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Abstract 

This research utilises data about adult informal family caregivers in South Australia, 

their prevalence over a period of two decades, and provides a review of their health 

and morbidity profiles between the years 2008 and 2015. The rationale for the study 

has come from increased epidemiological and clinical discussions on the impact of 

informal caregiving on the health status of family carers. The evidence suggests a 

proportion of carers may be at greater risk of poor health outcomes, however there are 

limited population-based studies that provide representative data on specific risk 

factors amongst carers.  

 

The research is based on a literature review and three separate analyses, resulting in 

manuscripts published in international journals. The 20-year prevalence estimates are 

featured in the first publication using representative state-wide surveys, (total 

N=26,788 and n=1,504 carers aged 16 years and over). An Age-Period Cohort (APC) 

analysis was undertaken to examine whether there were any generational effects on 

the prevalence of carers.  

 

The second publication, based on monthly state-wide surveys between 2010-2015, 

provided self-report data on carers’ health status, risk factors and chronic illnesses 

(N=35,195 participants and n=2,247 carers aged 18 years and over). The population 

attributable risk (PAR) of being a carer was examined for selected chronic conditions. 

 

The third paper examined carers drawn from a representative population-based 

longitudinal biomedical cohort study in metropolitan Adelaide (N=4056 participants  
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and n=191 carers aged 40 years and over). Risk factors, chronic medical conditions 

and biomedical, health and demographic characteristics using self-report, clinic and 

laboratory measured variables were assessed – including haematology, biochemistry, 

Vitamin D, and the inflammatory biomarkers; high sensitivity C-Reactive Protein (hs-

CRP), Tumor Necrosis Factor alpha (TNFα) and Interleukin-6 (Il-6).  

 

This South Australian profile indicates that caregiving is associated with a small to 

moderate increased risk of having chronic conditions, especially diabetes and asthma 

in female carers. Findings from blood-measured variables revealed lower serum 

Vitamin D and haemoglobin levels in carers from the urban cohort study. Male carers 

had raised diastolic blood pressure, higher blood glucose, lower haemoglobin and 

albumin levels and slightly elevated inflammatory biomarkers TNFα and hs-CRP. 

 

The results of this study have provided in-depth empirical evidence of the types of 

medical health conditions experienced by carers, arguing the advantages of clinical 

assessments. Furthermore, it is proposed that the pathways of illness of both 

individuals within the caregiving dyad need to be assessed concurrently. Important as 

it is to monitor the prevalence of conditions that influence the burden of disease in the 

general population, it is also pertinent to monitor, measure and manage the health of 

the carers who provide the informal care, since they may be carrying a double burden 

of illness - that of the person they are looking after and their own health problems.   
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Informal caregiving in the twenty first century is a complex phenomenon, influenced 

by a range of socio-demographic, economic and public policy factors. The 

combination of ageing populations and increased survival, living with chronic disease 

and disability, have created extra demands for long-term, domestic home-based 

informal care. This demand has resulted in different responsibilities and challenges for 

family members and other close relatives or friends to provide the necessary care to 

meet the needs of cared-for people. However, people who take on the role of an 

informal carer cannot be presumed to have the physical and emotional capacity to 

provide the required care and support.   

 

A review of the literature (Chapter 2) highlights that, after three decades of 

international research related to informal carers, there is still a lack of consistent, 

reproducible, detailed information on their physical health profiles. Assessment of 

their health has been dominated by studies of the psychological impact of caregiving, 

in particular those associated with care of the frail elderly and persons with dementia. 

There remains a gap in the knowledge of specific risk factors and chronic health 

conditions across informal carer groups in the population, which include biomedical 

health profiles. Also lacking are studies using high–level and robust methodologies, 

with many of the studies based on convenience samples, or biased populations, using 

unvalidated measures and having inconsistent reliability.  

 

This thesis investigates the health status of adult informal carers, including 

demographic characteristics and morbidity (with both self-reported and biomedical 

assessments) using epidemiologically-sound population data collected in South 

Australia. The main objectives of the study were to determine prevalence estimates 



18 

 

and trends of health-related risk factors and chronic medical conditions among 

informal carers.  

 

Details of the study design and analyses of the three independent studies undertaken 

and published are described in Chapter 3. The first paper (Chapter 4), investigated 

changes in the prevalence and demographic characteristics of adult informal carers 

aged 15 and over, over the 20-year period from 1994, using data from an annual 

population survey. Paper 2 (Chapter 5), explored, using data from a risk factor 

surveillance system, associations between the caregiving role as a risk factor for 

chronic disease and the health status of informal carers. Paper 3 (Chapter 6), using the 

biomedical status of a subgroup of informal carers from a cohort study, addressed the 

differences in the biomedical profiles of informal carers compared with non-carers. 

Data collected included clinic and blood measured variables.  

 

Drawing on the implications of the findings, and the strengths and limitations of those 

findings of the three, internationally published, peer reviewed articles, Chapter 7 

provides a summary, then proposes recommendations for future work in the fields of 

population research, clinical practice and policy development. 

   

 

 

 

 

 

 



19 

 

 

 

 

 

 

 

 

 

 

 Literature Review   

  



20 

 

2.1 The focus of the review 

 

Family caregiving, to care for the sick, disabled and dying, is not a new social 

phenomenon. However, the concept of informal caregiving that has evolved in the late 

twentieth century is argued as presenting greater challenges1,2,3.  The complexity of the 

two-person informal caring relationship, often referred to as caregiving dyads, and the 

nature of specific in-home-care that may be expected to be provided,4-7 are argued as 

accounting for these challenges. The added responsibilities of informal carers 

(different from formal or paid carers) providing assistance for persons of any age who 

lack the capacity to meet their own needs is acknowledged as very different from 

normal reciprocity amongst adults within personal relationships8-9.  

 

In this chapter, a review of informal carer health research from the 1980s to 2018 has 

determined the research direction for this thesis.  In the first part of this review, the 

impact of epidemiological transitions of population ageing, the burden of disease, and 

the increasing need for informal carers within modern developed countries is explored. 

To identify gaps in the current research, an overview of both positive and negative 

aspects of caregiving and the tools for carer assessment are discussed. Research 

highlighting demographic, biological, behavioural and social determinants of the 

health of an informal carer, including biomedical and clinical aspects of their risk 

factors and chronic conditions, are reviewed. To contextualise these findings, relevant 

aged care and informal caregiving related policies influencing the lives of informal 

carers are examined.  
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2.2 Epidemiological transitions and population ageing 

 

Global epidemiological transitions10, for example declining mortality rates, a 

reduction in deaths from pandemics and changing patterns of fertility, are factors that 

have led to continuing population growth10-13. The delaying or prevention of deaths 

from diseases and injuries11, and greater survival rates of people with previously life-

threatening injuries and conditions, have also been attributed to public health 

interventions, as well as the introduction of life-saving medical, pharmacological and 

technological advances2,13. Combined with better living and social conditions, 

increased life expectancy and longevity, a major shift in population age distribution 

has led to ageing societies with increasing numbers of the population living with 

chronic disease, disability, dementia and other age-related conditions10,11.  Empirical 

data of persons living with disability and/or dementia provide insight into this major 

shift in the population age distribution and the subsequent increasing need for informal 

carers. 

 

2.3 Burden of disease   

 

Between 1990 and 2015, assessment of the health of populations in 195 countries for 

the Global Burden of Disease Study (GBD), measured in Disability Adjusted Life 

Years (DALYs)14, reported an overall improvement in health globally, with morbidity 

increasing with functional health loss14. Listed among the most prevalent diseases 

were Alzheimer’s disease and other dementias15 which increased globally over this 25 

year period by 7.4%15. There are also important risk factors that contribute to DALYs. 
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These are: high systolic blood pressure, smoking, high fasting plasma glucose, high 

body mass index (BMI), high total cholesterol, alcohol use and diets high in sodium15.   

 

A comparison of the burden of disease between Australia and Organisation for 

Economic Co-operation and Development (OECD) countries, measured in DALYs  

from the 2013 GBD16, is shown in Figure 2-1. 

Source: AIHW Australia’s Health 2016. Ch. 3 Page 60. Fig. 3.1.7.16 

 

 

Findings showed that the burden of disease in Australia was slightly lower than OECD 

countries for ischemic heart disease, low back pain, chronic obstructive pulmonary 

disease (COPD), tracheal, bronchus and lung cancer, Alzheimer’s disease and other 

dementias and diabetes mellitus. The burden of disease was higher in Australia than 

OECD countries for major depressive disorder, anxiety, asthma and neck pain16.   

Figure 2.1 Comparison between Australia and OECD countries of the burden of 

disease for selected conditions, 2013  
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Key findings from the Australian Burden of Disease Study (ABDS) in 201117 and 

again in the most recent ABDS in 201518 indicated that the five leading conditions 

causing the most burden in 2011 and 2015 were due to: cancer, cardiovascular 

diseases, mental health and substance use disorders, musculoskeletal conditions and 

injuries. Among older Australians in 201517, major causes of total burden were 

cardiovascular diseases, cancer and neurological conditions that increased with age.  

 

In working age groups, a considerable amount of the burden was due to 

musculoskeletal conditions, while the main burden for young adults and children was 

from injuries, mental health conditions and substance abuse disorders17.  Overall, 

disease-specific trends from 2015, described in the most recent AIHW Burden of 

Disease (2019) report, suggest a general improvement in disease burden since 2003 in 

Australia but the most notable increase in age-standardised burden rates was in 

neurological conditions18. 

 

Figure 2-2 illustrates the overall age specific DALY rate by age group in 2003, 2011 

and 2015. These data all highlight the increases in the burden of disease as the 

population ages19. If people are living with illness for longer periods of time, they may 

then be susceptible to greater periods of disability due to their illness.  
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Figure 2.2  Comparison of age specific DALY rates in Australia, 2003, 2011  

and 2015 

Source: AIHW Australian Burden of Disease Database and Australian Burden of Disease 

study 201519 

 

2.4 Disability 

 

In the World Report on Disability (WHO 2011)20 based on 2010 global population 

estimates, 15% of the world’s population (one billion people) were living with some 

form of disability. This was described in the report as impairments, activity limitations 

and participation restrictions20. In the Australian Bureau of Statistics (ABS) 2015 

Survey of Disability, Ageing and Carers (SDAC)21, a person with a disability was 

defined as:  

“Someone who has one or more specified types of limitations, restrictions or 

impairments that restrict everyday activities, and which has lasted (or is likely 

to last) for at least 6 months. The severity of disability is further defined by the 

degree of assistance or supervision required in core activities, self-care, 

mobility and communication and grouped for mild, moderate, severe and 

profound limitation”21. 
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Of those Australians identified with a disability in 2015, 79% reported a physical 

health condition as their main long-term health problem, with the remainder (21%) 

reporting a mental or behavioural disorder22. 

 

Figure 2-3 shows the trend in overall disability in Australia in 1993 and 2013, with the 

likelihood of having a disability increasing with age21.  Figure 2-4 shows the most 

recent data available for the Australian population with a disability and 

severe/profound core activity limitations21.   

 

 

Figure 2.3 Disability prevalence by age group [1993-2013] 

Source: ABS. Adapted from ABS data from Survey of Disability, Ageing and Carers  

1993-2013. (Chapter 8.1)22 
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Figure 2.4 Proportion of the population with disability and severe or profound 

core activity limitations, by age group, 2015 

Source: AIHW Australia’s welfare 2017. Ch. 8.1, page 302. Figure 8.1.1 ABS 2016 22 

 

In 2015, the ABS introduced a new category for inclusion in the SDAC, psychosocial 

disability, and collected more comprehensive data on Australians with conditions that 

caused restrictions in everyday activities, lasting six months or more21. Prior to 2015, 

data on this type of disability were based on narrower definitions and had been 

incorporated within general categories of disability. From 2015, conditions such as 

complications of stroke-like confusion, memory, emotional and social or behavioural 

problems have been featured. Other nervous, emotional or mental health conditions 

that restrict daily participation in education, employment, social and cultural activities 

were also included and accounted for almost a quarter (24.4%) of all people identified 

with any type of disability21. Overall 4.5% of the total population were found to be in 

this newly defined group, with males (4.3%) and females (4.7%) showing similar rates. 

Rates increased in older age groups, especially those aged 85 years and over21. 

 

https://www.aihw.gov.au/reports/australias-welfare/australias-welfare-2017
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 In Australia, the states of Tasmania and South Australia had the highest rates of 

psychosocial disability due to the older age structure, however psychosocial disability 

was also seen in younger age groups, where boys aged up to 14 years were twice as 

likely to have this disability, mainly due to higher prevalence of autism21.  

 

Significantly, the 2015 SDAC recorded that 94.9% of persons living at home with 

psychosocial disability (who also may have other disabilities as well) needed 

assistance with daily activities, with 63.7% of them receiving care from informal 

carers21.  Given that dementia is now recognised as the single greatest cause of 

disability in older Australians aged 65 years or over16, information about where these 

people live and who cares for them provides insights into the increasing need for 

informal carers.  

 

2.5 Dementia statistics in Australia  

 

People requiring help with most aspects of daily functioning are persons living with 

dementia23. Although living with dementia is acknowledged as a major health problem 

in Australia, it is not a single specific disease23. It is an umbrella term describing a 

syndrome associated with more than 100 different diseases that are characterised by 

the impairment of brain functions including language, memory, perception, 

personality and cognitive skills24. Common types of dementia are vascular and 

frontotemporal dementia, Alzheimer’s disease, and dementia with Lewy bodies23.  The 

type and severity of symptoms and their pattern of development therefore varies with 

the type of dementia, which is usually progressive, of gradual onset, and irreversible23. 

Australian prevalence estimates in 2016 are displayed in Figure 2-5.   
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Figure 2.5 Australian prevalence estimates of people with dementia, by age group 

and sex, 2016. 

Source:  Australian Institute of Health and Welfare AIHW Australia’s Health 2016. (Ch.3.12, 

Page 108)16 

 

While previous overall prevalence estimates of dementia in Australia have been 

similar to the average of countries in the OECD (1.42% compared with 1.48%)23, it 

was estimated in 2018 that up to 436,366 persons or 1.7% of the Australian total 

population live with dementia23,25. This figure is projected to grow to 550,000 

Australians by 203023 and to 900,000 by 205023. In 2018, an estimated 8.7% of persons 

aged 65 years and over lived with dementia; of these, approximately 61% were 

women25.  Not only is living with dementia the single greatest cause of disability in 

older Australians, it was the leading cause of non-fatal burden in 2011 and the second 

leading cause of disability burden overall25.  

 

Persons with dementia are also reported to have higher than average debilitating co-

morbid conditions26 and risk factors of dementia in addition to age, genetics and family 
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history, include vascular diseases, metabolic conditions and lifestyle-related 

behaviours, such as smoking and lack of physical exercise18. It has been reported that 

although chronic heart disease (CHD) is a leading cause of non-fatal burden in the 85-

94 age group, dementia is currently ranked as the leading cause of fatal burden in 

females, and second overall in that age group24. By 2016, dementia had become the 

leading cause of death among Australian females, surpassing heart disease18,24.  

 

Alzheimer’s disease and other dementias, therefore, not only have serious health 

consequences for persons with the condition but, as dependency progresses, these 

conditions also impact those families and friends who provide ongoing home-based 

informal care25. For persons living with dementia, this timeframe can be long term, 

requiring care and support for up to more than twenty years26. Increases in dementia 

prevalence are expected to place demands on a greater number of informal carers.  

Whether informal or formal (paid) carers, the following table (Table 2-1) highlights 

this increasing need for persons to care for people living with dementia in the 

Australian community23,27.  

 

Table 2-1 Projected number of carers for people with dementia in Australia by 

sector, 2016-2056 

Year In the Community In cared for accommodation Total No. of carers 

2016 190,505 92,005 282,510 

2026 264,620 126,231 390,851 

2036 362,931 173,223 536,154 

2046 448,156 214,130 662,287 

2056 525,541 250,418 775,959 

 

Source: NATSEM. Appendix 3. The Economic Cost of Dementia 2016-2056.  Alzheimer’s Australia 

201727. 
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2.6 Informal carers. Definition, Australian prevalence 

estimates 

 

During the 1990s and early 21st century, epidemiological transitions10 have resulted in 

a greater need for long-term physical and psychological community-based care28 to 

meet the needs and preferences of aged and disabled people3 who decide to stay in 

their own homes6,7. This trend continues to increase globally, particularly in developed 

countries such as the United Kingdom (UK) and Europe, Australia, New Zealand 

(NZ), Canada, the United States of America (USA) and other industrialised nations2, 

29-33.   

 

The Disability Ageing and Carer Surveys, conducted nationally by the ABS every 

three to five years since 1993, have collected data on persons providing informal 

caregiving in domestic (family) homes in all states and territories and across urban, 

rural and remote areas of Australia.  

 

Definitions used for an informal carer are: 

Carer: A person of any age who provides any informal assistance, in terms of 

help or supervision, to people with disability or long-term conditions or people 

who are aged 60 and over. This assistance has to be ongoing, or likely to be 

ongoing, for at least 6 months… these carers are referred to as an “informal 

carer”. 

 

Primary carer: A person is a “primary carer” if they are aged 15 and over and 

provide ‘the most informal assistance, in terms of help or supervision, to a 

person with one or more disabilities or aged 60 years and over’ in one or more 

of the core activities of self-care, mobility and communication34.  

 

Previous ABS population surveys of disability in 198135 and 198836 were initially 

focused only on the aged and persons with a handicap (as it was referred to then) and 
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were not inclusive of informal carers as a separate, identifiable group. By 1993, 

informal caregiving was briefly mentioned, with just over a half a million (577,500) 

people identified as the ‘principal’ carers of persons (approximately 3.3% of the total 

population and 5% of the population aged 20 years and over)37. Published prevalence 

estimates fluctuated during the 1990s with different surveys, methodologies and 

definitions providing varying estimates38. Prevalence estimates of all informal carers 

remained around 12% of the total population between by 2009 and 201521,22.   

 

Nationally, the latest SDAC published by the ABS in 2016, (representing data 

collected during 2015)21, indicated almost 2.7 million individuals, or approximately 

11.6% of the Australian population aged 15 years and over, were identified as informal 

carers, most of whom (96%) were family members21. While SDAC data identify all 

carers, the proportion of primary carers or those who provide the most informal 

assistance, were examined in ABS surveys, particularly after 1998. Findings showed 

a steady increase of 19% to over 30% of informal carers being primary carers during 

the two decades from 199838 to 201626 however, initially, the increase was partly 

attributed to the change in definitions for the 1998 ABS survey38.  

 

Since 2005, informal carers have been identified separately as part of another large 

national survey, Household Income and Labour Dynamics in Australia (HILDA), 

administered by the Melbourne Institute of Applied Economic and Social Research39. 

HILDA surveys differ slightly in their terminology, referring to main carers, who are 

considered similar to the SDAC primary carers. Having been given specific 

recognition, greater understanding of the demographic profiles of persons providing 

care in the community has been possible.    
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2.6.1 Demographic characteristics of informal carers 

 

According to demographic information from HILDA data collected between 2005 and 

201139, women were more likely to be the main informal carer, providing the majority 

of home support and meeting care needs.  The 50-70 age group were providing the 

greatest amount of informal care, with more than 10.0% caring for an elderly 

individual39. There were also consistently more females than males in the role of an 

informal carer (60-70%) identified in ABS surveys (Figure 2-6), with male informal 

carers accounting for 30-45% of all informal carers. 

Figure 2.6 Primary Carers by age and sex, 2015. [By definition, primary carers 

are aged over 15 years] 

Source: ABS Survey of Disability, Ageing and Carers: Summary of Findings 2015. Australian 

Bureau of Statistics, Commonwealth of Australia 21 

 

Similar gender characteristics of informal carers were reported in recent SDAC 

surveys21, with significant variations according to their age, and the type and age of 
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the cared-for person. In the 2015 SDAC survey, the average age of informal carers 

was 55 years21.   

 

The 1998 SDAC survey revealed a third (38%) of informal carers aged between 35-

54, cared for partners, children and ageing parents38. Since the 2012 SDAC survey, 

with the availability of more comprehensive demographics identifying the primary 

informal carer, the cared for person was more likely to be a spouse or partner, but 43% 

had a different relationship with the care recipient40. Persons representing younger age 

groups, aged 45-65 years (14%), identified as the primary informal carer, reported  

looking after a co-resident parent, and 13% aged 25-44 years were caring for a child 

with special needs. Women were four times more likely to be the main informal carer 

(32.5%) compared with men (7.0%)40. In those instances where the person receiving 

the care did not live with the person identified as the primary informal carer, it was 

found 67% were caring for a parent40. 

  

Providing long term informal care has been identified as reducing employment 

opportunities for informal carers, particularly those persons who have a primary caring 

role40. For example, in 2009, only 54% of persons in this category were in paid work 

compared with 79% of the general population, even though they wanted to be in paid 

employment41. In the 2012 SDAC40, a labour force participation rate of 63% for 

informal carers, compared with 69% of non-carers, was revealed. It was lower for 

persons in a main caring role (42%) but these differences were influenced by increased 

hours of informal care required in the home, as well as the presence of older age groups 

within the carer population who were not of working age40.  The influence may also 

be due to the educational status of the adult informal carer. As reported in the 1998 
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SDAC, 20% of the carers had vocational qualifications and 12% had bachelor or 

higher degrees40.   

 

Gender differences between primary informal carers who work were evident from the 

2012 SDAC survey40, with over a quarter (27%) of men employed full time, in contrast 

with 14.6% of females. When considering part time work, fewer male carers (11%) 

were employed part-time than female carers (23.9%), while unemployment was higher 

among male informal carers (7.3%) compared with non-carers (4.8%)40. Providing 

informal care also had an association with annual household incomes34,38,40. For 

example, the 2012 SDAC survey40 reported 65% of persons in primary informal caring 

roles were more likely to live in households with gross incomes in the lowest two 

quintiles of income. This compared with 36% of non-carer households. At the opposite 

end of the scale, while 23% of non-carers ranked in the highest quintile of gross 

household income, only 7.0% of persons in a primary informal caring role had 

equivalent incomes40. 

 

A changing demographic among persons in an informal caring role is their country of 

birth. Early SDAC surveys during the 1990s identified it to be more likely that 

informal carers were Australian or from English speaking countries34. However, 

HILDA surveys conducted between 2005 and 2011 have indicated that immigrants 

from English-speaking countries were less likely than persons from non-English-

speaking countries to be informal primary carers39.  Over the same period, non-

English-speaking immigrants surveyed nationally accounted for 22.8% of main carers, 

and 16.8% were non-carers39. 
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From a previous South Australian epidemiological survey of informal carers42, 

demographic characteristics revealed that the carers were more likely to be female, 

aged 65 years and over, married or in a de facto relationship. Persons in informal caring 

roles were less likely to be male, aged between 15 to 34 years or never married42. In 

terms of their educational status, informal carers were more likely to have left school 

before the age of 15 years and less likely to have a bachelor or higher degree; a trend 

that is slowly changing as general educational attainment across the population is 

improving42. Carers were also more likely to earn $20,000 and be less likely to have 

earned $80,000 or more per year42.  

 

2.6.2 Influences on prevalence estimates for informal carers  

 

Age, being a partner or spouse and being a parent have associations with being an 

informal carer.  The AIHW (2011) reported that between 1998 and 2009, the 

proportion of Australians providing both informal care and aged 65 years and over, 

had increased from 21% to 25% of the Australian population22.  By 2015, the most 

common providers of informal care were people aged over 65 years of age22. This 

represented more than 618,000 persons in an informal caring role, of whom more than 

one-third were the primary carer (234,100 people), with over three quarters caring for 

a partner. Many of these persons had been providing care long-term, with 41% having 

been the primary informal carer for their current recipient of care for ten years or 

more22.  Based on current trends, as the Australian population ages, it is estimated 56% 

of informal carers will themselves be aged over 65 years by 203043.  Older Australians 

have elected to remain in their domestic home in their later years. In 201522, only 5.2% 
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were living in residential care facilities. For those needing assistance at home, 70% of 

that care is provided by informal carers, such as partners, parents or the spouse22. 

 

While a spouse or partner has been recognised as providing informal care to more than 

one-third (35%) of all older Australians needing assistance22, there is a growing 

awareness of the role of a parent(s) as the primary informal carer of an adult child.  

While younger parents are known as the main informal carer of a disabled or sick 

dependent child, the ABS reported in 200922 that of the mothers and fathers who were 

the main informal carer for their disabled child, 6.5% were aged over 70 years22.  From 

a separate 2012 report by Qu et al.44 based on this ABS data, it was found that among 

persons with a severe disability who were aged over 35 years, 86% were living with 

one or both parents who were aged 65 years or over44. Many older parents caring for 

adult children with a disability have reported facing personal physical difficulties and 

anxieties associated with their capacity to continue to provide care in old age, 

especially when they want to retire45,46. They also worry about when they die their 

adult child surviving them will still need care44.  

 

In South Australia, due to population ageing, there is estimated to be a 160% increase 

in older people requiring informal care as well as home support and respite care by 

2031, but the number of available informal carers may only increase by 57%43. 

Knowing the health status of an informal carer is necessary to ensure that they are 

capable of continuing their caring role.   

  



37 

 

2.7 Informal caregiving and carer health 

 

Literature related to the provision of informal care has consistently reported persons 

in this role are at risk of health problems associated with the burden of caregiving47-52. 

The informal caregiving role has been aligned to the detrimental physical health of an 

informal carer, with associated adverse health outcomes53-55. Informal carers have 

been found to be at risk of a range of physical health conditions56,57, including CHD58 

and hypertension59,60. A number of authors have further suggested that informal 

caregiving could be considered an independent risk factor to the health of caregivers61-

63. 

 

An overview of the research findings related to the impact of the caregiving role on 

the physical health of the informal carer, however, have been mixed. In the late 1990s, 

Lee64, who reviewed the caregiving burden, health, stress and coping in women in a 

large scale longitudinal study, concluded there was only weak evidence of increased 

risk of major illness and reduced physical wellbeing in informal carers. However, Lee 

pointed out at that time that much research overlooked social and cultural issues 

associated with assumptions surrounding caregiving as women’s work and their 

coping abilities, rather than focusing on public policy aspects of informal caring. From 

another perspective, Pinquart and Sorensen65, Fredman et al.66, Vlachantoni et al.67 and 

O’Reilly et al.68 have since argued that informal carers have lower rates of mortality 

than non-carers. Other authors69,70 have questioned how providing informal care is 

perceived and reported, challenging the persistent negativity that surrounds the role of 

an informal carer. For example, Roth et al.69, and Brown and Brown70 argued for a 
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more balanced view and a reappraisal of informal caregiving so as to provide evidence 

of benefits and negatives of this role69.  

 

An early prospective population-based cohort study between 1993-1998 by Schulz and 

Beach61, which had linked large American Nursing and Allied Health data bases, 

claimed a higher mortality risk for the spouse as an informal carer, with no discussion 

about any positives. Appraisals by several authors69,70 of this type of published 

research on the health consequences of being an informal carer, were critical of 

inconsistent findings and an imbalance in presenting positive outcomes from the role69. 

Brown and Brown70 believed a negative approach to informal caregiving had been so 

widespread it had influenced how the role was being communicated, not only in 

academic circles but also across government and advocacy agencies70.  

 

O’Reilly et al.68 suggested that the positive aspects of informal caregiving on carer 

health may have been under-reported, citing results from a four-year longitudinal 

population-based study following the 2001 Northern Ireland Census. Findings from 

the Irish study indicated informal caregiving reduced mortality risk for most 

caregivers, and that mortality was lower in women in the role of an informal carer, in 

contrast with men in this role69. Dich et al.71 suggested that the amount of informal 

caregiving required, if contained, could have a protective effect against mortality but 

added that, as demands intensify, the impact on the health of the informal carer also 

increases. 

 

In terms of age differences in carers, Lovell et al.72 observed that younger, healthier 

carers with access to support did not have to contend with the physiological challenges 
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and declines associated with ageing.  O’Reilly et al.68 aligned the effect of the extent 

of the informal caregiving role and the health of an informal carer as an indicator of 

physical capability to maintain a significant caregiving role. Pinquart and Sorensen65 

and Vlachantoni et al.67 discussed a healthy caregiver effect, suggesting that healthier 

individuals were more likely to take on the informal caring role67,73,74. Bertrand et al.75 

presented the argument that the healthier the person, the more likely they were to be 

an informal carer, further developing and proposing a ‘Healthy Caregiver Hypothesis’.  

Roth et al.76 found that informal caregivers had an 18% survival advantage in 

comparison with matched non-carers, while Brown and Brown70 similarly referred to 

informal carers as possibly having a health advantage.   Brown and Brown70 however, 

criticised the applicability of the ‘Healthy Caregiver Hypothesis’ to the real world, as 

the Caregiver Study of Osteoporotic Fractures used by Bertrand et al.75 was based on 

cognitive outcomes in a subsample of women aged mostly over 80 years old70 and 

specific to the stress process model of Aneshensel et al.77. 

  

In a study reporting positive aspects of informal caregiving78, informal carers 

described companionship, feelings of fulfilment, and satisfaction from their role as 

being positive outcomes. Cohen et al.78 suggested that these positive feelings may have 

had a buffering effect on some of the negative consequences of the informal caregiving 

role and, as such, informal carers were less likely to report depression, burden or poor 

health. Ratcliffe et al.79 investigated the positive impact on the quality of life 

experience of informal carers among a representative sample of 679 South Australian 

community-dwelling adults aged 65 and over. Their population-based, state-wide 

survey in 2009, based on face-to-face interviews, found that the quality of life of 

informal carers was higher than that of non-carers.  
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The research by Ratcliffe et al.79 also indicated informal caregiving could have a 

mediating effect on negative aspects associated with the burden of informal care, 

especially for those carers who perceive their caring role as rewarding and providing 

a positive side to life. Other research of informal caregiving, based on psychometric 

assessments of persons in these roles, has highlighted poorer mental health 

outcomes80, stress81, distress82, anxiety83 and depression80,84-86. Depression has been 

reported more frequently amongst informal carers looking after adults with cognitive 

problems and dementias like Alzheimer’s disease, severe mental illnesses such as 

schizophrenia87, or autism spectrum disorders80.  

 

It is emphasised that the capacity of a person in an informal caregiving role to meet 

the needs of a cared for person is very different to the capacity required in the 

reciprocity expectations amongst adults within personal relationships8,9.  Research into 

the impact on the health of an informal carer due to the requirements of their caregiving 

responsibilities, as well as the negative and positive outcomes of maintaining their 

role, have been varied.  These understandings focus attention on how informal carer 

health assessments are undertaken, both at a self-reported and biological level.  

 

2.8 Investigating informal carer health using self-reported 

methodologies 

 

To critique how the physical and psychological health of an informal carer and the 

impact of the role of informal caregiving are measured and limitations identified, 

Deeken et al.88 provide an organising structure. The sub-headings for the critique of 
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self-reported methodologies include: 1) informal carer burden, 2) quality of life and 

wellbeing and 3) general health status. The review below will be presented under the 

same headings. 

 

2.8.1 Informal carer burden  

 

Informal carer burden has been described in terms of the objective demands of the 

caregiving role and the subjective impact of these demands on the informal carer88. 

Despite that, there is no specific definition to measure informal carer burden which, 

according to Mosquera et al.89 and Bastawrous90, has been problematic and led to 

different ways to measure burden and interpret the results.  In their clinical review, 

Adelman et al.91 commented that there was no formal classification code for caregiver 

burden in the International Classification of Diseases (ICD-9 or ICD-10)91. As well, 

the authors91 identified a lack of taking into account the different thresholds for 

triggering burden, given the varied circumstances and tasks inherent in the role of an 

informal carer. Concerns have also been raised that despite the variety of ‘tools’ that 

are available to measure general burden and lifestyle changes, not all have been 

validated to assess caregiving89.  In their systematic review, Mosquera et al.89, 

identified 93 instruments (in English and other languages), most of which were used 

to measure the impact of caregiving for elders on informal carers89.  

 

Studies that have used large population surveys to investigate the exposure to 

caregiving and its impact on physical and mental health include the British Household 

Panel Survey from 1991-200082.  In this survey, it was found that informal carers who 

provided longer hours of care (for example between 20 and 100 hours per week) had 
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raised levels of psychological distress; women more so than male carers.  In the 2001 

UK Census, Doran et al.92 found carers of all ages were providing in excess of 50 hours 

of care per week. This included elderly pensioners and even the oldest carers aged over 

85 years, as well as individuals at the other end of the age spectrum, with young carers, 

some aged under 15 years.  A third of these informal carers rated their health as “not 

good”92. 

 

A UK Census-based project by Legg et al.63 studied the association between informal 

care provision and self-reported health status of UK informal caregivers and the 

likelihood of caregiving as an independent risk factor for poor health. Rather than 

using a subset of the caregiver population, which was an established method, the study 

used data from the whole UK population in the 2001 Census. The findings identified 

informal care to be a complex and dynamic chronic exposure and showed there was a 

dose-response relationship between carers providing the highest number of hours of 

care (more than 20 hours/week) and reporting the worst health63. The study referred to 

carers as being exposed to physical or psychosocial stressors which could be 

interpreted as occupational hazards and concluded that there was an independent 

association between informal caregiving and self-reported health63.  

 

Smith et al.93 investigated the relationship between time dedicated to informal 

caregiving and the mental and physical health of informal carers from an English 

national population survey, the Adult Psychiatric Morbidity Survey of 2007. Weekly 

caring hours were recorded by the sample of 1,883 carers, who were also assessed for 

the presence of chronic physical conditions and perceived general health status. 

Differences in mental health amongst those providing 10 hours or 20 hours per week 
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were reported and distress reached abnormally high levels in those informal carers 

who gave the greatest number of hours, which could be 100 hours or more per week. 

Overall, the survey findings indicated there could be a dose-response between the 

amount of caregiving and informal carer health outcomes92,93. 

 

2.8.2 Quality of life and wellbeing  

 

The 36-item short-form health survey instrument (SF-36)94, with subsequent 

variations of the instrument, has been used to measure health-related quality of life 

(HRQoL) of informal carers and has been reported extensively in the literature95-101.  

More recently, the concept of wellbeing has been used as a tool for informal carer 

assessment102. However, wellbeing and similar instruments only measure limited 

aspects of carer health, which do not include objective physical health assessments 

specific to disease states or actual illnesses. As reported by Page et al.95, of the 

instruments available, very few were appropriate to measure the quality of life of an 

informal carer specific to their caring for persons with particular neurodegenerative 

conditions like Parkinson’s disease, Muscular dystrophy, Motor neurone disease, 

Huntington’s disease, and Alzheimer’s disease95,99. Other research assessing the health 

status of cared-for persons often failed to provide equivalent or adequate appraisals of 

the health status of informal carers118. 

 

The Health and Wellbeing study of Australian informal carers, a supplement to the 

larger Australian Unity Wellbeing Index surveys102 collected data on over 500 carers. 

It was conducted co-jointly by Carers Australia, Deakin University, and Australian 

Unity. When compared with the general population, informal carers were shown to 
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have the lowest (collective) level of wellbeing scored by any group across a wide range 

of social indicators. The survey included five main outcome measures that scored 

seven aspects of personal life (for example health, personal relationships, standard of 

living, achieving in life, community connectedness, and safety and future security). 

Additional measures included assessment of anxiety, stress and depression.  Informal 

carers were more likely to experience moderate depression, financial stress (carers’ 

average household incomes were lower than the general population; 20% were 

unemployed), carry an injury and/or suffer physical pain. Many self-reported not 

obtaining medical care due to lack of time or were not able to afford treatment102.  

 

Three population surveys in European countries between 2004 and 2014 provided 

information relating to the social determinants of the health and wellbeing of informal 

carers from across a range of European countries103-105. Verbakel et al.104 identified 

that 7.6% of the carers from the European Social Survey of 2014 were providing 

intensive care for a minimum of 11 hours or more per week. This group, mostly women 

aged 50-59, reported lower mental health and wellbeing than non-carers. An earlier 

longitudinal population cohort study of 7,858 European carers aged 50 years and over, 

who were participants of the Survey of Health, Ageing and Retirement in Europe, were 

followed up over eight years in three waves from 2004 to 2011105. Reporting on the 

results in 2015, Hiel et al.105 indicated that providing informal personal care to others 

was found to be detrimental to physical health. There was also a decline evident in 

carer mental health, which was more pronounced with the advancing age of the carers.  

 

A later survey in 2018 by Ludecke et al.106 reported on findings from a six-country 

European longitudinal study, which surveyed 3,348 family carers aged 65 years or 
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older as part of the EUROFAMCARE project. The needs of older European adults and 

their health outcomes were explored over one year. The findings indicated that it was 

the quality of the carer/care-receiver dyad (relationship) that predicted if informal 

carers continued to provide care, rather than the impact of the age, education, or gender 

of the carer. This was despite informal carers providing high levels of caring hours or 

having difficulties with the person’s dependency and care106. Although informal carers 

in Europe were perceived as being supported to provide long term care by 

governments, Hiel et al.105 concluded that policy makers needed to be aware of 

increasing care demands on older carers. Therefore, assessment of informal carers’ 

support needs were important to protect the health of carers, and to avoid an extra 

burden on the health system106.  Ludecke et al.106 also emphasised that cultural, 

religious and policy differences emerging from the different nations, were influencing 

attitudes to family caregiving.   

 

Based on self-reported data, more studies of comorbidity in carers have appeared in 

the caregiving literature in recent years. Kim et al.107, using their own measure, the 

Morbidities Index for Caregivers of Chronic Illnesses, studied the health status of 

family members looking after relatives with cancer. The carers were part of the 

National Quality of Life Survey of Caregivers in the USA, which assessed the impact 

of cancer on family members’ quality of life. Using additional health status indicators, 

Kim et al.107 found that carers typically had four or more medical conditions. The five 

commonly reported morbidities were hypertension, high cholesterol, heart disease, 

arthritis and chronic back pain. Kim identified older age and male gender in carers as 

strong predictors of specific medical morbid conditions107,108. 
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2.8.3 General health status  

 

The Behavioural Risk Factor Surveillance System (BRFSS) provides on-going 

population surveys of informal carers across various states of the USA109-111.  The 

BRFSS utilises the Caregiver Module which is a population-based snapshot of 

caregiving experiences, demographics and health behaviours110. The Module was 

developed specifically to evaluate attributes of adult caregivers who provide care for 

an individual with a chronic condition or disability, usually aged over 60 years111. 

Anderson et al.112, describing informal caregiver characteristics in the USA in 2013 

based on BRFSS data, found older carers reported lower mental distress and more 

satisfaction with life, compared with younger carers. However more, older, informal 

carers rated their health as fair or poor and experienced more physical problems than 

the younger group113. The BRFSS has been able to provide more comprehensive 

comparisons between caregivers of people living with dementia and carers looking 

after persons with cancer, heart disease, diabetes, arthritis and stroke111,114.   

 

Trivedi et al.115 reported on findings from a large nationally representative survey of 

438,712 adults in the USA. Of the 111,156 informal carers identified, most had good 

physical and mental health, but when the survey results were adjusted for gender and 

compared with non-carers, informal carers showed worse mental health115. For 

example, of the gender differences observed, male informal carers reported poorer 

overall health than non-carers while female informal carers had better overall health. 

Ji et al.116, in a prospective population-based study of 122,683 men and 161,287 

women in Sweden looking after their spouses with cancer between 1987 and 2009, 

found an increased risk of CHD and stroke in informal carers.  
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Commenting on Ji et al’s study116, which had retrieved data from multiple nationwide 

Swedish registers, Schneiderman et al.117 raised the possibility of shared lifestyle 

factors contributing to the excess cardiovascular risk reported in Ji et al’s spouse 

carers. Although previous meta-analyses studies had also indicated unhealthy lifestyle 

behaviours such as smoking, alcohol, diet and obesity were considered as risk factors 

for both CVD and stroke in the spouse carers, Ji et al’s findings suggested that the 

psychological stress associated with caring for a person with cancer was a more 

plausible explanation for CVD and stroke in informal carers.   

 

From a national health survey in Brazil, the 2012 National Health and Wellness Survey 

of 10,853 respondents, Laks et al.118 found 53% of the carers were female. When 

compared with non-carers, the informal carers were shown to have worse co-morbid 

outcomes and were more often obese, smokers, reported diabetes, depressive 

symptoms, anxiety, pain, insomnia and hypertension.   

 

Most studies reporting on informal carer burden, quality of life and wellbeing, and 

general health status results were based on self-report data. Often the methods were 

limited to small numbers, unrepresentative samples, or limited to specific carers (e.g. 

disease specific). Most significantly, there was a lack of observed and clinical data, 

which in some instances can reflect recall biases among the participants87. There is 

also an emerging trend for surveys to be conducted on the Internet, a weakness which, 

according to Gupta et al, might mean inflated numbers of younger caregivers 

participating, rather than older informal caregivers87. 
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2.9 Investigating informal carer health using biomedical 

methodologies  

 

Studies of informal carer health status conducted at the population level, which 

incorporate detailed clinic / blood-measured variables, have been limited.  Biomedical 

variables featured in the caregiving research literature have predominantly included 

blood pressure60, the individual’s height and weight to calculate BMI119, and, more 

recently, serum cholesterol120. There has also been an emphasis on immunological 

research, studying allostatic load and stress-related biomedical studies of carers, which 

investigated pro-inflammatory biomarkers such as Interlukin-6 (IL-6)121,122, C-

Reactive Protein (CRP)26,123 and TNFα26,124. 

 

2.9.1 Inflammatory biomarkers 

 

Longitudinal studies of biomarkers such as CRP and other markers of inflammation 

were conducted by Von Kanel et al. in 201226 and 201473. In an earlier investigation 

in 2006, Von Kanel et al.125 found little difference in CRP plasma levels between 116 

recruited caregivers aged over 55 years of persons with Alzheimer’s disease and 54 

non-caregivers, control-matched for age and gender. However, in the 2012 

longitudinal study, Von Kanel et al.26 reported elevated CRP levels among their sample 

of recruited carers (n=118). That study did show notable increases in CRP levels of 

carers when examined over a five-year period, which indicated an association between 

CRP and a longer duration of care. Carers’ CRP levels dropped when their caregiving 

ceased, after the death of the spouse, however the authors suggested it was not 

caregiver status that was associated with elevated CRP levels, but rather the number 
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of years of caregiving26,73. The overall conclusions from their studies were that CRP 

was useful as a systemic marker of low-grade inflammation, which could indicate 

greater risk of atherosclerosis and CHD in carers26,73.  

 

Sherwood et al.121 investigated the impact of psychological distress on inflammatory 

cytokines and systemic inflammation among a convenience sample of 108 carers of 

neuro-oncology patients over four, eight and twelve months. Informal carer 

participants were recruited from hospital neuro-oncology and neurosurgery clinics. 

Spouse carers identified with lower self-esteem and aged in their 30s were found to be 

1.16 times more likely to have high levels of IL-6, but caregiving burden was not 

associated with raised IL-6 in carers aged 40 years and over121. In the same study, 

Sherwood et al.121 found that elevated levels of inflammatory cytokines were evident 

in male carers with anxiety, but not with female informal carers, while, overall, 

informal carers with higher BMI also reported feeling burdened, and had higher 

cytokine levels121.  Informal carers with BMIs within the normal range, although 

burdened, were less likely to have high cytokine levels. In this study, 10% of the 

informal carer participants had prior histories of diabetes, arthritis, cancer or CHD and 

a third had hypertension, suggesting that the presence of comorbid conditions, or the 

age of the carers, might have been the main factors influencing cytokine levels121. 

