816
https://doi.org/10.1016/s0749-3797(02)00582-2
http://www.ncbi.nlm.nih.gov/pubmed/12568816
https://doi.org/10.1111/ggi.13061
https://doi.org/10.1111/ggi.13061
http://www.ncbi.nlm.nih.gov/pubmed/28464424
https://doi.org/10.1093/geronb/gbx082
http://www.ncbi.nlm.nih.gov/pubmed/28637329
https://doi.org/10.1093/gerona/glt025
http://www.ncbi.nlm.nih.gov/pubmed/23525476
https://doi.org/10.1093/milmed/usy131
http://www.ncbi.nlm.nih.gov/pubmed/29901741

PLO\S\% One

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.
37.
38.

Ji J, Zoller B, Sundquist K, Sundquist J. Increased risks of coronary heart disease and stroke among spousal caregivers of cancer patients. Circu-
lation. 2012;125(14):1742—7. https://doi.org/10.1161/CIRCULATIONAHA.111.057018 PMID: 22415143

Kim'Y, Carver CS, Shaffer KM, Gansler T, Cannady RS. Cancer caregiving predicts physical impairments: roles of earlier caregiving stress and
being a spousal caregiver. Cancer. 2015;121(2):302-10. https://doi.org/10.1002/cncr.29040 PMID: 25209592

Australian Institute of Health and Welfare. Heart, stroke and vascular disease: Australian facts, All heart, stroke and vascular dis-
ease. Canberra. Australia. 2024 [Available from: https://www.aihw.gov.au/reports/heart-stroke-vascular-diseases/hsvd-facts/contents/
all-heart-stroke-and-vascular-disease.

The Household, Income and Labour Dynamics in Australia (HILDA) Survey, general release 20 (Waves 1-20) [Internet]. ADA Dataverse. 2022.
Available from: http://dx.doi.org/10.26193/YP7MNU

Summerfield M, Garrard B, Nesa MK, Kamath R, Macalalad N, Watson N, et al. Hilda user manual — release 21. Melbourne Institute: Applied Eco-
nomic and Social Research, University of Melbourne. 2021.

Wilkins R-T, Botha F, Dahmann S. The household, income and labour dynamics in Australia survey: Selected findings from waves 1 to 19. Mel-
bourne Institute: Applied Economic & Social Research, The University of Melbourne. 2021.

Australian Bureau of Statistics. Statistical Geography Volume 1 Australian Standard Geographical Classification (ASGC) 2001. Canberra, Australia:
ABS; 2001 [Available from: https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/1216.0Main+Features12001

Hagenaars A, De Vos K, Zaidi A. Poverty statistics in the late 1980s. Eurostat. 1994.

Australian Bureau of Statistics. Household Income and Wealth, Australia Canberra, Australia. 2022 [updated 28/04/2022]. Available from: https:/
www.abs.gov.au/statistics/economy/finance/household-income-and-wealth-australia/latest-release.

Ostadal B, Dhalla NS. Sex differences in heart disease. Springer Nature. 2020.
StataCorp. Stata Statistical Software. In: 17 R, editor. 15 ed. College Station, TX, USA: StataCorp LL; 2021.
HILDA User Manual — Release 18 [Internet]. University of Melbourne. 2019.

PLOS One | https://doi.org/10.1371/journal.pone.0323245 June 9, 2025 13713



https://doi.org/10.1161/CIRCULATIONAHA.111.057018
http://www.ncbi.nlm.nih.gov/pubmed/22415143
https://doi.org/10.1002/cncr.29040
http://www.ncbi.nlm.nih.gov/pubmed/25209592
https://www.aihw.gov.au/reports/heart-stroke-vascular-diseases/hsvd-facts/contents/all-heart-stroke-and-vascular-disease
https://www.aihw.gov.au/reports/heart-stroke-vascular-diseases/hsvd-facts/contents/all-heart-stroke-and-vascular-disease
http://dx.doi.org/10.26193/YP7MNU
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/1216.0Main±Features12001
https://www.abs.gov.au/statistics/economy/finance/household-income-and-wealth-australia/latest-release
https://www.abs.gov.au/statistics/economy/finance/household-income-and-wealth-australia/latest-release
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