 

Studies of the physiological impacts of cumulative chronic caregiving stressors were 

found to be linked with downstream pathology, as investigated by Roepke et al.126 and 

described in terms of stress theories and stress-related models by Vitaliano et al.127 and 

Schulz and Sherwood62. Stress-related pathways, which feature the dysregulation of 

physiological systems72 leading to health consequences and morbidity in informal 
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carers, have been associated with immunological72,73,76,121, metabolic119,126,127, 

endocrine and neuroendocrine128 changes. Vitaliano et al.127 reported stress in informal 

carers to be linked with the metabolic syndrome and CHD. Caregiving and chronic 

stress have been further explored in terms of altered allostatic load (AL)126,127, which 

can be an early indicator of disease risk73, 125, 128. AL is a construct developed by 

McEwen and Stellar129 to explain the relationship between chronic stress and disease. 

It uses ten physiological indicators to represent cumulative damage throughout the 

body.  The first six variables are frequently used in general biomedical studies: (1) 

systolic and diastolic blood pressure; (2) waist-hip ratio; (3) high-density lipoprotein 

(HDL); (4) cholesterol; (5) total cholesterol-HDL ratio; (6) total glycosylated 

haemoglobin. The remainder of the variables of allostasis are usually confined to more 

complex immunological stress-related research126. The majority of studies with 

informal carers who were frequently chronically stressed reported increases in these 

variables73,126,129, particularly in persons providing informal care to people living with 

dementia130,131. Roepke et al.126 suggested gender was significantly associated with 

AL, with male carers showing elevated AL in comparison with female carers126. 

 

Kiecolt-Glaser et al.122 in a longitudinal study in 2003, and Gouin et al.132 in 2008, 

investigated physiological dysfunction and chronic stress as a risk factor to the health 

of informal carers. Participants included both current and past informal carers (aged 

over 55 years) who had a spouse with dementia122. Based on immunological data, 

when informal carers were compared with non-carers, they found a four-fold 

overproduction of pro-inflammatory cytokines (such as IL-6)122. Amongst both 

current and former informal carers there were no significant changes in the IL-6 levels, 
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indicating there were sustained effects on informal carers, even after the cessation of 

caregiving.  

 

Von Kanel et al.125 had reported similar findings of raised IL-6 amongst stressed older 

informal carers caring for persons with dementia, putting them at risk of CVD, health 

decline and frailty125. They suggested age had accounted for most of the relationship 

with elevated levels of IL-6.  In a later study in 2012, von Kanel et al.26 reported 

deleterious longer-term effects of informal carer stress based on raised CRP levels, 

which increased over time with the more years of caregiving, suggesting a link 

between caregiving and the presence of low-grade systemic inflammation26. 

 

2.9.2 Biomarkers to assess metabolic risk factors  

 

As recently as 2018, a range of metabolic biomarkers were featured in representative 

population-based projects based on the UK Household Longitudinal Study of informal 

carers aged 16 years and over120. From a study of over 9000 participants, Lacey et 

al.120 investigated links between informal caregiving and metabolic markers. The 

findings revealed higher total cholesterol levels in male and female informal carers, 

with females providing intensive informal care shown to have raised triglyceride levels 

and lower HDL cholesterol. Using these markers, Lacey et al.120 argued informal 

caregiving to be associated with less favourable lipid profiles and therefore associated 

with greater risk of disease.  In another study, Lacey et al.119 reported on results of 

20,700 participants from the same UK Household Longitudinal Study, showing 

informal caregiving also to be associated with markers of adiposity (BMI and waist 

circumference). They noted that among women, especially the younger female 
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informal carers, had increased waist circumferences and BMI in comparison with non-

carers. Increasing adiposity was associated with both caregiving intensity and 

increased hours of caregiving, suggesting greater risk of disease to carers119. 

 

2.9.3 Issues re biomedical and physiological studies 

 

Research on carer morbidity, as described above, has provided valuable but mixed 

biomedical results. By necessity, costs can be prohibitive for conducting long term 

biomedical clinically-based research with large sample sizes, therefore studies are 

often smaller, with participants drawn from convenience samples rather than by 

random sampling. Problems may also arise when matching non-carers for control 

groups. For example, if non-carers are from socially active volunteer samples, they 

might not be suitable to represent (match) individuals from the informal carer 

sample69. Roepke et al.126, Gupta et al.87 and particularly Roth et al.69, referred to 

convenience samples of informal carers who could be healthier in comparison with the 

wider caregiver population. This was because individuals (informal carers) who 

volunteer and consent for research projects were considered to be more active and 

healthier87. This may be a weakness and could influence or bias research findings 

based on data from those individuals.  

 

Exclusion criteria can pose dilemmas in biomedical studies, as informal carers of 

different ages and types take on the caring role irrespective of their own health status54. 

Furthermore, informal carer populations include vulnerable people living with their 

own disabilities and major chronic illnesses.  Yet by excluding them as study 

participants, a proportion of informal carers are being overlooked. Imposing such 



53 

 

exclusion criteria may be preferred so as to reduce confounding but if less complex, 

‘healthier’ carers are selected for investigation, findings in relation to clinic and blood 

measured physiological biomarkers may not reflect informal carers who are not 

healthy.  

 

Additionally, due to the ongoing and changeable nature of caregiving, physiological 

effects of long-term caregiving can take years to manifest before changes are evident 

when blood parameters are measured26. Thus when conducting clinical research with 

informal carers, longitudinal or prospective studies with adequate follow-up of 

informal carers are recommended26,125,133. This is in comparison to cross sectional 

designs which do not provide evidence of causal relationships between caregiving 

status and informal carer health74 nor do they indicate the direction of cross-sectional 

associations57,74. Although conclusions about causality cannot be drawn from the 

findings, Roepke et al.126, and Brehaut et al.45 emphasise that “regardless of the causal 

pathways leading to poorer caregiver health, the results have implications for health 

providers and policymakers”45. 

 

2.9.4 Investigating informal carer health using multidimensional studies 

 

Zhang et al.134 took a multidimensional approach to health assessments using a 

comprehensive range of instruments that included 25 indicators of different health 

dimensions. Their longitudinal study compared chronic stress of informal carers with 

non-carers over a period of 18 months and combined psychosocial and biomedical 

aspects across five domains of carer health, which included gender as a possible 

moderator. Their conclusions were that, although a comprehensive assessment 
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strategy was required to adequately measure these health domains in informal carers, 

it was important to incorporate a broader, more modern, view of health. However, the 

problem highlighted by Zhang et al.134 was that this approach might not be realistic in 

some research settings. Further, they concluded researchers needed to be aware of both 

advantages and limitations when measuring their chosen health indicators, which can 

be influenced by chronic stress and gender, as both have relevance to health and 

longevity.  

 

Of note in the Zhang et al.134 study was the difference by gender. Based on their 

multidimensional study, assessing stress in 157 adults of whom half were informal 

carers of a spouse with dementia, they found male informal carers reported better 

physical health than males who were non-carers, but male informal carers had greater 

physiological risk. Female informal carers reported worse psychological and physical 

health than female non-carers, but their physiological risk was similar134.  

 

Mills et al.135 found that men who cared for their spouse were at greater risk of CVD 

in comparison with female spouse carers. In their study of 81 male and female carers, 

they examined the effects of caregiving for patients with severe dementia (Alzheimer’s 

disease) on disturbed sleep, coagulation and inflammation in the carers. This led to a 

view that the gender of an informal carer appeared to have different, but subtle health 

responses to the caregiving experience. From an earlier meta-analysis of over 200 

studies which applied multiple methods, Pinquart et al.84, also identified gender 

differences between informal carers in the area of personal care, reporting females 

provided more hours of personal care, and also carried out more caregiving tasks. They 

argue this may be reflected in women as informal carers showing higher levels of 
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burden and depression, as well as lower levels of physical health and subjective well-

being than male carers. 

 

2.10 Contextualising informal caregiving: impact of social and 

political change 

 

Although this thesis is not addressing policy, important implications emerge from 

policy and social changes implemented over recent decades, which impact the role of 

an informal carer and their health status.  Maintaining employment to supplement 

living and caring costs, policies directed at influencing aged care and social support 

programmes, as well as effects of mental health reform, including the 

deinstitutionalisation of mental health services, all have potential to impact the health 

status of an informal carer. 

 

2.10.1 The changes in paid work of informal carers  

 

Among informal carers who stay in the labour force, a quarter or more have been 

reported to experience a detrimental health impact136. However, the health outcomes 

of informal carers who work in paid employment have been mixed, depending upon 

the age and condition of the cared for person, the health status of the informal carer 

and the country of residence137.   

 

A multi-site population-based study across seven countries at 11 urban and rural sites 

by Prince et al.137 investigated working carers and family demands in the low-income 

and middle-income countries of Cuba, the Dominican Republic, Peru, Mexico, China 
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and India. This large investigation also provided other examples of positive and 

negative aspects of carer employment status, including the benefits of work activities 

among carers of persons with dementia.  Prince et al.137 surveyed 673 informal carer 

dyads across the seven low- and middle-income countries and reported that informal 

carers reducing or giving up paid work due to informal caring responsibilities was 

associated with higher levels of carer strain (economic as well as health related). This 

was similar to findings from European countries, as part of the Eurocare project137.   

 

An earlier review of employed informal carers by Edwards et al.138, examined the role 

strain and depressive symptoms experienced by informal carers of older people who 

had cognitive impairment. The research described how holding “dual positions” of 

worker and carer, could lead to role strain, but that employment also provided an outlet 

or relief from caregiving for people with dementia. It was found that employment 

could compensate for reduced social contact and resources. 

 

A large prospective cohort study by Dich et al.71 reported that people with the highest 

number of demands at work and home have the highest rates of absence from work 

due to sickness. Referred to as the Whitehall II cohort study71, it investigated the 

effects of work and family on 7,007 British civil servants, revealing that those who 

were informal carers with a low caregiving burden reported better health status than 

workers who were non-carers. However, a higher caregiving burden was associated 

with more hours per week providing care to an aged or physically disabled relative95. 

This was measured by AL levels to indicate any physiological dysregulation. The 

study argued that work-related factors could exacerbate the impact of caregiver 

burden, adversely affecting health behaviours in some carers, such as increased 
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frequency of alcohol consumption and smoking. Conversely, it was reported that a 

proportion of informal carers were more likely to quit smoking when job demands 

were lower. Secondly, informal carers did not reduce their exercise, rather their 

caregiving role altered their free time and there was increased physical activity 

associated with the everyday caregiving activities.  

 

A report about older informal carers and paid work, released in 2013 by the National 

Seniors Productive Ageing Centre (NSPAC), and National Seniors Australia139, 

described many adverse consequences experienced by informal carers who undertake 

paid work, including absences from the workforce, financial stress, and poor physical 

and mental health. Those informal carers providing longer hours of caring were found 

to have a dramatically higher prevalence of mental health problems.  This was similar 

to findings from the French Gazel cohort study which revealed greater cognitive 

problems among informal carers compared with non-carers74. In the NSPAC and 

National Seniors Australia report139 it was found that among informal carers aged 45-

74 years, 31% had an illness, injury or disability themselves. Almost half (47%) of 

informal carers had responsibilities that prevented them from working, while others 

reported difficulties attending work-related training, developing skills or seeking 

employment without flexible work hours.  

 

Verbakel et al.104 observed in the European Social Survey of 2014 that middle aged 

women in particular were “time squeezed”, as they combined the demands of informal 

care with paid work. The same report referred to this group of informal carers being 

targeted in employment policies to increase their participation in the labour market. 

The European studies of informal carers are therefore reflective of the important social 
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and political changes that have been impacting on community care, aged care and other 

government policies during the past 10-15 years, which have influenced the wellbeing 

of caregivers, such as those belonging to the OECD countries140-142. 

 

2.10.2 Ageing-in-place, and reform strategies   

 

Informal carers have been actively promoted as part of ageing-in-place policies but, at 

the same time, repositioned away from the welfare state31,143.  Kroger and Leinonen142 

described the situation in Finland, referring to these changes as a weakening of the 

familiasation of family carers, where the responsibility for caring for disabled and frail 

elderly individuals was increasingly placed on the family. In France it is referred to as 

the familialist home care model144. Newer forms of informal care have been developed 

in France as part of a larger sector named “personal services to support home-based 

care”144. This complex process of formalisation of care through cash payment 

recognises informal care as work, although the care work is still provided 

predominantly by informal and semi-formal carers. 

 

Other policy changes influencing informal carers include aged care and social support 

programmes in developed countries such as Canada31,32,145, where family caregivers 

were, and still are, expected to take on greater responsibility for domestic home-care. 

Similarly, governments of Finland142, Denmark141 and other European countries such 

as the Netherlands143 have introduced cost containment policies to circumvent 

anticipated shortfalls in health and community services, but to achieve this, informal 

caregiving has been shifted back into the home setting142-144. A succession of market-

inspired reform strategies and social policies have continued to influence long-term 
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care, aged care and disability support, with further decentralisation of domestic home 

care services142,146.  

 

Additional financial strain is being placed on informal carers with the introduction of 

cash-for-care schemes, for example in France144, UK146, Austria147, Italy148 and most 

recently in Australia149. The phasing out of collaborative State and Federal government 

schemes for aged care and carer support, previously for all types of informal carers, is 

also in progress in Australia149. Limited support for informal carers of persons with 

disabilities may be included within the National Disability Insurance Support Scheme 

(NDIS) but informal carer needs and supports are not yet fully incorporated into NDIS 

packages as funding is directed to the person with the disability149-151. 

 

2.10.3 Deinstitutionalisation of mental health services 

 

Added to recent policy changes impacting aged care and disability support services, 

has been the ongoing effects of mental health reform in Australia and many other 

countries, which started during the early 1990s with the deinstitutionalisation of 

mental health services. This reform has moved some aspects of psychiatric support 

away from formal institutional care and, in turn, has impacted on family carers152.  

 

According to Schene et al.152, family members have had to learn to cope with their 

relatives with severe mental illnesses involving dysfunctional behaviour, which was 

previously managed at institutional level. Although family burden has been 

acknowledged in studies of relatives coping with psychiatric disorders from the late 

1950s153-156, the later introduction of community psychiatry, in parallel with 
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community care policies, was based on the market-driven concept of consumer 

choice157. Thus, with more persons living with mental illness, as well as people with 

physical disabilities now living in the community, by the turn of the twenty first 

century responsibility for long term care was increasingly shifted onto spouses, 

partners, parents and other unpaid familial carers152.  

 

In a two-country study, Boyer et al.157 measured the quality of life levels of carers of 

people living with schizophrenia in both France and Chile, representing a developed 

and developing country respectively. Findings showed that SF-36 scales were low for 

both groups. In France, as psychiatric institutions discharged people with mental 

illnesses into the community, families had to take on many of the therapeutic roles 

previously carried out by psychiatric establishments before they closed. The problem 

with early discharge to home-based care was compounded when relatives, primarily 

mothers, took over responsibility for their care, as there was little or no support 

provided for the families. The consequences of this burden on informal carers was also 

reported in other literature51,158, which confirmed the greater impact of looking after 

family members with psychiatric illnesses on the mental health of carers themselves51. 

 

In an earlier comparative study of carer burden with Dutch informal caregivers 

between 2001 and 2002, Hastrup et al.158 investigated the extra burden of carers 

looking after individuals with a mental illness (or those with a combination of mental 

health and somatic conditions), and caring for people only with somatic illnesses. 

Their findings suggested carers of the individuals with mental illness experienced 

higher subjective and objective burdens (using an HRQoL measure), in contrast to 

caring for persons with somatic illnesses. The impact on informal carers was 
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compounded if the cared-for person had a combination of mental and somatic 

illnesses, as it magnified the difficulties experienced by the carers, especially if they 

were co-resident with the cared for person51,158.  

 

2.11 Summary  

 

From this review of informal carer health research extending from the 1980s to 2018, 

issues of risk to the health of informal carers associated with their caregiving roles 

have been described. Findings from three decades of caregiving-related research have 

consistently provided evidence that a proportion of informal carers do show adverse 

health outcomes, poorer wellbeing, lower health status and QOL than non-carers. 

Thus, while providing vital caregiving to other sick and dependent individuals, 

between a quarter and a third of the informal carers may be functioning with less than 

optimum health due to their own chronic medical conditions or disabilities. This 

highlights how informal carers themselves are subject to a similar range of illnesses, 

diseases, disabilities and risk factors as the general population, but it does not 

necessarily suggest that their morbidity is directly attributable to their caregiving role 

or that more carers are unwell. Those factors remain unclear.  

 

In terms of research into the usefulness and validity of these findings, from a review 

of the literature, what is of importance is firstly, the lack of evidence on what are the 

prevailing chronic health problems, risk factors and other serious medical conditions 

found among informal carers: to state that informal carers have poorer health outcomes 

is vague and has neither practical application in the clinical setting nor for future carer 

policy development.  Secondly, despite the collection and analysis of extensive 
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research data since the early 1990s, there remains a lack of stable and 

methodologically appropriate, epidemiological-sound studies that include empirical 

and observed assessments of informal carers’ physical health.  

 

So, despite nearly three decades of information describing the effects of informal 

caregiving, comprehensive data on informal carer physical health and morbidity 

evidence is still lacking, particularly from an empirical perspective.  Raising concerns 

such as these has focused attention on how research has been conducted into the health 

of an informal carer, which, in turn, has determined the research direction of this thesis.    

 

The aim of this research was to explore informal carers’ health status. The main 

objectives were to determine prevalence estimates and trends of chronic health, health-

related risk factors and chronic medical conditions of carers compared with non-carers, 

using both self-reported and biomedical assessments.  There are three main research 

questions.  

 

o Investigates changes in prevalence and carer sociodemographic characteristics 

over the 20 year period from 1994-2014. The Ho hypothesis states: “There is 

no increase in the prevalence of carers in South Australia”.  

o Investigate the association between the caregiving role as a risk factor for 

chronic disease and the health status of informal/family carers. The Ho states: 

“There is no association between the caregiving role as a risk factor for chronic 

disease in carers”.   
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o Investigate whether family informal caregivers show differences in their 

biomedical health profiles compared to non-carers. The Ho states, “There is no 

difference between biomedical profiles of informal carers and non-carers”.  

 

The following chapter outlines the methods used to address each of these research 

questions and how large representative populations of South Australian informal 

carers were used and compared with non-carers to determine prevalence estimates, 

trends of health-related risk factors and chronic medical conditions among 

informal/family carers. Both self-report and biomedical assessments were undertaken 

on informal carers and non-carers, using epidemiologically-sound data collection 

methods.   
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3.1 Introduction 

 

Central to this project has been the two-fold argument based on international evidence, 

firstly highlighting issues of risk to the health of family and other informal carers 

associated with their caregiving roles, and secondly, gaps in the assessment and 

measurement of carers’ biomedical and physiological health status. This thesis has 

taken a population view of carer health, accessing data from three population data 

bases. The research methods of the three studies, The Health Omnibus Surveys (HOS), 

The South Australian Monitoring and Surveillance System (SAMSS) and The North 

West Adelaide Health Study (NWAHS), are detailed in this chapter. Additional details 

are included in each of the three manuscripts (Chapters 4, 5 and 6).  

 

3.2 Study 1: The South Australian Health Omnibus Surveys  

 

The HOS refers to a user-pay, population-based, cross-sectional, representative 

survey159,160 developed to obtain health related data for government, academic and 

non-government organisations involved in the South Australian health sector. HOS 

enabled the collection and analysis of data on a range of health issues that could be 

interpreted and used for health planning and monitoring of health programmes. The 

surveys were state-wide and undertaken during the months of October / November 

annually or bi-annually in South Australia from 1990 to 2017161-163.  HOS was 

administered and conducted by Harrison Health Research, a member of Quality 

Control Australia (ICQA), and overseen by the Population Research and Outcome 

Studies Unit (PROS), initially in the Strategic Planning and Policy Division of the 

South Australian Department of Health and subsequently with The University of 
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Adelaide161. The HOS surveys were also overseen by a quality control committee 

chaired by PROS epidemiologists and users of the surveys161,162
. 

 

Data used in the research for this first study were selected from nine annual HOS 

surveys between 1994 and 2014, when carers were identified, namely in 1994, 1998, 

2000, 2001 and 2002, 2004, 2008, 2013 and 2014. Methods were the same for each 

survey161-163, except where stipulated in the text. The surveys sampled individuals 

from over 4,400 households each time, and face-to-face interviews were conducted 

with participants. Interviewers were fully trained, with ten percent of their surveys 

selected for validation to ensure that respondents met the selection criteria within the 

household and responses were consistent with the respondents’ original responses. The 

description of the main aspects of HOS methods for data collection are featured below 

and apply to all the surveys carried out during the twenty-year period of this study. 

Analysis and interpreted of the data are presented in the first paper, Chapter 4. 

  

3.2.1 Sampling procedure 

 

HOS sampling was developed in 1990 and conducted by PROS using the most 

rigorous sampling procedures161,162. The sample selection was multi-stage. Using a 

clustered sample approach for each survey, 77% of all the individuals in the sample 

were selected from the Adelaide metropolitan area, with the remainder being drawn 

from those country areas with a population of 1000 or more. This was based on ABS 

Census information164. Within selected metropolitan and country areas, the ABS 

Collection Districts (CDs) were the basis of the sample frame. The Census CD is the 
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second smallest geographic area defined in the Australian Standard Geographical 

Classification164. 

 

Stage 1 - Selection of Collection Districts 

Overall, 340 CDs (out of a possible 2041) were selected in metropolitan Adelaide, and 

100 (out of a possible 1010) from the country areas. A randomly selected starting point 

and a fixed skip interval were used to determine which CDs were chosen from the 

sample frame. All CDs in the sample frame were listed in numerical code order, along 

with the number of dwellings in that individual CD and the cumulative number of 

dwellings for that CD. A random number between one and the skip number was chosen 

as the starting point for selections and the skip interval was then used to determine 

which CDs were to be selected. Once the skip interval had been determined, selection 

of an individual CD was dependent on the number of dwellings within that CD.  

 

Stage 2 – Selection of households 

The selection of households within CDs was similar to the selection of CDs. Ten 

households per selected CD were chosen using a fixed skip interval from a random 

starting point. Hotels, motels, hospitals, nursing homes and other institutions were 

excluded from the survey. 

 

Stage 3 – Selection of individuals within households 

Within households, the person who was last to have a birthday (aged 15 years or over) 

was selected to participate in the survey. The selected persons were non-replaceable, 

which meant that interviews were not conducted with alternative household members. 
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A minimum of six visits was made to each household before the selected individual 

was classified as a non-contact.  

 

Self-weighting sample 

The self-weighting sampling procedure of HOS ensured that every household within 

each of the two strata (metropolitan Adelaide and the major country towns) had the 

same probability of being selected, even though different probabilities of selection 

existed at each stage of the sampling process. The response rate to HOS over the 20 

year period of 1994 to 2014, ranged from 72.4% in 1994, 70.2% in 1998, 65.9% in 

2004, 62.8% in 2008, to 54.5% by 2014, usually with a minimum of 3000 interviews 

per survey completed.  

 

 

 

Figure 3.1 HOS Response Rates 1994-2014 
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3.2.2 Data Collection  

HOS used a personal interview conducted by trained interviewers in each person’s 

home. The questionnaire was designed to take approximately 30 minutes for 

respondents to complete. Interviewers read out the questions and, if necessary, prompt 

cards were used.  The HOS survey data were weighted by age, gender and geographic 

location (metropolitan or country) to the most recent census data of South Australia or 

the most recent estimated residential population. Weighting corrects for any sample 

bias and provides estimates reflective of the South Australian population. 

 

3.2.3 Variables 

 

Standard demographic variables included in the surveys were gender, age group, 

marital status and country of birth. Socio-economic variables were the highest 

education level achieved; work status; and annual household income. The socio-

economic disadvantage of neighbourhoods at an environmental level (using postcode) 

was determined using the Socio-Economic Index for Areas (SEIFA) Index of Relative 

Socio-Economic Disadvantage (IRSD), from which quintiles were determined165. 

 

A question regarding informal family carers was not regularly included in every HOS 

but was added in 9 of the 20 years between 1994 and 2004. Two different questions 

were asked over that time in order to determine the prevalence of carers in South 

Australia and these are: 1994 and 1998: “Are you a carer of a dependent person?” (A 

dependent person is someone who has a chronic condition that is unlikely to improve, 

for example frail aged, disabled etc).  
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In the years 2000-2002, 2004 and 2008, 2013-2014 the question included was: “Do 

you provide long-term care at home for a parent, partner, child, other relative or 

friend who has a disability, is frail, aged or who has a chronic mental or physical 

illness, where long-term care is a minimum of 6 months and may extend into years”. 

 

3.2.4 Data Analysis  

 

Initial data analysis of the HOS cross sectional surveys was undertaken to determine 

trends in prevalence and changes in key carer socio-economic characteristics over the 

nine surveys. The crude prevalence of carers for each year, in addition to the age and 

sex standardised prevalences, were examined. Binary logistic regression analysis 

(unadjusted and adjusted) was conducted to show the association of being a carer with 

the various demographic variables over the three time periods, 1994, 2004 and 2014. 

Percentage differences were also calculated from the main socio-demographic 

variables for the two decades of 1994-2004 and 2004-2014. Demographic and socio-

economic analysis was performed using STATA, Version 14 (StataCorp, College 

Station, TX, USA)166 and Microsoft Excel. 

 

Age Period Cohort 

An age period cohort (APC) analysis was then undertaken to determine the effects of 

ageing, birth cohorts and time periods in relation to carer prevalence, using all nine 

years of data. For the APC analysis, “age” was the self-reported age of the respondents 

at the time of the survey interview and “cohort” was the age subtracted from the survey 

year. Age ranged from the oldest respondents (80 years and over) to the youngest 

respondents (aged 15 years). “Period” represented the total years of data collection. 
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Analysis of informal caregiving in South Australia was then prepared 

diagrammatically as line graphs representing rates (%) and rate ratios with 95% 

confidence intervals (CI). The estimated effects from the APC models for carers were 

calculated using STATA Version 14 (StataCorp, College Station, TX, USA) with the 

‘apcfit’ command166. 

 

3.2.5 Ethical Approval  

 

Ethics approvals for each year of the HOS were obtained from the Research Ethics 

Committee of The University of Adelaide (since 2010, approval number H-097-2010), 

and previously from the South Australian Department of Health Research Ethics 

Committee (approval number South Australian Health 310/07/2012). Ethical approval 

for access to HOS data to conduct this study was granted by the Office of Research 

Ethics, Compliance and Integrity, The University of Adelaide (HREC Number 19684).  

 

3.3 Study 2: The South Australian Monitoring and Surveillance 

System  

 

The South Australian Monitoring and Surveillance System (SAMSS)167,168 was a 

representative state-wide population-based survey conducted using a computer 

assisted telephone interview (CATI). This epidemiological surveillance method was 

introduced in South Australia in 2002169-170. As well as updating prevalence estimates, 

socio-demographic and economic details, SAMSS was designed to provide data on 

key risk factors: physical and mental health variables that could be used for policy 

development171. The selection of SAMSS outcome variables were based on national 



72 

 

and state priority areas, and related to national determinants of health. For example, 

the following health topics were included in the SAMSS questionnaire: arthritis / 

osteoporosis, asthma, COPD, CVD, diabetes, injury, depression/mental health and 

disability. Risk factors included cholesterol, blood pressure, height and body weight 

(for BMI), alcohol consumption, nutrition, breastfeeding, food consumption, food 

security, physical activity, smoking and sun protection.  

 

3.3.1 Sampling and data collection 

 

A detailed history and description of SAMSS data collection is published 

elsewhere169,170 and presented in Chapter 5. However, in brief, 600 randomly selected 

individuals of all ages were interviewed each month, with proxy interviews undertaken 

for children aged under the age of 16, where appropriate. Households were randomly 

selected from the Electronic White Pages and within each household the selected 

participant was the person last to have a birthday.  

 

Data were collected using trained interviewers, who conducted the interview in 

English. CATI allowed immediate entry of data from the interviewer’s questionnaire 

screen to the computer database169-171. Over the period 2010-2015, which is the focus 

of this study, a total of 35,195 individuals aged 16 years and over participated. The 

overall response rate for SAMSS during 2010-2015 varied between 54.1% and 

64.4%170. 
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3.3.2 Data Weighting  

 

Data were weighted using raking172  by area (metropolitan/rural), age, gender, marital 

status, country of birth, educational attainment and dwelling status (rented property vs 

other) to the most recent South Australian population data and probability of selection 

in the household to correct for disproportionality of the sample and reflect the 

population of interest. 

 

3.3.3 Covariates 

 

Covariates included in the analysis were as follows. Respondents were asked if a 

doctor had ever told them they have and/or were currently receiving treatment or 

medication for HBP or high cholesterol. The time spent undertaking walking, 

moderate or vigorous physical activity over the past week was determined. The time 

was summed, with the time spent undertaking vigorous activity multiplied by a factor 

of two to account for its greater intensity. This provided an indication as to whether 

respondents were undertaking a sufficient level of physical activity to provide a health 

benefit. This is defined as 150 minutes or more of activity each week and has been 

categorised into insufficient inactivity (no activity, active but not sufficient) and 

sufficient activity173. BMI was derived from self-reported weight and height and 

classified as underweight (<18.5kg/m2), normal (>=18.5<25.0 kg/m2), overweight 

(>=25.0<30.0 kg/m2) and obese (>=30 kg/m2)174. 

 

 



74 

 

Data were also collected on smoking status (current, ex- or non-), short term and long-

term alcohol risk (derived from the number of alcoholic drinks per day and the number 

of times per week alcohol was consumed)175. Also, participants were asked how many 

serves of fruit and how many serves of vegetables they ate each day, with the 

recommendation being at least two serves of fruit and five serves of vegetables per 

day176.  

 

Health conditions were related to national health priorities and included cardiac, 

respiratory, musculoskeletal and metabolic diseases177. Respondents were asked if a 

doctor had ever told them they had diabetes, CVD (heart attack, angina, heart disease 

and/or stroke), arthritis and/or osteoporosis. Asthma was defined as self-reported, 

doctor-diagnosed asthma and if the individuals and had experienced asthma symptoms 

in the previous twelve months. In addition, respondents were asked if they had ever 

been diagnosed by a doctor in the last year with depression, anxiety, or a stress related 

or other mental health problem.  

 

Psychological distress was determined using the K10 scale178 which consists of ten 

questions, all of which have the same response categories  ‘all of the time’ (scored as 

a 5) and ‘none of the time’ (scored as 1). The ten items were summed to provide a 

score of between 10 and 50, with scores over 22 indicating levels of psychological 

distress. Disability was defined as physical, mental, or emotional problems or 

limitations that the respondent reported having in their daily life. Depression was 

assessed using the General Health Questionnaire179,180. 
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The Short-Form-1 (SF-1) question was used as an overall health status indicator and 

asked participants to rate their overall health (excellent, very good, good, fair, poor)94. 

The carer question included was: “Do you provide long-term care at home for a parent, 

partner, child, other relative or friend who has a disability, is frail, aged or who has 

a chronic mental or physical illness?”.  

 

3.3.4 Data Analysis  

 

Frequencies and chi square tests were determined using SPSS Version 24 (IBM, 

Armonk, NY, USA). Univariable and multivariable regression was undertaken using 

the “svy” commands in STATA Version 14 (StataCorp, College Station, TX, USA)166 

to determine crude and adjusted OR. Population attributable risk was determined using 

STATA and the “punaf” add-in command to examine risk of caregiving to six chronic 

conditions (diabetes, asthma, CVD, arthritis, osteoporosis and mental health)181.   

 

For each of the chronic conditions, five models were created to determine the RR and 

subsequently calculate the PAR of being a carer. Model 1 was unadjusted, Model 2 

adjusted for sex and age, Model 3 additionally controlled for educational attainment, 

income and work status, Model 4 additionally controlled for HBP and high cholesterol, 

and Model 5 further adjusted for sufficient fruit consumption, sufficient vegetable 

consumption, smoking status, BMI and sufficient physical activity. The PAR analysis 

was undertaken overall and then stratified by males and females.  
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3.3.5 Ethical Approval  

 

Ethics approval for SAMSS was obtained from South Australian Health Human 

Research Ethics Committee (project numbers 436.02.2014 and HREC/14/SAH/200). 

Approval for publishing the results of this study was granted by the SAMSS steering 

committee. Ethics approval from The University of Adelaide was granted by the 

Office of Research Ethics, Compliance and Integrity Research Branch (Project number 

19684). 

 

3.4 Study 3: The North West Adelaide Health Study-Stage 3 

 

The North West Adelaide Health Study (NWAHS) is a representative population-

based longitudinal cohort study in the north and western suburbs of Adelaide, the 

capital of South Australia182-184. These regions reflected the demographic profile of the 

state's population at the time of the initial data collection. The main objectives of the 

NWAHS were to investigate the prevalence of a number of chronic conditions and 

health-related risk factors along a continuum.  

 

3.4.1 Study population and participants  

 

In Stage 1, between 1999 and 2003, 4,056 participants aged 18 years were randomly 

selected and recruited by telephone interview. In Stage 2, (2004-6), 81.5% of the 

participants attended the clinic. For Stage 3 (2008-10), 67% of the original cohort 

attended the clinic. A diagrammatic summary of the three stages is provided in Figure 

3-2.  
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Figure 3.2 Participants in three stages of the NWAHS longitudinal cohort study 

182-184 

 

 

Data were collected for each stage using 1) a CATI survey, 2) self-complete 

questionnaire, and/or 3) a clinic assessment. Details of all methods used for the 

NWAHS have been described in detail and published elsewhere182,183 although the 

following sections will describe the methodology relevant to this study. 

 

 

NWAHS Stage 1

2000- 2003

• 4056 participants aged 18 years and over in original cohort

• Completed all aspects of data collection

• CATI telephone survey and self- report questionnaire and clinic 
assessment 

• Carers not identified in Stage 1

NWAHS Stage 2

2004-2006

• 81.5% of the original cohort returned for Stage 2

• 90% provided some information for Stage 2 data collection

• CATI telephone survey, self-report questionnaire and clinic assessment]

• Carers not identified in Stage 2

NWAHS Stage 3

2008-2010

Carers included from 
2008 

• 67% of original cohort returned for Stage 3

• 230 Carers (18 years and over ) identified

• 191 Carers (40 years and over ) identified 



78 

 

 

3.4.2 Data collection  

 

Questionnaire data included demographic characteristics such as age, sex, marital 

status, work status, educational status, annual household income, and employment 

status (including whether participants received government support from age, carer or 

disability pensions). Participants also reported if they had ever been diagnosed by a 

doctor, with arthritis, CVD (i.e. heart attack, stroke, angina, transient ischaemic 

attack), or a mental health condition (i.e. anxiety, depression, stress related problems).  

 

Risk factors included smoking, (assessed using standard questions relating to current 

smoking status); and alcohol consumption was determined from questions based on 

the National Heart Foundation Risk Factor Prevalence Study undertaken in 1989185. 

Physical activity was determined from the amount of walking, moderate and/or 

vigorous activity undertaken over a one week period, which was then categorized into 

“No activity”, “Insufficient activity” (less than 150 minutes of walking, moderate 

and/or vigorous activity) and “Sufficient” (150 minutes or more per week)173. General 

health was assessed using the SF-194. 

 

Clinic measured variables 

The presence of diabetes was derived from a self-reported doctor diagnosis of diabetes 

and/or a fasting plasma glucose level of greater than or equal to 7.0mmol/L. Asthma 

was determined using self-reported, doctor diagnosed asthma and spirometry 

measures following administration of salbutamol, a change in Forced Expiratory 

Volume in one second, (FEV1) >=12% and >200ml, or absolute change greater or 
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equal to 400ml from baseline measurements186,187.  Blood pressure readings, recorded 

in a sitting position and averaged across three readings, height and weight for 

calculation of BMI, and waist and hip circumference measurements to determine 

waist/hip ratio (WHR) using standardized measurement techniques were all 

determined. BMI was categorized according to the World Health Organization 

(WHO)188 criteria and a high WHR was defined as > 1.0 for males and >0.85 for 

females188,189.   

 

Blood measured variables 

Fasting blood samples were taken from all participants who were able to provide an 

adequate amount of blood sample at the clinic visit. The tests that were undertaken are 

listed in Table 3.1.  

 

3.4.3 Data weighting  

 

In Stage 1, data were weighted by region (western and northern health regions), age, 

sex and probability of selection in the household to the ABS 1999 Estimated Resident 

Population and the 2001 Census data190,191.  Weighting was undertaken to reflect the 

population of interest and to correct for potential non-response bias, in which some 

groups of respondents may be over- or under-represented. Stage 3 was reweighted 

using the 2009 Estimated Resident Population for South Australia190 and incorporated 

participation in the three components (CATI), self-complete questionnaire and clinic, 

whilst retaining the original weight from Stage 1 in the calculation.  
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Table 3-1 Blood Measured Variables, Carers, South Australia 1994-2014 

 Blood measured variables (Fasting) 

Risk factors  Albumin 

FPG (Fasting Plasma glucose) 

LDL (Low-density lipoprotein) cholesterol 

HDL (High-density lipoprotein) cholesterol 

Total cholesterol/High Density Lipoprotein Ratio 

HbA1c (Glycated haemoglobin) 

Serum 25 (OH)D (25- hydroxy vitamin D) 

CBE (Haematology) Hb (Haemoglobin) 

RBCC (Red Blood Cell Count) 

PCV (Packed Cell Volume) 

MCV (Mean Cell Volume)  

Mean Cell Haemoglobin  

Platelets  

WCC (White Cell Count) 

Neutrophils  

Lymphocytes 

Monocytes  

Eosinophils  

Basophils 

MBA-20 (Biochemistry) Na (Sodium) 

K (Potassium) 

Cl (Chloride) 

HCO3 (Bicarbonate) 

Anion Gap  

Urea  

eGFR (Estimated Glomerular Filtration Rate)  

Urate  

Phosphate  

Ca (Total Calcium) 

Ion Calcium 

Albumin 

Globulin  

Protein 

Total Bilirubin 

GGT (Gamma glutamyl transferase) 

ALP (Alkaline phosphatase)  

ALT (Alanine aminotransferase)  

AST (Aspartate aminotransferase)  

LD (Lactate dehydrogenase)  

CK (Creatine kinase ) 

Inflammatory Biomarkers hs-CRP (High sensitivity C-Reactive Protein) 

IL-6 (Interlukin-6)  

TNFα (Tumor Necrosis Factor Alpha)    

MPO (Myeloperoxidase) 

e-SEL(e-Selectin) 
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3.4.4 Data Analysis 

 

Statistical analysis was conducted using SPSS version 24 (IBM, Armonk, NY, USA) 

and STATA version 14 (StataCorp, College Station, TX, USA). Descriptive analysis 

(proportions, means, and medians where applicable) were determined for all predictor 

variables (demographic characteristics, chronic conditions and health risk factors). 

Bivariable analysis using chi-square tests, including post hoc tests using the adjusted 

residuals, were used to determine which categories were significantly different from 

the other categories, between both carers and non-carers.  

 

All continuous data were tested for normality using Kolmogorov-Smirnov and 

Shapiro-Wilk tests, and data that were not normally distributed were analysed using 

non-parametric tests (Mann-Whitney U). Generalised linear models using the binary 

outcome variable of carer or not a carer were used with the “svy” estimators in STATA 

and weighted data to determine the RR of each of the predictors, in association with 

the outcome variable. The models were also stratified for males and females.  

 

 

3.4.5 Ethical Approval  

Overall approval for all stages of the NWAHS was granted by the Queen Elizabeth 

Hospital Human Research Ethics Committees.  The approval number for Stage 3, 

which has been used for this present study was 2009034.  Ethical approval for this 

study was also granted by the Office of Research Ethics, Compliance and Integrity 

Research Branch, The University of Adelaide (Number 19684). As existing secondary 

non-identified data and no personally identifiable information was being accessed by 
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the research team, the research was considered ‘Exempt’ from formal ethical review 

and did not require ethics approval. The next three chapters provide the results of each 

of the studies conducted using the above methodologies. 
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Contextual Statement     

 

The aim of this research was to demonstrate the prevalence and demographics of adult South 

Australian informal carers aged 15 years and over. The availability of representative 

population-based carer data in South Australia has been very limited outside of information for 

ongoing HOS collected at face-to-face interviews since 1994. The first objective was therefore 

to investigate changes in carer prevalence and socio-demographic characteristics over the 20 

year period to 2014. 

 

It was further decided to conduct an analysis using Age Period Cohort (APC) to indicate any 

generational effects associated with carer prevalence, with particular reference to Baby 

Boomers and the generations expected to succeed them as carers. This to our knowledge, is the 

first study in South Australia and Australia to use APC in relation to informal carers. 

 

The following chapter presents the results of both analyses of data representing two decades of 

prevalence, socio-demographics and APC. This provides a valuable base for understanding and 

predicting future characteristics and health trends of South Australian informal carers. 

 

This manuscript was published by PLoS One on 20 September 2016. It has been re-formatted 

for inclusion in this thesis which follows as Chapter 4. A reprint of the paper in its published 

format is attached to this thesis as Appendix B. 
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4.1 Abstract 

 

Background 

 

The ongoing need for an availability of informal carers is taking on greater relevance as the 

global burden of disease transitions from acute fatal diseases to long term morbidity. Growing 

evidence suggests that extra burden on family carers may further impact on their health and 

ability to provide care. Important as it is to monitor the prevalence of those conditions which 

influence the burden of disease, it is also pertinent to monitor the prevalence and health profiles 

of those who provide the informal care. The aim of this study was to demonstrate the prevalence 

and demographics of adult carers aged 15 and over in the state of South Australia over 20 years 

between 1994 and 2014.  

 

Methods  

 

Data from nine representative, cross-sectional population surveys, conducted in South 

Australia, Australia were used, (total N=26,788 and n=1,504 carers). The prevalence of carers 

and their demographic characteristics were determined. So as to examine whether there were 

any generational effects on the prevalence of carers, an Age-Period Cohort (APC) analysis was 

undertaken.  
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Findings   

 

The prevalence of carers increased during the two decades from 3.7% in 1994 to 6.7% by 2014. 

Large increases in the proportion of retired carers, those aged 70 years and over, those carers 

employed, and those with higher educational qualifications were observed. There were also 

larger proportions of respondents with a country of birth other than Australia, UK, Ireland and 

European counties. The APC analysis illustrated an increasing prevalence rate over each 

decade for carers aged 20 – 80 years, especially for those over the age of 60 years.  

 

Conclusions  

 

The results illustrate changing carer characteristics and carer prevalence estimates in South 

Australia as new generations of carers take on the caring role. There is a need to include 

questions regarding informal carers within ongoing mainstream population surveys, 

particularly at state levels, so as to plan for their future health care and home support. 

 

4.2 Background  

 

Although the concept of kinship support and filial piety has existed throughout history across 

most cultures, the importance of family members caring for ill or aged relatives was not 

adequately recognised at the level of social policy of western countries until later in the 

twentieth century[1-2]. Traditional expectations of family meant that the caring efforts of 

informal carers (unpaid caregivers) were often taken for granted[3]. Today however their pivotal 

role in health and social support systems are acknowledged for their significant economic 

contribution to containing health care costs [4-5].  
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Globally the ongoing need for an availability of informal carers is taking on even greater critical 

relevance. Firstly, as life expectancy increases and the population ages; secondly as studies of 

global burden of disease show a transitioning from early mortality associated with acute fatal 

diseases to long term morbidity dominated by chronic conditions[6-7]. Not only have these 

phenomena resulted in higher proportions of disability and impairment across populations but 

are impacting at community and individual levels[8]. For example, informal family carers of all 

ages provide multifaceted care for children and adults with a disability, persons who are frail 

and aged, chronically ill partners and friends with complex and demanding physical and mental 

health problems[9].  

 

Growing evidence suggests that the extra burden on carers can put them at risk of physical 

health and emotional stress and strain[10-12]. Therefore, important as it is to track the prevalence 

of those conditions which influence the burden of disease, (for example cancers, cardiovascular 

diseases, injury as well as dementias), it is also pertinent to track the prevalence, demographic 

profiles and health status of those who provide the informal care.  

 

Over the past thirty years, prevalence figures of informal caregiving at the population level 

have emerged haphazardly across industrialised nations and more recently from developing 

countries[13-14]. The methodology used to identify informal caregivers still remains 

inconsistent, with international surveys providing estimates ranging from 15% to 39%[9,15]. 

However, some larger population studies do provide an overview. For example, in 2011, 12% 

of the British (adult) population were identified as caregivers[16]. Canadian surveys have 

estimated that overall 28% of adult Canadians aged 15 or over were caregivers although rates 

varied considerably across the provinces[17]. In the United States (US) it was estimated that up 

to 25-30% of the adult population were providing care and support to family and friends, but 
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again rates varied by state[18-19]. In both the 2009 and 2012 Australian Bureau of Statistics 

(ABS) Disability Ageing and Carers surveys (SDAC), approximately 12% of the Australian 

population was identified as providing some care while approximately a third were primary 

carers18,22. ABS limit their definition to care provided to people with disability, long-term 

conditions, or care for persons who are aged 60 years and over[21]. At state levels in Australia, 

population-based details of carer prevalence have also mostly come from data collected by the 

national ABS surveys. These have been conducted approximately every five to six years since 

1993. In the state of South Australia (SA), the prevalence of carers has been determined through 

additional separate state wide Health Omnibus Surveys (HOS) which have included carer status 

questions in nine of the annual surveys between 1994 and 2014.  

 

The aim of this paper is to show changes over 20 years, between 1994 and 2014, in the 

prevalence and demographic characteristics of adult carers aged 15 and over in the state of 

South Australia. To achieve this, the trend over the past decades was analysed. Secondly, 

multivariable analyses were conducted to determine the demographic characteristics of those 

reporting that they were carers, from three time points. Thirdly, the percentage differences for 

demographic and socio-economic variables were analysed across the two decades from 1994 

to 2014. Lastly the age-period-cohort (APC) effects were also examined. The benefits of APC 

analysis allow the effects of age, period and cohort to be interpreted independently whilst 

taking into account a plethora of individual, societal, historical and cultural aspects[22]. Age 

relates to the physiological processes associated with growing older, period effects relate to 

particular time points with the assumption that populations are all equally affected, and cohort 

effects relate to experiences during particular time frames.  
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4.3 Methods 

 

The Health Omnibus Survey is a user-pays population-based cross-sectional, representative 

survey that has been undertaken annually or bi-annually in South Australia since 1990. It 

investigates a range of health and health service issues as requested by health-related 

organisations and researchers in South Australia and beyond. The research methodology used 

in HOS has been previously described[23] but in brief, each survey is a clustered, multi-stage, 

systematic, self-weighting sample selected from the Adelaide metropolitan area with the 

remainder being drawn from those country areas with a population of 1000 or more, based on 

ABS Census information. Each survey is face-to-face, and interviews are undertaken by trained 

interviewers.  

 

Carer Questions 

Informal carers are those who provide the main care in the home setting, are aged 15 years or 

older, and are giving ongoing personal care and assistance to dependent relatives and 

individuals with a chronic mental or physical illness or who are frail and aged. Providing this 

care is beyond that which is expected in a normal relationship[24-25]. Data pertaining to informal 

carer status was from selected years between 1994 to 2014. In 1994 and 1998, the carer 

question used was, “Are you a carer of a dependent person? (A dependent person is someone 

who has a chronic condition that is unlikely to improve, for example frail aged, disabled etc.). 

In the remaining surveys (2000-2002, 2004, 2008, 2013-2014) the carer question was,  

“Do you provide long-term care at home for a parent, partner, child, other relative or friend 

who has a disability, is frail, aged or who has a chronic mental or physical illness, where long-

term care is a minimum of 6 months and may extend into years”. 
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Demographic and socio-economic questions 

Demographic variables included in the surveys are gender, age group, area of residence, 

country of birth and marital status. Socio-economic variables included educational attainment 

and work status. Details of the annual income for each household was obtained and the socio-

economic disadvantage of neighbourhood at an environmental level (using postcode) was 

classified into the Socio-Economic Index for Areas (SEIFA) Index of Relative Socio-

Economic Disadvantage from which quintiles were determined[26]. 

 

4.3 Data Analysis 

 

The survey data were weighted by age, gender and geographic locations so that the findings 

apply to the demographic profile of South Australia using either the ABS census data or the 

most recent estimated residential population for each year. Initially the trend in prevalence was 

determined using the nine years of data. Age and sex standardized prevalence estimates were 

also produced. For ease of interpretation data from three surveys collected ten years apart 

(1994, 2004 and 2014) were selected to highlight specific demographic changes. Analysis was 

undertaken using SPSS Statistics, Version 19 (IBM SPSS Statistics, New York, NY, USA). 

 

For the APC analysis, the combined data from the nine years were used and an APC model 

was constructed using STATA Version 13 (StataCorp, College Station, TX, USA)190 with the 

‘apcfit’ command[27]. APC analysis was chosen so as to interpret the effects of ageing, birth 

cohorts and time periods in relation to carer prevalence and odds ratios. In this analysis, ‘AGE’ 

was the self-reported age of the respondents at the time of the survey interview. ‘COHORT’ 

was the age subtracted from the survey year. This ranged from the oldest respondents (80 years 
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and over) to the youngest respondents (aged 15 years). ‘PERIOD’ represents the years of data 

collection (1994 to 2014).  

 

Ethical Approval  

Ethics approvals were obtained from the Research Ethics Committee of The University of 

Adelaide and the South Australian Department of Health. All participants gave verbal informed 

consent and continued participation in the face-to-face interview taken as evidence as 

continued willingness to participate.  

 

4.4 Results  

 

Overall, the total sample for the nine surveys was N=26,788 (n=1,504 were carers). The survey 

response rates decreased over the 20 year period from 72.4% in 1994 to 54.4% in 2014. The 

prevalence trend using data from nine surveys which included carer status questions is 

presented in Table 1 and Figure 1. In South Australia over the two decades from 1994 to 2014, 

there was almost a doubling of the prevalence of carers increasing from 3.7% 1994 to a peak 

of 7.9% in 2008 then declining to 6.7% by 2014. 

 

Table 2 highlights the unadjusted and adjusted odds ratios of carers over three specific years; 

1994, 2004 and 2014 by a range of demographic variables. Multivariable analysis shows that 

in 2014 carers were more likely to be female (OR 1.43; 95% CI 1.00-2.05, p=0.050), be aged 

50-69 (OR 1.82; 95% CI 1.11-3.01 p=0.0.019), be born in countries other than Australia, UK 

or Ireland, (OR 1.82; 95% CI 1.08-3.07, p=0.02), be never married (OR 0.47; 95% CI 0.26-

0.83, p=0.011), declare their work status as ‘home duties’ (OR 1.88; 95% CI 1.02-3.48, 
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p=0.043) and have annual household incomes of $20,000-40,000 (OR 2.38; 95% CI 1.29-4.02, 

p=0.005).  

 

Table 3 details the percentage increase across the two decades from 1994 to 2014 by 

demographic characteristics. Moderate increases across the 20 years from 1994 to 2014 were 

seen for females (100% increase, from 4.0% (95% CI 3.0-5.4) to 8.0% (95% CI 6.6-9.5), with 

an 86.2% increase in males over the same time period from 2.9% (95% CI 2.1-4.0) to 5.4% 

(95% CI 4.0-7.4). There was a larger 120% increase for carers aged 70 years or more, from 

5.0% (95% CI 3.0-8.4) to 11.0% (95% CI 8.0-14.8). It is also noted in carers aged 15-49 years, 

there was a 90.9% increase from 2.2% (95% CI 1.5-3.1) to 4.2% (95% CI 3.1-5.7).  

 

Other socio-demographic increases over the 20 years included a 108.1% increase for carers 

with a secondary school level or less education, from 3.7 % (95% CI 2.8-4.8) to 7.7 % (CI 95% 

CI 6.2-9.6), however in terms of educational attainment, there was a 112.1% increase in carers 

with trade qualifications, certificates and diplomas, increasing from 3.3% (95% CI 2.2-4.9) to 

7.0% (95% CI 5.3-9.0).  

 

Again, large percentage increases were recorded for work status, with a 119.0% increase for 

employed carers (full or part time) from 2.1% (95% CI 1.4-3.3) to 4.6% (95% CI 3.5-6.2), and 

a 110.9% increase in those carers nominating they were retired, from 5.5% (95% CI 3.8-7.9) 

to 11.6% (95% CI 9.3-14.4). Annual household income of $40,000 or more showed a 172.2% 

increase from 1.8% (95% CI 1.0-3.3) to 4.9% (95% CI 3.5-6.8) and a 403.3% increase for 

annual household income of $20-40,000 was recorded, from 3.0% (95% CI 1.9-4.8) to 15.1% 

(95% CI 11.5-19.6).  
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Other demographic percentage increases included a 163.6% increase for other country of birth, 

increasing from 3.3% (95% CI 1.8-5.7) to 8.7% (95% CI 5.9-12.6). Carers born in Australia 

showed a 93.3% percentage increase from 3.0% (95% CI 2.3-3.9) to 5.8% (95% CI 4.6-7.3), 

however there was a smaller 43.1% increase in carers whose country of birth was UK/Ireland, 

from 6.5% (95% CI 4.3-9.8) to 9.3% (95% CI 6.4-13.4).  

 

In terms of percentage differences over the most recent decade, from 2004 to 2014, highest 

percentage increases were seen for annual household income of $20,000-40,000 (104.1% 

increase) from 7.4% (95% CI 5.4-10.1) to 15.1% (95% CI 11.5-19.6). No change in the most 

recent decade to 2014 was found for carers in the 18-49 age group (4.2%). The only negative 

percentage differences occurred in the most recent decade to 2014 was for carers born in 

Australia (-1.7%) and carers who were never married (-14.3%). 

 

Figure 2 provides the results of the APC analysis. On the left axis is shown the independent 

effects of age (prevalence) and on the right axis the birth cohort and period effects, both using 

rate ratios are shown. The peak age for carers was around 80 years and showed a steady 

increasing rate over each decade for those aged 20 – 80 years. The graph indicates that the 

prevalence of being a carer increases, especially after the age of 60. In the cohort analysis the 

Baby Boomers born around 1951-2 are the reference point [=1] and also represent the point of 

acceleration of risk which for the purposes of this paper, can be interpreted as each cohort’s 

exposure to informal caregiving. The graph also shows a higher ratio of caring in the later 

cohorts born mid 1970s to 2000, suggesting that persons born around 1975 (Generation X) may 

be twice as likely to become carers, whereas persons born 1980s to 2000 (Generation Y) have 

a three-fold likelihood of becoming carers.  
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The Estimated Period Effect represents the specific calendar period when the sample 

population were surveyed. The resulting period effects of the graph show increasing prevalence 

from 1994, peaking at 2008 then falling into negative effects by 2014.  

 

4.5 Discussion 

 

The results indicate an inital increase in the prevalence of carers from 1994, a doubling of the 

proportion of carers by 2008 (3.7% to 7.9%), then a slight decline to 6.7% by 2014. Increases 

in proportions of carers across all ages were found, especially the 50-69 year old group and the 

70 years and over age groups, a finding consistent with South Australia having been the state 

with the highest proportion of older age population in Australia [28-30]. In our surveys there was 

still a considerable proportion of carers whose education was secondary school or less, but 

there were higher prevalences of carers who had high educational attainment and tertiary 

training. Carers were more likely to be employed either full time or part time, but as would be 

expected with an ageing population, there were also more carers who had left work and retired. 

In terms of annual household incomes of carers which have increased over the past 20 years, 

much of this would be the result of inflation and many carers still remain in the low/ lowest 

most disadvantaged quintiles compared with the wider community.  

 

It is well documented that women have been the traditional and dominant family caregivers in 

societies of all cultures[2]. Although there was a slight increase in proportions of male carers in 

our earlier South Australian survey of 2004, overall male percentage increases (86%) remained 

below the 100% increase of females. ABS national surveys across Australia amongst ‘all’ 

carers in 1998 showed there was some narrowing of the gender gap with just over a half of all 

carers being female. In the over 75 age group there were slightly more male primary carers. 
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Interestingly Australian disability surveys revealed that after the age of 85, carers were 

frequently males caring for a disabled wife[31] The implications of this changing demographic 

with an increasing number of male carers in this older age group raise questions about the mix 

and type of services needed for the future.  

 

There is a paucity of published literature on informal caregiving in terms of surveys applying 

Age-Period-Cohort methods. Earlier studies include one that explored changes in attitudes 

towards caring for ageing parents[32]. More general research examined trends in disability in 

older adult cohorts using APC[33]. Other APC studies and those specific to carers using 

methodology comparable to this paper have not been sourced to date, except those applied to 

prevalence rates of chronic disease topics such as diabetes, and obesity[34].  

 

Our APC analysis (Fig 2) illustrates the combined impact of caregiving and ageing on several 

birth cohorts, which range from the older carers of pre-war generations (born early 1900s to 

1945), to the Baby Boomers (born 1946-1964) and Generation X, (born 1965-1980s). The 

prevalence of becoming a carer showed a steady increase over each decade, especially after the 

age of 60. Using the APC analysis, carers’ peak age was around 80 years. Again our study 

indicates there has been a trend for older age carers to continue caregiving into their late 70s, 

80s and beyond. Other authors have observed that the onset of caregiving peaked in late middle 

age and older, and that informal care could span three decades or more of adult life[35]. Of 

concern has been the lack of data on prevalence of those much older generations who might be 

providing care for a spouse, relative or an adult child with a disability. Literature is more readily 

available on social and health impacts on those cohorts[36-38]. 

 



100 

 

Our study highlights changes in carers’ country of birth, an aspect that reflects sixty years of 

increased immigration to South Australia. Although our results show that there has been a 93% 

percent increase in carers born in Australia, by 2014 there were large percentage increases 

(over 163%) in carers born in countries other than Australia, UK, Ireland or Europe. This 

change from earlier carer profiles of the 1990s reflects the wider cultural characteristics of 

people (families) who have migrated to South Australia since the 1950s and 1960s. Australia 

has a rich multi-cultural heritage of people from over 200 countries. Those overseas-born 

persons aged 65 or over, has expanded in recent decades, doubling since 1991[39-40]. There is 

potential for this cultural influence to impact on carers’ use of home-based care if there are 

inadequate culturally appropriate respite services or facilities. Further, there could be a 

reluctance on the part of older persons from different cultures to accept support services 

creating additional difficulties for the spouse or other family carers[41].  

 

The results of our surveys show that new generations of carers have emerged with different 

characteristics in areas of education and employment and this can be a challenge for many to 

combine with their informal caring. The higher proportion of working carers in our study, (both 

full time and part time), takes on greater importance because of the many Baby Boomers who 

are the current generation of informal carers. This transition occurred as older Pre-World War 

II carers, (for example, ageing parents of the early Baby Boomers), became the recipients of 

care over the past 20 years. This coincided with a greater emphasis on community care in 

Australia during the past decades, which is being further developed as new government reforms 

and initiatives for carers and consumers[42]. For example they focus on consumer directed care 

packages based on ageing in place (and in the home) and in disability ‘consumer choice and 

control’ through the NDIS. Both models emphasise that they are consumer directed for home 

based care. Current integrated support services for carers are undergoing further development.  
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Younger working carers, especially parent-carers, is another group that cannot be overlooked. 

Carers of younger children with chronic health conditions and disabilities are more likely to be 

subject to employment constraints. Employment for carers can be problematic and research is 

emerging of the negative effects on the parents who are the informal carers[43]. In general, of 

those carers who also work, many do manage well without adverse health changes, but 

Schofield concluded that ‘working carers providing high levels of care represent a vulnerable 

subgroup where supportive and preventive services might be focused’[44]. In our study there 

was a higher proportion of working carers overall, but on a global scale, Australia has had a 

lower percentage of employed carers (38.4%), than other countries such as Canada and USA 

(60%), or the UK (53%)[45-48].  

 

While the changing prevalence of carers in our study showed an increase over time, the later 

decline by 2014 could have been influenced by a number of factors. For example natural 

attrition (deaths) amongst carers from the oldest birth cohorts would have been occuring during 

that time. On a national scale reduced disability rates amongst both children and adults were 

observed which could have resulted in slightly less demand for informal carers[20]. Other factors 

impacting on carer numbers may be due to younger generations choosing careers over caring 

roles, especially with greater labour force participation of women[49]. Also it is not uncommon 

for people to choose to work beyond the ages of 65 and 70 years old which would lessen their 

availability for complex caregiving in the home. There have also been trends towards more 

active retirement, especially amongst baby boomers and later generations[40]. It is conjectured 

that some of these socio-economic factors surrounding caregiving may have been further 

influenced by the Global Financial Crisis (GFC) with a general reluctance to give up paid work 

and income during such uncertain times. Those directly affected by the GFC may have had to 

actively seek employment, as a priority over any caring role. 
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Strengths and limitations of this study  

 

The strengths of this study are that the results provide an analysis of carer prevalence and 

demographics over a twenty year period. It has used population-based data using face-to-face 

interviews, the gold standard of surveys, and a significant number of interviews were 

conducted. It is therefore more generalizable to other ageing populations and includes a number 

of relevant demographic covariates. 

 

Limitations of the study include definitional issues which continue to influence all caregiving 

research and make comparisons of carer / caregiver prevalence figures difficult across 

studies[18]. Although the data were age/sex standardized no adjustment for Consumer Price 

Index (CPI) was undertaken, so those household income results should be assessed with 

caution. Due to their small numbers, non-English speaking individuals, Indigenous and those 

from specific cultures are included in the data collection but not in the analysis. Also, the small 

numbers of young carers meant that meaningful analysis could not be included in our study, 

however this is a limitation that does not detract from their vital roles and urgent need for 

further research[50-51]. 

 

In conclusion, this study demonstrates there has been an overall increase in informal caregiving 

in South Australia, a state which over the past two decades has shown higher proportions of 

people aged 65 years and over, than those in other, mainland Eastern Australian states[29]. Our 

research has highlighted major demographic shifts between 1994 and 2014 and it is important 

that policy and planning keep pace with these changes and projections. As future prevalence 
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rates are watched with interest in South Australia, these findings may also be relevant in other 

specific populations with similar demographic profiles. 

 If we are to sustain the current model of care in the community and the informal carers in their 

caring role it is important to continue monitoring the prevalence, demographic and health 

profiles as emerging generations of informal carers with more diverse characteristics take on 

the caring roles. To achieve this there is an urgent need to include informal carers within 

ongoing mainstream population surveys, wherever appropriate, so as to provide statistics to 

plan for their future health care and home support. As the literature suggests, many carers 

themselves have health problems or suffer diminished quality of life[52-53]. Therefore carer well-

being and particularly their health status needs to be considered in parallel with those persons 

they are caring for. Important as it is to track the prevalence of the plethora of conditions which 

influence the burden of disease, it is pertinent to track the prevalence, demographic profiles 

and health status of those who provide the informal care, as many are carrying a double burden 

of disease. That of the care recipient, and their own.  
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       Table 4-1 Crude and age / sex standardised prevalence estimates of carers,  

       South Australia 1994-2014 

 

Year HOS Total 

 

N = 

Carers Total 

 

n = 

SA Estimate 

Prevalence % 

 (95% CI) 

Age and Sex 

Standardised Prevalence 

Estimate % (95% CI) 

1994 3010 104 3.4% (2.9-4.2) 3.7% (2.9-4.4) 

1998 3010 127 4.5% (3.6-5.0) 4.6% (3.5-5.6) 

2000 3027 141 4.7% (4.0-5.5) 4.8% (4.0-5.6) 

2001 3037 170 5.6% (4.8-6.5) 5.9% (4.9-5.6) 

2002 3015 154 5.0% (4.3-5.9) 5.2% (4.2-6.2) 

2004 3015 177 5.9% (5.1-6.8)  5.9% (5.1-6.8) 

2008 3034 239 7.9% (6.8-8.9) 7.9% (6.8-8.9) 

2013 2908 218 7.5% (6.6-8.5) 7.5% (6.2-8.8) 

2014 2732 174 6.4% (5.5-8.3) 6.7% (5.4-7.7) 

 

 

 

 

     Figure 4.1 Prevalence estimates of adult carers in South Australia: 1994 to 2014 
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Figure 4.2 Estimated effects from APC model for adult carers (HOS) 
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Table 4-2 Unadjusted and adjusted odds ratios of carers over three time periods by demographic variables: Health Omnibus Survey: 

1994, 2004, 2008. 

 1994 2004 2014 

 Unadjusted   Adjusted   unadjusted   Adjusted   Unadjusted   Adjusted   

 odds ratio pval odds ratio pval odds ratio pval odds ratio pval odds ratio pval odds ratio pval 

GENDER                                               Male 
1.00   1.00   1.00   1.00   1.00   1.00   

Female 
1.41 (0.90 - 2.20) 0.131 1.01 (0.56 - 1.81) 0.981 1.50 (1.04 - 2.17) 0.030 1.31 (0.87 - 1.98) 0.200 1.51 (1.06 - 2.15) 0.022 1.43 (1.00 - 2.05) 0.050 

AGE GROUP                                   18 to 49 1.00   1.00   1.00   1.00   1.00   1.00   

50 to 69 
3.10 (1.97 - 4.88) 0.000 2.08 (1.22 - 3.54) 0.007 1.90 (1.30 - 2.77) 0.001 1.48 (0.95 - 2.29) 0.084 2.34 (1.60 - 3.44) 0.000 1.82 (1.11 - 3.01) 0.019 

70+ 
2.41 (1.18 - 4.91) 0.016 1.74 (0.69 - 4.35) 0.237 2.38 (1.52 - 3.71) 0.000 1.73 (0.93 - 3.20) 0.083 2.80 (1.73 - 4.55) 0.000 1.73 (0.79 - 3.77) 0.167 

AREA                                  Metro. Adelaide 
1.00   1.00   1.00   1.00   1.00   1.00   

Country 
1.19 (0.69 - 2.05) 0.521 1.07 (0.59 - 1.93) 0.829 1.24 (0.89 - 1.71) 0.197 1.13 (0.81 - 1.59) 0.471 1.19 (0.77 - 1.84) 0.427 1.14 (0.72 - 1.80) 0.580 

COUNTRY OF BIRTH                 Australia 
1.00   1.00   1.00   1.00   1.00   1.00   

UK/Ireland 
2.26 (1.35 - 3.78) 0.002 1.89 (1.09 - 3.25) 0.022 1.30 (0.75 - 2.25) 0.350 1.04 (0.57 - 1.88) 0.901 1.66 (1.06 - 2.60) 0.027 1.25 (0.79 - 1.98) 0.343 

Other 
1.09 (0.59 - 2.02) 0.793 0.90 (0.47 - 1.74) 0.750 0.73 (0.42 - 1.27) 0.263 0.66 (0.38 - 1.16) 0.149 1.54 (0.96 - 2.46) 0.073 1.82 (1.08 - 3.07) 0.026 

MARITAL STATUS # 
                      

Married/defacto 
1.00   1.00   1.00   1.00   1.00   1.00   

Separated/Divorced 
1.01 (0.53 - 1.92) 0.971 1.05 (0.53 - 2.05) 0.893 0.88 (0.53 - 1.48) 0.635 0.68 (0.39 - 1.19) 0.176 1.12 (0.73 - 1.73) 0.593 0.94 (0.56 - 1.58) 0.819 

Never married 
0.33 (0.16 - 0.69) 0.003 0.62 (0.28 - 1.38) 0.239 0.47 (0.26 - 0.85) 0.012 0.59 (0.31 - 1.14) 0.117 0.35 (0.22 - 0.54) 0.000 0.47 (0.26 - 0.83) 0.011 

EDUCATIONAL ATTAINMENT      
                      

Up to secondary 
1.00   1.00   1.00   1.00   1.00   1.00   

Trade, certificate, diploma 
1.33 (0.57 - 3.09) 0.506 1.02 (0.61 - 1.69) 0.953 1.62 (0.87 - 3.00) 0.127 1.06 (0.71 - 1.60) 0.766 1.52 (0.91 - 2.56) 0.111 0.94 (0.67 - 1.32) 0.704 

Degree or higher 
1.49 (0.66 - 3.35) 0.337 1.19 (0.48 - 3.00) 0.706 1.86 (1.03 - 3.37) 0.040 0.81 (0.43 - 1.53) 0.512 1.70 (1.10 - 2.65) 0.018 0.70 (0.42 - 1.17) 0.169 

WORK STATUS 
                      

Employed full or part time 
1.00   1.00   1.00   1.00   1.00   1.00   

Home duties 
3.37 (1.96 - 5.82) 0.000 2.19 (1.13 - 4.23) 0.020 3.32 (1.99 - 5.54) 0.000 2.34 (1.34 - 4.07) 0.003 2.80 (1.50 - 5.21) 0.002 1.88 (1.02 - 3.48) 0.043 

Retired 
2.71 (1.47 - 4.99) 0.001 1.31 (0.58 - 2.96) 0.511 2.50 (1.66 - 3.78) 0.000 1.55 (0.92 - 2.61) 0.096 2.70 (1.80 - 4.07) 0.000 1.45 (0.84 - 2.50) 0.176 

HOUSEHOLD ANNUAL INCOME 
                      

$40,000 
1.00   1.00   1.00   1.00   1.00   1.00   

$20-$40,000 
1.72 (0.78 - 3.81) 0.181 1.39 (0.57 - 3.36) 0.465 1.82 (1.17 - 2.82) 0.008 1.36 (0.82 - 2.25) 0.234 3.44 (2.06 - 5.73) 0.000 2.28 (1.29 - 4.02) 0.005 

<$20,000 
3.14 (1.59 - 6.17) 0.001 1.99 (0.83 - 4.80) 0.124 2.35 (1.59 - 3.46) 0.000 1.71 (0.98 - 2.98) 0.060 2.03 (1.13 - 3.64) 0.018 1.55 (0.82 - 2.94) 0.174 

SOCIAL DISADVANTAGE (SEIFA) 
                      

Middle to highest 
1.00   1.00   1.00   1.00   1.00   1.00   

Lowest to low 1.27 (0.81 - 2.02) 0.299 1.06 (0.65 - 1.73) 0.804 1.01 (0.74 - 1.39) 0.928 0.88 (0.62 - 1.24) 0.455 1.28 (0.90 - 1.81) 0.161 1.20 (0.85 - 1.68) 0.297 

# Widowed excluded 



107 

 

Table 4-3 Prevalence of carer status by demographic variables, by three time periods: Health Omnibus Survey: 1994, 2004, 2014 

   
1994 

    
2004 

    
2014 

  
% diff  
1994, 2014 

% diff  
2004, 2014 

  n %  (95% CI) p value n %  (95% CI) p value n %  (95% CI) p value     

Sex                                                           Male 43 2.9 (2.1-4.0) 0.13 70 4.8 (3.6-6.2) 0.029 73 5.4 (4.0-7.3) 0.021 86.2 12.5 

                                                                Female 61 4.0 (3.0-5.4)   107 7.0 (5.8-8.4)   110 8.0 (6.6-9.5)   100.0 14.3 

Age groups                                            18 to 49 43 2.2 (1.5-3.1) <0.001 77 4.2 (3.3-5.4) <0.001 64 4.2 (3.1-5.7) <0.001 90.9 0.0 

                                                               50 to 69 44 6.4 (4.8-8.5)   62 7.8 (6.1-9.8)   80 9.3 (7.3-11.8)   45.3 19.2 

                                                               70+ 17 5.0 (3.0-8.4)   39 9.5 (7.0-12.9)   39 11.0 (8.0-14.8)   120.0 15.8 

Area                                                  Metropolitan 68 3.3 (2.6-4.1) 0.521 117 5.5 (4.6-6.6) 0.196 131 6.4 (5.2-7.9) 0.426 93.9 16.4 

                                                                  Country 36 3.9 (2.4-6.1)   61 6.7 (5.3-8.6)   52 7.5 (5.3-10.6)   92.3 11.9 

Country of birth                                     Australia 68 3.0 (2.3-3.9) 0.005 132 5.9 (4.9-7.1) 0.29 113 5.8 (4.6-7.3) 0.046 93.3 -1.7 

                                                              UK/Ireland 23 6.5 (4.3-9.8)   28 7.5 (4.8-11.6)   24 9.3 (6.4-13.4)   43.1 24.0 

                                                               Other 13 3.3 (1.8-5.7)   18 4.4 (2.7-7.0)   47 8.7 (5.9-12.6)   163.6 97.7 

Marital status #                           Married/defacto 79 4.3 (3.4-5.4) 0.003 133 7.1 (6.0-8.5) 0.003 137 8.0 (6.5-9.8) <0.001 86.0 12.7 

                                                 Separated/Divorced 11 4.3 (2.3-7.9)   16 6.3 (4.0-9.9)   20 8.9 (6.2-12.7)   107.0 41.3 

                                                         Never married 10 1.4 (0.7-2.9)   25 3.5 (2.1-5.8)   19 3.0 (2.0-4.4)   114.3 -14.3 

Educational Attainment     Secondary schooling 64 3.7 (2.8-4.8) 0.628 101 6.6 (5.4-8.0) 0.16 83 7.7 (6.2-9.6) 0.092 108.1 16.7 

                           Trade quals, Certificate, Diploma 33 3.3 (2.2-4.9)   61 5.8 (4.4-7.6)   68 7.0 (5.3-9.0)   112.1 20.7 

                                                      Bachelor Degree 7 2.5 (1.1-5.5)   15 3.6 (2.1-6.1)   32 4.7 (3.1-7.0)   88.0 30.6 

Work status #               Employed full or part time 33 2.1 (1.4-3.3) <0.001 64 3.8 (2.9-5.1) <0.001 71 4.6 (3.5-6.2) <0.001 119.0 21.1 

                                                             Home duties 37 6.8 (4.8-9.4)   39 11.7 (8.2-16.4)   18 12.0 (6.8-20.1)   76.5 2.6 

                                                                     Retired 27 5.5 (3.8-7.9)   51 9.1 (6.9-11.7)   65 11.6 (9.3-14.4)   110.9 27.5 

Household annual income #        $40,000 or more 16 1.8 (1.0-3.3) 0.004 63 4.2 (3.2-5.5) <0.001 68 4.9 (3.5-6.8) <0.001 172.2 16.7 

                                                             $20-$40,000 22 3.0 (1.9-4.8)   42 7.4 (5.4-10.1)   47 15.1 (11.5-19.6)   403.3 104.1 

                                                    Less than $20,000 47 5.4 (4.0-7.1)   58 9.4 (7.4-11.8)   15 9.5 (5.8-15.2)   75.9 1.1 

Index Relative Socio-disadvantage (SEIFA) 
  

  
  

  
  

      

                                                     Middle to highest 54 3.1 (2.3-4.1) 0.492 103 5.9 (4.8-7.1) 0.928 99 6.1 (4.9-7.5) 0.161 96.8 3.4 

                                                              Lowest low 49 3.9 (2.8-5.5)   75 5.9 (4.8-7.4)   84 7.6 (5.8-10.0)   94.9 28.8 

Total 104 3.4 (2.8-4.3)   177 5.9 (5.1-6.8)   183 6.7 (5.6-8.0)   97.1 13.6 

# Widowed (Marital Status) : excluded;   Not stated (Work Status) : excluded;    Not stated (Household annual income) : excluded 
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Contextual Statement 

 

The research relevant to carer health issues began with this second study, building on published 

evidence from a review of the caregiving literature. The objective was to answer the second 

research question:  Is there an association between the caregiving role as a risk factor for 

chronic disease and the health status of informal/family carers? The research investigated and 

compared carer health outcomes with non-carers in terms of major risk factors and selected 

chronic medical conditions.  

 

For the initial analysis, self-report biomedical data was accessed from a second state-wide 

population survey, the South Australian Monitoring and Surveillance System (SAMSS). This 

ongoing telephone survey was conducted monthly under the auspices of the South Australian 

government and yielded a wider sample of heterogeneous carers who were not limited by any 

particular type of caregiving or care recipient condition, or gender, a common weakness of 

other research. For this study period, carers were identified within SAMSS from 2010 to 2015. 

 

In view of the mixed evidence on the impact of caregiving on the health of adult carers revealed 

in Australian and international research, it was pertinent to ascertain if informal caregiving was 

associated with any increased risk to carers having chronic conditions across the South 

Australian population. Therefore an additional aspect of carer morbidity included within this 

study was to determine the population attributable risk (PAR) to indicate the level of risk caring 

may have on the selected major chronic conditions in this research.  

 

The following chapter presents the results of this analysis of risk factors and chronic medical 

conditions associated with informal caregiving and the PAR findings. 
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This manuscript was published by BMJ Open on 23 July 2018 and has been re-formatted to 

meet the requirements of this thesis. The manuscript in its published format is included in this 

thesis as Appendix C. 
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5.1 Abstract 

 

Background  

 

There is growing discussion on the impact of informal caregiving on the health status and 

morbidity of family carers. Evidence suggests a proportion of carers may be at risk of poor 

health outcomes. However, there are limited population-based studies which provide 

representative data on specific risk factors amongst carers (e.g. blood pressure, cholesterol, 

smoking status, activity, body mass index) and major chronic conditions (e.g. asthma, diabetes, 

arthritis). This study aimed to redress that imbalance. 

 

Methods 

 

Self-reported data were from the South Australian Monitoring and Surveillance System 

(SAMSS) a representative cross-sectional state-wide population-based survey of 600 randomly 

selected persons per month. SAMSS utilises computer assisted telephone interviewing (CATI) 

to monitor chronic health related problems and risk factors and to assess health outcomes. In 

total, 2,247 family carers were identified from 35,195 participants aged 16 and older for the 

five-year period from 2010-2015. Logistic regression analyses examined associations of being 

a carer with self-reported chronic diseases and health risk factors. In addition, the population 

attributable risk (PAR) of being a carer was examined for selected chronic conditions.  
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Results 

 

The prevalence of carers was 6.4% and peak age group for carers was 50-59 years. Adjusted 

odds ratios for chronic conditions in carers were significant for all chronic conditions 

examined. Although there is a high prevalence of self-reported risk factors and chronic 

conditions among carers compared to non-carers at the population level, PAR findings suggest 

that caregiving is associated with a small to moderate increased risk of having these chronic 

conditions.  

 

Conclusions 

 

Monitoring of carer health and morbidity particularly ‘at risk’ individuals such as female carers 

with diabetes, remains important and provides an ongoing baseline for future surveys. To 

achieve this, caregiver-based studies need to become part of mainstream biomedical research 

at both epidemiological and clinical levels. 

 

Strengths and limitations of this study  

 

• This study used PAR analysis to determine the contribution of caregiving to major 

chronic conditions in carers, which to our knowledge has not been undertaken using 

carer data on health risk factors and chronic conditions before.  

• As the Study uses cross sectional data, it describes associations between carers and 

major chronic illnesses and risk factors.  
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• The sampling process was part of ongoing representative state-wide surveys over a five 

year period so did not limit the recruitment of carers to a specific type of caregiving or 

care recipient condition 

• The survey using telephone and CATI protocols was not conducive to in-depth 

interviewing of each participant therefore limited information about the cared for 

persons, their diagnosis and disability or the duration or intensity of care provided.  

• Questions about the carers’ relationships (to the care recipient), carer lifestyles and 

environments, were also limited. 

 

5.2 Background 

 

Increasing demands for home based informal care during the closing years of the twentieth 

century have seen the transition of family members and close friends taking on increasingly 

demanding long-term physical caregiving roles in the home [1-3]. Some of these complex caring 

activities include tasks that medical and nursing professionals would normally perform in 

health care settings [4-6]. Multi-disciplinary research has stimulated discussion on the impact of 

informal caregiving on carers’ lives, health and wellbeing, morbidity and mortality, which has 

been comprehensively reviewed over recent years [7-11].  

 

International and national evidence suggests that due to the protracted periods and intensity of 

caring for young or older persons with severe disability, chronic illness or dementia, a 

proportion of carers may be at risk of negative health outcomes [12-16]. Caregiving has been 

shown to be a risk factor for a range of chronic physical and mental health conditions such as 

cardiovascular disease (CVD), coronary heart disease (CHD), psychological distress, stress and 

depression which have been extensively investigated throughout the caregiving literature [17-
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20]. Lifestyle and health risk factors impacting on carer health have included hypertension, 

overweight, smoking and disturbed sleep [19,21]. Diabetes and other chronic health conditions 

have also been identified and investigated amongst carer populations [22].  

 

From these many examples of negative physical and psychological health outcomes reported 

to be linked to informal caregiving, most relate to well-established theoretical pathways of 

chronic stress or conceptual models of caregiving based on a stress-coping frameworks 

[9,15,23,24]. Other studies have reported carer morbidity in terms of the impacts of caring for 

longer hours per week, the greater intensity of caring activities and more years as a carer [14]. 

Kenny et al.[25] also focused on the duration of caregiving which could exacerbate pre-existing 

(chronic) conditions in some carers. Another Australian study of older carers revealed most 

had a chronic illness themselves and was linked to the time they spent on caring activities [26].  

This trend was not restricted to particular age groups. In a large population-based Canadian 

survey of caregivers of children with chronic health problems, the parent carers were shown to 

be twice as likely to report chronic conditions. They also had greater odds of experiencing 

poorer general health than carers of healthy children [27]. 

 

Despite the predominance of literature highlighting deleterious consequences of caregiving, 

POSITIVE outcomes have been reported, acknowledging that a proportion of informal 

caregivers provide ongoing care and support without any detriment to their well-being [28]. For 

example, some studies show that carers can experience positive benefits and maintain an 

adequate quality of life and health status during their caregiving [29,30]. This may be influenced 

by what authors have referred to as “the healthy carer effect” [7,31,32]. Focusing on mortality and 

the caring role, Roth et al[33]. highlighted the need for a more balanced view when reporting 
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the impact of caregiving on carer health with greater rigor in research methodology and 

definition of caregivers.  

 

Rationale, research question and study hypothesis 

 

Many studies, particularly earlier research, are limited by non-representative samples as 

described by Taylor et al [34]. As such, the rationale of this study was to assess self-reported 

health characteristics and status of adult carers from a large, population-based, random, sample 

of South Australian adults. The research question for this study was: Is there an association 

between the caregiving role as a risk factor for chronic disease and the health status of 

informal/family carers. Therefore, the study objective was to compare carer health status with 

adults who did not identify as carers in a population, adjusting for age and sex and determining 

population attributable risk to ascertain the contribution of caring to major chronic conditions. 

The rationale for examining gender differences was considered important as research 

consistently shows up to two thirds more carers are females than males who may not 

necessarily share the same health profiles.  

 

5.3 Methods 

 

This representative cross-sectional study obtained data from an ongoing state-wide population-

based survey (the South Australian Monitoring and Surveillance System [SAMSS]). SAMSS 

is an epidemiological monitoring system established in 2002 to detect and facilitate 

understanding of trends in the prevalence of chronic conditions, risk and protective factors, and 

other determinants of health within the state of South Australia (SA)[35]. 
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Sampling frame and recruitment 

 

SAMSS is based on self-reported data which is systematically collected from a minimum of 

600 randomly selected people each month on persons of all ages in the South Australian 

community. This risk factor surveillance system utilises computer assisted telephone 

interviewing (CATI) to monitor chronic health related problems and risk factors which can 

assess health outcomes and provide programme and policy information[36]. All households in 

South Australia with a telephone number listed in the Electronic White Pages of the telephone 

directory are eligible for selection in the sample. Additional information is available on 

sampling issues in telephone surveys[37]. 

  

A letter introducing SAMSS is sent to the household of each selected telephone number. The 

letter informs people of the purpose of the survey and indicates that they can expect a telephone 

call within the time frame of the survey. Data are collected by a contracted agency and 

interviews are conducted in English. At least six call-backs are made to the telephone number 

selected to interview household members. Where a refusal is encountered, another interviewer 

generally (at the discretion of the supervisor) calls later, in an endeavour to obtain the 

interview(s). Replacement interviews for persons who cannot be contacted or interviewed are 

not permitted. Additional details on SAMSS methodology are available [36]. This study used 

aggregated data from January 2010 to December 2015. Response rates over the period of 2010-

2015 varied between 54.1% and 64.4% (mean 59.8%). Family carers were identified from 

adults aged 16 years and over for the period 2010-2015. The question asked was ‘Do you 

provide long-term care at home for a parent, partner, child, other relative or friend who has a 

disability, is frail, aged or who has a chronic mental or physical illness?’ 
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Outcome Variables 

 

The selection of SAMSS outcome variables related to national determinants of health, namely 

diet, blood pressure, cardiac, respiratory and metabolic diseases and a range of chronic 

conditions[36]. During interviews, all respondents were asked if a doctor had ever told them 

they had diabetes, Cardiovascular Disease (heart attack, angina, heart disease and/or stroke), 

arthritis and osteoporosis. Asthma was defined as self-reported doctor diagnosed asthma and 

had experienced asthma symptoms in the previous 12 months. In addition, respondents were 

asked if they had ever been diagnosed by a doctor in the last 12 months with depression, 

anxiety, a stress related or other mental health problem.  

 

Respondents were also asked if a doctor had ever told them they have and/or were currently 

receiving treatment or medication for high blood pressure (HBP) or high cholesterol. They 

were asked to provide the time they spent undertaking walking, moderate or vigorous physical 

activity over the past week. The time was summed, with the time spent undertaking vigorous 

activity multiplied by a factor of two to account for its greater intensity. This provided an 

indication as to whether respondents are undertaking a sufficient level of physical activity to 

provide a health benefit. This is defined as 150 minutes or more of activity each week and has 

been categorised into insufficient inactivity (no activity, active but not sufficient) and sufficient 

activity[38]. Body mass index (BMI) was derived from self-reported weight and height and 

classified as underweight (<18.5kg/m2), normal (>=18.5<25.0 kg/m2), overweight 

(>=25.0<30.0 kg/m2) and obese (>=30 kg/m2) [39]. Data were also collected on smoking status 

(current ex or non-), short term and long-term alcohol risk (derived from the number of 

alcoholic drinks per day and the number of times per week alcohol was consumed) [40] and how 
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many serves of fruit and how many serves of vegetables they ate each day with the 

recommendation being at least two serves of fruit and five serves of vegetables per day[41].  

 

An indicator of overall health status, the Short Form (SF-1) was determined by asking how 

they would rate their overall health (excellent, very good, good, fair, poor)[42]. Psychological 

distress was determined using the Kessler 10 (K10) scale which consists of 10 questions, all of 

which have the same response categories [43]. To score the K10, ‘all of the time’ was scored as 

a 5 and none of the time as 1. The 10 items were summed to provide a score of between 10 and 

50, with scores over 22 indicating levels of psychological distress. Disability was defined as 

physical, mental, or emotional problems or limitations that the respondent reported having in 

their daily life[44,45]. 

 

Data Analysis  

 

Demographic variables included in the analyses were age and gender. Frequencies and chi 

square tests were determined using SPSS version 24. Univariable and multivariable regression 

was undertaken using the “svy” commands in STATA V14 to determine crude and adjusted 

odds ratios (OR). In the univariable analyses carer status was assessed in association with sex, 

age, health status, risk factors and chronic conditions variables. Multivariable logistic 

regression was undertaken to determine the OR associated with carer status and the range of 

health-related variables adjusted for age and sex. 

 

Population attributable risk (PAR) was calculated using STATA and the “punaf” add-in 

command to examine risk of caregiving to six chronic conditions (diabetes, asthma, CVD, 

arthritis, osteoporosis and mental health) [46]. For each of the chronic conditions five models 
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were created to determine the RR and subsequently calculate the PAR of being a carer. Model 

1 was unadjusted, Model 2 controlled for sex and age, Model 3 additionally controlled for 

educational attainment, income and work status, Model 4 additionally controlled for HBP and 

high cholesterol, and Model 5 further adjusting for sufficient fruit consumption, sufficient 

vegetable consumption, smoking status, BMI and sufficient physical activity. The PAR 

analysis was repeated for both males and females separately. 

 

Weighting was used to correct for disproportionality of the sample with respect to the 

population of interest. Data were weighted using raking methodology by area 

(metropolitan/rural), age, gender, marital status, country of birth, educational attainment and 

dwelling status (rented property vs other) to the most recent SA population data and probability 

of selection in the household so that the results are representative of the SA population [47]. 

 

Patient and Public Involvement Statement 

 

This population-based survey is conducted based on the health priorities identified by the South 

Australian Department of Health and Ageing (SA Health). The study sample is randomly 

selected from the population and is community based, with participants required to answer 

survey questions. Results are disseminated using publications and policy development, where 

applicable by SA Health. Information about the survey is also available on the South Australian 

Health website. www.sahealth.sa.gov.au 

  

http://www.sahealth.sa.gov.au/
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5.4 Results 

 

Of the 35,195 participants, 6.4% (95% CI 6.0-6.8) identified as carers. Overall 64.1% of carers 

were female. The peak age group for carers was 50-59 with rates declining after this age. 

 

Table 1 presents overall carer/ non-carer prevalence comparisons for health status, risk factors 

and chronic disease variables. The overall health status of carers was lower than non-carers, 

with 10.2% more carers reporting their health as only fair or poor. The prevalence for disability 

was 9.9% and psychological distress 5.0% higher in carers than non-carers. Comparing carer 

health risk factors with non-carers, the prevalence estimates for HBP and high cholesterol were 

higher in carers and more carers were current smokers. Carers were less likely to be at risk 

from alcohol related risk or injury. Carers were also more likely to have all chronic conditions 

except osteoporosis. 

 

Table 2 highlights the unadjusted and adjusted OR comparing carers to non-carers on their 

health status, health risks and chronic conditions. After adjustment for age and sex the 

prevalence of fair/poor health status (SF-1), disability, psychological distress, HBP, raised 

cholesterol and current smoking all remained significant. Carers were less likely to have 

lifetime risk of alcohol related harm and risk of alcohol related injury. Adjusted odds ratios for 

all the selected chronic conditions in carers were significant (arthritis, asthma, COPD, CVD, 

diabetes, mental health, osteoarthritis, except for osteoporosis).  

 

Table 3 presents the PAR of being a carer for six chronic conditions for each of the five 

different models described above. In the unadjusted model, being a carer was associated with 

higher RR for all the chronic conditions. After adjustment for demographic and health risk 
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factors (Model 5) only asthma (RR=1.26) and diabetes (RR=1.19) remained statistically 

significant (p<0.05). The PAR associated with being a carer for each condition was low. 

 

To determine if there were any differences for males and females, the PAR analysis was then 

stratified by sex (Tables 4 and 5). In the unadjusted model, being a male carer was associated 

with diabetes (RR=1.79), CVD (RR=1.87), arthritis (RR=1.69), and mental health conditions 

(RR=1.32). After adjustment (Model 5) all associations for male carers disappeared. In Table 

5, in the unadjusted model, being a female carer was associated with all the selected chronic 

conditions (diabetes (RR=1.53), asthma (RR=1.42), CVD (RR=1.26), arthritis (RR=1.39), 

osteoporosis (RR=1.30) and mental health (RR=1.23). After adjustment (Model 5), all 

associations for female carers disappeared except for diabetes (RR=1.21) and asthma 

(RR=1.33). For both males and females, the PAR associated with being a carer in relation to 

the range of chronic conditions remained small. 

 

5.5 Discussion 

 

This representative population-based study of carer health characteristics estimated there were 

6.4% (95% CI 6.0-6.8) of the SA population aged 16 years and older, who were informal carers. 

It shows that carers were more likely to report chronic conditions, psychological distress, 

disability, and to perceive their health status as poor to fair. In terms of their risk factor status, 

after controlling for age and sex, carers were more likely to report smoking, raised cholesterol 

and high blood pressure than the non-carer population. The PAR of being a carer was minimal 

suggesting that informal caregiving does not appear to have contributed to the proportion of 

chronic disease in the sampled population, indicating that if there were no carers in the 

population, there would only be a small reduction in the number of cases of those with the 
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specified chronic conditions. However, in the SA sample, carers reported more chronic illness 

than found in other large international studies[48,49].  

 

Despite much published literature discussing chronic illness in carers, there remains a lack of 

details about the specific chronic conditions amongst carers, except for cardiovascular diseases 

and psychological conditions like stress and depression. Our current study of self-reported 

carer health in SA included a range of major chronic conditions in adult carers of all ages. The 

presence of asthma or other respiratory conditions is rarely demonstrated in other studies, 

although it is acknowledged that carers in this survey are living in Australia which has one of 

the highest rates of asthma in the world[50]. Other chronic conditions such as diabetes have been 

evident in a small number of population and clinical studies about informal caregivers [22].  

 

In the biomedical literature authors have described the link between long term informal 

caregiving, chronic stress, and physiological changes including the metabolic syndrome and 

other endocrine and immune conditions [24,51]. Some of these studies have investigated the 

impact of caring for a spouse with dementia or a child with a disability where carers were seen 

to be more at risk of serious chronic physical conditions (such as Coronary Heart Disease) or 

mental health conditions [52].  

 

There are interesting similarities and contrasts between South Australian and international 

surveys of informal carers. For example, two large population-based surveys exploring the 

characteristics of informal carers have some relevance to our research [48,49]. The 2011/12 

Spanish population-based national survey, although limited to informal carers in households 

with a disabled resident, explored associations between the carers, disease and risk factors and 

compare them with matched controls [48]. Variables included diabetes, HBP, cholesterol, 
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smoking, physical activity and drinking alcohol. Results indicated there was some evidence of 

depression and anxiety amongst female carers, but it was gender and the caring role that was 

seen to mediate chronic diseases in the Spanish carers [48]. Our survey results showed carers 

were more likely to have diabetes, asthma and arthritis, plus major risk factors such as smoking, 

raised cholesterol and HBP. 

 

A Swedish population survey collected self-reported data between 2004-2013 with the aim of 

analysing associations between caregiving and health outcomes. The study also investigated 

carer self-rated health, the presence of long-term illness in carers and their psychological well-

being [49]. Comparisons with non-carers showed that carers had lower psychological wellbeing 

which was also reported in the Spanish Survey [48]. The self-rated perceptions of health in 

Swedish carers were worse than non-carers and adversely associated with carer health [49].  

 

Psychological distress has been consistently reported in caregiver research spanning at least 

three decades [53,54]. A British survey found there was a progressive increase of distress in carers 

as the amount of caregiving increased each week [14]. There are also well documented links 

between psychological distress and lower perceived health status, as well as associations 

between distress and the presence of chronic illness [54,55]. Although it is reported that women 

are statistically more likely to experience high psychological distress than men, the large 

volume of caregiving literature showing gender associated with distress, may have more to do 

with the fact that more women are in caregiving roles. As two thirds of carers from our survey 

were female, it may explain the finding of higher distress which supports that trend. Previous 

research undertaken by the current authors highlighted major demographic roles in carer 

status[56]. 
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The greater likelihood of carers in our sample reporting risk factors of smoking, diabetes, raised 

cholesterol and HBP when compared with non-carers, is interesting and highlights important 

issues for assessment of carer morbidity. Despite the wealth of information generated over past 

decades on the health impacts of smoking within various populations, discussions linking 

caregiving stress with smoking, are few. Like the Spanish study and to our own SAMSS 

surveys, some population surveys in recent years have included caregiving and smoking status 

in their questionnaires, for example the BRFSS state-based surveys being conducted across the 

USA [57]. Their results showed some similar characteristics to the South Australian survey in 

terms of gender and age distribution, but more of our carers reported disability or were current 

smokers.  

 

In relation to smoking characteristics, studies were mostly limited to the smoking habits of 

caregivers of dementia and AD patients. For example, one project which was part of the 

REACH II study, (a randomized clinical trial conducted 2002-2004 across several states of the 

US), showed that 40% of caregivers smoked, which was higher than smoking in the general 

population (22%) [58]. Findings indicated that nearly a quarter of informal carers of persons 

with Alzheimer’s disease, reported increased smoking over the previous month, which was 

linked with age, ethnicity and employment. Younger carers were more likely to be smokers, 

with depression the main stressor. The study suggested that the smoking increase in carers 

could be explained by less caregiving skills and fewer coping resources of the carers [58]. 

Evidence cited from other studies linked the caregiver role with higher distress and to smoking 

behaviours with subsequent impact on heart disease [59].  
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Strengths and limitations 

 

The strengths of this study are the large sample size, the use of standardized validated 

instruments, and a well-established definition of carers that have not altered over the period of 

data collection, and also the stability of the methodology used over the research period. Our 

sample of carers was selected from part of a large representative state-wide surveys over a five-

year period and therefore results are applicable to the wider population. The use of PAR 

analysis to determine the contribution of caregiving to major chronic conditions in carers, to 

our knowledge has not been undertaken using carer data before. Specific variables for this 

study included some of the major health risk factors and chronic conditions, however as data 

were cross sectional, only associations between carers and chronic illnesses and risk factors 

could be reported. The self-reported nature of the data collection is also acknowledged as a 

weakness of the study with the known subtleties associated with persons over-or 

underreporting their behaviours. For example, measurements to confirm the accuracy of each 

person’s height and weight, blood pressure and cholesterol, were not undertaken and so these 

may be under-estimated [60,61]. 

 

The structure of the data base and the methodology used also limits data collected to 

demographic questions and health indicators that are suited to telephone and CATI protocols 

[62]. We acknowledge that the relationship between caregiving and physical health is complex, 

bi-directional and can be mediated by several factors. For example, pre-existing health 

problems of the carers, diagnosis of the cared for person, duration and intensity of the 

caregiving, type of caring role (whether more physically oriented or emotionally demanding. 

Questions about carer lifestyles and environments, cultural, family and social characteristics 

were also very limited as the survey was not conducive to in-depth interviewing of each 
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participant. Hence it was not possible to gather additional information about the cared for 

persons, their diagnosis and disability or the duration or intensity of care provided. Despite 

that, the sampling process did allow for carer heterogeneity within the population as it did not 

limit the recruitment of carers to any one type of caregiving or care recipient condition. 

Additional information from carers on specific somatization symptoms like sleeping disorders, 

musculoskeletal conditions, injuries, pain and general discomfort would have been valuable 

but these would require a separate study. There may be opportunity for this research in the 

future. Lastly it is acknowledged that the scope of health issues investigated in this study was 

limited partly due to lack of evidence between informal caring and health status after 

adjustments for various variables. 

 

Conclusion  

 

The profiles of carer health in this study highlight several aspects of caregiving in the South 

Australian population. This study shows that informal carers, now recognised as the partners 

in care, were in terms of their own health status, reporting a range of diagnosed diseases such 

as asthma, diabetes, arthritis, as well as risk factors of smoking, cholesterol and blood pressure. 

However, although carers in this sample had higher prevalence of almost all conditions, this 

higher prevalence disappeared for male carers in the process of statistical adjustments. For 

female carers after adjustments, all associations with chronic conditions disappeared except for 

diabetes and asthma. Therefore, any excess prevalence of chronic conditions in the population 

that results from people providing care is small. The estimation of population attributable risk 

associated with caregiving for these selected physical health conditions was not expected to be 

large, and this is indeed what was found. Overall, we concluded that our findings of small 
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effect-size differences in physical health outcomes between carers and non–carers was 

associated with small to moderate risk of informal carers having these chronic conditions.  

 

This study is novel and useful, not just for demonstrating these differences in carer health status 

and morbidity, but rather to show that major health disorders are present within the carer 

population. These findings offer more detailed information on types of chronic health problems 

such as asthma, diabetes, arthritis and hypertension that need more appropriate disease 

management strategies that are specific to carers.  

 

Our results also provide a baseline for assessing and comparing trends across a range of chronic 

conditions and risk factors amongst future carers. Therefore, monitoring of carer health and 

morbidity, particularly ‘at risk’ individuals such as female carers with diabetes and asthma, is 

important to track trends in chronic health conditions, distress and disability in informal 

caregivers To achieve this, caregiver-based studies need to become part of mainstream 

biomedical research at both epidemiological and clinical levels. 
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Table 5-1 Demographic and health variable comparison between carers and 

 non-carers 

 

DEMOGRAPHIC 

VARIABLES 

 

Non-Carers 

n 

Non-carers 

% 

 

Carers 

n 

Carers 

% 

 

p-value 

χ2 test 

GENDER      

Males 

Females         

 

15,998 

16,949 

 

48.6 

51.4 

 

806 

1,441 

 

35.9 

64.1d 

 

 

<0.001 

AGE GROUP  

16-39  

40-49 

50-59 

60-69 

70-79 

80 and over 

 

12,758 

5,823 

5,511 

4,341 

2,766 

1,746 

 

38.7 

17.7 

16.7 

13.2 

8.4 

5.3 

 

474 

468 

513 

395 

242 

153 

 

21.1 

20.9 

22.8 

17.6 

10.8 

6.8 

 

 

 

 

 

 

<0.001 

HEALTH STATUS  

(Short Form) SF-1 

Excellent , Very G, Good 

Fair or Poor 

 

 

27,466 

5,481 

 

 

83.4 

16.6 

 

 

1,644 

602 

 

 

73.2 

26.8 

 

 

 

<0.001 

Disability  

No 

Yes 

 

25,510 

7,437 

 

77.4 

22.6 

 

1,515 

731 

 

67.5 

32.5 

 

 

<0.001 

Psychological Distress (K10) 

No  

Yes 

 

29,496 

3,249 

 

90.1 

9.9 

 

1,898 

333 

 

85.1 

14.9 

 

 

<0.001 

 

HEALTH RISK FACTORS 

 

     

Alcohol Related Lifetime Risk  

Does not drink 

No risk  

Lifetime risk of harm 

 

7,562 

14,257 

11,005 

 

23 

43.4 

33.5 

 

657 

1,077 

499 

 

29.4 

48.2 

22.4 

 

 

 

<0.001 

Alcohol Related Injury  

Does not drink 

No risk 

Alcohol Related Injury Risk 

 

7,562 

20,538 

4,725 

 

23.0 

62.6 

14.4 

 

657 

1,376 

200 

 

29.4 

61.6 

9.0 

 

 

 

<0.001 

 

Body Mass Index (BMI) 

Underweight  

Normal 

Overweight 

Obese 

 

621 

11,252 

10,235 

7,323 

 

2.1 

38.2 

34.8 

24.9 

 

59 

649 

701 

381 

 

2.9 

31.0 

33.5 

32.6 

 

 

 

 

<0.001 

Fruit  

1 or less serves / day 

2 or more serves / day 

None /Don’t eat fruit 

Don’t know  

 

17,238 

14,059 

1,585 

64 

 

52.3 

42.7 

4.8 

0.2 

 

1,158 

965 

119 

4 

 

51.5 

42.9 

5.3 

0.2 

 

 

 

 

0.714 

Vegetables  

1 or less serves / day 

2-4 serves / day 

5 or more serves / day 

None /Don’t eat vegies 

Don’t know 

 

7,946 

21,072 

3,441 

259 

227 

 

24.1 

64 

10.4 

0.8 

0.7 

 

444 

1,488 

272 

23 

18 

 

19.8 

66.2 

12.1 

1.0 

0.8 

 

 

 

 

 

<0.001 

Physical Activity  

No activity 

Activity - not sufficient 

Sufficient Activity 

 

4,245 

7,663 

14,004 

 

16.4 

29.6 

54.0 

 

322 

591 

761 

 

19.2 

35.3 

45.5 

 

 

 

<0.001 
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Table 5.1 Continued 

 

     

 

HEALTH VARIABLES 

 

 

Non-Carers 

n 

 

Non-carers 

% 

 

 

Carers 

n 

 

Carers 

% 

 

 

p-value 

χ2 test 

High Blood Pressure 

 No 

Yes 

 

26,258 

6,689 

 

79.7 

20.3 

 

1600 

647 

 

71.2 

28.8 

 

 

<0.001 

High Cholesterol  

No 

Yes 

 

27,604 

5343 

 

83.8 

16.2 

 

1,701 

545 

 

75.7 

24.3 

 

 

<0.001 

Smoking Status  

Non/Ex 

Current 

 

27,792 

5,151 

 

84.4 

15.6 

 

1,797 

449 

 

80.0 

20.0 

 

 

<0.001 

 

CHRONIC CONDITIONS 

 

     

Arthritis  

No 

Yes 

 

26,279 

6.668 

 

79.8 

20.2 

 

1,542 

704 

 

68.7 

31.3 

 

 

<0.001 

Asthma  

Don’t Know / No 

Yes 

 

28,638 

4,309 

 

86.9 

13.1 

 

1,832 

414 

 

81.5 

18.0 

 

 

<0.001 

Chronic Obstructive 

Pulmonary Disease  

Don’t Know / No 

Yes 

 

 

31,543 

1,404 

 

 

95.7 

4.3 

 

 

2,093 

153 

 

 

93.2 

6.8 

 

 

 

<0.001 

Cardiovascular Disease  

Don’t Know / No 

Yes, CVD 

 

30,487 

2,460 

 

93.8 

7.5 

 

2,002 

245 

 

6.2 

10.9 

 

 

<0.001 

Diabetes  

Don’t Know / No 

Yes 

 

30,274 

2,673 

 

91.9 

8.1 

 

1,953 

294 

 

86.9 

13.1 

 

 

<0.001 

Osteoporosis  

Don’t Know / No 

Yes 

 

31,481 

1,467 

 

95.5 

4.5 

 

2,099 

147 

 

93.4 

6.6 

 

 

<0.001 

Mental Health Problems 

Don’t Know / No 

Yes 

 

27,082 

5,865 

 

82.2 

17.8 

 

1,723 

523 

 

76.7 

23.3 

 

 

<0.001 

 

Data Source: SAMSS (South Australian Monitoring and Surveillance System) 2010-2015. 
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Table 5-2 Unadjusted and adjusted associations between carers and health  

related variables. 

 

HEALTH VARIABLES  

Carer 

n 

Carer 

% 

Unadjusted OR p-value Adjusted OR p-value 

HEALTH STATUS 

      

 (Short Form) SF-1      

Excellent/ very good / good 

Fair / poor 

 

1644 

603 

 

5.7 

9.9 

 

1.00 

1.84 (1.59-2.12) 

 

 

<0.001 

 

1.00 

1.62 (1.39-1.89) 

 

 

<0.001 

Disability 

No/ don’t know 

Yes 

 

1516 

732 

 

5.6 

9.0 

 

1.00 

1.65 (1.45-1.89) 

 

 

<0.001 

 

1.00 

1.44 (1.25-1.66) 

 

 

<0.001 

Psychological Distress [K10] 

No 

 Yes 

 

1898 

334 

 

6.1 

9.3 

 

1.00 

1.60 (1.32-1.92) 

 

 

<0.001 

 

1.00 

1.63 (1.35-1.98) 

 

 

<0.001 

 

HEALTH  RISK FACTORS  

      

Alcohol Related  

Lifetime Risk 

Does not drink alcohol  

No risk 

Lifetime risk of harm 

 

 

657 

1078 

499 

 

 

8.0 

7.0 

4.3 

 

 

1.00 

0.87 (0.75-1.00) 

0.52 (0.43-0.63) 

 

 

 

0.056 

<0.001 

 

 

1.00 

0.82 (0.71-0.95) 

0.64 (0.52-0.78) 

 

 

 

0.009 

<0.001 

Alcohol Related Injury Risk 

Does not drink alcohol  

No risk 

Risk of alcohol related injury 

 

657 

1376 

201 

 

8.0 

6.3 

4.1 

 

1.00 

0.77 (0.67-0.89) 

0.49 (0.37-0.64) 

 

 

<0.001 

<0.001 

 

1.00 

0.77 (0.66-0.88) 

0.71 (0.53-0.95) 

 

 

<0.001 

0.019 

Body Mass Index (BMI) 

Underweight 

Normal 

Overweight 

Obese 

 

60 

650 

701 

682 

 

8.8 

5.5 

6.4 

8.5 

 

1.00 

0.60 (0.38-0.96) 

0.71 (0.45-1.14) 

0.97 (0.60-1.54) 

 

 

0.033 

0.156 

0.886 

 

1.00 

0.60 (0.37-0.96) 

0.69 (0.43-1.12) 

0.87 (0.54-1.41) 

 

 

0.035 

0.134 

0.582 

Vegetables 

1 or less 

2 or more 

5 or more 

None 

Don’t know 

 

445 

1488 

272 

24 

19 

 

5.3 

6.6 

7.3 

8.3 

7.6 

 

1.00 

1.26 (1.07-1.49) 

1.41 (1.13-1.77) 

1.62 (0.81-3.26) 

1.47 (0.80-2.70) 

 

 

0.005 

0.002 

0.176 

0.209 

 

1.00 

1.17 (1.00-1.38) 

1.23 (0.99-1.54) 

1.68 (0.82-3.42) 

1.26 (0.69-2.29) 

 

 

0.056 

0.065 

0.156 

0.456 

Fruit  

1 or less 

2-4  

5 or more 

None 

Don’t know 

 

1158 

965 

119 

5 

 

6.3 

6.4 

7.0 

6.5 

 

1.0 

1.02 (0.90-1.15) 

1.12 (0.81-1.54) 

1.03 (0.33-3.26) 

 

 

0.742 

0.483 

0.954 

 

1.0 

0.95 (0.84-1.08) 

1.16 (0.85-1.59) 

0.92 (0.29-2.86) 

 

 

0.425 

0.349 

0.880 

Physical Activity 

No activity 

Activity but not sufficient 

Sufficient Activity 

 

322 

591 

762 

 

7.1 

7.2 

5.2 

 

1.00 

1.02 (0.82-1.26) 

0.72 (0.58-0.88) 

 

 

0.886 

0.001 

 

1.00 

1.07 (0.86-1.33) 

0.87 (0.70-1.07) 

 

 

0.549 

0.176 

High Blood Pressure 

No/ don’t know 

Yes 

 

1600 

647 

 

5.7 

8.8 

 

1.00 

1.59 (1.40-1.79) 

 

 

<0.001 

 

1.00 

1.22 (1.06-1.40) 

 

 

<0.001 

High Cholesterol 

No/ don’t know 

Yes 

 

1702 

546 

 

5.8 

9.3 

 

1.00 

1.66 (1.46-1.88) 

 

 

<0.001 

 

1.00 

1.29 (1.13-1.47) 

 

 

<0.001 

Smoking Status 

Non /Ex 

Current 

 

1798 

450 

 

6.1 

8.0 

 

1.00 

1.35 (1.14-1.60) 

 

 

0.001 

 

1.00 

1.43 (1.20-1.71) 

 

 

<0.001 
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Table 5-3 Unadjusted and adjusted associations between carers and health related 

variables  

HEALTH VARIABLES 

Carer 

n 

Carer 

% 

Unadjusted 

OR 

p-value Adjusted OR p-value 

 

CHRONIC 

CONDITIONS 

      

                 

Arthritis       

No/ don’t know 

Yes 

 

 

1543 

705 

 

 

5.6 

9.6 

 

 

1.00 

1.80 (1.59-2.04) 

 

 

 

<0.001 

 

 

1.00 

1.34 (1.16-1.55) 

 

 

 

<0.001 

Asthma 

No/ don’t know 

Yes 

 

1833 

414 

 

6.0 

8.8 

 

1.00 

1.50 (1.27-1.78) 

 

 

<0.001 

 

1.00 

1.49 (1.26-1.76) 

 

 

<0.001 

Chronic Obstructive 

Pulmonary Disease 

No/ don’t know 

Yes 

 

 

2094 

154 

 

 

6.2 

9.9 

 

 

1.00 

1.65 (1.27-2.14) 

 

 

 

<0.001 

 

 

1.00 

1.40 (1.07-1.83) 

 

 

 

0.014 

Cardiovascular Disease 

No/ don’t know 

Yes 

 

2002 

245 

 

6.2 

9.1 

 

1.00 

1.52 (1.28-1.80) 

 

 

<0.001 

 

1.00 

1.29 (1.06-1.56) 

 

 

0.009 

Diabetes 

No/ don’t know 

Yes 

 

1953 

294 

 

6.1 

9.9 

 

1.00 

1.71 (1.43-2.03) 

 

 

<0.001 

 

1.00 

1.43 (1.19-1.72) 

 

 

<0.001 

Osteoporosis 

No/ don’t know 

Yes 

 

2100 

148 

 

6.3 

9.1 

 

1.00 

1.51 (1.26-1.81) 

 

 

<0.001 

 

1.00 

1.02 (0.84-1.23) 

 

 

0.835 

Mental health conditions 

No 

Yes 

 

 

1724 

523 

 

 

6.0 

8.2 

 

 

1.00 

1.40 (1.21-1.63) 

 

 

 

<0.001 

 

 

1.00 

1.34 (1.15-1.56) 

 

 

 

<0.001 

 

Data Source: SAMSS (South Australian Monitoring and Surveillance System) 2010-2015.  

OR=Odds Ratio 
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Table 5-4 PAR of being a carer associated with six chronic conditions, unadjusted and four multivariable models. 

 Model 1: Unadjusted Model 2 Model 3 Model 4 Model 5 

 RR  

(95% CI) 

PAR %  

(95% CI) 

RR 

(95% CI) 

PAR %  

(95% CI) 

RR  

(95% CI) 

PAR %  

(95% CI) 

RR  

(95% CI) 

PAR %  

(95% CI) 

RR 

 (95% CI) 

PAR %  

(95% CI) 

Diabetes           

  1.61 (1.38-1.88) 3.77 (2.29-5.22) 1.32 (1.14-1.52) 2.35 (0.98-3.69) 1.23 (1.07-1.42) 1.86 (0.46-3.23) 1.19 (1.02-1.38) 1.58 (0.12-3.01) 1.19 (1.02-1.39) 1.67 (0.09-3.22) 

Asthma           

  1.41 (1.23-1.62) 2.55 (1.37-3.72) 1.41 (1.23-1.62) 2.58 (1.38-3.77) 1.32 (1.15-1.52) 2.16 (0.94-3.36) 1.30 (1.13-1.49) 2.02 (0.84-3.18) 1.26 (1.10-1.46) 1.94 (0.64-3.22) 

Cardio-

vascular 

disease 

          

  1.46 (1.25-1.70) 2.85 (1.50-4.19) 1.13 (1.00-1.29) 1.02 (-0.10-2.12) 1.12 (0.96-1.30) 0.96 (-0.37-2.28) 1.07 (0.93-1.24) 0.61 (-0.71-1.91) 1.05 (0.91-1.22) 0.47 (-0.91-1.83) 

Arthritis           

  1.55 (1.42-1.69) 3.39 (2.59-4.17) 1.19 (1.10-1.30) 1.55 (0.77-2.33) 1.13 (1.04-1.22) 1.07 (0.29-1.85) 1.12 (1.03-1.21) 1.00 (0.22-1.76) 1.08 (0.99-1.18) 0.71 (-0.10-1.52) 

Osteoporosis           

  1.48 (1.25-1.75) 2.95 (1.44-4.43) 1.06 (0.90-1.24) 0.51 (-0.94-1.95) 0.99 (0.84-1.17) -0.05 (-1.57-1.45) 0.99 (0.84-1.17) -0.10 (-1.62-1.40) 0.98 (0.82-1.17) -0.16 (-1.87-1.52) 

Mental Health           

  1.31 (1.17-1.47) 1.93 (1.00-2.85) 1.25 (1.12-1.41) 1.65 (0.71-2.58) 1.10 (0.98-1.23) 0.72 (-0.23-1.67) 1.08 (0.96-1.21) 0.62 (-0.32-1.55) 1.03 (0.90-1.19) 0.28 (-0.93-1.47) 

 

Data Source: SAMSS (South Australian Monitoring and Surveillance System) 2010-2015.  

RR=Relative Risk, PAR=Population Attributable Risk. For each of the 6 chronic conditions listed above, five models were created. 

 

Model 1: Unadjusted PAR. 

Model 2: Adjusted PAR controlling for sex and age;  

Model 3: Adjusted PAR controlling for age, sex, educational attainment, income and work status;  

Model 4; Adjusted PAR controlling for age, sex, educational attainment, income, work status, HBP and high cholesterol; and  

Model 5: Adjusted PAR controlling for age, sex, educational attainment, income, work status, HBP, high cholesterol, sufficient fruit consumption, sufficient 

vegetable consumption, smoking status, BMI and sufficient physical activity.  
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Table 5-5 PAR of being a carer associated with six chronic conditions, unadjusted and four multivariable models, Males 

 Model 1: Unadjusted Model 2 Model 3 Model 4 Model 5 

 RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

 

Diabetes 

          

 
1.79 (1.41-2.72) 3.64 (1.71-5.53) 1.35 (1.08-1.67) 2.10 (0.36-3.82) 1.22 (0.98-1.52) 1.49 (-0.29-3.25) 1.16 (0.93-1.46) 1.17 (-0.71-3.02) 1.18 (0.93-1.50) 1.33 (-0.70-3.32) 

 

Asthma 

          

  1.17 (0.89-1.55) 0.83 (-0.73-2.35) 1.25 (0.94-1.66) 1.11 (-0.47-2.66) 1.13 (0.86-1.50) 0.66 (-0.91-2.20) 1.13 (0.86-1.48) 0.63 (-0.91-2.14) 1.07 (0.80-1.44) 0.38 (-1.29-2.02) 

Cardio-

vascular 

Disease 

  

 

        

  1.87 (1.51-2.32) 4.01 (2.21-5.77) 1.20 (1.01-1.43) 1.36 (-0.04-2.74) 1.18 (0.96-1.45) 1.33 (-0.44-3.07) 1.10 (0.97-1.34) 0.79 (-0.97-2.52) 1.11 (0.90-1.37) 0.86 (-0.98-2.67) 

Arthritis           

  1.69 (1.43-2.01) 3.21 (1.90-4.51) 1.20 (1.04-1.39) 1.25 (0.21-2.29) 1.15 (0.98-1.36) 1.03 (-0.26-2.31) 1.14 (0.97-1.34) 0.96 (-0.34-2.24) 1.11 (0.94-1.32) 0.79 (-0.52-2.08) 

Osteoporosis           

  1.19 (0.75-1.89) 0.90 (-1.73-3.46) 0.83 (0.53-1.30) -1.18 (-3.80-1.37) 0.70 (0.44-1.13) -2.39 (-5.27-0.41) 0.69 (0.43-1.12) -2.51 (-5.42-0.31) 0.47 (0.15-1.53) -5.36 (-12.55-1.37) 

Mental 

Health 

          

  1.32 (1.04-1.66) 1.50 (0.07-2.91) 1.37 (1.09-1.74) 1.70 (0.25-3.13) 1.08 (0.86-1.35) 0.44 (-0.98-1.84) 1.07 (0.86-1.34) 0.42 (-0.98-1.80) 1.01 (0.77-1.31) 0.04 (-1.70-1.74) 

 
Data Source: SAMSS (South Australian Monitoring and Surveillance System) 2010-2015.  

RR=Relative Risk, PAR=Population Attributable Risk. For each of the 6 chronic conditions listed above, five models were created. 

Model 1: Unadjusted PAR. 

Model 2: Adjusted PAR controlling for sex and age;  

Model 3: Adjusted PAR controlling for age, sex, educational attainment, income and work status;  

Model 4; Adjusted PAR controlling for age, sex, educational attainment, income, work status, HBP and high cholesterol; and  

Model 5: Adjusted PAR controlling for age, sex, educational attainment, income, work status, HBP, high cholesterol, sufficient fruit consumption, sufficient 

vegetable consumption, smoking status, BMI and sufficient physical activity.  
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Table 5-6 PAR of being a carer associated with six chronic conditions, unadjusted and four multivariable models, Females 

 Model 1: Unadjusted Model 2 Model 3 Model 4 Model 5 

 RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

RR 

 (95% CI) 

PAR % 

 (95% CI) 

Diabetes           

  1.53 (1.25-1.87) 3.97 (1.73-6.16) 1.32 (1.09-1.59) 2.70 (0.59-4.77) 1.27 (1.04-15.4) 2.38 (0.22-4.50) 1.22 (1.01-1.47) 2.06 (-0.11-4.17) 1.21 (1.00-1.47) 2.16 (-0.16-4.43) 

Asthma           

  1.42 (1.22-1.66) 3.21 (1.56-4.83) 1.46 (1.24-1.71) 3.39 (1.71-5.04) 1.38 (1.18-1.63) 3.00 (1.30-4.68) 1.36 (1.16-1.59) 2.83 (1.17-4.46) 1.33 (1.13-1.56) 2.84 (1.02-4.63) 

Cardio 

vascular 

Disease 

          

  1.26 (1.02-1.55) 1.97 (-0.03-3.94) 1.09 (0.90-1.31) 0.75 (-1.04-2.51) 1.09 (0.88-1.34) 0.78 (-1.25-2.77) 1.05 (0.86-1.29) 0.48 (-1.52-2.44) 1.01 (0.82-1.24) 0.12 (-1.96-2.15) 

Arthritis           

  1.39 (1.26-1.53) 2.96 (1.95-3.96) 1.15 (1.05-1.26) 1.39 (0.42-2.34) 1.11 (1.02-1.22) 1.09 (0.12-2.05) 1.10 (1.01-1.21) 1.00 (0.04-1.95) 1.06 (0.97-1.17) 0.65 (-0.39-1.67) 

Osteoporosis           

  1.30 (1.09-1.55) 2.29 (0.53-4.01) 1.09 (0.93-1.29) 0.86 (-0.73-2.42) 1.05 (0.88-1.26) 0.51 (-1.24-2.23) 1.05 (0.88-1.25) 0.48 (-1.28-2.20) 1..01 (0.70-1.46) 0.17 (-4.59-4.71) 

Mental Health           

  1.23 (1.07-1.40) 1.74 (0.51-2.95) 1.22 (1.06-1.39) 1.68 (0.44-2.91) 1.11 (0.97-1.27) 0.92 (-0.34-2.17) 1.09 (0.95-1.24) 0.77 (-0.48-1.99) 1.05 (0.89-1.23) 0.43 (-1.18-2.02) 

 
Data Source: SAMSS (South Australian Monitoring and Surveillance System) 2010-2015. RR=Relative Risk, PAR=Population Attributable Risk. For each of the 6 chronic 

conditions listed above, five models were created. 

 

Model 1: Unadjusted PAR. 

Model 2: Adjusted PAR controlling for sex and age  
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6.1 Abstract  

 

Objectives  

 

To compare the biomedical health profile and morbidity of adult carers with non-carers. 

 

Methods 

 

The North West Adelaide Health Study (NWAHS) is a representative population-based 

longitudinal biomedical cohort study of 4056 participants aged 18 years and over at Stage One. 

Informal (unpaid) carers were identified in Stage 3 of the project (2008-2010). Risk factors, 

chronic medical conditions and biomedical, health and demographic characteristics using self-

report and blood measured variables were assessed. Data were collected through clinic visits, 

telephone interviews and self-completed questionnaires. Risk factors included blood pressure, 

cholesterol/lipids, body mass index (BMI), smoking and alcohol intake. Chronic medical 

conditions included cardiovascular and respiratory diseases, diabetes, and musculoskeletal 

conditions. Blood measured variables were routine haematology, biochemistry, Vitamin D, and 

the inflammatory biomarkers high sensitivity C-Reactive Protein (hs-CRP), Tumor Necrosis 

Factor alpha (TNFα) and Interleukin-6 (Il-6).  

 

Results  

 

The prevalence of carers aged 40 years and over was 10.7%, n=191. Carers aged 40 years and 

over were more likely to assess their health status as fair/poor and report having diabetes, 

arthritis, anxiety and depression. They also reported insufficient exercise and were found to 
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have higher BMI compared with non-carers. Significant findings from blood measured 

variables were lower serum Vitamin D and haemoglobin. Male carers had raised diastolic blood 

pressure, higher blood glucose, lower haemoglobin and albumin levels and slightly elevated 

levels of the inflammatory biomarkers TNFα and hs-CRP. 

 

Discussion and Conclusions 

 

This study confirms informal carers had different biomedical profiles to non-carers that 

included some chronic physical illnesses. It identifies that both female and male carers showed 

a number of risk factors which need to be considered in future caregiver research, clinical 

guidelines and policy development regarding carer morbidity.  

 

6.2 Introduction 

 

Although research findings in the caregiving literature have been mixed and at times 

contradictory, providing long-term care of persons with disability, physical, mental health 

illnesses and frailty, has been associated with higher rates of hypertension, heart disease, 

arthritis and other chronic conditions in informal family carers [1-7]. The psychological impact 

of informal caregiving on carer health, which has received greater emphasis than chronic 

conditions in the caregiving literature, has indicated that carers frequently experience stress, 

distress, anxiety and depression, particularly female carers who usually represent the majority 

of carers [2,8-13]. Published research has mostly been based on self-reported data, while 

biomedical profiles of carer health that include clinic measured physical and physiological data 

have been slower to emerge, especially those using well-designed population studies.  
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Population studies based on self-report data 

 

National surveys of family carers from the United Kingdom, Europe, Canada, Australia and 

other countries have described some international trends of carer morbidity at the population 

level[14-19]. They have found independent associations of chronic exposure to informal 

caregiving and self-reported poor health even at the extremes of the age range, in both younger 

and older carers[20]. In recent years surveys of the public health impacts of caregiving in the 

United States of America (USA) indicate family carers have had a slight to modest decline in 

their health [21,22]. Carers also reported chronic medical conditions such as diabetes, and joint 

pain was identified as a recurrent health problem. Assessing risk factors among carers revealed 

responsible health behaviours in relation to taking exercise and checking cholesterol levels, 

and those carers surveyed were less likely to be current smokers [23].  

 

Biomedical measures of carer health: Inflammatory biomarkers  

 

Biomedical studies in the caregiver literature examining inflammatory, immunological and 

metabolic profiles of carers include mainly small clinical studies. Some of these demonstrated 

associations between informal caregiving and altered biomarkers in carers of persons with 

stroke, cancer or the frail aged [4,24]. More detailed physiological assessments of carers’ health 

have revealed elevated levels of pro-inflammatory biomarkers, in particular plasma cytokines 

such as Interleukin (IL-6), high sensitivity C-Reactive Protein (hs-CRP) and Tumor Necrosis 

Factor alpha (TNFα) [25-27].  

 

There have been mixed results from other studies of biomarkers among carer participants. For 

example, a recent review of the literature (2017) found only weak associations between 
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caregiving, stress and increased pro-inflammatory biomarkers, such as IL-6 and CRP among 

spousal and female home based relatives caring for older persons. The carers themselves were 

often aged sixty years and over [28]. Another systematic review that was specific to the 

psychobiological impact of dementia caregiving had a focus on chronic stress and incorporated 

a broad range of biological markers [29]. An overview of risk factors in carers confirmed 

differences in blood pressure and heart rate between carers and non-carers, also Body Mass 

Index (BMI) and weight gain were reported to be different between male and female carers [30]. 

Caregiving stress was found to be moderated by gender [30] while an earlier study had reported 

that the negative impact of caregiving on health was not observed in individuals who did not 

find caregiving to be stressful [7]. As much past research has been based on dementia caregiving 

and stress in carers, there is a lack of population research which can provide a broader profile 

of carer health characteristics and offer a different perspective of the distribution of chronic 

disease among informal carers. 

 

This study therefore aimed to compare general and biomedical health status of informal carers 

with non-carers from the same population. Access to comprehensive self-reported and 

biomedical data from the North West Adelaide Health Study (NWAHS) made our investigation 

possible and provided a wider selection of haematological and biochemical blood variables 

rarely featured in carer projects. Research objectives were to analyse a range of risk factors and 

selected chronic medical conditions, using both self-report and clinically measured blood and 

other biomedical variables, including a selection of inflammatory biomarkers.  

 

The research questions were: Do informal family carers show different biomedical profiles in 

terms of blood and other measured variables than non-carers? and secondly; Is there an 
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association between the caregiving role, risk factors and chronic conditions amongst South 

Australian informal carers?  

 

6.3 Methods 

 

Study Design and Setting 

 

 The NWAHS is a representative population based longitudinal cohort study set in the north 

and western suburbs of Adelaide, which is the capital of South Australia. The northern and 

western regions of Adelaide number approximately half of the city's population and one quarter 

of South Australia's population. These regions reflected the demographic profile of the state's 

population at the time of the initial data collection. The study was designed to investigate the 

prevalence of a number of chronic conditions and health-related risk factors along a continuum. 

Stage 1 occurred between 1999 and 2003, Stage 2: 2004-6 and Stage 3: 2008-10. Details of all 

methods used in the NWAHS, including original sample selection procedure, entry and 

exclusion criteria, original interview schedules and biomedical measurements have been 

comprehensively described and published elsewhere [31,32]. 

 

Study population and participants  

 

Initially 4,056 participants aged 18 years were randomly selected and recruited by telephone 

interview in Stage 1. The analysis for this paper focuses on data collected from Stage 3 (2008-

2010). Data collection at Stage 3 included (1) a Computer Assisted Telephone Interview 

(CATI); (2) a self-completed questionnaire; (3) a biomedical examination at a clinic. Overall 

2,487 (67%) of the eligible sample completed all of these assessments. The main focus of our 
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study compared health risk factors, chronic medical conditions and biomedical health 

characteristics with non-carers, using self-report, clinic and blood measured variables. Only 

those aged over 40 years were included in this study as testing for all of the inflammatory 

biomarkers was only conducted on this group.  

 

Self-reported variables 

 

In order to determine the prevalence of carers within the cohort, participants were asked as part 

of the self-complete questionnaire: 

Do you provide long-term care at home for a parent, partner, child, other relative or friend, 

who has a disability, is frail, aged or who has a chronic mental or physical illness?  

 

Demographic characteristics selected for this study included age, sex, marital status, work 

status, educational status, annual household income, and employment status (including whether 

participants received government support from age, carer or disability pensions). Participants 

self-reported if they had ever been diagnosed by a doctor for arthritis, cardiovascular (CVD) 

(i.e. heart attack, stroke, angina, transient ischaemic attack), or a mental health condition (i.e. 

anxiety, depression, stress related problems). 

  

Smoking was assessed using standard questions which related to current smoking and the 

frequency of smoking and alcohol consumption was determined from questions based on the 

National Heart Foundation Risk Factor Prevalence Study undertaken in 1989 [33]. Physical 

activity was determined from the amount of walking, moderate and/or vigorous activity 

undertaken over a one week period, which was then categorized into “No activity”, 

“Insufficient activity” (less than 150 minutes of walking, moderate and/or vigorous activity) 



 

167 

 

and “Sufficient” (150 minutes or more per week) [34]. General health was assessed using the 

SF-1, which is the first question of the Short Form 36 81(SF-36) [35]. 

 

Clinic measured variables 

 

The presence of diabetes was derived from a self-reported doctor diagnosis of diabetes and/or 

a fasting plasma glucose level of greater than or equal to 7.0 mmol/L. The presence of asthma 

was determined using self-reported, doctor diagnosed asthma and spirometry measures 

following administration of salbutamol. For example, a change in Forced Expiratory Volume 

in one second, (FEV1) >=12% and >200ml, or absolute change greater or equal to 400ml from 

baseline measurements [36,37]. 

 

Other clinically measured risk factors included blood pressure readings, height and weight for 

calculation of BMI, and waist and hip circumference measurements to determine waist/hip 

ratio (WHR) using standardized measurement techniques. Details of procedures for measuring 

and techniques have been described and published elsewhere [38-40]. BMI was categorized 

according to the World Health Organization (WHO) criteria and a high WHR was defined as 

> 1.0 for males and >0.85 for females [41,42].  

 

A fasting blood sample was collected by venipuncture from all participants who were able to 

provide an adequate amount of blood sample at the clinic visit. Samples were transported to an 

accredited National Association of Testing Associations (NATA) laboratory for analysis. 

Biochemical measurements of hs-CRP, glucose and albumin levels were determined using an 

Olympus AU5400 (Beckman Coulter, USA) and glycosylated haemoglobin (HbA1c) using a 

Bio-Rad Variant II (HPLC) (Bio-Rad, USA).  
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High density lipoprotein (HDL) and total cholesterol were analysed using an Olympus 

AU5402. Both low density lipoprotein (LDL) and the total cholesterol/HDL ratio were 

calculated from these results. Haemoglobin (Hb) levels were determined using a Sysmex XE 

(Japan). Vitamin D levels to April 2010 were determined using and enzyme Immunoassay 

method from Immunodiagnostic Systems (IDS, UK) and performed on a BEST 2000 

automated enzyme-linked immunosorbent assay (ELISA) system from Biokit.  From April 

2010, Vitamin D was measured using and automated Chemiluminescent assay from IDS and 

performed on an iSYS Automated Immunoassay system from IDS. The patient comparison 

during the change-over gave a Passing-bablock regression equation of y = -1.61 + 1.07x with 

a bias of -1.9nmol/L indicating good agreement. 

 

The fasting blood sample measured a series of inflammatory biomarkers in study participants 

aged 40 years and over. IL-6, TNFα, e-Selectin (e-Sel) and Myeloperoxidase (MPO) levels 

were measured with an ELISA and Cobas autoanalyzer (Roche Diagnostics US). 

  

Data weighting 

 

In Stage 1, data were weighted by region (western and northern health regions), age group, sex 

and probability of selection in the household to the Australian Bureau of Statistics 1999 

Estimated Resident Population and the 2001 Census data [43,44]. Weighting was undertaken to 

reflect the population of interest and to correct for potential non-response bias in which some 

groups of respondents may be over- or under-represented. Stage 3 was reweighted using the 

2009 Estimated Resident Population for South Australia and incorporated participation in the 

three components (CATI), self-complete questionnaire, clinic), whilst retaining the original 
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weight from Stage 1 in the calculation. All analyses in this paper, where applicable, are 

weighted to the population of the northern and western suburbs of Adelaide. 

 

Data Analysis  

 

Statistical analysis was conducted using SPSS version 24 (IBM, Armonk, NY, USA) and 

STATA version 14 (StataCorp, College Station, TX, USA)166. Descriptive analysis 

(proportions, means, medians where applicable) were determined for all of the predictor 

variables (demographic characteristics, chronic conditions and health risk factors). Bivariable 

analysis using chi-square tests and including post hoc tests using the adjusted residuals, were 

used to determine which categories were significantly different from the other categories, 

combined for both carers and non-carers. All continuous data were tested for normality using 

Kolmogorov-Smirnov and Shapiro-Wilk tests, and data that were not normally distributed were 

analysed using non-parametric tests (Mann-Whitney U). Generalised linear models using the 

binary outcome variable of presence carer or not a carer were used with the “svy” estimators 

in STATA and weighted data to determine the relative risks (RR) of each of the predictors, in 

association with the outcome variable. Separate multivariable models were created for males 

and females which included all possible predictors. 

 

Ethical approval 

 

All protocols and procedures were approved by the Human Research Ethics Committee of The 

Queen Elizabeth Hospital, in Adelaide, South Australia, and all participants provided written 

informed consent. 
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6.4 Results 

 

The prevalence of carers aged 40 and over was 10.7% (95% CI 9.3-12.3), n=191. Table 1 

presents the demographic characteristics for carers aged 40 years and over compared to non-

carers. Carers were more likely to be female, married and have a lower education level. They 

were also more likely to be retired, undertake home duties or were unable to work. Carers had 

higher levels of uptake of carer pensions, age pension and disability pension. Carers were also 

more likely to be over 60 years of age and have an annual income of between $20,000 and 

$40,000 per year.  

 

Table 2 presents bivariable analysis of general health, risk factor and chronic conditions of 

carers aged 40 years and over, compared to non-carers. Carers were more likely to have higher 

BMI and WHR than non-carers but were less likely to undertake a sufficient level of physical 

activity or have a high alcohol risk. Carers were also more likely to have diabetes, arthritis, 

anxiety, depression and fair/poor health status compared to non-carers.  

 

Table 3 presents a comparison between carers and non-carers for clinic measured variables 

(blood pressure and blood measured tests). Significant differences were evident between carers 

and non-carers for the blood measured variables hs-CRP, HbA1c, Hb, and Vitamin D (Table 

3). There were no significant differences with regard to the other inflammatory biomarkers IL-

6, MPO, TNFα, and e-Sel.  

 

Table 4 presents the results of the multivariable models for males and females. Pension type 

(carer, aged, disability) was excluded from the analysis, as were total cholesterol and total 

cholesterol/HDL ratio due to collinearity. Male carers compared with non-carer males were 
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more likely not to be employed (RR 2.52, 95% CI 1.19-5.31; p=0.015); undertake some activity 

(RR 2.21, 95% CI 1.22-4.00; p=0.009); have lower systolic (RR 0.96, 95% CI 0.94-0.99; 

p=0.011) but higher diastolic blood pressure (RR 1.13, 95% CI 1.07-1.20; p=<0.001). Male 

carers were also more likely to have higher levels of blood glucose (RR 1.40, 95% CI 1.03-

1.89; p=0.03), raised hs-CRP (RR 1.03, 95% CI 1.00-1.06; p=0.023) and TNFα (RR 1.12, 95% 

CI 1.06-1.20; p=<0.001) but lower levels of HbA1c (RR 0.54, 95% CI 0.33-0.89; p=0.016) and 

albumin (RR 0.90, 95% CI 0.82-1.00; p=0.040). Female carers were less likely to be widowed, 

separated or divorced and to have lower levels of income below $40,000 when compared with 

non-carer females.  

 

6.5 Discussion 

 

Reviewing our research questions, we examined whether informal family carers showed 

different biomedical profiles in terms of blood and other measured variables than non-carers. 

Overall our carers aged 40 years and over had only slightly elevated levels of the inflammatory 

biomarkers TNFα, hs-CRP, and HbA1c but they showed lower Vitamin D and Hb levels. The 

second research question investigated if there was an association between the caregiving role, 

risk factors and chronic conditions amongst informal carers. 

 

 Our findings indicate that when carers were compared with non-carers, they were more likely 

to have higher BMI and WHRs, report less than optimal physical activity and describe their 

health status as fair/ poor. In terms of chronic conditions carers were more likely to report 

diabetes, arthritis, anxiety and depression than non-carers. However, stress-related conditions 

were not evident amongst carers in our study and they reported significantly lower or no alcohol 

consumption risk (p=0.041). They were also less likely to be current smokers. 
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Vitamin D and other blood measured variables  

 

Comparing the large number of haematological and biochemical variables of carers with non-

carers in the NWAHS, yielded a few differences in blood pictures, for instance, levels of 

Vitamin D, Hb, HbA1c, TNFα and hs-CRP. Most of these results were within acceptable 

ranges, but of the five blood measured variables of interest, 25 (OH)D (Vitamin D) was the 

most notable result showing that carers had lower median levels when compared with non-

carers. Despite a large body of research on Vitamin D in the biomedical literature, of the studies 

collated, no comparable clinical research and population surveys could be identified reporting 

any association of Vitamin D with carer health outcomes in the context of informal caregiving. 

One previous project involving Stage 3 participants of the NWAHS, although not specific to 

carers, does provide an insight into Vitamin D and associated characteristics of that 

population[45].  

 

Obesity (indicating higher BMI), physical activity, gender and seasonality all appeared to have 

a strong association with Vitamin D levels. For instance, participants had lower Vitamin D 

levels even with seasonal variations during summer / spring months [45]. In our study based on 

participants from the same NWAHS population, carers had lower levels of Vitamin D in 

comparison to non-carers. This finding is important as Vitamin D can prevent conditions such 

as osteoporosis, particularly in post-menopausal women who represent up to half of all the 

female carers. Although osteoporosis was not significant amongst carers in our study, if carers 

were to develop osteoporosis related to low Vitamin D and nutritional deficiencies, they could 

be more at risk of injuries from frequently moving and lifting the persons being cared for [3].  
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Haemoglobin was found to be statistically different between the NWAHS carers and non-

carers. Albumin, another blood measured variable, was lower amongst male carers who were 

more at risk of lower levels than non-carers (RR=0.90, CI 95% 0.82-1.00; p=0.040) however 

these levels were not of clinical significance. Again, of the studies reviewed in the literature, 

none specifically highlighted haemoglobin or albumin in carer populations. Several studies 

reported measuring haematological and serum chemistry in carers as part of larger projects but, 

found few notable differences between the full blood counts with non-carers, other than 

variables specific to their own studies [46,47].  

 

Inflammatory biomarkers: TNFα and hs-CRP 

 

In our study there were only slight statistically significant differences in blood measured 

inflammatory biomarkers amongst NWAHS carers aged 40 years and over. namely, the immune 

regulatory cytokines hs-CRP and TNFα. These are acute phase markers of inflammation, 

especially hs-CRP which is used as a non-specific but very sensitive biomarker for detecting 

systemic inflammatory conditions, tissue damage and infection, as well as early onset 

cardiovascular disease [48].  

 

Although inflammatory biomarkers are not as frequently assessed in biomedical studies of 

caregivers, previous studies have identified male carers as more vulnerable to physiological 

and pathological changes as predicted by the presence of hs-CRP [25,49,50]. Our NWAHS male 

carers had minimally raised plasma levels of inflammatory biomarkers TNFα and to a lesser 

extent, hs-CRP when compared to non-carer male but the cytokine IL-6 levels were much 

lower in male carers when compared with male non-carers (RR 0.75, 95% CI 0.75-1.00; 

p=0.051) (See Table 4). Von Kanel et al. (2012) [30] had observed that being a carer did not 
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necessarily show increased hs-CRP levels, but rather hs-CRP increased over time as the 

caregiving burden continued. The longer duration of caregiving with elevated biomarkers 

(TNFα and hs-CRP) suggested a pro-inflammatory state [25]. As we did not have equivalent 

carer details in our own study, we were unable to examine biomarkers in terms of the duration 

of caring to make a comparison. 

 

HbA1c, Type II Diabetes and related chronic conditions 

 

Blood measured HbA1c levels were inconsistent in our study. Glycated Haemoglobin (HbA1c) 

is a measure that provides information on long-term glucose control and is a recognised 

biomarker used to establish the prevalence or presence of Type 2 diabetes. Our findings showed 

significant but minimal differences in HbA1c blood levels in our sample of carers, however 

self-report data suggested carers were at greater risk of Type 2 diabetes than non-carers. This 

was a similar finding to a previous state-wide population survey also using self-report data 

from South Australian carers which we conducted between 2010-2015 [51].  

 

Few published Australian population surveys that included carers have featured specific 

chronic conditions such as diabetes [20], while self-report health surveys conducted in Brazil, 

the USA and other countries have reported Type 2 diabetes in informal carers. In the 

biomedical literature there has been limited attention given to investigating diabetes-related 

characteristics in carers, and with the exception of one study [52], the emphasis has usually been 

on Type 2 diabetes in the person being cared for, rather than the carer.  
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Risk factors: physical activity and BMI 

 

Carers in our study were more likely to report insufficient activity or “no activity” than non-

carers, but how participants interpreted the questions about their own physical activity may 

have been a factor in their responses. For example, carers might be physically active but have 

a different type and level of activity associated with demanding caregiving duties. Older carers 

in particular and those with their own disabilities may not be able to participate in recreational 

exercise or sport. This was partly investigated in a population-based study which included 

community dwelling informal carers aged 40 years and over (n=1380) from the German 

Ageing Survey [53]. They found decreased sporting activities and higher BMI amongst carers 

could lead to adverse health outcomes for carers. It was also concluded that time spent 

caregiving performing regular personal care activities and nursing care services for persons in 

a poor state of health could be associated with stress and depression, which can in turn be 

linked with higher BMI [53]. These results are in keeping with trends from our own research 

confirming higher BMI in carers [54]. 

 

Stress and anxiety 

 

In the caregiving literature, parent carers, dementia and mental health carers have reported 

lower perceived health status [55,56]. NWAHS carers were also more likely to state their health 

was fair/poor. From a large British study of over 8000 middle aged men and women, carers 

rated their physical or mental health as fair/poor however it was further suggested that the 

rating of poor health could be “proxy markers of perceived stress”[57]. Our findings from 

NWAHS carers overall did not specifically indicate carer-related stress which was unexpected, 

but anxiety and depression were two other aspects of psychological morbidity identified 



 

176 

 

amongst our carers. Sherwood et al. had found a significant association between anxiety in 

male carers of spouses with cancer and anxiety was seen as a risk factor for higher levels of 

inflammation in male carers [58].  

 

Female carers when compared with female non-carers in our study had fewer significant risk 

factors or chronic conditions, but male carers presented quite a mixed biomedical profile when 

compared with non-carer males. The female carers in our study tended towards more metabolic 

and anthropometric manifestations that suggested a stronger association with BMI and 

adiposity. Kang et al. however had found that while there was an association of metabolic 

dysfunction with family caregiving, no gender differences emerged from their large national 

study [59].  

 

Strengths and limitations 

 

The main strengths of this study are that both biomedical and self-report data were obtained 

from a large sample of metropolitan residents. It included a substantial number of blood tests 

and measured variables which were collected at clinics and during interviews. Clinically 

accessed information was a central part of this study which included a wide range of observed 

and measured variables for major risk factors, seven chronic conditions, inflammatory and 

other biomarkers. Carers in this study were more heterogeneous than recruited participants as 

they did not represent any one particular group of people living with specific disabilities or 

medical conditions. This type of large population study is usually cost prohibitive and requires 

the collaboration of a consortium of academic and government groups. It therefore offers a 

more comprehensive review of carer health characteristics than is usually possible. 
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There were limitations however in relation to the assessment of carer participants identified 

and grouped as a subset of this cohort study so they could be compared with the non-carers 

within the same population. The definition of informal carer chosen to identify carers was the 

standard used within Australia, however other carer specific questions were not included to 

further classify the type of caregiving. Within this study therefore we do not have details of the 

cared for person’s age, diagnosis, health, disability or disease status, and their level of 

dependency, all of which have been reported as impacting on the role as informal carer. Nor 

was information collected on duration of caring - for example how long spent caring; how 

many hours per day or per week they were providing care and the level of intensity of their 

caring role. Further we do not have information on whether the participant was the main carer; 

if they were co-resident with the person being cared for; what other caregiving demands were 

put on the carers and which carers were combining personal caregiving with paid employment. 

Another weakness of this study is that we do not know which conditions reported by the carers, 

were pre-existing and therefore whether the risk factors and chronic conditions could be actual 

health outcomes of the caregiving experience. Also, we do not know the severity of carers’ 

illnesses and if they had multiple health problems as not all potential chronic conditions were 

included in this research. 

 

Conclusions and recommendations 

 

Our study has demonstrated that in terms of blood and other clinic measured variables the 

NWAHS carers did show some differences in their biomedical health profiles when compared 

with non-carers. In contrast to other published studies our findings suggest carers may be at 

risk of lower Vitamin D and Hb levels thus revealing a possible gap in current knowledge of 

carer morbidity. It is acknowledged that the differences in other blood measured variables were 
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minimal when compared with non-carers, but the significance of lower Hb, raised TNFα as 

well as hs-CRP in male carers highlights the need for ongoing assessments of their biomedical 

health status [60].  

 

From a population perspective, urban carer participants’ results indicated that there are carers 

providing care in less than optimum health, reporting chronic conditions of diabetes, arthritis, 

anxiety and to a lesser extent, depression. These cross-sectional analysis results provide only 

weak associations between the caregiving role, risk factors and chronic conditions. In contrast 

to previous studies, stress was not a significant finding. Higher BMI amongst carers generally, 

and particularly in female carers, combined with other risk factors such as insufficient physical 

activity, warrants closer scrutiny.  

 

Our research therefore recommends closer monitoring of carer health and morbidity trends 

across populations over time with special attention to the choice of health variables requiring 

ongoing measurement and assessment. This would contribute to the development of more 

balanced health policies and clinical guidelines for chronic diseases that are carer specific and 

age sensitive. Policymakers and health professionals therefore need to take into account the 

differences in carer health status, risk factors and morbidities for male and female carers. 
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Table 6-1 Demographic characteristics of carers compared to non-carers, aged 40 years 

and over 

Variable Carers  Non-carers             p value 

 n % 95% CI n % 95% CI Χ2 

GENDER        

Male 78 9.1 ↓ 7.3-11.3 779 90.9 ↑ 88.7-92.7  

Female 113 12.1 ↑ 10.1-14.5 818 87.9 ↓ 85.5-89.9 0.038 

AGE GROUP (YEARS)        

40-59 92 9.1 ↓ 7.3-11.3 921 90.9 ↑ 88.7-92.7  

60 years and over 99 12.8 ↑ 10.7-15.2 676 87.2 ↓ 84.8-89.3 0.011 

MARITAL STATUS        

Married/de facto 150 11.8 ↑ 10.1-13.8 1122 88.2 ↓ 86.2-89.9  

Divorced/Separated 9 5.3 ↓ 3.2-8.7 160 94.7 ↑ 91.3-96.8  

Widowed 10 6.1 2.7-13.2 146 93.9 86.8-97.3  

Never Married 11 12.6 6.8-22.2 73 87.4 77.8-93.2 0.015 

EMPLOYMENT STATUS        

Self/ Full / Part time  63 6.6 ↓ 5.1-8.6 883 93.4 ↑ 91.4-94.9  

Unemployed 5 19.4 7.9-40.2 21 80.6 59.8-92.1  

Home duties 13 19.3 ↑ 11.3-31.0 53 80.7 ↓ 69.0-88.7  

Retired 74 13.3 ↑ 10.8-16.3 482 86.7 ↓ 83.7-89.2  

Student/Volunteer 2 13.0 3.4-38.9 12 87.0  61.2-96.6  

Unable to work 14 21.6 ↑ 12.6-34.5 52 78.4 ↓ 65.5-87.4  

Carer 8 100.0 ↑ - - - - <0.001 

EDUCATIONAL STATUS        

High school 122 13.3 ↑ 11.2-15.8 795 86.7 ↓ 84.2-88.8  

Trade/ Cert./ Dip. 42 8.0 ↓ 5.9-10.7 482 92.0 ↑ 89.3-94.1  

Bachelor degree or higher 15 6.3 ↓ 3.7-10.4 226 93.7 ↑ 89.6-96.3 <0.001 

ANNUAL HOUSEHOLD 

INCOME ($Aus) 

       

Up to $20,000 22 10.8 7.2-15.8 180 89.2 84.2-92.8  

$20,000-$40,000 75 18.3 ↑ 14.9-22.3 332 81.7 ↓ 77.7-85.1  

$40,000-$60,000 16 5.9 ↓ 3.8-9.1 259 94.1 ↑ 90.9-96.2  

$60,000-$80,000 20 9.4 5.8-14.8 193 90.6 85.2-94.2  

$80,000-$100,000 15 8.5 4.7-15.0 157 91.5 85.0-95.3  

More than $100,000 12 4.2 ↓ 2.3-7.6 272 95.8 ↑ 92.4-97.7  

Not stated 20 15.3 9.7-23.3 112 84.7 76.8-90.3 <0.001 

PENSIONS        

Carer Payment         

No 63 6.2 ↓ 4.7-8.0 959 93.8 ↑ 92.0-95.3  

Yes 26 86.7 ↑ 64.7-95.9 4 13.3 ↓ 4.1-35.3 <0.001 

Age Pension        

No 63 6.2 ↓ 4.7-8.0 959 93.8 ↑ 92.0-95.3  

Yes 64 15.1 ↑ 12.1-18.8 357 84.9 ↓ 81.2-87.9 <0.001 

Disability Pension        

No 63 6.2 ↓ 4.7-8.0 959 93.8 ↑ 92.0-95.3  

Yes 14 16.8 ↑ 10.1-26.5 69 83.2 ↓ 73.5-89.9 <0.001 

 

Chi square post hoc tests ↑↓ indicates statistically significantly difference in categories using adjusted standardised 

residual  

  



 

181 

 

Table 6-2 Risk factor and chronic conditions profile of carers compared with non-carers, 

aged 40 years and over 

Variable Carers   Non-carers       

 n % 95% CI n % 95% CI Χ2 

Body Mass Index         

Underweight/ normal  29 7.1 ↓ 5.0-10.0 381 92.9 ↑ 90.0-95.0  

Overweight  76 11.1 8.9-13.9 602 88.9 86.1-91.1  

Obese  72 12.2 9.8-15.2 515 87.8 84.8-90.2 0.027 

Waist-to-hip ratio        

Normal 102 9.1 ↓ 7.5-11.0 1025 90.9 ↑ 89.0-92.5  

High  76 13.6 ↑ 11.0-16.8 481 86.4 ↓ 83.2-89.0 0.004 

Smoking status        

Non smoker 91 11.7 9.0-13.6 733 88.9 86.4-91.0  

Ex-smoker 73 10.4 8.4-12.8 625 89.6 87.2-91.6  

Current smoker 27 10.7 7.3-15.5 224 89.3 84.5-92.7 0.919 

Alcohol Risk        

Non-drinker, no risk 112 12.2 10.2-14.6 807 87.8 85.4-89.9  

Low risk 60 9.9 7.7-12.6 551 90.1 87.4-92.3  

Intermediate to very high 3 3.6 ↓ 1.2-9.8  72 96.4 ↑ 90.2-98.8  0.041 

Physical Activity        

No activity 49 14.1 ↑ 10.5-18.7 295 85.9 ↓ 81.3-89.5  

Activity but not sufficient 71 12.5 10.0-15.6 498 87.5 84.4-90.0  

Sufficient activity 58 7.6 ↓ 5.9-9.7 704 92.4 ↑ 90.3-94.1 0.001 

Asthma        

No 134 9.9 88.3-91.6 1218 90.1 88.3-91.6  

Yes 44 13.2 82.5-90.1 288 86.8 82.5-90.1 0.079 

Cardiovascular disease        

No 158 10.3 8.9-12.0 1370 89.7 88.0-91.1  

Yes 22 13.8 8.7-21.1 135 86.2 79.0-91.3 0.185 

Diabetes        

No 149 10.0 ↓ 8.5-11.6 1344 90.0 ↑ 88.4-81.5  

Yes 29 15.3 ↑ 10.8-21.3 162 84.7 ↓ 78.7-89.2 0.022 

Arthritis         

No 95 9.1 ↓ 7.4-11.2 945 90.9 ↑ 88.8-92.6  

Yes 75 13.7 ↑ 11.1-16.8 471 86.3 ↓ 83.2-88.9 0.005 

Anxiety        

No 140 9.9 ↓ 8.4-11.7 1271 90.1 ↑ 88.3-91.6  

Yes 18 19.2 ↑ 12.0-29.2 76 80.8 ↓ 70.8-88.0 0.005 

Depression        

No 133 9.8 ↓ 8.3-11.6 1222 90.2 ↑ 88.4-91.7  

Yes 25 16.5 ↑ 10.8-24.5 125 83.5 ↓ 75.5-89.2 0.011 

Stress         

No 145 10.2 8.6-11.9 1288 89.8 88.1-91.4  

Yes 12 17.1 10.3-27.1 58 82.9 72.9-89.7 0.062 

SF-1        

Ex/very good/good 133 9.3 ↓ 7.9-11.0 1287 90.7 ↑ 89.0-92.1  

Fair/poor 57 16.2 ↑ 12.5-20.7 293 83.8 ↓ 79.3-87.5 <0.001 

Chi square post hoc tests ↑↓ indicates statistically significantly difference in categories using 

adjusted standardised residual.  
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Table 6-3 Clinic measured variables, carers compared with non-carers, aged 40 years  

and over 

Variable  Carer  Non-carers   

 n Mean SD Median n Mean SD Median p-value 

Systolic BP 178 129.5 16.8 128.0 1505 129.4 19.2 127.0 0.568 

Diastolic BP 178 78.0 8.6 78.0 1505 77.7 8.7 77.5 0.594 

CRP 173 4.6 7.8 2.3 1490 3.4 4.7 2.0 0.015 

HbA1c 176 6.0 0.8 5.8 1490 5.8 0.8 5.7 0.007 

LDL 176 3.1 1.0 3.1 1473 3.1 1.0 3.0 0.405 

HDL 176 1.5 0.4 1.4 1492 1.5 0.4 1.4 0.191 

Total cholesterol 176 5.2 1.1 5.2 1492 5.3 1.1 5.2 0.755 

Total cholesterol/ 

HDL ratio 176 3.7 0.9 3.6 1492 3.7 1.1 3.6 0.076 

Glucose 176 5.4 1.2 5.1 1490 5.3 1.2 5.1 0.125 

Hb 175 139.4 14.3 139.9 1489 142.8 13.3 143.0 0.014 

Vitamin D 176 64.7 25.5 62.0 1466 70.1 27.9 66.0 0.009 

Albumin 175 39.4 3.2 39.5 1491 39.8 3.2 40.0 0.111 

Il-6 152 1.9 1.8 1.4 1220 1.7 1.6 1.2 0.352 

MPO 152 218.6 229.4 143.4 1219 202.4 237.2 118.8 0.172 

TNFα 152 2.2 3.8 1.6 1220 1.8 2.6 1.4 0.106 

E-selectin 152 32.8 11.8 31.9 1219 32.9 16.7 30.2 0.796 

Non-parametric tests undertaken for non-normally distributed data 
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Table 6-4 Relative risk of predictor variables associated with being a carer compared to 

non-carers, male and female, aged 40 years and over 

 Male 
RR (95% CI)                    p-value 

Female 
RR (95% CI)                   p-value 

Marital status     

Never married 1.00  1.00  

Widowed 1.10 (0.08-15.39) 0.941 0.23 (0.07-0.77) 0.017 

Separated/divorced 1.62 (0.16-16.27) 0.684 0.19 (0.06-0.64) 0.007 

Married/ de facto 2.88 (0.32-26.13) 0.347 0.85 (0.36-2.01) 0.714 

Annual household income     

More than $100,000 1.00  1.00  

$80,000-$100,000 1.16 (0.27-4.92) 0.842 3.09 (0.52-18.51) 0.217 

$60,000-$80,000 1.05 (0.28-3.93) 0.938 3.80 (0.66-21.77) 0.134 

$40,000-$60,000 0.59 (0.17-2.08) 0.411 1.56 (0.25-9.88) 0.638 

$20,000-$40,000 1.49 (0.49-4.53) 0.478 6.64 (1.29-33.18) 0.024 

Up to $20,000 3.24 (0.74-14.25) 0.119 7.59 (1.29-44.76) 0.025 

Not stated 0.96 (0.16-5.65) 0.966 5.65 (1.07-29.78) 0.041 

Employment status     

Self/ Full time employed/  

Part time employed 1.00  1.00  

Not employed 2.52 (1.19-5.31) 0.015 1.55 (0.84-2.86) 0.159 

Educational status     

Bachelor degree or Higher 1.00  1.00  

Trade/ Certificate/ Diploma 0.92 (0.37-2.33) 0.862 1.18 (0.36-3.90) 0.780 

High school 1.17 (0.42-3.23) 0.763 1.58 (0.52-4.85) 0.420 

Body Mass Index      

Underweight/normal 1.00  1.00  

Overweight 1.20 (0.41-3.53) 0.734 1.51 (0.74-3.05) 0.780 

Obese 1.54 (0.53-4.48) 0.427 1.18 (0.54-2.60) 0.420 

Waist: Hip ratio     

Normal 1.00  1.00  

High 0.65 (0.29-1.47) 0.304 1.23 (0.77-1.97) 0.379 

Smoking status     

Non smoker 1.00  1.00  

Ex-smoker 0.90 (0.47-1.72) 0.747 1.11 (0.71-1.74) 0.650 

Current smoker 1.46 (0.46-4.69) 0.522 1.14 (0.51-2.56) 0.746 

Alcohol Consumption Risk     

High risk 1.00  1.00  

Low risk 7.01 (0.85-57.47) 0.070 2.17 (0.57-8.17) 0.254 

Non-drinkers / no risk 6.06 (0.75-48.62) 0.090 3.29 (0.86-12.59) 0.082 

Recreational physical activity     

Sufficient 1.00  1.00  

Activity but not sufficient 2.21 (1.22-4.00) 0.009 1.04 (0.6-1.78) 0.875 

No activity 1.75 (0.73-4.16) 0.206 1.36 (0.78-2.38) 0.273 

Diabetes     

No 1.00  1.00  

Yes 1.47 (0.63-3.39) 0.371 0.70 (0.22-2.21) 0.537 

Asthma     

No 1.00  1.00  

Yes 0.84 (0.40-1.78) 0.653 1.12 (0.63-1.98) 0.701 

Arthritis     

No 1.00  1.00  

Yes 1.80 (0.81-3.99) 0.146 1.03 (0.64-1.63) 0.915 

Cardiovascular disease      

No 1.00  1.00  

Yes 1.61 (0.76-3.41) 0.218 1.23 (0.57-2.65) 0.604 

 



 

184 

 

Table 6-4 Continued 

 

    

 Male 
RR (95% CI)                     

 

p-value 
Female 

RR (95% CI)                    

 

p-value 

Anxiety     

No 1.00  1.00  

Yes 0.35 (0.05-3.41) 0.307 1.67 (0.69-4.06) 0.255 

Depression     

No 1.00  1.00  

Yes 0.79 (0.29-2.10) 0.630 0.98 (0.43-2.27) 0.970 

Stress     

No 1.00  1.00  

Yes 2.19 (0.94-5.72) 0.109 1.24 (0.42-3.67) 0.702 

General health     

Excellent/very good/good 1.00  1.00  

Fair/poor 0.82 (0.34-1.94) 0.645 1.24 (0.73-2.11) 0.418 

     

Clinic Measured Variables     

Systolic blood pressure 0.96 (0.94-0.99) 0.011 0.99 (0.97-1.00) 0.133 

Diastolic blood pressure 1.13 (1.07-1.20) <0.001 1.02 (0.98-1.05) 0.357 

     

Blood  Measured Variables     

CRP  1.03 (1.00-1.06) 0.023 1.00 (0.94-1.06) 0.971 

HbA1c 0.54 (0.33-0.89) 0.016 1.11 (0.67-1.84) 0.681 

HDL 1.03 (0.36-2.92) 0.963 1.40 (0.81-2.40) 0.226 

LDL 1.09 (0.81-1.46) 0.576 1.15 (0.90-1.47) 0.257 

Glucose 1.40 (1.03-1.89) 0.031 0.90 (0.64-1.27) 0.551 

Hb 0.98 (0.95-1.00) 0.087 1.00 (0.97-1.02) 0.715 

Vitamin D 1.00 (0.99-1.01) 0.516 0.99 (0.99-1.00) 0.138 

Albumin 0.90 (0.82-1.00) 0.040 0.97 (0.89-1.05) 0.419 

IL-6 0.75 (0.57-1.00) 0.051 0.97 (0.83-1.14) 0.707 

TNFα 1.12 (1.06-1.20) <0.001 1.03 (0.98-1.07) 0.242 

MPO 1.00 (1.00-1.00) 0.895 1.00 (1.00-1.00) 0.657 

eSel 0.99 (0.97-1.00) 0.140 1.02 (1.00-1.03) 0.115 
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7.1 In Summary 

 

This thesis investigates the health status of adult informal carers in South Australia and is based 

on the findings, and the strengths and limitations of three internationally published peer 

reviewed articles. Different age groups of adult informal carers were included to address the 

following Ho hypotheses: 

 

1. There is no increase in the prevalence of carers in South Australia over the 20 year 

period from 1994-2014.  

2. There is no association between the caregiving role as a risk factor for chronic disease 

in carers. 

3. There is no difference between biomedical profiles of carers and non-carers.  

 

Central to how this thesis was constructed are the recognised strengths that underpinned the 

three separate manuscript analyses (Chapters 4, 5 and 6). An extensive review of the related 

caregiving literature highlighted a gap in knowledge of specific chronic health conditions 

across informal carer groups, including biomedical health profiles. In particular there was a 

lack of studies using consistent robust methodologies investigating informal carer physical 

health and risk factors. The current published analyses were based on biomedical and self-

report data obtained from large representative population-based samples using standardized 

validated instruments, including the use of a well-established definition of informal carers.  

 

Based on epidemiologically-sound population data collected in South Australia, it is 

acknowledged that while the prevalence of informal carers increased during the two decades 

under investigation, the findings in subsequent Papers 2 and 3 (Chapters 5 and 6) demonstrate 
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informal caregiving was firstly, not found to be a significant risk factor associated with most 

of the selected chronic diseases and secondly that while carers may be at risk of lower Vitamin 

D and Hb levels, there were minimal differences in other blood measured variables when 

compared with non-carers from the same population. Yet what is also recognised is that the 

analytical approach and population sample represents only a small cross section of the diseases, 

disabilities and risk factors found within modern day populations as described in burden of 

disease studies14-16.  

 

More significantly, while a well-established definition of informal carers was used, it was the 

informal carer who was the sole focus of attention with no links of their health to their role as 

an informal carer and/or the health status of the cared-for person. Also, no specific questions 

were asked of diagnosed pre-existing or potential chronic health problems in carers and no 

measures were used to ascertain the complex structure and functioning of a caregiving dyad on 

an informal carer’s health status.   

                   

The discussion that follows draws on the implications of findings of the three internationally 

peer reviewed publications in the context of related literature to explore potential measures 

needed to ensure the appropriate identification in research of an informal carer and their 

specific demographics and to extract an understanding of how their caregiving dyad impacts 

their health status.  Recommendations for future work in the fields of population research, 

clinical practice and policy development will then be proposed.  
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7.2 Exploring the caregiving dyad 

 

In Chapter 2 it is made clear how, worldwide, there is a real challenge to meet the care and 

support needs of an ageing population both now and in the future. Caregiving by family and 

informal carers has become a necessity as more persons undertake this role. Informal 

caregiving varies across populations, communities and within family units due to differing 

cultural, psychosocial situations and medical conditions of cared-for people. How to effectively 

assess, measure, manage and support informal carers’ own health in the context of their 

challenging and ongoing caregiving role, the caregiving dyad, has emerged as an important 

research focus.  

 

The caregiving dyad has been referred to as a unit of attention, which is a useful description as 

it highlights and prioritises the dyad as a separate entity that can be identified and assessed192. 

Based on understandings gained from this thesis, it is the dynamic nature of the ongoing and 

changing caring role and its impact on the health status of both the informal carer and of the 

cared-for person that continues to remain poorly investigated. As Tommis et al.193 found in 

Wales, informal carers living with their own chronic conditions showed a decline in their 

physical health over a relatively short period of eighteen months, whereas non carers with 

chronic conditions remained stable. Buyck et al.74 suggested that although prevalent disease 

could worsen caregivers’ burden, there was a possibility that increased burden itself could lead 

to a decline in health status. How to measure if the caregiving role increases burden over time, 

with a subsequent decline in the health status of an informal carer and/or the cared-for person, 

is important work to be undertaken.  

 



 

198 

 

Therefore, the monitoring of informal carer health and morbidity trends across populations 

over time requires not only (a) inclusion of informal carers within representative population-

based surveys, but more importantly, (b) attention to the definition of the informal carer;  (c) 

the choice of health, physiological, psychological and socio-demographic variables requiring 

ongoing measurement and assessment; and (d) details collected about the cared for person and 

informal carer, especially changes that occur within the informal caregiving context. This 

includes the capacity to undertake care-related tasks, interactions and time to complete them 

as well as their impact on the carer.  

 

7.3 Profiling informal carers   

 

A clear definition of an informal carer is not always provided in the caregiving literature193; 

however it is essential. This definition needs to include whether the informal carer is the main 

or primary informal carer. In addition, establishing the relationship to the cared-for person 

(partner, spouse, sibling, adult child, other relative or closer friend), if they reside with the 

cared-for person, reasons for caregiving and knowing if the person had any diagnosed pre-

existing or potential chronic health (physical and psychological) problems before undertaking 

a caregiving role is important data to collect.   

 

Most importantly, to understand if increasing burden is of concern, ongoing assessment of the 

health of informal carers requires attention to their clinical health status, and biomedical 

profiles that combine physiological in addition to psychological approaches to health. To 

achieve a balanced and representative view of the extent of informal care and its effects, 

population-based studies can provide a guide to major trends in risk factors and chronic disease 

prevalence.  Monitoring biomedical variables and physiological markers has highlighted some 
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important trends and offers a useful baseline for predicting health changes and outcomes in 

future populations of carers. 

 

As was also discussed in the published papers (Chapters 5 and 6), identifying anxiety and 

depression as well as psychological distress and perceived health status is important. This is 

important given Ratcliffe et al.79, in another South Australia survey of carers, highlighted 

younger informal carers being more at risk from the emotional impact of their caregiving roles. 

Emotional impact can be both positive and negative. How mental health and psychological 

issues are considered and balanced against informal carer physical health brings attention to 

what Roth et al. 69 referred to as reporting bias. Roth et al.69, as well as Brown and Brown70, 

were critical of the dominance of stress-related studies throughout the caregiving research, 

which yielded mostly negative assessments of carer health.  

 

As mentioned earlier in Chapter 2, Brown and Brown70 highlighted the methodological 

limitations of research based on stress theories. They challenged the chronic stress model of 

informal caregiving, which has been popular over the past three decades, concluding that it was 

in need of revision70.  This does not detract from the notion that caregiving can be interpreted 

as a stressor, but, as authors have emphasised, caregiving is complex63,84 and may be associated 

with a range of lifestyle domains and social determinants of health. In other words, different 

types of stress may be influenced by social and cultural contexts other than caregiving195.  

 

The debate about stress theories has led to different approaches in developing theoretical 

frameworks of caregiving, most based on models, processes and pathways ranging from carers 

with mild stress through to acute, cumulative, excessive, and to high chronic stress127, 130 196,197. 

Results from stress-related research of informal carers have therefore been mixed, while 
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authors such as Schulz and Beach61 initially suggested the stress of caregiving was an 

independent risk factor. In contrast, Dich et al.71 raised the question of whether caregiving had 

adverse health effects when not associated with stress. Measuring psychological and physical 

health of informal carers is therefore critical to their own care. Where and when it is possible, 

psychological assessment needs to be combined with assessment of their physical health and 

physiological measurements over time.   

 

7.3.1 Measurement of chronic diseases in carers 

 

From the self-report findings of our study, the presence of chronic physical conditions of 

diabetes, asthma and arthritis were evident among South Australian carers when compared with 

non-carers. The finding of arthritis in the urban carers surveyed was not unexpected due to the 

high prevalence of osteoarthritis in older age groups of the general population198. To further 

clarify the validity of the findings from our state-wide surveys, differences in the level of risk 

that caring might have on major chronic conditions were further analysed using population 

PAR. All associations with chronic conditions disappeared and, on further analysis, any high 

prevalence for the selected chronic conditions disappeared for male carers. Only diabetes and 

asthma among female carers remained after statistical adjustments.  

 

The presence of diabetes (Type II) in carers was consistent with a limited number of studies 

across the caregiving literature 58,60,72,122,199. Lovell and Wetherall72 had reported that diabetes 

was sensitive to chronic low-grade inflammation along with CVD and MSK disorders; 

Capistrant et al.60 referred to diabetes as a caregiver health risk factor, a covariate and a 

confounder based on other research. Buyck200 found diabetes in their sample of informal carers, 

but with a similar prevalence to that of non-carers. Some clinical studies have occasionally 
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identified carers with diabetes, but a wider range of physical health problems are not always 

included in the research design, particularly if laboratory measurement is required. This means 

carers may be incompletely assessed and opportunities to check their physical health are 

missed. Surveys in Australia22,40 and the USA111 in recent years have identified carers with 

diabetes and other chronic health conditions from national surveillance initiatives using self-

report methods to collect carer data22,40. 

 

Considering chronic diseases in informal carers more broadly, Tommis et al.193 in 2009 found 

those carers with chronic conditions showed a decline in their physical health over time, 

whereas non-carers with chronic conditions remained stable, suggesting that could be partly 

due to informal carers neglecting their own health193. Buyck et al.74 suggested that although 

prevalent disease could worsen the caregivers’ burden, there was a possibility that increased 

burden itself could lead to a decline in health status74. 

 

 

7.4 The biomedical profile of carers: measuring physiological 

parameters 

 

Most importantly for assessing the health of informal carers is attention to their clinical health 

status and biomedical profiles that combine physiological in addition to psychological 

approaches to health. To achieve a balanced and representative view of the extent of informal 

care and its effects, population-based studies can provide a guide to major trends in risk factors 

and chronic disease prevalence. In reporting this particular research, featuring South Australian 

informal carers, it became clear that while there were significant associations, a lot of 

comparisons were made and it is likely that associations did occur by chance. Thus, these 

findings need to be taken in context. 
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7.4.1 Vitamin D  

 

Results from the studies of the physiological health of NWAHS carers revealed some 

previously unreported findings of lower serum Vitamin D and haemoglobin levels. Vitamin D 

has important benefits in reducing the risk of many conditions such as CVD201, diabetes 

mellitus202, several bacterial and viral infections, and autoimmune diseases203. As a nutritional 

marker, serum 25-hydroxy vitamin D (25 (OH)D) can indicate underlying or developing 

Vitamin D deficiencies associated with the development of osteoporosis204. 

 

The implications of these findings were discussed in the published paper (Chapter 6), 

concluding that ongoing measurement and monitoring of carer serum Vitamin D levels in 

vulnerable older South Australian informal carers would enable preventive or treatment 

initiatives to be considered. However, there is an important caveat to consider in terms of the 

wider issues associated with the finding of lower levels of Vitamin D in informal carers; that 

of informal carers being assessed in the context of their geographical location. In this instance, 

it was already known that Vitamin D deficiency was prevalent in South Australia, affecting 

almost one quarter of the population204 but it was subsequently found that informal carers not 

only shared that tendency, but were measured to have lower levels than non-carers from the 

same population. Therefore, discussing carer health risks more broadly, they may have similar 

characteristics to the general population profile, specific to their geographical location, and 

represent a sub-group of that population, who may be at greater risk of certain conditions. 

These profiles could provide useful indicators to measure in informal carers, particularly where 

population-based surveillance and cohort studies are already carried out or planned.  
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7.4.2 Haemoglobin 

 

The finding of differences between haemoglobin levels of informal carers when compared with 

non-carers in our study was unusual and, to our knowledge, not evident in recent published 

studies.  Another unexpected finding was the lower Hb levels in male informal carers when 

compared with non-carer males; a difference that was not evident when female informal carers 

were compared with female non-carers. From very early research using self-report data, 

Pruchno et al.205 had found that spouse carers of persons with Alzheimer’s disease reported 

higher rates of anaemia, but it was not confirmed by laboratory measured Haemoglobin, nor 

were there clear differences between male and female informal carers. 

 

7.4.3 Inflammatory Biomarkers  

 

The remainder of the laboratory-measured variables showed informal carers and non-carers 

aged 40 years and over to be very similar. Although differences were minimal and not clinically 

significant, the slightly elevated serum inflammatory biomarkers of TNFα and hs-CRP found 

in male informal carers (Chapter 6) merit further investigation among men who are carers, 

particularly as there were no such differences when female carers were compared with non-

carer females.  Measuring hs-CRP might be useful as an indicator of low-grade inflammation 

among long term vulnerable informal carers, again with particular reference to male informal 

carers26,135. The presence of raised TNFα is noteworthy as TNFα is recognised not only in terms 

of its role in immunity as the master cytokine that can initiate inflammatory cascades, but TNFα 

also has a metabolic role as a pro-inflammatory cytokine in inducing insulin resistance206. It 

warrants attention as raised CRP may also be a risk factor for diabetes, cardiovascular events 

such as coronary heart disease, increased risk of incident stroke, and some cancers146, 207.  
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Monitoring biomedical variables and physiological markers has highlighted some important 

trends and offers a useful baseline for predicting health changes and outcomes in future 

populations of carers. However, measuring inflammatory biomarkers in informal carers raises 

important methodological issues, as highlighted by Vitaliano et al.54, who stated that 

monitoring immunological changes in informal carers requires longer time periods. This is 

because physiological responses in informal carers can take several years to manifest, as 

observed by von Kanel et al.125, who, in their 2006 study, found no significant differences in 

plasma levels of CRP between informal carers and matched controls125. The fact that the 

published findings for our research challenged those cited in the literature review of the thesis, 

suggests a need for more data to be collected for future research. Thus, rigorous monitoring of 

informal carers would involve repeated measuring of immunological markers, which in turn 

means using longitudinal or prospective research designs and methods to follow-up informal 

carers during and beyond the period of caring.  

 

Secondly, as many of the immunological studies of CRP have been limited to recruiting 

participants caring for people with Alzheimer’s disease or frail older people, a more 

heterogeneous and representative sample of carers would be required. Vitaliano et al.54 

acknowledged that, although ideal, these methods would create problems of time constraints 

and funding for researchers. 

 

7.5 Information technology challenges with carer general 

assessment instruments 

 

With the rapid introduction of the digital age over the past decade, additional challenges for 

researchers are already starting to affect methodological aspects of modern research, such as 
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sample selection and data collection. As more households and members of the public 

exclusively use mobile phones171, landline telephones and accompanying local telephone 

directories are disappearing, which would otherwise have been used for random selection of 

the population (sampling). This represents a major technological transition that not only has 

the potential to alter established survey methods and surveillance systems but is a barrier to 

obtaining and contacting representative samples of participants from the community for 

research purposes.  

 

An additional technological challenge is the use of the internet for survey research. Traditional, 

face-to-face interviewing, (used for the first project, HOS), has gradually been replaced by 

telephone interviewing techniques, (e.g. CATI, which was integral to the second SAMSS 

project) reported in this thesis.  Ensuring a balanced selection of respondents is becoming more 

difficult. The next step where more, if not the majority, of respondents are being surveyed via 

the internet, may result in a greater likelihood of sample errors and bias in results. Gupta et 

al.87 suggested in a recent study that internet-based surveys are more likely to have a sample of 

younger caregivers, as they are the age group who are better educated on how to use the 

internet. Gupta et al. further surmised that the older carers who do respond to internet surveys 

may be both better educated and healthier than the general caregiver population, leading to bias 

due to oversampling of healthier carers87. However, Gupta et al were unsure about self-reported 

responses because of the potential for recall bias and measurement error87. These examples 

thus highlight a transition stage as the digital age imposes new methodologies on research and, 

as explained above, are likely to influence who participates in research, as well as how carers 

are sampled, analysed and assessed.  
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The demographic profiles of carers presented below, however, represent population research 

based on rigorous data collection techniques, which will provide a useful baseline for future 

studies. 

 

7.6 Sociodemographic and economic data 

 

To understand the influence of cultural differences, patterns of education, employment and 

income, household circumstances and access to services on carers, socio-demographic and 

economic data is needed.  Significant socio-demographic and economic factors known to 

impact carer lifestyle and wellbeing were identified and reported in the first and third published 

papers (Chapters 4 and 6). These factors included informal carers from the low/lowest annual 

household incomes, unemployed, carers in older age groups and informal carers in paid 

employment. In addition, there were increased proportions of carers from different cultures 

whose country of birth was from outside Australia or the UK. Also of significance is the gender 

of the informal carer. Although female and married or partnered (spouse) informal carers were 

providing the greater amount of care, the proportions of male carers are increasing, particularly 

older male carers. Gender roles are changing in modern communities, but this is not always 

recognised in health policy or within clinical research84. 

 

The finding of increased proportions of informal carers in both full time and part time 

occupations was consistent with international evidence, where increasing numbers of working 

age informal carers are combining careers with their informal caring roles208. Such is the extent 

of changes to family life in the new Millennium, policies to protect the health and rights of this 

group of informal carers are being debated and developed across international borders. Part of 

that process involves the continued identification and collection of socio-demographic and 
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economic data of working informal carers and carers who want to work.  Carer-specific data is 

already collected as part of the ABS Disability Ageing and Carer surveys conducted every five 

years or so and described in the AIHW biennial publications, Australia’s Welfare reports. An 

additional source of sociodemographic and economic information on carers is available 

through HILDA, as described in Chapter 2. 

 

The trend of informal carers working in paid roles is expected to increase in the future, as is 

the likelihood of informal carers facing more out of pocket costs for household expenses to 

purchase care products and in-home services209. From the informal carer perspective, carrying 

out the equivalent of two work roles over extended periods of time can have implications for 

their health57, 136. Parents of autistic or disabled children who are their carers are one such group 

who have been identified in the literature as occupying this dual role46. Informal carers are 

increasingly providing intergenerational care, looking after, for example, spouses who are 

chronically ill and disabled, older frail parents and other family members. That in turn has been 

recognised as putting the health and wellbeing of vulnerable informal carers at risk of 

decline104,210. Therefore, in Australia and a number of other developed countries, financial 

assistance, specific to informal carers, through government pensions and allowances for 

informal carers have been made available209.  This has been an important source of income for 

unemployed and retired informal carers, especially those who had given up paid work to take 

on a long-term caring role. Findings from our South Australian surveys revealed a high 

percentage of informal carers (86.7%) in metropolitan Adelaide were receiving this carer 

pension (payment), and some were also eligible for other government assistance in the form of 

aged and disability pensions. Even with this support, it was shown that many informal carers 

remained in the low and lowest household income quintiles of below $20,000 or up to $40,000 

per annum, when compared with the general population between 2008 and 2010.   
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While research linking informal caregiving with low income to poorer health outcomes among 

informal carers has revealed mixed findings211, there was no overall evidence of higher 

morbidity present in South Australian carers. Whether access to government subsidies might 

have had a moderating effect on carer health status and wellbeing by providing regular income 

to offset some caregiving costs, is unknown. British and other international research suggests 

financial support is an important adjunct to other forms of carer respite and practical 

support211,212. From published findings, improved education among carers and the increased 

number of informal carers in paid employment may have also contributed to some household 

incomes. Measuring and monitoring carer financial and economic variables may contribute to 

a better understanding of relationships between carer income and health status.  

 

Published findings have also highlighted an additional trend of informal carers being from 

more culturally diverse backgrounds, which is expected to continue over the coming 

decades213.  Despite that, there remains a lack of detailed health information collected about 

these informal carers, especially people from the growing number of non-English speaking 

backgrounds who have, and are, settling in Australia. Identifying informal carers from the wide 

range of different cultures, including Indigenous groups across Australia, provides improved 

ways of monitoring and measuring their own health risks, vulnerabilities and chronic medical 

conditions. This is especially relevant to older informal carers and women caring for ageing 

relatives from migrant backgrounds who may present with different health and psychosocial 

profiles210,213,214.    

 

A culturally appropriate, informal carer-sensitive approach to research design and informal 

carer support has important implications for assessing potential socioeconomic inequalities and 
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barriers when informal carers use the health care system.  How to measure this 

sociodemographic may require quantitative and qualitative data collection methods which are 

inclusive of a wider choice of health indicators that are culturally discerning.    

 

In general population surveys or census, ‘informal carer’ needs to be added to the list of 

demographic variables under the category of work or employment status. This would enable 

data on carer-related prevalence, morbidity and determinants of health and disease to be 

obtained more widely, to “piggy-back” on other research. Also, data on the country of origin 

of informal carers and informal carers in paid employment needs to be collected, as well as 

extending demographic age groups to include persons over 90 years old who are carers. 

Although this thesis is focused on adult carers, it is acknowledged that children and young 

teens are also providing vital informal caregiving support to family members. These young 

informal carers need to be identified and included in demographic profiles of population 

surveys and other research. Additionally, understanding the health status of an informal carer 

requires data on the frequency, intensity, duration of care required, skill and capacity to perform 

the required care and the environment in which caregiving is provided by the informal carer.  

 

To assist researchers and practitioners when assessing informal carer characteristics and 

caregiving consequences, the National Consensus Development Conference, convened by the 

Family Caregiver Alliance in the USA in 2005, has produced two editions of a resource 

inventory of caregiver assessment measures215. The latest Inventory (2012) lists several 

hundred measures, combining a comprehensive range of specific scales and subscales across 

seven different conceptual domains associated with caregiving, in particular socio-

demographic, and wellbeing related variables that can impact carers. Most scales are part of 

carer specific measures and represent potential areas of interest to researchers, policy makers 
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and clinicians, but the document lacks measures for assessing the physical health of informal 

carers. By contrast, psychometric measures are numerous in the Inventory215.  For example, 

out of the total 230 instruments, there were multiple scales and subscales specific for 

depression (17 measures), emotional assessment (35 measures) and seven quality of life 

measures, but only three included assessment of the carer’s physical health, which were based 

on wellbeing, burden, and strain measures215. There was no clear reference to biomedical 

measures, therefore the inventory does not facilitate a comprehensive profile of carer health 

characteristics.   

 

Most of the above ‘tools’ originate from published instruments that measure different 

constructs of caregiving, but therein lies the quandary, as many of the measures are copyrighted 

and require permission to use them and, in some instances, payment to access instructions and 

scoring information.  This already occurs with the popular quality of life instrument of Ware 

et al.94 and other health and wellbeing instruments, which can be very costly if researchers have 

research designs that require a large sample size. Considering these constraints may provide an 

insight into firstly, why the caregiving literature lacks balance between psychological, mental 

and physical health research and secondly, why there are fewer large population-based research 

projects published. 

 

7.7 Measuring the caregiving dyad  

 

Very few quantitative measures specific to the caregiving dyad are found in the caregiving 

literature and often focus on psycho-social parameters of reciprocity, adjustment and 

relationship strain215 between the informal carer and the person being cared for. While a 

psycho-social focus is important, the imbalance negates the ongoing and continuing workload 
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of providing physical care and the consequences of this on the health of the cared for person. 

Managing the physical health of carers in the context of a heavy caring workload involved with 

assisting the sick or disabled person within the caregiving dyad, is not often addressed in 

research. The emphasis is usually on managing the condition of the cared for person. 

Monitoring the health status of both persons along a shared pathway over time, particularly if 

the informal carer has existing health conditions or develops health issues and needs medical 

treatment of their own, lacks attention and clinical guidelines.  

 

An earlier initiative from the Netherlands by van Heugten et al.216 was the development of 

evidence-based clinical practice guidelines to provide better recognition and support for family 

members caring for persons with a stroke.  It was acknowledged that in addition to informal 

caregivers sharing the care, carers also needed to be seen as people with their own special needs 

and health problems. In these guidelines, the recommended screening instrument to assess carer 

burden was the Caregiver Strain Index (CSI), which was developed in the early 1980s by 

Robinson217 specifically for informal caregivers and chosen to measure high levels of burden 

in the informal carers. Although the van Heugten et al.216 study highlighted the importance of 

identifying carers who might be at risk of burn-out or physical problems, there were no clear 

references to obtaining detailed physical health assessments of carers using the Caregiver 

Strain Index or any other instruments. The focus was on psychosocial problems, particularly 

carers at risk of depression. The concept of clinical guidelines for informal carers thus provided 

a structure within clinical practice to extend the attention of health professionals beyond that 

of the patient, but attention to informal carers’ physical and other functional health problems 

remained vague. 
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Interpreting findings collated in the context of the wider literature, what is often missing from 

data collected are details that include both members of the caregiving dyad as part of the 

informal caring situation.  For example, data is needed on the length of time spent caring; how 

many hours of care per day or week are provided and the type and level of intensity of the 

caring role. Details of the cared for person’s changing health status need to be better understood 

in terms of how changes to their level of dependency, disability or disease status can impact on 

the informal carer over time.  In addition, the impact of the environment in which care is 

provided needs to be explored.  Different domestic housing situations and equipment and 

services available to the informal carer in the home setting are inevitable and need to be 

considered so as to measure what impact these differences may have on the health status of 

both the informal carer and the cared for person.  

 

To sum up, informal carers enter the caregiving relationship with their own individual 

vulnerabilities and genetic pre-dispositions to health problems. In contrast with non-carers, 

each person who is an informal carer is part of a unique and dynamic relationship: the person 

as the informal carer and the person they are looking after in the home environment. Focusing 

on the caregiving dyad shifts attention to ensuring that, over the time of the relationship, the 

health and wellbeing status of both persons does not decline as a consequence of being in this 

relationship. Different informal carers carry different burdens, which can change on a daily 

basis according to the health status and level of disability of the persons they are caring for, as 

well as their own. Recognising this dynamic in policy is the first step to identifying appropriate 

measures of the caregiver dyad.  
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7.8 Future directions in policy development  

 

Recognising the caregiving dyad in culturally sensitive policies across government and 

industry is needed, as demand for informal carers will be ongoing and increase. It will also 

need to accommodate the differing cultures of long-term migrants, (e.g. European and South 

East Asian) now ageing and new migrants who are currently settling in Australia from a range 

of different countries (India, Middle East, Africa).  Development of appropriate carer policies 

depends on the most comprehensive current information that can predict the future needs of 

both informal carers and the cared-for across the population. Economic analyses comparing 

the costs of supporting informal carers versus the need for government funded care packages 

to attend to the needs of the cared for person are warranted.  Initial and follow-up assessments 

of the health and well-being of these informal carers and the person they care for requires 

recognition in health and social care policies, as well as in education policy.  

 

Maintaining carer physical and functional health and emotional wellbeing is influenced by a 

combination of social, psychological and other determinants of health, as well as timely 

financial support. Maintaining informal carer physical health involves early recognition of the 

caring role(s), measurement and monitoring of any prior medical disorders, risk factors and 

assessment of existing or diagnosis of new chronic conditions. This requires policy to ensure 

informal carers are tracked at the population level to provide the larger picture of 

epidemiological trends across specific geographical regions, such as urban, rural or remote 

areas. Such information enables ongoing mapping of informal carer characteristics and needs.  

 

In Australia, what is still lacking is in-depth biomedical details and prevalence of informal 

carer morbidity in comparison with what is known about the general population. The Australian 
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National Health Surveys218 include laboratory-based (biomedical and blood measured) data, 

but do not identify informal carers as a separate group within demographic categories. In the 

future, informal carers could easily be included. Certainly, it will be necessary as changing 

trends in caring for people with a disability and caring for an aging population in the domestic 

home and community will have significant implications, as demand for service requirements 

increases. 

 

Policy to ensure informal carer education for self-care is needed, specifically if carers have 

chronic conditions of their own, such as diabetes, asthma, arthritis, disability, heart and lung 

conditions, emotional problems or psychological distress, resulting in anxiety, depression or 

stress. Training to provide the personal health care to meet the needs of the cared for person 

and education to monitor their own health risks and that of the cared for person will have the 

potential to mitigate risks of injuries or declining health from carer burden as a consequence of 

their caring role.  

 

A review of how multi-disciplinary health professionals are educated about the caregiving 

dyad, specifically those working in hospitals, general practice and palliative care, is needed to 

ensure informal carers of all ages are clearly identified so they can be assessed and assisted 

along their caregiving journey.  As more cared for people express a preference to die in their 

own homes, liaison with professionals from palliative care services will be essential to monitor 

informal carer health and support informal carers during and after care of relatives who are 

dying and die at home. 

 

 



 

215 

 

7.9 Clinical recommendations 

 

The translation of findings from this research therefore has particular relevance within the field 

of medicine. For example, developing informal carer-specific clinical guidelines and protocols 

within General Practice, hospitals and across other sectors of the health care system would 

enable (1) the identification of informal carers from all age groups (2) assessment of their health 

status and diagnosis of health problems and (3) management of their long-term chronic disease 

in the context of their caring activities. Having informal carers recognised within care plans 

and/or discharge plans is an important first step.  These include cared for individuals of all ages 

living with chronic diseases or for persons who have had a stroke, have Alzheimer’s disease 

and other dementias, disabilities, neurological conditions (in particular brain injury, 

Parkinson’s disease, Multiple sclerosis etc). Also, children with developmental difficulties and 

severe health problems, the frail aged with multi-morbidity, and care of family members with 

cancer represent the widening spectrum of medical conditions requiring long term care. 

 
7.9.1 Informal carers are sometimes likely to be ‘patients’ themselves 

 

Full health assessments prior to, during and after caregiving, either before taking on the caring 

role or soon after it starts (similar to a person taking on a new position for paid employment) 

need to be undertaken. During any health consultation with informal carers, health practitioners 

need to check for the presence of diabetes, arthritis, osteoporosis, asthma and other lung 

conditions, metabolic profiles, immune function where appropriate, cardiovascular conditions, 

emotional and mental health related conditions.  The statistically significant diabetes / asthma 

findings from this study warrant further attention particularly information on the influence of 

asthma among informal carers on their caring burden or quality of life is sparse. 



 

216 

 

Assessing clinic and blood measured risk factors including blood pressure, elevated BMI: 

overweight / obese ranges (adiposity), smoking, lipoproteins, and blood glucose, reduced or 

insufficient physical activity is needed and should be reviewed within the context of the caring 

role.  

 

7.9.2. Making visible the caregiving dyad 

 

It will be important for health and social care practitioners to recognise the caregiving dyad 

when they have initial and ongoing conversations with the informal carer and the cared for 

person, so as to identify mutually agreed expectations and what risks to monitor in both 

individuals in the short and longer term.  Tracking specific and mutually agreed upon features 

of the cared for person’s progress and an informal carer’s health concurrently is advantageous 

to identify risk factors.  

 

7.10 Strengths and limitations 

 

This research used rigorous methods to randomly select and access large numbers of 

participants, from three different representative populations, two of which were state-wide 

surveys and the third, part of a cohort study. Due to the large sample sizes, the findings could 

be generalised to wider populations. The surveys used a nationally accepted and well-

established Australian definitions of informal carers when identifying the carer participants 

from each of the three surveys. The project is novel in that observed clinic and blood measured 

empirical data were obtained from participants of the cohort study. In addition, the number of 

biomedical, behavioural and socio-demographic variables available was extensive, particularly 



 

217 

 

as information and questions were based on well-validated instruments, representing a valuable 

cross section of health conditions and risk factors.  

 

Logistic regression analysis, multivariable analysis and descriptive analyses were applied to 

compare differences between informal carers and non-carers. Additional analysis of primary 

data included the application of Age-Period-Cohort (APC) and Population Attributable Risk 

(PAR) using a number of different models to control for confounding. Age and sex were the 

only variables controlled for in these models and therefore it is possible some of the differences 

in health outcomes may be due to unmeasured confounding and represent a possible weakness 

of the study. Also in relation to the PAR analysis, while the sample size for the saturated models 

may be small once multivariable models are estimated, thus creating issues of power and 

degrees of freedom, which may be possible limitations, the multivariable models are robust 

and the confidence intervals not extremely large. Predictor variables were used to further 

differentiate between carer populations, as well as male and female carers.  

 

Most research limitations have been addressed and reported at the end of each publication, in 

Chapters 4, 5 and 6, however it is acknowledged there has been limited reflection in relation to 

the strengths and weaknesses of previous methodological designs beyond what was included 

in this thesis.  Although a large study, this research was limited to investigating a selected range 

of common major health conditions, risk factors and demographic variables of carers to use for 

analysis. As data were cross-sectional in design, the results do not provide evidence of cause 

and effect, and only associations between carers and chronic illnesses and risk factors could be 

reported.  

 



 

218 

 

Due to slight variations in the terms used for identifying carers in the early questionnaires, and 

because individuals may not have seen themselves as ‘carers’ per se, the difference in 

proportion of carers across time may be a limitation of the study. It is acknowledged that the 

inclusion of the term ‘carer’ in the early studies may possibly have identified slightly fewer 

participants.  

 

The following details were not available about the carers: duration and severity of carers’ 

illnesses, if they were pre-existing health conditions and co-morbidity. Additional information 

was not collected on the duration of the caring role; for example, how long had been spent 

caring; how many hours / day or / week they were providing care or the type and level of 

intensity of their caring role. Details of the cared for person’s health and demographic 

characteristics were not available such as age, relationship to the carer (partner, spouse, sibling, 

adult child, other relative or close friend), disability or disease status, and their level of 

disability and dependency, all of which have been reported as impacting on the role of an 

informal carer. It is acknowledged that pairing of survey results with qualitative research is 

important and would have provided a greater understanding of the nuances between the carer, 

any pre-existing illness and the structure and functioning of caregiving relationships, however 

this was not possible, and is recognized as a weakness of the study design.   

 

Additionally, the study did not have details about the cared for person’s diagnosis, co-

morbidity, and their level of disability. It would also have been valuable to have data on the 

frequency, intensity and duration of the caregiving provided by the informal carer to ascertain 

the carers’ exposure to different types of caring. The review of the literature could have 

expanded on carer heterogeneity reported in previous studies of informal caregiving but the 

literature base was extensive and therefore for this thesis, focused on heterogeneity related to 
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carer health outcomes.  Lastly there were smaller numbers of younger carers, especially in 

those studies which included clinical and blood measured data, where the focus was on adult 

carers aged 40 and over. 

 

7.11 In conclusion  

 

7.11.1 Were South Australian carers healthy or unhealthy?  

 

The fundamental questions which prompted this study asked if the health of carers was 

different to people who were not in a caring role. From the caregiving literature, a prevailing 

argument emerged that carers were at greater risk of poorer health and were likely to be 

carrying their own burden of disease or disability. Findings from international research 

published over the past two to three decades on carer health were mixed and frequently 

inconsistent, and so were the methodologies used to collect that data from carers. The 

preference was for smaller studies, with an emphasis on the psychological and social impacts 

of caregiving, as well as an interest in biological consequences. Data were mostly self-reported 

and by comparison there were fewer clinic and laboratory based biomedical studies other than 

immunological changes in informal carers.  

 

Drawing data from three large representative surveys, findings presented from this large study 

showed that South Australian informal carers overall were healthier than expected, with 

evidence of fewer risk factors and chronic conditions than reported in other research. Both 

state-wide and urban informal carers shared some similar chronic physical and psychological 

health problems with the general population. There was evidence of a small to moderate 

association between the caregiving role as a risk factor for having a chronic physical condition 



 

220 

 

such as diabetes and asthma, which was more evident in female informal carers from the state-

wide (SAMSS) surveys (Chapter 5), while arthritis and diabetes were more significant among 

the metropolitan cohort (NWAHS) of carers (Chapter 6). Additional analysis indicated there 

were some differences between the physical health of informal carers and non-carers, for 

example diabetes, arthritis, respiratory conditions, as well as anxiety and depression. However, 

there were few differences between informal carers and non-carers in terms of self-reported 

stress. 

 

Results presented revealed unexpected gender differences, with males found to be more at risk 

of physiological changes; however there were stronger trends of adiposity with female informal 

carers and there was evidence of a lack of physical activity among both male and female 

informal carers (Chapters 5 and 6). Gender differences also suggested the health of male carers 

could be more physiologically at risk than females, however the risks were not clinically 

significant.   

 

New evidence of differences between carers and non-carers, showing lower Vitamin D and 

haemoglobin levels is presented. Immunological assessments of South Australian carers 

revealed the presence of only slightly raised inflammatory biomarkers (hs-CRP and TNFα) 

and, based on the current literature, this could indicate chronic low-grade inflammation in some 

informal carers, especially males. This study therefore demonstrates the advantages of 

measuring biomedical parameters, such as metabolic, endocrine and nutritional markers, in the 

assessment of informal carer health, in contrast to other carer research, which has frequently 

relied on self-report data rather than observed in the clinic setting or blood-measured laboratory 

data to assess informal carer physical health. Having reported these comparisons, it is likely 
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that some associations occurred by chance and therefore the biomedical findings need to be 

kept in context.     

  

 

7.11.2 Tracking trends of the health of future informal carers   

 

During the coming decades, people in the wider community are likely to experience life-

changing transitions in health.  From the sociodemographic evidence, it is clear that transitional 

changes have occurred as men and women live longer, but still with some risk of disability, 

dementia and a range of medical disorders requiring long term home care. There will be 

implications for older informal carers, as increasing numbers are expected to care for spouses 

in their later years, especially males.  

 

A cultural transformation is also occurring in Australia as increasing numbers of carers 

represent those born in countries other than Australia and the UK. This greater diversity of both 

carers and those they look after will involve more emphasis on providing culturally sensitive 

services and protecting the health of those carers. This is pertinent in view of policy changes 

recently introduced across Australia over the past three or four years, which are bringing major 

structural changes to the provision of aged and disability care. They will include cash for care, 

along with rationed subsidised government packages to support people in their homes. From a 

technological view, entry into the digital age is ushering in not only new opportunities but also 

new challenges for researchers, as old methods are changing or disappearing. 

 

Carers are an increasingly heterogeneous group, entering the caregiving relationship with their 

own individual vulnerabilities and health problems. Their responses to the burdens of 
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caregiving vary according to the type of family members (or friends) they care for, their home 

situation and their relationship with that person. In contrast to non-carers, each person who is 

a carer is part of a unique and dynamic caregiving dyad: the family (or other informal) carer 

and the person they are looking after, in the home environment. Different informal carers carry 

different burdens which can change on a daily basis according to the health status and level of 

disability of the persons they are caring for, as well as their own. The impact of caregiving on 

their health, and the health of the cared for person, is unknown.  

 

This thesis highlights the need for a carer-centred, and caregiving dyad approach, not only to 

address gaps in the measurement of informal carer physical health, but also gaps in the 

approach to the management of the health of informal carers. Therefore, informal carer health 

should not be seen in isolation from their caring role. This thesis adds to the knowledge base 

about measuring the health status of informal carers, including what to measure and why it is 

important. 
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Appendix A: Conference presentation  

 

7th International Conference of Carers: 4-6 October 2017 

Adelaide Convention Centre, North Terrace Adelaide, South Australia 

Presentation at Concurrent Session, Wednesday 4 October, 4-5-30pm on Carer Health  

and Wellbeing  

 

Title of Presentation: A Report Card on Carer Health in SA 

Abstract: Title: A report card on carer health: Fostering partnerships between researchers, 

carers and clinicians to monitor the health of carers at both population and clinical levels]. 

 

Presenter: Anne F Stacey 

Co-Authors: Professor Anne Taylor; BA, MPH, PhD. (Population Research & Outcome 

Studies, Discipline of Medicine, University of Adelaide, Australia)  

Dr Tiffany K. Gill; BAppSc, MAppSc, CertHealthEc, PGradDip(HlthSc), MBA, 

PGradDip(Biostats), PhD. (Population Research & Outcome Studies, Discipline of Medicine, 

University of Adelaide, Australia)  

Associate Professor Kay Price; RN, PhD (School of Nursing and Midwifery, University of 

South Australia) 

 

Conference Abstract: A proportion of family (informal) carers report personal health 

problems, disabilities and chronic conditions themselves whilst providing long-term home-

based support of family members with complex care needs. In South Australian surveys, 

carers’ perceptions of their own health indicated that up to 34% felt their caregiving role 

affected their physical or emotional health. This is a growing global phenomenon. Therefore, 
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monitoring carer health is important, but there are limited representative population-based 

survey data that give detailed information on the health status and biomedical profiles of carers. 

Establishing more formal links between mainstream research and health related researchers, 

clinicians, carer groups, governments and policy makers would help facilitate the ongoing 

collection of base-line data about carer morbidity amongst these unpaid informal carers. 

 

This presentation features original research that provides a snapshot of general health 

characteristics and biomedical status of adult carers [aged 16 and over]. It combines selected 

results from two cross-sectional studies conducted between 2008 and 2016 in South Australia. 

Our study showed that more carers reported fair to poor health, disability and psychological 

distress than non-carers. Initial findings indicated there was a higher prevalence of key risk 

factors, such as smoking, raised cholesterol and blood pressure amongst carers. Although the 

overall risk of SA carers having major chronic conditions was low when compared with non-

carers, carers had a greater likelihood self-reporting chronic conditions such as diabetes, 

asthma, arthritis and depression. 

 

Currently this type of detailed health information on carers is lacking in the published literature. 

Fostering partnerships between researchers, carers and health professionals and including 

informal carers within mainstream research will enable the monitoring of carer health and 

morbidity in much greater detail. The challenge is to identify, improve and protect the health 

of vulnerable informal carers now and in the future. 

 

*SA HEALTH, for access to SAMSS: South Australian Monitoring and Surveillance System  

(* SA HEALTH refers to the South Australian Department of Health and Ageing, Government 

of South Australia)
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Abstract

Background
The ongoing need for an availability of informal carers is taking on greater relevance as the

global burden of disease transitions from acute fatal diseases to long termmorbidity. Grow-

ing evidence suggests that extra burden on family carers may further impact on their health

and ability to provide care. Importantas it is to monitor the prevalence of those conditions

which influence the burden of disease, it is also important to monitor the prevalence and

health profiles of those who provide the informal care. The aim of this study was to demon-

strate the prevalence and demographics of adult carers aged 15 and over in the state of

South Australia over 20 years between 1994 and 2014.

Methods
Data from nine representative, cross-sectional population surveys, conducted in South Aus-

tralia, Australia were used, (total N = 26,788 and n = 1,504 carers). The adjusted prevalence

estimate of carers and their demographic characteristicswere determined.So as to exam-

ine whether there were any generational effects on the prevalence of carers, an Age-Period

Cohort (APC) analysis was undertaken.

Results
The prevalence estimates of carers increased during the two decades from 3.7% in 1994 to

6.7% by 2014. Large increases in the proportionof retired carers, those aged 70 years and

over, those carers employed, and those with higher educational qualificationswere

observed. There were also larger proportionsof respondents with a country of birth other

than Australia, UK, Ireland and European counties. The APC analysis illustrated an increas-

ing prevalence rate over each decade for carers aged 20–80 years, especially for those

over the age of 60 years.
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Conclusions
The results illustrate changing carer characteristics and carer prevalence estimates in

South Australia as new generations of carers take on the caring role. There is a need to

include questions regarding informal carers within ongoingmainstreampopulation surveys,

particularlyat state levels, so as to plan for their future health care and home support.

Background
Although the concept of kinship support and filial piety has existed throughout history across
most cultures, the importance of family members caring for ill or aged relatives was not ade-
quately recognised at the level of social policy of western countries until later in the twentieth
century [1–2]. Traditional expectations of family meant that the caring efforts of informal car-
ers (unpaid caregivers) were often taken for granted [3]. Today carers are more readily recog-
nised as a separate group in their own right. Their pivotal role in health and social support
systems are acknowledged for their significant economic contribution to containing health
care costs [4–5]. Defining an informal carer or family caregiver is however problematic as car-
ers can be any age, from children to the elderly, younger than nine years old to over 90 years of
age. They may care for a child or adult age person with a disability, a chronic physical or mental
illness, is recovering from illness or accident or who is a frail aged person. Carers are referred
to as unpaid, informal or family caregivers who provide in-home support to a family member
or friend who needs assistance in their daily living activities.

Globally the ongoing need for an availability of informal carers is taking on even greater
critical relevance. Firstly as life expectancy increases and the population ages; secondly as stud-
ies of global burden of disease show a transitioning from early mortality associated with acute
fatal diseases to long term morbidity dominated by chronic conditions [6–7]. Not only have
these phenomena resulted in higher proportions of disability and impairment across popula-
tions, but are impacting at community and individual levels [8]. For example informal family
carers of all ages provide multifaceted care for children and adults with a disability, persons
who are frail and aged, chronically ill partners and friends with complex and demanding physi-
cal and mental health problems [9].

Growing evidence suggests that the extra burden on carers can put them at risk of physical
health and emotional stress and strain [10–12]. Therefore important as it is to track the preva-
lence of those conditions which influence the burden of disease, (for example cancers, cardio-
vascular diseases, injury as well as dementias), it is also necessary to track the prevalence,
demographic profiles and health status of those who provide the informal care.

Over the past thirty years, prevalence figures of informal caregiving at the population level
have emerged haphazardly across industrialisednations and more recently from developing
countries [13–14]. The methodology to identify informal caregivers still remains inconsistent,
with international surveys providing estimates ranging from 15% to 39% [9,15]. It is acknowl-
edged that prevalences are affected by different definitions of informal carers thus it is difficult
to compare prevalences across countries and across studies or surveys.However some larger
population studies do provide an overview. For example, in 2011, 12% of the British (adult)
population were identified as caregivers [16]. Canadian surveys have estimated that overall
28% of adult Canadians aged 15 or over were caregivers although rates varied considerably
across the provinces [17]. In the United States (US) it was estimated that up to 25–30% of the
adult population were providing care and support to family and friends, but again rates varied
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by state [18–19]. In both the 2009 and 2012 Australian Bureau of Statistics (ABS) Disability
Ageing and Carers surveys (SDAC), approximately 12% of the Australian population was iden-
tified as providing some care while approximately a third were primary carers [20–21]. ABS
limit their definition to care provided to people with disability, long-term conditions, or care
for persons who are aged 60 years and over [21].

At state levels in Australia, population-baseddetails of carer prevalence have also mostly come
from data collected by the national ABS surveys. These have been conducted approximately every
five to six years since 1993. In the state of South Australia (SA), the prevalence of carers has been
determined through additional separate state wide Health Omnibus Surveys (HOS) which have
included carer status questions in nine of the annual surveys between 1994 and 2014.

The aim of this paper is to show changes over 20 years, between 1994 and 2014, in the preva-
lence and demographic characteristics of adult carers aged 15 and over in the state of SA. To
achieve this, the trend over the past decadeswas analysed. Secondly, multivariable analyses were
conducted to determine the demographic characteristics of those reporting that they were carers,
from three time points. Thirdly, the percentage differences for demographic and socio-economic
variables were analysed across the two decades from 1994 to 2014. Lastly the age-period-cohort
(APC) effectswere also examined. The benefits of APC analysis allow the effects of age, period and
cohort to be interpreted independently whilst taking into account a plethora of individual, societal,
historical and cultural aspects [22]. Age relates to the physiological processes associatedwith grow-
ing older, period effects relate to particular time points with the assumption that populations are
all equally affected, and cohort effects relate to experiencesduring particular time frames.

Methods
The Health Omnibus Survey is a population-based cross-sectional, representative survey that
has been undertaken annually or bi-annually in SA since 1990. It investigates a range of health
and health service issues as requested by health related organisations and researchers in SA and
beyond. The full HOS methodologyhas been previously described [23] but in brief, each survey
is a clustered, multi-stage, systematic, self-weighting sample selected from the Adelaide metro-
politan area with the remainder being drawn from those country areas with a population of
1000 or more, based on ABS Census information. Each survey is face-to-face and interviews
are undertaken by trained interviewers.

Carer questions
Informal carers are those who provide the main care in the home setting, are aged 15 years or
older, and are giving ongoing personal care and assistance to dependent relatives and individu-
als with a chronic mental or physical illness or who are frail and aged. Providing this care is
beyond that which is expected in a normal relationship [24–25]. Data pertaining to informal
carer status was from selected years between 1994 to 2014. In 1994 and 1998, the carer question
used was, “Are you a carer of a dependent person? (A dependent person is someone who has a
chronic condition that is unlikely to improve, for example frail aged, disabled etc.). In the
remaining surveys (2000–2002, 2004, 2008, 2013–2014) the carer question was, “Do you pro-
vide long-term care at home for a parent, partner, child, other relative or friend who has a dis-
ability, is frail, aged or who has a chronic mental or physical illness, where long-term care is a
minimum of 6 months and may extend into years.” Refer to S1 File.

Demographic and socio-economic questions
Demographic variables included in the surveys are gender, age group, area of residence, coun-
try of birth and marital status. Socio-economicvariables included educational attainment and
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work status. Details of the annual income for each household was obtained and the socio-eco-
nomic disadvantage of neighbourhoodat an environmental level (using postcode) was classi-
fied into the Socio Economic Index for Areas (SEIFA) Index of Relative Socio-Economic
Disadvantage from which quintiles were determined [26]. Refer to S2 File.

Data analysis
The survey data were weighted by age, gender and geographic locations so that the findings
apply to the demographic profile of SA using either the ABS census data or the most recent
estimated residential population for each year. Initially the trend in prevalence was determined
using the nine years of data. Age and sex standardized prevalence estimates were also pro-
duced. For ease of interpretation data from three surveys collected ten years apart (1994, 2004
and 2014) were selected to highlight specific demographic changes. Analysis was undertaken
using SPSS Statistics, Version 19 (IBM SPSS Statistics, New York, NY, USA).

For the APC analysis, the combined data from the nine years were used and an APC model
was constructed using STATA Version 13 (StataCorp, College Station, TX, USA) with the ‘apc-
fit’ command [27]. APC analysis was chosen so as to interpret the effects of ageing, birth
cohorts and time periods in relation to carer prevalence and odds ratios. In this analysis, ‘AGE’
was the self-reported age of the respondents at the time of the survey interview. ‘COHORT’
was the age subtracted from the survey year. This ranged from the oldest respondents (80 years
and over) to the youngest respondents (aged 15 years). ‘PERIOD’ represents the years of data
collection (1994 to 2014).

Ethical approval
This procedure was approved by both the Research Ethics Committee of The University of
Adelaide (U of A H-097-2010), and previously with South Australia Health and the South Aus-
tralian Department of Health, (310/07/2012).

Participants provided informed verbal consent for each of the surveys used between 1994
and 2014 for this study. In line with other epidemiologically-basedsurveillance systems, verbal
consent was obtained from the participant before the interview commenced. Participation in
each HOS study is voluntary. An approach letter introducing HOS was sent to selected house-
holds prior to all interviews, including a brochure outlining confidentiality and privacy assur-
ance, how the information was to be used and which organisations were involved in each
survey. If the selected respondents had any queries or did not wish to participate in the survey,
they were able to call a 1800 free call telephone number listed in the introductory letter.

Verbal consent was obtained by the interviewers at the time of the face-to-face interview
and upon initial contact, the interviewers repeat the purpose of the survey as well as the
expected length of time to complete the interview. The respondent could choose to not answer
any question or section throughout the interviewor could terminate participation at any time.
Continued participation was taken as evidence as continued willingness to participate (implied
consent) however if the participant withdrew their consent to participate at any time, the inter-
view was terminated and no information collected.

Results
Overall, the total sample for the nine surveys was N = 26,788 (n = 1,504 were carers). The sur-
vey response rates decreased over the 20 year period from 72.4% in 1994 to 54.4% in 2014. The
prevalence trend using data from nine surveyswhich included carer status questions is pre-
sented in Table 1 and Fig 1. In SA over the two decades from 1994 to 2014, there was almost a
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doubling of the prevalence of carers increasing from 3.7% 1994 to a peak of 7.9% in 2008 then
declining to 6.7% by 2014.

Table 2 highlights the unadjusted and adjusted odds ratios of carers over three specific
years; 1994, 2004 and 2014 by a range of demographic variables. Multivariable analysis shows
that in 2014 carers were more likely to be female (OR 1.43; 95% CI 1.00–2.05, p = 0.050), be
aged 50–69 (OR 1.82; 95% CI 1.11–3.01 p = 0.0.019), be born in countries other than Australia,
UK or Ireland, (OR 1.82; 95% CI 1.08–3.07, p = 0.02), be never married (OR 0.47; 95% CI
0.26–0.83, p = 0.011), declare their work status as ‘home duties’ (OR 1.88; 95% CI 1.02–3.48,
p = 0.043) and have annual household incomes of $20,000–40,000 (OR 2.38; 95% CI 1.29–4.02,
p = 0.005).

Table 1. Crude& Age / Sex StandardisedPrevalence Estimates of Adult Carers, SouthAustralia 1994–2014.

Year HOS Total N CarersTotal n SA EstimatePrevalence% (95%CI) Age and Sex Standardised Prevalence Estimate % (95%CI)

1994 3010 104 3.4% (2.9–4.2) 3.7% (2.9–4.4)

1998 3010 127 4.5% (3.6–5.0) 4.6% (3.5–5.6)

2000 3027 141 4.7% (4.0–5.5) 4.8% (4.0–5.6)

2001 3037 170 5.6% (4.8–6.5) 5.9% (4.9–5.6)

2002 3015 154 5.0% (4.3–5.9) 5.2% (4.2–6.2)

2004 3015 177 5.9% (5.1–6.8) 5.9% (5.1–6.8)

2008 3034 239 7.9% (6.8–8.9) 7.9% (6.8–8.9)

2013 2908 218 7.5% (6.6–8.5) 7.5% (6.2–8.8)

2014 2732 174 6.4% (5.5–8.3) 6.7% (5.4–7.7)

doi:10.1371/journal.pone.0161994.t001

Fig 1. Prevalence Estimates of Adult Carers in SouthAustralia: 1994 to 2014.

doi:10.1371/journal.pone.0161994.g001
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Table 3 details the percentage increase across the two decades from 1994 to 2014 by demo-
graphic characteristics.Moderate increases across the 20 years from 1994 to 2014 were seen for
females (100% increase, from 4.0% (95% CI 3.0–5.4) to 8.0% (95% CI 6.6–9.5), with a 86.2%
increase in males over the same time period from 2.9% (95% CI 2.1–4.0) to 5.4% (95% CI 4.0–
7.4). There was a larger 120% increase for carers aged 70 years or more, from 5.0% (95% CI
3.0–8.4) to 11.0% (95% CI 8.0–14.8). It is also noted in carers aged 15–49 years, there was a
90.9% increase from 2.2% (95% CI 1.5–3.1) to 4.2% (95% CI 3.1–5.7).

Other socio-demographic increases over the 20 years included a 108.1% increase for carers
with a secondary school level or less education, from 3.7% (95% CI 2.8–4.8) to 7.7% (CI 95%
CI 6.2–9.6), however in terms of educational attainment, there was a 112.1% increase in carers
with trade qualifications, certificates and diplomas, increasing from 3.3% (95% CI 2.2–4.9) to
7.0% (95% CI 5.3–9.0).

Again, large percentage increases were recorded for work status, with a 119.0% increase for
employed carers (full or part time) from 2.1% (95% CI 1.4–3.3) to 4.6% (95% CI 3.5–6.2), and a
110.9% increase in those carers nominating they were retired, from 5.5% (95% CI 3.8–7.9) to
11.6% (95% CI 9.3–14.4). Annual household income of $40,000 or more showed a 172.2% increase
from 1.8% (95% CI 1.0–3.3) to 4.9% (95% CI 3.5–6.8) and a 403.3% increase for annual household
income of $20–40,000 was recorded, from 3.0% (95% CI 1.9–4.8) to 15.1% (95% CI 11.5–19.6).

Other demographic percentage increases included a 163.6% increase for other country of
birth, increasing from 3.3% (95% CI 1.8–5.7) to 8.7% (95% CI 5.9–12.6). Carers born in Austra-
lia showed a 93.3% percentage increase from 3.0% (95% CI 2.3–3.9) to 5.8% (95% CI 4.6–7.3),
however there was a smaller 43.1% increase in carers whose country of birth was UK/Ireland,
from 6.5% (95% CI 4.3–9.8) to 9.3% (95% CI 6.4–13.4).

In terms of percentage differences over the most recent decade, from 2004 to 2014, highest
percentage increases were seen for annual household income of $20,000–40,000 (104.1%
increase) from 7.4% (95% CI 5.4–10.1) to 15.1% (95% CI 11.5–19.6). No change in the most
recent decade to 2014 was found for carers in the 18–49 age group (4.2%). The only negative
percentage differences occurred in the most recent decade to 2014 was for carers born in Aus-
tralia (-1.7%) and carers who were never married (-14.3%).

Fig 2 provides the results of the APC analysis. On the left axis is shown the independent
effects of age (prevalence) and on the right axis the birth cohort and period effects, both using
rate ratios are shown. The peak age for carers was around 80 years and showed a steady
increasing rate over each decade for those aged 20–80 years. The graph indicates that the preva-
lence of being a carer increases, especially after the age of 60. In the cohort analysis the Baby
Boomers born around 1951–2 are the reference point [= 1] and also represent the point of
acceleration of risk which for the purposes of this paper, can be interpreted as each cohort’s
exposure to informal caregiving. The graph also shows a higher ratio of caring in the later
cohorts born mid1970s to 2000, suggesting that persons born around 1975 (Generation X)
may be twice as likely to become carers, whereas persons born 1980s to 2000 (Generation Y)
have a three-fold likelihoodof becoming carers. The Estimated Period Effect represents the
specific calendar periodwhen the sample population were surveyed. The resulting period
effects of the graph show increasing prevalence from 1994, peaking at 2008 then falling into
negative effects by 2014.

Discussion
The results indicate an inital increase in the prevalence of carers from 1994, a doubling of the
proportion of carers by 2008 (3.7% to 7.9%), then a slight decline to 6.7% by 2014. Increases in
proportions of carers across all ages were found, especially the 50–69 year old group and the 70
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years and over age groups, a finding consistent with SA having been the state with the highest
proportion of older age population in Australia [28–30]. In our surveys there was still a consid-
erable proportion of carers whose education was secondary school or less, but there were
higher prevalences of carers who had high educational attainment and tertiary training. Carers
were more likely to be employed either full time or part time, but as would be expectedwith an
ageing population, there were also more carers who had left work and retired. In terms of
annual household incomes of carers which have increased over the past 20 years, much of this
would be the result of inflation and many carers still remain in the low/ lowest most disadvan-
taged quintiles compared with the wider community.

It is well documented that women have been the traditional and dominant family caregivers
in societies of all cultures [2]. Although there was a slight increase in proportions of male carers
in our earlier SA survey of 2004, overall male percentage increases (86%) remained below the
100% increase of females. ABS national surveys across Australia amongst ‘all’ carers in 1998
showed there was some narrowing of the gender gap with just over a half of all carers being
female. In the over 75 age group there were slightly more male primary carers. Interestingly
Australian disability surveys revealed that after the age of 85, carers were frequently males car-
ing for a disabled wife [31] The implications of this changing demographic with an increasing
number of male carers in this older age group raise questions about the mix and type of services
needed for the future.

There is a paucity of published literature on informal caregiving in terms of surveys apply-
ing Age-Period-Cohortmethods. Earlier studies include one that explored changes in attitudes
towards caring for ageing parents [32]. More general research examined trends in disability in

Fig 2. APC analysis of informal caregiving in SouthAustralia shown as line graphs representing rates (%)
and rate ratios,with 95% confidence intervals.

doi:10.1371/journal.pone.0161994.g002
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older adult cohorts using APC [33]. Other APC studies and those specific to carers using meth-
odology comparable to this paper have not been sourced to date, except those applied to preva-
lence rates of chronic disease topics such as diabetes, and obesity [34].

Our APC analysis (Fig 2) illustrates the combined impact of caregiving and ageing on sev-
eral birth cohorts, which range from the older carers of pre-war generations (born early 1900s
to 1945), to the Baby Boomers (born 1946–1964) and Generation X, (born 1965–1980s). The
prevalence of becoming a carer showed a steady increase over each decade, especially after the
age of 60. Using the APC analysis, carers’ peak age was around 80 years. Again our study indi-
cates there has been a trend for older age carers to continue caregiving into their late 70s, 80s
and beyond. Other authors have observed that the onset of caregiving peaked in late middle
age and older, and that informal care could span three decades or more of adult life [35]. Of
concern has been the lack of data on prevalence of those much older generations who might be
providing care for a spouse, relative or an adult child with a disability. Literature is more readily
available on social and health impacts on those cohorts [36–38].

Our study highlights changes in carers’ country of birth, an aspect that reflects sixty years of
increased immigration to South Australia. Although our results show that there has been a
93% percent increase in carers born in Australia, by 2014 there were large percentage increases
(over 163%) in carers born in countries other than Australia, UK, Ireland or Europe. This
change from earlier carer profiles of the 1990s reflects the wider cultural characteristics of peo-
ple (families) who have migrated to SA since the 1950s and 1960s. Australia has a rich multi-
cultural heritage of people from over 200 countries. Those overseas-born persons aged 65 or
over, have expanded in recent decades, doubling since 1991 [39–40]. There is potential for this
cultural influence to impact on carers’ use of home based care if there are inadequate culturally
appropriate respite services or facilities. Further, there could be a reluctance on the part of
older persons from different cultures to accept support services creating additional difficulties
for the spouse or other family carers [41].

The results of our surveys show that new generations of carers have emerged with different
characteristics in areas of education and employment and this can be a challenge for many to
combine with their informal caring. The higher proportion of working carers in our study,
(both full time and part time), takes on greater importance because of the many Baby Boomers
who are the current generation of informal carers. This transition occurred as older Pre-World
War II carers, (for example, ageing parents of the early Baby Boomers), became the recipients
of care over the past 20 years. This coincided with a greater emphasis on community care in
Australia during the past decades, which is being further developed as new government
reforms and initiatives for carers and consumers [42]. For example they focus on consumer
directed care packages based on ageing in place (and in the home) and in disability ‘consumer
choice and control’ through the NDIS. Both models emphasise that they are consumer directed
for home based care. Current integrated support services for carers are undergoing further
development.

Younger working carers, especially parent-carers, are another group that cannot be over-
looked. Carers of younger children with chronic health conditions and disabilities are more
likely to be subject to employment constraints. Employment for carers can be problematic and
research is emerging of the negative effects on the parents who are the informal carers [43]. In
general, of those carers who also work, many do manage well without adverse health changes,
but Schofield concluded that ‘working carers providing high levels of care represent a vulnera-
ble subgroup where supportive and preventive servicesmight be focused’ [44]. In our study
there was a higher proportion of working carers overall, but on a global scale, Australia has had
a lower percentage of employed carers (38.4%), than other countries such as Canada, USA or
the UK (55–60%) [45–48].
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While the changing prevalence of carers in our study showed an increase over time, the later
decline by 2014 could have been influenced by a number of factors. For example natural attri-
tion (deaths) amongst carers from the oldest birth cohorts would have been occuring during
that time. On a national scale reduced disability rates amongst both children and adults were
observedwhich could have resulted in slightly less demand for informal carers [20]. Other fac-
tors impacting on carer numbers may be due to younger generations choosing careers over car-
ing roles, especially with greater labour force participation of women [49]. Also it is not
uncommon for people to choose to work beyond the ages of 65 and 70 years old which would
lessen their availability for complex caregiving in the home. There have also been trends
towards more active retirement, especially amongst baby boomers and later generations [40]. It
is conjectured that some of these socio-economic factors surrounding caregiving may have
been further influenced by the Global Financial Crisis (GFC) with a general reluctance to give
up paid work and income during such uncertain times. Those directly affected by the GFC may
have had to actively seek employment, as a priority over any caring role.

The strengths of this study are that the results provide an analysis of carer prevalence and
demographics over a twenty year period. It has used population-based data using face-to-face
interviews, the gold standard of surveys, and a significant number of interviewswere con-
ducted. It is therefore more generalizable to other ageing populations and includes a number of
relevant demographic covariates.

Limitations of the study include definitional issues which continue to influence all caregiv-
ing research and make comparisons of carer / caregiver prevalence figures difficult across stud-
ies [18]. Although the data were age/sex standardized no adjustment for Consumer Price Index
(CPI) was undertaken, so those household income results should be assessed with caution.
There was a potential bias from survey non-response in the latter surveys in this study and this
should be seen as a weakness of the project. There is a general trend towards lower response
rates in all types of population surveys as people protect their privacy, or are overwhelmedby
marketing telephone calls or mail outs.

Due to their small numbers, non-English speaking individuals, Indigenous and those from
specific cultures are included in the data collection but not in the analysis. Also the small num-
bers of young carers meant that meaningful analysis could not be included in our study, how-
ever this is a limitation that does not detract from their vital roles and urgent need for further
research [50–51].

In conclusion, this study demonstrates there has been an overall increase in informal care-
giving in SA, a state which over the past two decades has shown higher proportions of people
aged 65 years and over, than those in other mainland Eastern Australian states [29]. Our
research has highlightedmajor demographic shifts between 1994 and 2014 and it is important
that policy and planning keep pace with these changes and projections. As future prevalence
rates are watched with interest in SA, these findings may also be relevant in other specific pop-
ulations with similar demographic profiles. If we are to sustain the current model of care in the
community and the informal carers in their caring role it is important to continue monitoring
the prevalence, demographic and health profiles as emerging generations of informal carers
with more diverse characteristics take on the caring roles. To achieve this there is an urgent
need to include informal carers within ongoing mainstream population surveys, wherever
appropriate, so as to provide statistics to plan for their future health care and home support. As
the literature suggests, many carers themselves have health problems or suffer diminished qual-
ity of life [52–53]. Therefore carer well-being and particularly their health status needs to be
considered in parallel with those persons they are caring for. Important as it is to track the
prevalence of the wide range of conditions which influence the burden of disease, it is also
important to track the prevalence, demographic profiles and health status of those who provide
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the informal care, as many are carrying a double burden of disease. That of the care recipient,
and their own.
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AbstrACt
background There is growing discussion on the impact 
of informal caregiving on the health status and morbidity 
of family carers. Evidence suggests a proportion of 
carers may be at risk of poor health outcomes. However, 
there are limited population-based studies that provide 
representative data on specific risk factors among 
carers (eg, blood pressure, cholesterol, smoking status, 
activity and body mass index) and major chronic 
conditions (eg, asthma, diabetes and arthritis). This 
study aimed to redress that imbalance.
Method Self-reported data were from the South 
Australian Monitoring and Surveillance System 
(SAMSS), a representative cross-sectional state-wide 
population-based survey of 600 randomly selected 
persons per month. SAMSS uses computer-assisted 
telephone interviewing (CATI) to monitor chronic 
health-related problems and risk factors and to assess 
health outcomes. In total, 2247 family carers were 
identified from 35 195 participants aged 16 years and 
older for the 5-year period from 2010 to 2015. Logistic 
regression analyses examined associations of being a 
carer with self-reported chronic diseases and health 
risk factors. In addition, the population attributable 
risk (PAR) of being a carer was examined for selected 
chronic conditions.
results The prevalence of carers was 6.4%, and 
peak age group for carers was 50–59 years. Adjusted 
ORs for chronic conditions in carers were significant 
for all chronic conditions examined. Although there 
is a high prevalence of self-reported risk factors and 
chronic conditions among carers compared with non-
carers at the population level, PAR findings suggest 
that caregiving is associated with a small to moderate 
increased risk of having these chronic conditions.
Conclusions Monitoring of carer health and morbidity 
particularly ‘at risk’ individuals such as female carers 
with asthma or diabetes remains important and provides 
an ongoing baseline for future surveys. To achieve 
this, caregiver-based studies need to become part of 
mainstream biomedical research at both epidemiological 
and clinical levels.

bACkground 
Increasing demands for home-based 
informal care during the closing years of 
the 20th century have seen the transition of 
family members and close friends taking on 
increasingly demanding long-term physical 
caregiving roles in the home.1–3 Some of 
these complex caring activities include tasks 
that medical and nursing professionals would 
normally perform in healthcare settings.4–6 
Multidisciplinary research has stimulated 
discussion on the impact of informal care-
giving on carers’ lives, health and well-
being, morbidity and mortality, which has 
been comprehensively reviewed over recent 
years.7–11 

International and national evidence 
suggests that due to the protracted periods 

strengths and limitations of this study

 ► This study used population attributable risk analysis 
to determine the contribution of caregiving to major 
chronic conditions in carers. To our knowledge, PAR 
has not been undertaken using carer data on health 
risk factors and chronic conditions before.

 ► As the study uses cross-sectional data, it describes 
associations between carers and major chronic ill-
nesses and risk factors.

 ► The sampling process was part of ongoing repre-
sentative state-wide surveys over a 5-year period 
so it did not limit the recruitment of carers to a spe-
cific type of caregiving or care recipient condition.

 ► The survey using telephone and computer-assisted 
telephone interviewing protocols was not conducive 
to in-depth interviewing of each participant; there-
fore, it limited information about the cared for per-
sons, their diagnosis and disability or the duration or 
intensity of care provided.

 ► Questions about the carers’ relationships (to the 
care recipient), carer lifestyles and environments 
were also limited.
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and intensity of caring for young or older persons with 
severe disability, chronic illness or dementia, a proportion 
of carers may be at risk of negative health outcomes.12–16 
Caregiving has been shown to be a risk factor for a range 
of chronic physical and mental health conditions, such 
as cardiovascular disease (CVD), coronary heart disease 
(CHD), psychological distress, stress and depression, 
which have been extensively investigated throughout the 
caregiving literature.17–20 Lifestyle and health risk factors 
impacting on carer health have included hypertension, 
overweight, smoking and disturbed sleep.19 21 Diabetes 
and other chronic health conditions have also been iden-
tified and investigated among carer populations.22

From these many examples of negative physical and 
psychological health outcomes reported to be linked to 
informal caregiving, most relate to well-established theo-
retical pathways of chronic stress or conceptual models 
of caregiving based on a stress-coping frameworks.9 15 23 24 
Other studies have reported carer morbidity in terms of the 
impacts of caring for longer hours per week, the greater 
intensity of caring activities and more years as a carer.14 
Kenny et al25 also focused on the duration of caregiving 
that could exacerbate pre-existing (chronic) conditions 
in some carers. Another Australian study of older carers 
revealed most had a chronic illness themselves and was 
linked to the time they spent on caring activities.26 This 
trend was not restricted to particular age groups. In a 
large population-based Canadian survey of caregivers of 
children with chronic health problems, the parent carers 
were shown to be twice as likely to report chronic condi-
tions. They also had greater odds of experiencing poorer 
general health than carers of healthy children.27

Despite the predominance of literature highlighting 
deleterious consequences of caregiving, positive 
outcomes have been reported, acknowledging that a 
proportion of informal caregivers provide ongoing care 
and support without any detriment to their well-being.28 
For example, some studies show that carers can experi-
ence positive benefits and maintain an adequate quality 
of life and health status during their caregiving.29 30 This 
may be influenced by what authors have referred to as 
‘the healthy carer effect’.7 31 32 Focusing on mortality and 
the caring role, Roth et al33 highlighted the need for a 
more balanced view when reporting the impact of care-
giving on carer health with greater rigour in research 
methodology and definition of caregivers.

rationale, research question and objective
Many studies, particularly earlier research, are limited by 
non-representative samples as described by Taylor et al.34 
As such, the rationale of this study was to assess self-re-
ported health characteristics and status of adult carers 
from a large, population-based, random sample of South 
Australian adults. The research question for this study 
was: is there an association between the caregiving role 
as a risk factor for chronic disease and the health status 
of informal/family carers? Therefore, the study objec-
tive was to compare carer health status with adults who 

did not identify as carers in a population, adjusting for 
age and gender and determining population attribut-
able risk (PAR) to ascertain the contribution of caring 
to major chronic conditions. The rationale for exam-
ining gender differences was considered important as 
research consistently shows up to two-thirds more carers 
are females than males, who may not necessarily share the 
same health profiles.

Methods
This representative cross-sectional study obtained data 
from an ongoing state-wide population-based survey (the 
South Australian Monitoring and Surveillance System 
(SAMSS)). SAMSS is an epidemiological monitoring 
system established in 2002 to detect and facilitate under-
standing of trends in the prevalence of chronic condi-
tions, risk and protective factors and other determinants 
of health within the state of South Australia (SA).35

sampling frame and recruitment
SAMSS is based on self-reported data, which is system-
atically collected from a minimum of 600 randomly 
selected people each month on persons of all ages in 
the SA community. This risk factor surveillance system 
uses computer-assisted telephone interviewing (CATI) to 
monitor chronic health-related problems and risk factors 
that can assess health outcomes and provide programme 
and policy information.36 All households in SA with a 
telephone number listed in the electronic white pages of 
the telephone directory are eligible for selection in the 
sample. Additional information is available on sampling 
issues in telephone surveys.37

A letter introducing SAMSS is sent to the household 
of each selected telephone number. The letter informs 
people of the purpose of the survey and indicates that 
they can expect a telephone call within the time frame of 
the survey. Data are collected by a contracted agency, and 
interviews are conducted in English. At least six call-backs 
are made to the telephone number selected to interview 
household members. Where a refusal is encountered, 
another interviewer generally (at the discretion of the 
supervisor) calls later, in an endeavour to obtain the inter-
view(s). Replacement interviews for persons who cannot 
be contacted or interviewed are not permitted. Additional 
details on SAMSS methodology are available.36 This study 
used aggregated data from January 2010 to December 
2015. Response rates over the period of 2010–2015 varied 
between 54.1% and 64.4% (mean 59.8%). Family carers 
were identified from adults aged 16 years and over for 
the period 2010–2015. The question asked was ‘Do you 
provide long-term care at home for a parent, partner, 
child, other relative or friend who has a disability, is frail, 
aged or who has a chronic mental or physical illness?’.

outcome variables
The selection of SAMSS outcome variables related to 
national determinants of health, namely diet, blood 
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pressure, cardiac, respiratory and metabolic diseases 
and a range of chronic conditions.36 During interviews, 
all respondents were asked if a doctor had ever told 
them they had diabetes, CVD (heart attack, angina, 
heart disease and/or stroke), arthritis and osteoporosis. 
Asthma was defined as self-reported doctor-diagnosed 
asthma and had experienced asthma symptoms in the 
previous 12 months. In addition, respondents were asked 
if they had ever been diagnosed by a doctor in the last 12 
months with depression, anxiety, a stress-related or other 
mental health problem.

Respondents were also asked if a doctor had ever told 
them they have and/or were currently receiving treat-
ment or medication for high blood pressure (HBP) or 
high cholesterol. They were asked to provide the time 
they spent undertaking walking, moderate or vigorous 
physical activity over the past week. The time was summed, 
with the time spent undertaking vigorous activity multi-
plied by a factor of two to account for its greater intensity. 
This provided an indication as to whether respondents 
are undertaking a sufficient level of physical activity to 
provide a health benefit. This is defined as 150 min or 
more of activity each week and has been categorised 
into insufficient inactivity (no activity and active but 
not sufficient) and sufficient activity.38 Body mass index 
(BMI) was derived from self-reported weight and height 
and classified as underweight (<18.5 kg/m2), normal 
(≥18.5<25.0 kg/m2), overweight (≥25.0<30.0 kg/m2) and 
obese (≥30 kg/m2).39 Data were also collected on smoking 
status (current ex or non), short-term and long-term 
alcohol risk (derived from the number of alcoholic drinks 
per day and the number of times per week alcohol was 
consumed)40 and how many serves of fruit and how many 
serves of vegetables they ate each day with the recommen-
dation being at least two serves of fruit and five serves of 
vegetables per day.41

An indicator of overall health status, the Short Form 
(SF-1) was determined by asking how they would rate 
their overall health (excellent, very good, good, fair and 
poor).42 Psychological distress was determined using the 
Kessler 10 (K10) scale, which consists of 10 questions, all 
of which have the same response categories.43 To score 
the K10, ‘all of the time’ was scored as a 5 and none of the 
time as 1. The 10 items were summed to provide a score 
of between 10 and 50, with scores over 22 indicating levels 
of psychological distress. Disability was defined as phys-
ical, mental or emotional problems or limitations that the 
respondent reported having in their daily life.44 45

data analysis
Demographic variables included in the analyses were 
age, gender, educational attainment, income and work 
status. Frequencies and χ2 tests were determined using 
SPSS V.24. Univariable and multivariable regression was 
undertaken using the ‘svy’ commands in STATA V.14 
to determine crude and adjusted ORs. In the univari-
able analyses, carer status was assessed in association 
with gender, age, health status, risk factors and chronic 

conditions variables. Multivariable logistic regression was 
undertaken to determine the OR associated with carer 
status and the range of health-related variables adjusted 
for age and gender.

PAR was calculated using STATA and the ‘punaf’ add-in 
command to examine risk of caregiving to six chronic 
conditions (diabetes, asthma, CVD, arthritis, osteoporosis 
and mental health).46 For each of the chronic conditions, 
five models were created to determine the relative risk 
(RR) and subsequently calculate the Population Attribut-
able Risk (PAR) of being a carer. Model 1 was unadjusted, 
model 2 controlled for gender and age, model 3 addition-
ally controlled for educational attainment, income and 
work status, model 4 additionally controlled for HBP and 
high cholesterol and model 5 further adjusting for suffi-
cient fruit consumption, sufficient vegetable consump-
tion, smoking status, BMI and sufficient physical activity. 
The PAR analysis was repeated for both males and females 
separately.

Weighting was used to correct for disproportionality 
of the sample with respect to the population of interest. 
Data were weighted using raking, by area (metropolitan/
rural), age, gender, marital status, country of birth, educa-
tional attainment and dwelling status (rented property vs 
other) to the most recent SA population data and proba-
bility of selection in the household so that the results are 
representative of the SA population.47

Patient and public involvement statement
This population-based survey is conducted based on 
the health priorities identified by the South Australian 
Department of Health and Ageing (SA Health). Patients 
are not involved in the design of the study. Results are 
disseminated using publications and policy development, 
where applicable by SA Health (www. sahealth. sa. gov. au).

results
Of the 35 195 participants, 6.4% (95% CI 6.0% to 6.8%) 
identified as carers. Overall, 64.1% of carers were female. 
The peak age group for carers was 50–59 years with rates 
declining after this age.

Table 1 presents overall carer/non-carer prevalence 
comparisons for health status, risk factors and chronic 
disease variables. The overall health status of carers was 
lower than non-carers, with 10.2% more carers reporting 
their health as only fair or poor. The prevalence for 
disability was 9.9% and psychological distress 5.0% higher 
in carers than non-carers. Comparing carer health risk 
factors with non-carers, the prevalence estimates for HBP 
and high cholesterol were higher in carers, and more 
carers were current smokers. Carers were less likely to 
be at risk from alcohol-related risk or injury. Carers were 
also more likely to have all chronic conditions except 
osteoporosis.

Table 2 highlights the unadjusted and adjusted OR 
comparing carers with non-carers on their health status, 
health risks and chronic conditions. After adjustment for 
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Table 1 Demographic and health variable comparison between carers and non-carers

Demographic variables

Non-carers Non-carers Carers Carers P values

n % n % χ2 test

Gender

   Males 15 998 48.6 806 35.9

  Females 16 949 51.4 1441 64.1 <0.001

Age group (years)

  16–39 12 758 38.7 474 21.1

  40–49 5823 17.7 468 20.9

  50–59 5511 16.7 513 22.8

  60–69 4341 13.2 395 17.6

  70–79 2766 8.4 242 10.8

  80 and over 1746 5.3 153 6.8 <0.001

Health status

  Short Form (SF-1)

    Excellent, very good, good 27 466 83.4 1644 73.2

    Fair or poor 5481 16.6 602 26.8 <0.001

  Disability

    No 25 510 77.4 1515 67.5

    Yes 7437 22.6 731 32.5 <0.001

  Psychological distress (K10)

    No 29 496 90.1 1898 85.1

    Yes 3249 9.9 333 14.9 <0.001

Health risk factors 

  Alcohol-related lifetime risk

    Does not drink 7562 23 657 29.4

    No risk 14 257 43.4 1077 48.2

    Lifetime risk of harm 11 005 33.5 499 22.4 <0.001

  Alcohol-related injury

    Does not drink 7562 23 657 29.4

    No risk 20 538 62.6 1376 61.6

    Alcohol-related injury risk 4725 14.4 200 9 <0.001

  Body mass index

    Underweight 621 2.1 59 2.9

    Normal 11 252 38.2 649 31

    Overweight 10 235 34.8 701 33.5

    Obese 7323 24.9 381 32.6 <0.001

  Fruit

    1 or less serves/day 17 238 52.3 1158 51.5

    2 or more serves/day 14 059 42.7 965 42.9

    None/does not eat fruit 1585 4.8 119 5.3

    Don’t know 64 0.2 4 0.2 0.714

  Vegetables

    1 or less serves/day 7946 24.1 444 19.8

    2–4 serves/day 21 072 64 1488 66.2

    5 or more serves/day 3441 10.4 272 12.1

    None/does not eat vegetables 259 0.8 23 1

Continued
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age and sex, the prevalence of fair/poor health status 
(SF-1), disability, psychological distress, HBP, raised 
cholesterol and current smoking all remained significant. 
Carers were less likely to have lifetime risk of alcohol-re-
lated harm and risk of alcohol-related injury. Adjusted 
ORs for all the selected chronic conditions in carers 

were significant (arthritis, asthma, COPD, CVD, diabetes, 
mental health and osteoarthritis, except for osteoporosis).

Table 3 presents the PAR of being a carer for six chronic 
conditions for each of the five different models described 
above. In the unadjusted model, being a carer was asso-
ciated with higher RR for all the chronic conditions. 

Demographic variables

Non-carers Non-carers Carers Carers P values

n % n % χ2 test

    Don’t know 227 0.7 18 0.8 <0.001

  Physical activity

    No activity 4245 16.4 322 19.2

    Activity – not sufficient 7663 29.6 591 35.3

    Sufficient activity 14 004 54 761 45.5 <0.001

  High blood pressure

     No 26 258 79.7 1600 71.2

    Yes 6689 20.3 647 28.8 <0.001

  High cholesterol 

    No 27 604 83.8 1701 75.7

    Yes 5343 16.2 545 24.3 <0.001

  Smoking status 

    Non/ex 27 792 84.4 1797 80

    Current 5151 15.6 449 20 <0.001

Chronic conditions

  Arthritis

    No 26 279 79.8 1542 68.7

    Yes 6668 20.2 704 31.3 <0.001

  Asthma

    Don’t know/no 28 638 86.9 1832 81.5

    Yes 4309 13.1 414 18 <0.001

  Chronic obstructive pulmonary disease

    Don’t know/no 31 543 95.7 2093 93.2

    Yes 1404 4.3 153 6.8 <0.001

  Cardiovascular disease (CVD)

    Don’t know/no 30 487 93.8 2002 6.2

    Yes, CVD 2460 7.5 245 10.9 <0.001

  Diabetes

    Don’t know/no 30 274 91.9 1953 86.9

    Yes 2673 8.1 294 13.1 <0.001

  Osteoporosis

    Don’t know/no 31 481 95.5 2099 93.4

    Yes 1467 4.5 147 6.6 <0.001

  Mental health problems

    No 27 082 82.2 1723 76.7

    Yes 5865 17.8 523 23.3 <0.001

Data source: South Australian Monitoring and Surveillance System 2010–2015.
K10, Kessler 10.

Table 1 Continued 
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Table 2 Unadjusted and adjusted associations between carers and non-carers health-related variables

Health variables

Carers Carers

Unadjusted OR P values Adjusted OR P valuesn %

Health status

   Short Form (SF-1)

    Excellent/very good/good 1644 5.7 1 1

    Fair/poor 603 9.9 1.84 (1.59–2.12) <0.001 1.62 (1.39–1.89) <0.001

  Disability

    No/don’t know 1516 5.6 1 1

    Yes 732 9 1.65 (1.45–1.89) <0.001 1.44 (1.25–1.66) <0.001

  Psychological distress (K10)

    No 1898 6.1 1 1

     Yes 334 9.3 1.60 (1.32–1.92) <0.001 1.63 (1.35–1.98) <0.001

Risk factors

  Alcohol-related lifetime risk

    Does not drink alcohol 657 8 1 1

    No risk 1078 7 0.87 (0.75–1.00) 0.056 0.82 (0.71–0.95) 0.009

    Lifetime risk of harm 499 4.3 0.52 (0.43–0.63) <0.001 0.64 (0.52–0.78) <0.001

  Alcohol-related injury risk

    Does not drink alcohol 657 8 1 1

    No risk 1376 6.3 0.77 (0.67–0.89) <0.001 0.77 (0.66–0.88) <0.001

    Risk of alcohol related injury 201 4.1 0.49 (0.37–0.64) <0.001 0.71 (0.53–0.95) 0.019

  Body mass index

    Underweight 60 8.8 1 1

    Normal 650 5.5 0.60 (0.38–0.96) 0.033 0.60 (0.37–0.96) 0.035

    Overweight 701 6.4 0.71 (0.45–1.14) 0.156 0.69 (0.43–1.12) 0.134

    Obese 682 8.5 0.97 (0.60–1.54) 0.886 0.87 (0.54–1.41) 0.582

  Vegetables

    1 or less 445 5.3 1 1

    2 or more 1488 6.6 1.26 (1.07–1.49) 0.005 1.17 (1.00–1.38) 0.056

    5 or more 272 7.3 1.41 (1.13–1.77) 0.002 1.23 (0.99–1.54) 0.065

    None 24 8.3 1.62 (0.81–3.26) 0.176 1.68 (0.82–3.42) 0.156

    Don’t know 19 7.6 1.47 (0.80–2.70) 0.209 1.26 (0.69–2.29) 0.456

  Fruit

    1 or less 1158 6.3 1 1

    2-4 965 6.4 1.02 (0.90–1.15) 0.742 0.95 (0.84–1.08) 0.425

    5 or more 119 7 1.12 (0.81–1.54) 0.483 1.16 (0.85–1.59) 0.349

    None 5 6.5 1.03 (0.33–3.26) 0.954 0.92 (0.29–2.86) 0.88

    Don’t know 4

  Physical activity

    No activity 322 7.1 1 1

    Activity but not sufficient 591 7.2 1.02 (0.82–1.26) 0.886 1.07 (0.86–1.33) 0.549

    Sufficient activity 762 5.2 0.72 (0.58–0.88) 0.001 0.87 (0.70–1.07) 0.176

  High blood pressure

    No/don’t know 1600 5.7 1 1

    Yes 647 8.8 1.59 (1.40–1.79) <0.001 1.22 (1.06–1.40) <0.001

  High cholesterol

Continued
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After adjustment for demographic and health risk 
factors (model 5), only asthma (RR=1.26) and diabetes 
(RR=1.19) remained statistically significant (p<0.05). The 
PAR associated with being a carer for each condition was 
low.

To determine if there were any differences for males 
and females, the PAR analysis was then stratified by 
sex (tables 4 and 5). In the unadjusted model, being 
a male carer was associated with diabetes (RR=1.79), 
CVD (RR=1.87), arthritis (RR=1.69) and mental health 
conditions (RR=1.32). After adjustment (model 5), all 
associations for male carers disappeared. In table 5, in 
the unadjusted model, being a female carer was associ-
ated with all the selected chronic conditions: diabetes 
(RR=1.53), asthma (RR=1.42), CVD (RR=1.26), arthritis 
(RR=1.39), osteoporosis (RR=1.30) and mental health 

(RR=1.23). After adjustment (model 5), all associations for 
female carers disappeared except for asthma (RR=1.33) 
and diabetes (RR=1.21). For both males and females, the 
PAR associated with being a carer in relation to the range 
of chronic conditions remained small.

disCussion
This representative population-based study of carer 
health characteristics estimated there were 6.4% (95% 
CI 6.0 to 6.8) of the SA population aged 16 years and 
older, who were informal carers. It shows that carers were 
more likely to report chronic conditions, psychological 
distress and disability and to perceive their health status 
as poor to fair. In terms of their risk factor status, after 
controlling for age and sex, carers were more likely to 

Health variables

Carers Carers

Unadjusted OR P values Adjusted OR P valuesn %

    No/don’t know 1702 5.8 1 1

    Yes 546 9.3 1.66 (1.46–1.88) <0.001 1.29 (1.13–1.47) <0.001

  Smoking status

    Non/ex 1798 6.1 1 1

    Current 450 8 1.35 (1.14–1.60) 0.001 1.43 (1.20–1.71) <0.001

Chronic conditions

  Arthritis

    No/don’t know 1543 5.6 1 1

    Yes 705 9.6 1.80 (1.59–2.04) <0.001 1.34 (1.16–1.55) <0.001

  Asthma

    No/don’t know 1833 6 1 1

    Yes 414 8.8 1.50 (1.27–1.78) <0.001 1.49 (1.26–1.76) <0.001

  Chronic obstructive pulmonary 
disease

    No/don’t know 2094 6.2 1 1

    Yes 154 9.9 1.65 (1.27–2.14) <0.001 1.40 (1.07–1.83) 0.014

  Cardiovascular disease

    No/don’t know 2002 6.2 1 1

    Yes 245 9.1 1.52 (1.28–1.80) <0.001 1.29 (1.06–1.56) 0.009

  Diabetes

    No/don’t know 1953 6.1 1 1

    Yes 294 9.9 1.71 (1.43–2.03) <0.001 1.43 (1.19–1.72) <0.001

  Osteoporosis

    No/don’t know 2100 6.3 1 1

    Yes 148 9.1 1.51 (1.26–1.81) <0.001 1.02 (0.84–1.23) 0.835

  Mental health conditions

    No 1724 6 1 1

    Yes 523 8.2 1.40 (1.21–1.63) <0.001 1.34 (1.15–1.56) <0.001

Adjusted for age and sex.
Data source: South Australian Monitoring and Surveillance System 2010–2015.
K10, Kessler 10.

Table 2 Continued 
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report smoking, raised cholesterol and HBP than the 
non-carer population. The PAR of being a carer was 
minimal suggesting that informal caregiving does not 
appear to have contributed to the proportion of chronic 
disease in the sampled population, indicating that if there 
were no carers in the population, there would only be a 
small reduction in the number of cases of those with the 
specified chronic conditions. However, in the SA sample, 
carers reported more chronic illness than found in other 
large international studies.48 49

Despite much published literature discussing chronic 
illness in carers, there remains a lack of details about 
specific chronic conditions among carers, except for 
CVDs and psychological conditions like stress and depres-
sion. Our current study of self-reported carer health in 
SA included a range of major chronic conditions in adult 
carers of all ages. The presence of asthma or other respi-
ratory conditions is rarely demonstrated in other studies, 
although it is acknowledged that carers in this survey are 
living in Australia, which has one of the highest rates of 
asthma in the world.50 Other chronic conditions such as 
diabetes have been evident in a small number of popula-
tion and clinical studies about informal caregivers.22 In 
the biomedical literature, authors have described the link 
between long-term informal caregiving, chronic stress and 
physiological changes including the metabolic syndrome 
and other endocrine and immune conditions.24 51 Some 
of these studies have investigated the impact of caring for 
a spouse with dementia or a child with a disability where 
carers were seen to be more at risk of serious chronic 
physical conditions (such as CHD) or mental health 
conditions.52

There are interesting similarities and contrasts 
between SA and international surveys of carers. For 
example, two large population-based surveys exploring 
the characteristics of informal carers have some rele-
vance to our research.48 49 The 2011/2012 Spanish 
population-based national survey, although limited to 
informal carers in households with a disabled resident, 
explored associations between the carers, disease and 
risk factors and compared them with matched controls.48 
Variables included diabetes, HBP, cholesterol, smoking, 
physical activity and drinking alcohol. Results indicated 
there was some evidence of depression and anxiety 
among female carers, but it was gender and the caring 
role that was seen to mediate chronic diseases in the 
Spanish carers.48 Our survey results showed carers were 
more likely to have diabetes, asthma and arthritis, plus 
major risk factors such as smoking, raised cholesterol 
and HBP.

A Swedish population survey collected self-reported 
data between 2004 and 2013, with the aim of analysing 
associations between caregiving and health outcomes. 
The study also investigated carer self-rated health, the 
presence of long-term illness in carers and their psycho-
logical well-being.49 Comparisons with non-carers showed 
that carers had lower psychological well-being, which 
was also reported in the Spanish Survey.48 The self-rated Ta
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perceptions of health in Swedish carers were worse than 
non-carers and adversely associated with carer health.49

Psychological distress has been consistently reported in 
caregiver research spanning at least three decades.53 54 A 
British survey found there was a progressive increase of 
distress in carers as the amount of caregiving increased 
each week.14 There are also well-documented links 
between psychological distress and lower perceived 
health status, as well as associations between distress and 
the presence of chronic illness.54 55 Although it is reported 
that women are statistically more likely to experience high 
psychological distress than men, the large volume of care-
giving literature showing gender associated with distress 
may have more to do with the fact that more women are 
in caregiving roles. As two-thirds of carers from our survey 
were female, it may explain the finding of higher distress, 
which supports that trend. Previous research undertaken 
by the current authors highlighted major demographic 
trends in SA carers.56

The greater likelihood of carers in our sample reporting 
risk factors of smoking, raised cholesterol and HBP 
when compared with non-carers is interesting and high-
lights important issues for assessment of carer morbidity. 
Despite the wealth of information generated over past 
decades on the health impacts of smoking within various 
populations, discussions linking caregiving stress with 
smoking are few. Like the Spanish study and our own 
SAMSS surveys, some population surveys in recent years 
have included caregiving and smoking status in their 
questionnaires, for example, the Behavioral Risk Factor 
Surveillance System (BRFSS) state-based surveys being 
conducted across the USA.57 Their results showed some 
similar characteristics to the SA survey in terms of gender 
and age distribution, but more of our carers reported 
disability or were current smokers.

In relation to smoking characteristics, studies were 
mostly limited to the smoking habits of caregivers of 
patients with Alzheimers Disease. For example, one 
project was part of the REACH II study (Resources for 
Enhancing Alzheimer's Caregiver Health, 2002–2004 
in the USA). It showed that 40% of caregivers smoked 
which was higher than smoking in the general popula-
tion (22%).58 Findings indicated that nearly a quarter of 
the informal carers of patients with Alzheimer’s disease 
reported increased smoking over the previous month, 
which was linked with age, ethnicity and employment. 
Younger carers were more likely to be smokers, with 
depression as the main stressor. The study suggested 
that the smoking increase in carers could be explained 
by less caregiving skills and fewer coping resources of 
the carers.58 Evidence cited from other studies linked 
the caregiver role with higher distress and to smoking 
behaviours with subsequent impact on heart disease.59

strengths and limitations
The strengths of this study are the large sample size, the 
use of standardised validated instruments and a well-es-
tablished definition of carers that have not altered over 

the period of data collection and also the stability of the 
methodology over the research period. Our sample of 
carers was selected from part of a large representative 
state-wide surveys over a 5-year period, and therefore, 
results are applicable to the wider population. The use of 
PAR analysis to determine the contribution of caregiving 
to major chronic conditions in carers, to our knowledge, 
has not been undertaken using carer data before. Specific 
variables for this study included some of the major health 
risk factors and chronic conditions; however, as data were 
cross-sectional, only associations between carers and 
chronic illnesses and risk factors could be reported. The 
self-reported nature of the data collection is also acknowl-
edged as a weakness of the study with the known subtleties 
associated with persons over-reporting or under-reporting 
their behaviours. For example, measurements to confirm 
the accuracy of each person’s height and weight, blood 
pressure and cholesterol were not undertaken and so 
these may be underestimated.60 61

The structure of the data base and methodology also 
limits data collected to demographic questions and health 
indicators that are suited to telephone and CATI proto-
cols.62 We acknowledge that the relationship between 
caregiving and physical health is complex, bidirectional 
and can be mediated by several factors. For example, 
pre-existing health problems of the carers, diagnosis of 
the cared for person, duration and intensity of the care-
giving and type of caring role (whether more physically 
oriented or emotionally demanding). Questions about 
carer lifestyles and environments, cultural, family and 
social characteristics were also very limited as the survey 
was not conducive to in-depth interviewing of each partic-
ipant. Hence, it was not possible to gather additional infor-
mation about the cared for persons, their diagnosis and 
disability or the duration or intensity of care provided. 
Despite that, the sampling process did allow for carer 
heterogeneity within the population as it did not limit 
the recruitment of carers to any one type of caregiving 
or care recipient condition. Additional information from 
carers on specific somatisation symptoms like sleeping 
disorders, musculoskeletal conditions, injuries, pain and 
general discomfort would have been valuable, but these 
would require a separate study. There may be opportu-
nity for this research in the future. Lastly, it is acknowl-
edged that the scope of health issues investigated in this 
study was limited partly due to lack of evidence between 
informal caring and health status after adjustments for 
various variables.

ConClusion
The profiles of carer health in this study highlight several 
aspects of caregiving in the South Australian population. 
This study shows that informal carers, now recognised as 
the partners in care, were in terms of their own health 
status, reporting a range of diagnosed diseases such as 
asthma, diabetes, arthritis, as well as risk factors of smoking, 
cholesterol and blood pressure. However, although carers 
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in this sample had higher prevalence of almost all condi-
tions, this higher prevalence disappeared for male carers 
in the process of statistical adjustments. For female carers 
after adjustments, all associations with chronic conditions 
disappeared except for diabetes. Therefore, any excess 
prevalence of chronic conditions in the population that 
results from people providing care is small. The estima-
tion of PAR associated with caregiving for these selected 
physical health conditions was not expected to be large, 
and this is indeed what was found. Overall, we concluded 
that our findings of small effect size differences in phys-
ical health outcomes between carers and non–carers was 
associated with small to moderate risk of informal carers 
having these chronic conditions.

This study is novel and useful, not just for demonstrating 
these differences in carer health status and morbidity, but 
rather to show that major health disorders are present 
within the carer population. These findings offer more 
detailed information on types of chronic physical health 
problems such as asthma, diabetes, arthritis and hyper-
tension that need more appropriate disease manage-
ment strategies that are specific to carers. Our results also 
provide a baseline for assessing and comparing trends 
across a range of chronic conditions and risk factors 
among future carers.

Therefore, monitoring of carer health and morbidity, 
particularly ‘at risk’ individuals such as female carers with 
asthma or diabetes, is important to track trends in chronic 
health conditions, distress and disability in informal care-
givers. To achieve this, caregiver-based studies need to 
become part of mainstream biomedical research at both 
epidemiological and clinical levels.
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Abstract

Objectives

To compare the biomedical health profile and morbidity of adult carers with non-carers.

Methods

The North West Adelaide Health Study (NWAHS) is a representative population-based

longitudinal biomedical cohort study of 4056 participants aged 18 years and over at

Stage One. Informal (unpaid) carers were identified in Stage 3 of the project (2008–2010).

Risk factors, chronic medical conditions and biomedical, health and demographic charac-

teristics using self-report and blood measured variables were assessed. Data were col-

lected through clinic visits, telephone interviews and self-completed questionnaires. Risk

factors included blood pressure, cholesterol/lipids, body mass index (BMI), smoking

and alcohol intake. Chronic medical conditions included cardiovascular and respiratory

diseases, diabetes, and musculoskeletal conditions. Blood measured variables were rou-

tine haematology, biochemistry, Vitamin D, and the inflammatory biomarkers high sensitiv-

ity C-Reactive Protein (hs-CRP), Tumor Necrosis Factor alpha (TNFα) and Interleukin-6

(Il-6).

Results

The prevalence of carers aged 40 years and over was 10.7%, n = 191. Carers aged 40

years and over were more likely to assess their health status as fair/poor and report

having diabetes, arthritis, anxiety and depression. They also reported insufficient exercise

and were found to have higher BMI compared with non-carers. Significant findings from

blood measured variables were lower serum Vitamin D and haemoglobin. Male carers

had raised diastolic blood pressure, higher blood glucose, lower haemoglobin and

albumin levels and slightly elevated levels of the inflammatory biomarkers TNFα and hs-

CRP.
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Discussion and conclusions

This study confirms informal carers had different biomedical profiles to non-carers that

included some chronic physical illnesses. It identifies that both female and male carers

showed a number of risk factors which need to be considered in future caregiver research,

clinical guidelines and policy development regarding carer morbidity.

Introduction

Although research findings in the caregiving literature have been mixed and at times contra-

dictory, providing long-term care of persons with disability, physical, mental health illnesses

and frailty, has been associated with higher rates of hypertension, heart disease, arthritis and

other chronic conditions in informal family carers [1–7]. The psychological impact of informal

caregiving on carer health, which has received greater emphasis than chronic conditions in the

caregiving literature, has indicated that carers frequently experience stress, distress, anxiety

and depression, particularly female carers who usually represent the majority of carers [2,8–

13]. Published research has mostly been based on self-reported data, while biomedical profiles

of carer health that include clinic measured physical and physiological data have been slower

to emerge, especially those using well-designed population studies.

Population studies based on self-report data

National surveys of family carers from the United Kingdom, Europe, Canada, Australia and

other countries have described some international trends of carer morbidity at the popula-

tion level [14–19]. They have found independent associations of chronic exposure to infor-

mal caregiving and self-reported poor health even at the extremes of the age range, in both

younger and older carers [20]. In recent years surveys of the public health impacts of caregiv-

ing in the United States of America (USA) indicate family carers have had a slight to modest

decline in their health [21,22]. Carers also reported chronic medical conditions such as dia-

betes, and joint pain was identified as a recurrent health problem. Assessing risk factors

among carers revealed responsible health behaviours in relation to taking exercise and

checking cholesterol levels, and those carers surveyed were less likely to be current smokers

[23].

Biomedical measures of carer health: Inflammatory biomarkers

Biomedical studies in the caregiver literature examining inflammatory, immunological and

metabolic profiles of carers include mainly small clinical studies. Some of these demonstrated

associations between informal caregiving and altered biomarkers in carers of persons with

stroke, cancer or the frail aged [4,24]. More detailed physiological assessments of carers’ health

have revealed elevated levels of pro-inflammatory biomarkers, in particular plasma cytokines

such as Interleukin (IL-6), high sensitivity C-Reactive Protein (hs-CRP) and Tumor Necrosis

Factor alpha (TNFα) [25–27]. There have been mixed results from other studies of biomarkers

among carer participants. For example a recent review of the literature (2017) found only

weak associations between caregiving, stress and increased pro-inflammatory biomarkers,

such as IL-6 and CRP among spousal and female home based relatives caring for older persons.

The carers themselves were often aged sixty years and over [28]. Another systematic review

that was specific to the psychobiological impact of dementia caregiving had a focus on chronic

Biomedical health profile of South Australian urban informal caregivers

PLOS ONE | https://doi.org/10.1371/journal.pone.0208434 March 28, 2019 2 / 17

Competing interests: The authors have declared

that no competing interests exist.

Abbreviations: BMI, Body Mass Index; CATI,

Computer Assisted Telephone Interview; CI,

Confidence interval; CRP, C-Reactive Protein; CVD,

Cardiovascular Disease; e-Sel, e-Selectin; FEV1,

Forced Expiratory Volume in one second; Hb,

Haemoglobin; HbA1c, Glycosylated haemoglobin;

HDL, High Density Lipoprotein; hs-CRP, high

sensitivity C-Reactive Protein; Il-6, Interleukin-6;

LDL, Low Density Lipoprotein; MPO,

Myeloperoxidase; NWAHS, North West Adelaide

Health Study; RR, Relative risk; SF1, Short Form 1

(Question 1); SF36, Short Form 36 (Questionnaire);

SPSS, Statistical Package for Social Sciences;

TNFα, Tumor Necrosis Factor alpha; WHR, Waist

Hip Radio.

https://doi.org/10.1371/journal.pone.0208434


stress and incorporated a broad range of biological markers [29]. An overview of risk factors

in carers confirmed differences in blood pressure and heart rate between carers and non-car-

ers, also Body Mass Index (BMI) and weight gain were reported to be different between male

and female carers [30]. Caregiving stress was found to be moderated by gender [30] while an

earlier study had reported that the negative impact of caregiving on health was not observed in

individuals who did not find caregiving to be stressful. [7]. As much past research has been

based on dementia caregiving and stress in carers, there is a lack of population research which

can provide a broader profile of carer health characteristics and offer a different perspective of

the distribution of chronic disease among informal carers.

This study therefore aimed to compare general and biomedical health status of informal

carers with non-carers from the same population with an emphasis on gender differences.

Access to comprehensive self-reported and biomedical data from the North West Adelaide

Health Study (NWAHS) made our investigation possible and provided a wider selection of

haematological and biochemical blood variables rarely featured in carer projects. Research

objectives were to analyse a range of risk factors and selected chronic medical conditions,

using both self-report and clinically measured blood and other biomedical variables, including

a selection of inflammatory biomarkers. The research questions were: Do informal family car-
ers show different biomedical profiles in terms of blood and other measured variables than non-
carers? and secondly; Is there an association between the caregiving role, risk factors and chronic
conditions amongst South Australian informal carers?

Methods

Study design and setting

The NWAHS is a representative population based longitudinal cohort study set in the north

and western suburbs of Adelaide, which is the capital of South Australia. The northern and

western regions of Adelaide number approximately half of the city’s population and one quar-

ter of South Australia’s population. These regions reflected the demographic profile of the

state’s population at the time of the initial data collection. The study was designed to investi-

gate the prevalence of a number of chronic conditions and health-related risk factors along a

continuum, from not at risk, to at risk, to diagnosed, to co-morbidity to death. Stage 1

occurred between 1999 and 2003, Stage 2: 2004–6 and Stage 3: 2008–10. The full methodology

of the NWAHS, including original sample selection procedure, entry and exclusion criteria,

original interview schedules and biomedical measurements have been comprehensively

described and published elsewhere [31,32].

Study population and participants

Initially 4,056 participants aged 18 years were randomly selected and recruited by telephone

interview in Stage 1. The analysis for this paper focuses on data collected from Stage 3 only

(2008–2010). Stage 3 was the most recent relevant data collected which included both bio-

medical data and carer status. Data collection at Stage 3 included (1) a Computer Assisted

Telephone Interview (CATI); (2) a self-completed questionnaire; (3) a biomedical examination

at a clinic. Overall 2,487 (67%) of the eligible sample completed all of these assessments.

The main focus of our study compared health risk factors, chronic medical conditions and bio-

medical health characteristics with non-carers, using self-report, clinic and blood measured

variables. Those aged over 40 years were included in this study as testing for all of the inflam-

matory biomarkers was only conducted on this group.
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Self-reported variables

In order to determine the prevalence of carers within the cohort, participants were asked as

part of the self-complete questionnaire:

Do you provide long-term care at home for a parent, partner, child, other relative or friend,

who has a disability, is frail, aged or who has a chronic mental or physical illness?

Demographic characteristics selected for this study included age, sex, marital status, work

status, educational status, annual household income, and employment status (including

whether participants received government support from age, carer or disability pensions). Par-

ticipants self-reported if they had ever been diagnosed by a doctor for arthritis, cardiovascular

(CVD) (ie heart attack, stroke, angina, transient ischaemic attack), or a mental health condi-

tion (i.e. anxiety, depression, stress related problem).

Smoking was assessed using standard questions which related to current smoking and the

frequency of smoking and alcohol consumption was determined from questions based on the

National Heart Foundation Risk Factor Prevalence Study undertaken in 1989 [33]. Physical

activity was determined from the amount of walking, moderate and/or vigorous activity

undertaken over a one week period, which was then categorized into “No activity”, “Insuffi-

cient activity” (less than 150 minutes of walking, moderate and/or vigorous activity) and “Suf-

ficient” (150 minutes or more per week) [34]. General health was assessed using the SF1,

which is the first question of the Short Form 36 (SF36) [35].

Clinic measured variables

The presence of diabetes was derived from a self-reported doctor diagnosis of diabetes and/or

a fasting plasma glucose level of greater than or equal to 7.0 mmol/L. The presence of asthma

was determined using self-reported, doctor diagnosed asthma and spirometry measures fol-

lowing administration of salbutamol. For example a change in Forced Expiratory Volume in

one second, (FEV1) > = 12% &>200ml, or absolute change greater or equal to 400ml from

baseline measurements [36,37].

Other clinically measured risk factors included blood pressure readings, height and weight

for calculation of BMI, and waist and hip circumference measurements to determine waist/hip

ratio (WHR) using standardized measurement techniques. Details of procedures for measur-

ing and techniques have been described and published elsewhere [38–40]. BMI was catego-

rized according to the World Health Organization (WHO) criteria and a high WHR was

defined as> 1.0 for males and >0.85 for females [41,42].

A fasting blood sample was collected by venipuncture from all participants who were able

to provide an adequate amount of blood sample at the clinic visit. Samples were transported to

an accredited National Association of Testing Associations (NATA) laboratory for analysis.

Biochemical measurements of hs-CRP, glucose and albumin levels were determined using an

Olympus AU5400 (Beckman Coulter, USA) and glycosylated haemoglobin (HbA1c) using a

Bio-Rad Variant II (HPLC) (Bio-Rad, USA). High density lipoprotein (HDL) and total choles-

terol were analysed using an Olympus AU5402. Both low density lipoprotein (LDL) and the

total cholesterol/HDL ratio were calculated from these results. Haemoglobin (Hb) levels were

determined using a Sysmex XE (Japan). Vitamin D levels to April 2010 were determined using

and enzyme Immunoassay method from Immunodiagnostic Systems (IDS, UK) and per-

formed on a BEST 2000 automated enzyme-linked immunosorbent assay (ELISA) system

from Biokit. From April 2010, Vitamin D was measured using and automated Chemilumines-

cent assay from IDS and performed on an iSYS Automated Immunoassay system from IDS.
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The patient comparison during the change over gave a Passing-bablock regression equation of

y = -1.61 + 1.07x with a bias of -1.9nmol/L indicating good agreement.

The fasting blood sample measured a series of inflammatory biomarkers in study partici-

pants aged 40 years and over. IL-6, TNFα, e-Selectin (e-Sel) and Myeloperoxidase (MPO) lev-

els were measured with an ELISA and Cobas autoanalyzer (Roche Diagnostics US).

Data weighting

In Stage 1, data were weighted by region (western and northern health regions), age group, sex

and probability of selection in the household to the Australian Bureau of Statistics 1999 Esti-

mated Resident Population and the 2001 Census data [43,44]. Weighting was undertaken to

reflect the population of interest and to correct for potential non-response bias in which some

demographic groups of respondents may be over- or under-represented. Stage 3 was

reweighted using the 2009 Estimated Resident Population for South Australia and incorpo-

rated participation in the three components (CATI), self-complete questionnaire, clinic),

whilst retaining the original weight from Stage 1 in the calculation. All analyses in this paper,

where applicable, are weighted to the population of the northern and western suburbs of

Adelaide.

Data analysis

Statistical analysis was conducted using SPSS version 24 (IBM, Armonk, NY, USA) and

STATA version 14 (StataCorp, College Station, TX, USA). Descriptive analysis (proportions,

means, medians where applicable) were determined for all of the predictor variables (demo-

graphic characteristics, chronic conditions and health risk factors). Bivariable analysis using

chi-square tests and including post hoc tests using the adjusted residuals, were used to deter-

mine which categories were significantly different from the other categories, combined for

both carers and non-carers. All continuous data were tested for normality using Kolmogorov-

Smirnov and Shapiro-Wilk tests (both tests were used to obtain a more in depth understand-

ing of whether data were normally distributed), and data that were not normally distributed

were analysed using non-parametric tests (Mann-Whitney U).

Generalised linear models using the binary outcome variable of presence carer or not a

carer were used with the “svy” estimators in STATA and weighted data to determine the rela-

tive risks (RR) of each of the predictors, in association with the outcome variable. Separate

multivariable models were created for males and females which included all possible

predictors.

Ethical approval

All protocols and procedures were approved by the Human Research Ethics Committee of

The Queen Elizabeth Hospital, in Adelaide, South Australia, and all participants provided writ-

ten informed consent.

Results

The prevalence of carers aged 40 and over was 10.7% (95% CI 9.3–12.3), n = 191. Table 1 pres-

ents the demographic characteristics for carers aged 40 years and over compared to non-car-

ers. Carers were more likely to be female, married and have a lower education level. They were

also more likely to be retired, undertake home duties or were unable to work. Carers had

higher levels of uptake of carer pensions, age pension and disability pension. Carers were also
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more likely to be over 60 years of age and have an annual income of between $20,000 and

$40,000 per year.

Table 2 presents bivariable analysis of general health, risk factor and chronic conditions of

carers aged 40 years and over, compared to non-carers. Carers were more likely to have higher

Table 1. Demographic characteristics of carers compared to non-carers, aged 40 years and older.

Variable Carers Non-carers p value

n % 95% CI n % 95% CI X2

Gender

Male 78 9.1 # 7.3–11.3 779 90.9 " 88.7–92.7

Female 113 12.1 " 10.1–14.5 818 87.9 # 85.5–89.9 0.038

Age Group (years)

40–59 92 9.1 # 7.3–11.3 921 90.9 " 88.7–92.7

60 years and over 99 12.8 " 10.7–15.2 676 87.2 # 84.8–89.3 0.011

Marital status

Married/de facto 150 11.8 " 10.1–13.8 1122 88.2 # 86.2–89.9

Divorced/Separated 9 5.3 # 3.2–8.7 160 94.7 " 91.3–96.8

Widowed 10 6.1 2.7–13.2 146 93.9 86.8–97.3

Never Married 11 12.6 6.8–22.2 73 87.4 77.8–93.2 0.015

Employment status

Self/ Full time / Part time 63 6.6 # 5.1–8.6 883 93.4 " 91.4–94.9

Unemployed 5 19.4 7.9–40.2 21 80.6 59.8–92.1

Home duties 13 19.3 " 11.3–31.0 53 80.7 # 69.0–88.7

Retired 74 13.3 " 10.8–16.3 482 86.7 # 83.7–89.2

Student/Volunteer 2 13.0 3.4–38.9 12 87.0 61.2–96.6

Unable to work 14 21.6 " 12.6–34.5 52 78.4 # 65.5–87.4

Carer 8 100.0 " - - - - <0.001

Educational status

High school 122 13.3 " 11.2–15.8 795 86.7 # 84.2–88.8

Trade/ Certificate/ Diploma 42 8.0 # 5.9–10.7 482 92.0 " 89.3–94.1

Bachelor degree or higher 15 6.3 # 3.7–10.4 226 93.7 " 89.6–96.3 <0.001

Annual household income ($Aus)

Up to $20,000 22 10.8 7.2–15.8 180 89.2 84.2–92.8

$20,000-$40,000 75 18.3 " 14.9–22.3 332 81.7 # 77.7–85.1

$40,000-$60,000 16 5.9 # 3.8–9.1 259 94.1 " 90.9–96.2

$60,000-$80,000 20 9.4 5.8–14.8 193 90.6 85.2–94.2

$80,000-$100,000 15 8.5 4.7–15.0 157 91.5 85.0–95.3

More than $100,000 12 4.2 # 2.3–7.6 272 95.8 " 92.4–97.7

Not stated 20 15.3 9.7–23.3 112 84.7 76.8–90.3 <0.001

Carer Payment

No 63 6.2 # 4.7–8.0 959 93.8 " 92.0–95.3

Yes 26 86.7 " 64.7–95.9 4 13.3 # 4.1–35.3 <0.001

Age Pension

No 63 6.2 # 4.7–8.0 959 93.8 " 92.0–95.3

Yes 64 15.1 " 12.1–18.8 357 84.9 # 81.2–87.9 <0.001

Disability Pension

No 63 6.2 # 4.7–8.0 959 93.8 " 92.0–95.3

Yes 14 16.8 " 10.1–26.5 69 83.2 # 73.5–89.9 <0.001

Chi square post hoc tests "# indicates statistically significantly difference in categories using adjusted standardised residual

https://doi.org/10.1371/journal.pone.0208434.t001
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Table 2. Risk factor and chronic condition profile of carers compared with non-carers, aged 40 years and over.

Variable Carers Non-carers p-value

n % 95% CI n % 95% CI X2

Body Mass Index

Underweight/ normal 29 7.1 # 5.0–10.0 381 92.9 " 90.0–95.0

Overweight 76 11.1 8.9–13.9 602 88.9 86.1–91.1

Obese 72 12.2 9.8–15.2 515 87.8 84.8–90.2 0.027

Waist-to-hip ratio

Normal 102 9.1 # 7.5–11.0 1025 90.9 " 89.0–92.5

High 76 13.6 " 11.0–16.8 481 86.4 # 83.2–89.0 0.004

Smoking status

Non smoker 91 11.7 9.0–13.6 733 88.9 86.4–91.0

Ex-smoker 73 10.4 8.4–12.8 625 89.6 87.2–91.6

Current smoker 27 10.7 7.3–15.5 224 89.3 84.5–92.7 0.919

Alcohol Risk

Non drinker, no risk 112 12.2 10.2–14.6 807 87.8 85.4–89.9

Low risk 60 9.9 7.7–12.6 551 90.1 87.4–92.3

Intermediate to very high 3 3.6 # 1.2–9.8 72 96.4 " 90.2–98.8 0.041

Physical Activity

No activity 49 14.1 " 10.5–18.7 295 85.9 # 81.3–89.5

Activity but not sufficient 71 12.5 10.0–15.6 498 87.5 84.4–90.0

Sufficient activity 58 7.6 # 5.9–9.7 704 92.4 " 90.3–94.1 0.001

Asthma

No 134 9.9 88.3–91.6 1218 90.1 88.3–91.6

Yes 44 13.2 82.5–90.1 288 86.8 82.5–90.1 0.079

Cardiovascular disease

No 158 10.3 8.9–12.0 1370 89.7 88.0–91.1

Yes 22 13.8 8.7–21.1 135 86.2 79.0–91.3 0.185

Diabetes

No 149 10.0 # 8.5–11.6 1344 90.0 " 88.4–81.5

Yes 29 15.3 " 10.8–21.3 162 84.7 # 78.7–89.2 0.022

Arthritis

No 95 9.1 # 7.4–11.2 945 90.9 " 88.8–92.6

Yes 75 13.7 " 11.1–16.8 471 86.3 # 83.2–88.9 0.005

Anxiety

No 140 9.9 # 8.4–11.7 1271 90.1 " 88.3–91.6

Yes 18 19.2 " 12.0–29.2 76 80.8 # 70.8–88.0 0.005

Depression

No 133 9.8 # 8.3–11.6 1222 90.2 " 88.4–91.7

Yes 25 16.5 " 10.8–24.5 125 83.5 # 75.5–89.2 0.011

Stress

No 145 10.2 8.6–11.9 1288 89.8 88.1–91.4

Yes 12 17.1 10.3–27.1 58 82.9 72.9–89.7 0.062

SF1

Ex/very good/good 133 9.3 # 7.9–11.0 1287 90.7 " 89.0–92.1

Fair/poor 57 16.2 " 12.5–20.7 293 83.8 # 79.3–87.5 <0.001

Chi square post hoc tests "# indicates statistically significantly difference in categories using adjusted standardised residual

https://doi.org/10.1371/journal.pone.0208434.t002
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BMI and WHR than non-carers, were less likely to undertake a sufficient level of physical

activity but had a lower alcohol risk. Carers were also more likely to have diabetes, arthritis,

anxiety, depression and fair/poor health status compared to non-carers.

Table 3 presents a comparison between carers and non-carers for clinic measured variables

(blood pressure and blood measured tests). Significant differences were evident between

carers and non-carers for the blood measured variables hs-CRP, HbA1c, Hb, and Vitamin D

(Table 3). There were no significant differences with regard to the other inflammatory bio-

markers IL-6, MPO, TNFα, and e-Sel.

Table 4 presents the results of the multivariable models for males and females. Pension type

(carer, aged, disability) was excluded from the analysis, as were total cholesterol and total cho-

lesterol/HDL ratio due to collinearity. Male carers compared with non-carer males were more

likely not to be employed (RR 2.52, 95% CI 1.19–5.31; p = 0.015); undertake some activity (RR

2.21, 95% CI 1.22–4.00; p = 0.009); have lower systolic (RR 0.96, 95% CI 0.94–0.99; p = 0.011)

but higher diastolic blood pressure (RR 1.13, 95% CI 1.07–1.20; p =<0.001). Male carers were

also more likely to have higher levels of blood glucose (RR 1.40, 95% CI 1.03–1.89; p = 0.03),

raised hs-CRP (RR 1.03, 95% CI 1.00–1.06; p = 0.023) and TNFα (RR 1.12, 95% CI 1.06–1.20;

p =<0.001) but lower levels of HbA1c (RR 0.54, 95% CI 0.33–0.89; p = 0.016) and albumin

(RR 0.90, 95% CI 0.82–1.00; p = 0.040). Female carers were less likely to be widowed, separated

or divorced and to have lower levels of income below $40,000 when compared with non-carer

females.

Discussion

Reviewing our research questions, we examined whether informal family carers showed differ-

ent biomedical profiles in terms of blood and other measured variables than non-carers. Over-

all our carers aged 40 years and over had only slightly elevated levels of the inflammatory

biomarkers TNFα, hs-CRP, and HbA1c but they showed lower Vitamin D and Hb levels. The

Table 3. Clinic measured variables, carers compared with non-carers, aged 40 years and over.

Carer Non-carers

n Mean SD Median n Mean SD Median p-value

Systolic BP 178 129.5 16.8 128.0 1505 129.4 19.2 127.0 0.568

Diastolic BP 178 78.0 8.6 78.0 1505 77.7 8.7 77.5 0.594

CRP 173 4.6 7.8 2.3 1490 3.4 4.7 2.0 0.015

HbA1c 176 6.0 0.8 5.8 1490 5.8 0.8 5.7 0.007

LDL 176 3.1 1.0 3.1 1473 3.1 1.0 3.0 0.405

HDL 176 1.5 0.4 1.4 1492 1.5 0.4 1.4 0.191

Total cholesterol 176 5.2 1.1 5.2 1492 5.3 1.1 5.2 0.755

Total cholesterol/HDL ratio 176 3.7 0.9 3.6 1492 3.7 1.1 3.6 0.076

Glucose 176 5.4 1.2 5.1 1490 5.3 1.2 5.1 0.125

Hb 175 139.4 14.3 139.9 1489 142.8 13.3 143.0 0.014

Vitamin D 176 64.7 25.5 62.0 1466 70.1 27.9 66.0 0.009

Albumin 175 39.4 3.2 39.5 1491 39.8 3.2 40.0 0.111

Il6 152 1.9 1.8 1.4 1220 1.7 1.6 1.2 0.352

MPO 152 218.6 229.4 143.4 1219 202.4 237.2 118.8 0.172

TNFα 152 2.2 3.8 1.6 1220 1.8 2.6 1.4 0.106

E-selectin 152 32.8 11.8 31.9 1219 32.9 16.7 30.2 0.796

Non-parametric tests undertaken for non-normally distributed data

https://doi.org/10.1371/journal.pone.0208434.t003
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Table 4. Relative risk of predictor variables associated with being a carer compared to non-carers, male and female aged 40 and over.

Male Female

RR (95% CI) p-value RR (95% CI) p-value

Marital status

Never married 1.00 1.00

Widowed 1.10 (0.08–15.39) 0.941 0.23 (0.07–0.77) 0.017

Separated/divorced 1.62 (0.16–16.27) 0.684 0.19 (0.06–0.64) 0.007

Married/ de facto 2.88 (0.32–26.13) 0.347 0.85 (0.36–2.01) 0.714

Annual household income

More than $100,000 1.00 1.00

$80,000-$100,000 1.16 (0.27–4.92) 0.842 3.09 (0.52–18.51) 0.217

$60,000-$80,000 1.05 (0.28–3.93) 0.938 3.80 (0.66–21.77) 0.134

$40,000-$60,000 0.59 (0.17–2.08) 0.411 1.56 (0.25–9.88) 0.638

$20,000-$40,000 1.49 (0.49–4.53) 0.478 6.64 (1.29–33.18) 0.024

Up to $20,000 3.24 (0.74–14.25) 0.119 7.59 (1.29–44.76) 0.025

Not stated 0.96 (0.16–5.65) 0.966 5.65 (1.07–29.78) 0.041

Employment status

Self/ Full time employed/Part time employed 1.00 1.00

Not employed 2.52 (1.19–5.31) 0.015 1.55 (0.84–2.86) 0.159

Educational status

Bachelor degree or Higher 1.00 1.00

Trade/ Certificate/ Diploma 0.92 (0.37–2.33) 0.862 1.18 (0.36–3.90) 0.780

High school 1.17 (0.42–3.23) 0.763 1.58 (0.52–4.85) 0.420

Body Mass Index

Underweight/normal 1.00 1.00

Overweight 1.20 (0.41–3.53) 0.734 1.51 (0.74–3.05) 0.780

Obese 1.54 (0.53–4.48) 0.427 1.18 (0.54–2.60) 0.420

Waist:Hip ratio

Normal 1.00 1.00

High 0.65 (0.29–1.47) 0.304 1.23 (0.77–1.97) 0.379

Smoking status

Non smoker 1.00 1.00

Ex smoker 0.90 (0.47–1.72) 0.747 1.11 (0.71–1.74) 0.650

Current smoker 1.46 (0.46–4.69) 0.522 1.14 (0.51–2.56) 0.746

Alcohol Consumption Risk

High risk 1.00 1.00

Low risk 7.01 (0.85–57.47) 0.070 2.17 (0.57–8.17) 0.254

Non drinkers / no risk 6.06 (0.75–48.62) 0.090 3.29 (0.86–12.59) 0.082

Recreational physical activity

Sufficient 1.00 1.00

Activity but not sufficient 2.21 (1.22–4.00) 0.009 1.04 (0.6–1.78) 0.875

No activity 1.75 (0.73–4.16) 0.206 1.36 (0.78–2.38) 0.273

Diabetes

No 1.00 1.00

Yes 1.47 (0.63–3.39) 0.371 0.70 (0.22–2.21) 0.537

Asthma

No 1.00 1.00

Yes 0.84 (0.40–1.78) 0.653 1.12 (0.63–1.98) 0.701

Arthritis

(Continued)
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second research question investigated if there was an association between the caregiving role,

risk factors and chronic conditions amongst informal carers. Our findings indicate that when

carers were compared with non-carers, they were more likely to have higher BMI and WHRs,

report less than optimal physical activity and describe their health status as fair/ poor. In terms

of chronic conditions carers were more likely to report diabetes, arthritis, anxiety and depres-

sion than non-carers. However stress-related conditions were not evident amongst carers in

our study and they reported significantly lower or no alcohol consumption risk (p = 0.041).

They were also less likely to be current smokers.

Vitamin D and other blood measured variables

Comparing the large number of haematological and biochemical variables of carers with non-

carers in the NWAHS, yielded a few differences in blood pictures, for instance, levels of Vita-

min D, Hb, HbA1c, TNFα and hs-CRP. Most of these results were within acceptable ranges,

Table 4. (Continued)

Male Female

RR (95% CI) p-value RR (95% CI) p-value

No 1.00 1.00

Yes 1.80 (0.81–3.99) 0.146 1.03 (0.64–1.63) 0.915

Cardiovascular disease

No 1.00 1.00

Yes 1.61 (0.76–3.41) 0.218 1.23 (0.57–2.65) 0.604

Anxiety

No 1.00 1.00

Yes 0.35 (0.05–3.41) 0.307 1.67 (0.69–4.06) 0.255

Depression

No 1.00 1.00

Yes 0.79 (0.29–2.10) 0.630 0.98 (0.43–2.27) 0.970

Stress

No 1.00 1.00

Yes 2.19 (0.94–5.72) 0.109 1.24 (0.42–3.67) 0.702

General health

Excellent/very good/good 1.00 1.00

Fair/poor 0.82 (0.34–1.94) 0.645 1.24 (0.73–2.11) 0.418

Systolic blood pressure 0.96 (0.94–0.99) 0.011 0.99 (0.97–1.00) 0.133

Diastolic blood pressure 1.13 (1.07–1.20) <0.001 1.02 (0.98–1.05) 0.357

CRP 1.03 (1.00–1.06) 0.023 1.00 (0.94–1.06) 0.971

HbA1c 0.54 (0.33–0.89) 0.016 1.11 (0.67–1.84) 0.681

HDL 1.03 (0.36–2.92) 0.963 1.40 (0.81–2.40) 0.226

LDL 1.09 (0.81–1.46) 0.576 1.15 (0.90–1.47) 0.257

Glucose 1.40 (1.03–1.89) 0.031 0.90 (0.64–1.27) 0.551

Hb 0.98 (0.95–1.00) 0.087 1.00 (0.97–1.02) 0.715

Vitamin D 1.00 (0.99–1.01) 0.516 0.99 (0.99–1.00) 0.138

Albumin 0.90 (0.82–1.00) 0.040 0.97 (0.89–1.05) 0.419

IL-6 0.75 (0.57–1.00) 0.051 0.97 (0.83–1.14) 0.707

TNFα 1.12 (1.06–1.20) <0.001 1.03 (0.98–1.07) 0.242

MPO 1.00 (1.00–1.00) 0.895 1.00 (1.00–1.00) 0.657

eSel 0.99 (0.97–1.00) 0.140 1.02 (1.00–1.03) 0.115

https://doi.org/10.1371/journal.pone.0208434.t004
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but of the five blood measured variables of interest, 25(OH)D (Vitamin D) was the most nota-

ble result showing that carers had lower median levels when compared with non-carers.

Despite a large body of research on Vitamin D in the biomedical literature, of the studies col-

lated, no comparable clinical research and population surveys could be identified reporting

any association of Vitamin D with carer health outcomes in the context of informal caregiving.

One previous project involving Stage 3 participants of the NWAHS, although not specific to

carers, does provide an insight into Vitamin D and associated characteristics of that population

[45]. Obesity (indicating higher BMI), physical activity, gender and seasonality all appeared to

have a strong association with Vitamin D levels. For instance participants had lower Vitamin

D levels even with seasonal variations during summer / spring months [45]. In our study

based on participants from the same NWAHS population, carers had lower levels of Vitamin

D in comparison to non-carers. This finding is important as Vitamin D can prevent conditions

such as osteoporosis, particularly in post-menopausal women who represent up to half of all

the female carers. Although osteoporosis was not significant amongst carers in our study, if

carers were to develop osteoporosis related to low Vitamin D and nutritional deficiencies, they

could be more at risk of injuries from frequently moving and lifting the persons being cared

for [3]. Haemoglobin was found to be statistically different between the NWAHS carers and

non-carers. Albumin, another blood measured variable, was lower amongst male carers who

were more at risk of lower levels than non-carers (RR = 0.90, CI 95% 0.82–1.00; p = 0.040)

however these levels were not of clinical significance. Again, of the studies reviewed in the lit-

erature, none specifically highlighted haemoglobin or albumin in carer populations. Several

studies reported measuring haematological and serum chemistry in carers as part of larger

projects but, found few notable differences between the full blood counts with non-carers,

other than variables specific to their own studies [46,47].

Inflammatory biomarkers: TNFα and hs-CRP

In our study there were only slight statistically significant differences in blood measured

inflammatory biomarkers amongst NWAHS carers aged 40 years and over. Namely, the

immune regulatory cytokines hs-CRP and TNFα. These are acute phase markers of inflamma-

tion, especially hs-CRP which is used as a non-specific but very sensitive biomarker for detect-

ing systemic inflammatory conditions, tissue damage and infection, as well as early onset

cardiovascular disease [48]. Although inflammatory biomarkers are not as frequently assessed

in biomedical studies of caregivers, previous studies have identified male carers as more vul-

nerable to physiological and pathological changes as predicted by the presence of hs-CRP

[25,49,50]. Our NWAHS male carers had minimally raised plasma levels of inflammatory bio-

markers TNFα and to a lesser extent, hs-CRP when compared to non-carer male but the cyto-

kine IL-6 levels were much lower in male carers when compared with male non-carers (RR

0.75, 95% CI 0.75–1.00; p = 0.051) (See Table 4). Von Kanel et al (2012) had observed that

being a carer did not necessarily show increased hs-CRP levels, but rather hs-CRP increased

over time as the caregiving burden continued. The longer duration of caregiving with elevated

biomarkers (TNFα and hs-CRP) suggested a pro-inflammatory state [25]. As we did not have

equivalent carer details in our own study we were unable to examine biomarkers in terms of

the duration of caring to make a comparison.

HbA1c, Type II diabetes and related chronic conditions

Blood measured HbA1c levels were inconsistent in our study. Glycated Haemoglobin

(HbA1c) is a measure that provides information on long-term glucose control. HbA1c, is a

recognised biomarker used to establish the prevalence or presence of Type 2 diabetes. Our
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findings showed significant but minimal differences in HbA1c blood levels in our sample of

carers. However self-report data suggested carers were at greater risk of Type 2 diabetes than

non-carers. This was a similar finding to a previous state-wide population survey also using

self-report data from South Australian carers which we conducted between 2010–2015 [51].

Few published Australian population surveys that included carers have featured specific

chronic conditions such as diabetes [20], while self-report health surveys conducted in Brazil,

the USA and other countries have reported Type 2 diabetes in informal carers. In the biomedi-

cal literature there has been limited attention given to investigating diabetes-related character-

istics in carers, and with the exception of one study [52], the emphasis has usually been on

Type 2 diabetes in the person being cared for, rather than the carer.

Risk factors: Physical activity and BMI

Carers in our study were more likely to report insufficient activity or “no activity” than non-

carers, but how participants interpreted the questions about their own physical activity may

have been a factor in their responses. For example, carers might be physically active but have a

different type and level of activity associated with demanding caregiving duties. Older carers

in particular and those with their own disabilities may not be able to participate in recreational

exercise or sport. This was partly investigated in a population based study which included

community dwelling informal carers aged 40 years and over (n = 1380) from the German Age-

ing Survey [53]. They found decreased sporting activities and higher BMI amongst carers

could lead to adverse health outcomes for carers. It was also concluded that time spent caregiv-

ing performing regular personal care activities and nursing care services for persons in a poor

state of health could be associated with stress and depression, which can in turn be linked with

higher BMI [53]. These results are in keeping with trends from our own research confirming

higher BMI in carers [54].

Stress and anxiety

In the caregiving literature, parent carers, dementia and mental health carers have reported

lower perceived health status [55,56]. NWAHS carers were also more likely to state their health

was fair/poor. From a large British study of over 8000 middle aged men and women, carers

rated their physical or mental health as fair/poor however it was further suggested that the

rating of poor health could be ‘proxy markers of perceived stress’ [57]. Our findings from

NWAHS carers overall did not specifically indicate carer-related stress which was unexpected,

but anxiety and depression were two other aspects of psychological morbidity identified

amongst our carers. Sherwood et al had found a significant association between anxiety in

male carers of spouses with cancer and anxiety was seen as a risk factor for higher levels of

inflammation in male carers [58].

Female carers when compared with female non-carers in our study had fewer significant

risk factors or chronic conditions, but male carers presented quite a mixed biomedical profile

when compared with non-carer males. The female carers in our study tended towards more

metabolic and anthropometric manifestations that suggested a stronger association with BMI

and adiposity. Kang et al however had found that while there was an association of metabolic

dysfunction with family caregiving, no gender differences emerged from their large national

study [59].

Strengths and limitations

The main strengths of this study are that both biomedical and self-report data were obtained

from a large sample of metropolitan residents. It included a substantial number of blood tested
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and measured variables which were collected at clinics and during interviews. Clinically

accessed information was a central part of this study which included a wide range of observed

and measured variables for major risk factors, seven chronic conditions, inflammatory and

other biomarkers. Carers in this study were more heterogeneous than recruited participants as

they did not represent any one particular group of people living with specific disabilities or

medical conditions. This type of large population study is usually cost prohibitive and requires

the collaboration of a consortium of academic and government groups. It therefore offers a

more comprehensive review of carer health characteristics than is usually possible.

There were limitations however in relation to the assessment of carer participants identified

and grouped as a subset of this cohort study so they could be compared with the non-carers

within the same population. The definition of informal carer chosen to identify carers was the

standard used within Australia, however other carer specific questions were not included to

further classify the type of caregiving. Within this study therefore we do not have details of the

cared for person’s age, diagnosis, health, disability or disease status, and their level of depen-

dency, all of which have been reported as impacting on the role as informal carer. Nor was

information collected on duration of caring—for example how long spent caring; how many

hours per day or per week they were providing care and the level of intensity of their caring

role. Further we do not have information on whether the participant was the main carer; if

they were co-resident with the person being cared for; what other caregiving demands were

put on the carers and which carers were combining personal caregiving with paid employ-

ment. Another weakness of this study is that we do not know which conditions reported by

the carers, were pre-existing and therefore whether the risk factors and chronic conditions

could be actual health outcomes of the caregiving experience. Also we do not know the severity

of carers’ illnesses and if they had multiple health problems as not all potential chronic condi-

tions were included in this research. The lack of biomedical data on those aged less than 40

years is also a weakness of the study.

Conclusions and recommendations

Our study has demonstrated that in terms of blood and other clinic measured variables the

NWAHS carers did show some differences in their biomedical health profiles when compared

with non-carers. In contrast to other published studies our findings suggest carers may be at

risk of lower Vitamin D and Hb levels thus revealing a possible gap in current knowledge of

carer morbidity. It is acknowledged that the differences in other blood measured variables

were minimal when compared with non-carers, but the significance of lower Hb, raised TNFα
as well as hs-CRP in male carers highlights the need for ongoing assessments of their biomedi-

cal health status [60].

From a population perspective, urban carer participants’ results indicated that there are car-

ers providing care in less than optimum health, reporting chronic conditions of diabetes,

arthritis, anxiety and to a lesser extent, depression. These cross-sectional analysis results pro-

vide only weak associations between the caregiving role, risk factors and chronic conditions.

In contrast to previous studies, stress was not a significant finding. Higher BMI amongst carers

generally, and particularly in female carers, combined with other risk factors such as insuffi-

cient physical activity, warrants closer scrutiny. Carers may have less opportunities to under-

take physical activity, have less time outdoors and consequently less exposure to Vitamin D

and less opportunity to maintain a healthy weight. Public health strategies targeting carers and

addressing these factors may be worthy of consideration. Our research therefore recommends

closer monitoring of carer health and morbidity trends across populations over time with spe-

cial attention to the choice of health variables requiring ongoing measurement and assessment.
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This would contribute to the development of more balanced health policies and clinical guide-

lines for chronic diseases that are carer specific and age sensitive. Policymakers and health pro-

fessionals therefore need to take into account the differences in carer health status, risk factors

and morbidities for male and female carers.

Acknowledgments

We wish to acknowledge all participants of the North West Adelaide Health Study.

Author Contributions

Conceptualization: Anne F. Stacey, Anne W. Taylor.

Formal analysis: Tiffany K. Gill.

Methodology: Tiffany K. Gill, Anne W. Taylor.

Project administration: Kay Price, Anne W. Taylor.

Supervision: Anne W. Taylor.

Writing – original draft: Anne F. Stacey.

Writing – review & editing: Anne F. Stacey, Kay Price, Anne W. Taylor.

References
1. Vitaliano PP, Schulz R, Kiecolt-Glaser J, Grant I. Research On Physiological And Physical Concomi-

tants Of Caregiving: Where Do We Go From Here? Annals of Behavioural Medicine. 1997; 19(2):117–

123.

2. Pinquart M, Sorensen S. Differences Between Caregivers and Non caregivers in Psychological Health

and Physical Health: A Meta-Analysis. Psychology and Aging. 2003; 18(2):250–267. Accessed

30.08.2015 http://www.researchgate.net/publication/10691251. PMID: 12825775

3. Australian Institute of Health and Welfare 2010. Primary carers of people with arthritis and osteoporosis.

Arthritis series no. 12. Cat. no. PHE 124. Canberra: AIHW.

4. Bevans M, Sternberg EM. Caregiving Burden, Stress, and Health Effects Among Family Caregivers of

Adult Cancer Patients. Journal of the American Medical Association. 2012; 307(4):398–403. https://

doi.org/10.1001/jama.2012.29 PMID: 22274687

5. van Ryn M, Sanders S, Kahn K, van Houtven C, Griffin JM, Martin M, et al. Objective burden, resources,

and other stressors among informal cancer caregivers: a hidden quality issue? Psycho-Oncology.

2011; 20:44–52. https://doi.org/10.1002/pon.1703 PMID: 20201115

6. Hori Y, Hoshino J, Suzuki K. Physical and Psychological Health Problems Among Japanese Family

Caregivers. Nagoya Journal of Medical Science. 2011; 73:107–115. PMID: 21928692.

7. Schulz R, Beach SR. Caregiving as a risk factor for mortality. The caregiver health effects study. Journal

of the American Medical Association. 1999; 282(23):2215–2219. PMID: 10605972

8. Vitaliano PP, Young HM, Zhang J. Is Caregiving a Risk Factor for Illness? Current Directions in Psycho-

logical Science. 2004; 13(1):13–16.

9. Hirst M. Carer distress: A prospective, population-based study. Social Science and Medicine. 2005;

61:697–708. https://doi.org/10.1016/j.socscimed.2005.01.001 PMID: 15899327

10. Smith L, Onwumere J, Craig T, McManus S, Bebbington P, Kuipers E. Mental and physical illness in

caregivers: results from an English national survey sample. British Journal of Psychiatry. 2014;

205:197–203. https://doi.org/10.1192/bjp.bp.112.125369 PMID: 25061119

11. Cooper C, Balamurali TBS, Livingston G. A systematic review of the prevalence and covariates of anxi-

ety in caregivers of people with dementia. International Psychogeriatrics. 2007; 19(2):175–195. PMID:

17005068
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