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Background: The concept of Awareness of Age-Related Changes captures 
people’s perceptions of the positive (AARC-gains) and negative (AARC-losses) 
age-related changes they experience in several life domains, including their 
health. We investigated the cross-sectional associations of number and type of 
physical and mental health conditions with AARC-gains and AARC-losses.

Methods: The sample comprised 3,786 middle-aged and older adults (mean 
age  =  67.04 years; SD  =  6.88) participating to the UK PROTECT study. We  used 
hierarchical regression models to analyze whether after having included 
sociodemographic variables (model 1), number of physical (model 2) and of 
mental (model 3) health conditions explained a significant additional amount of 
variance in AARC-gains and AARC-losses, and whether the association between 
number of conditions and AARC depended on participants’ age. We used multiple 
regression models to analyze the associations of types of physical and mental 
health conditions with AARC-gains and AARC-losses.

Results: A higher number of physical health conditions was associated with 
higher AARC-gains and higher AARC-losses, but the association did not depend 
on participant age. After controlling for the number of physical health conditions, 
a higher number of mental health conditions was associated with higher AARC-
losses but not with AARC-gains, and the association was stronger among older 
participants. Small effects were found between greater AARC-gains and current 
cancer and between greater AARC-losses and diagnoses of mild cognitive 
impairment, Parkinson’s disease, arthritic condition, cancer in full remission, 
osteoporosis, depression, anxiety disorders, and personality disorder. The 
remaining health conditions were either negligibly or non-statistically related to 
AARC-losses.

Conclusion: Middle-aged and older adults having more physical health conditions 
and more mental health conditions may be at higher risk of negative views on 
their own aging. However, specific physical health conditions, such as arthritis, 
and certain mental health conditions, such as depression, may make adults 
particularly vulnerable to negative age-related perceptions.
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Introduction

Views on aging (VoA) are an important part of developmental 
regulation and health behavior, especially in midlife and later life. 
People with more positive VoA are more likely to implement adaptive 
strategies in the face of age-related challenges (1). These adaptive 
strategies often include engaging in health-promoting behaviors such 
as physical activity (2–7). Because of the strong connections between 
positive VoA and healthy behavioral regulation, more positive VoA 
are related to better longer-term physical and mental health (8–10). 
Conversely, people with more negative VoA are less engaged in health-
enhancing and adaptive behaviors and are at greater risk of poorer 
current and future health, including increased risk of mortality (5, 
11–14). The promotion of positive VoA, and the decrease of negative 
VoA, are therefore increasingly recognized as a useful strategy for 
physical and mental health promotion (15).

Theoretical models of VoA, including the theoretical model of 
awareness of age-related change (16, 17), posit that although people’s 
VoA may have an effect on their future physical and mental health, 
people’s health history and health status can also act as distal 
antecedents that shape their VoA. People with existing health 
conditions may have worse VoA; these more negative VoA, in turn, 
may threaten their positive health behavior regulation. Given the high 
prevalence of chronic conditions, it is necessary to consider whether 
people’s VoA are connected to their experiences of specific chronic 
conditions and multimorbidities. Recent evidence suggests that in 
England, about 44, 64, and 90% of people aged 40, 60, and 80 years, 
respectively, have one or more long-term conditions (18, 19).

Views on aging and health conditions

Much of the existing literature focuses on how VoA are associated 
with health behavior, such as physical activity, and longer-term self-
rated health (20). Thus far, explorations of the associations between 
VoA and objective health markers have been limited to physical health 
outcomes such as biomarkers for inflammation (21) and mortality 
(22). This existing literature, taken alongside established theoretical 
models of VoA (16, 17), would suggest that various existing physical 
health conditions may be associated with VoA. However, less research 
focuses on the connections between VoA and specific physical 
health conditions.

Relatedly, one in four people experiences a mental health problem 
of some kind each year in England (23) and about 10.7% of the global 
population has a mental health condition (24). People with a mental 
health condition may be at a greater risk for experiences that may 
make them observe for age-related losses (25). Considering 
depression, for example, 20-year increase in self-reported depression 
was found related to more negative VoA (20). Further, a recent study 
compared levels of perceived age-related losses among four groups: 
(1) people with current and past clinical depression, (2) people with 
current but not past clinical depression, (3) people with past but not 
current clinical depression, and (4) people with neither past nor 
current clinical depression (26). People with both past and current 
clinical depression reported more negative VoA than the other 
groups (26).

Unfortunately, the existing scholarship on VoA and mental health 
conditions is largely limited to depression and anxiety. However, older 

adults frequently have other mental health conditions. For example, 
an estimated 11–15% of community-dwelling older adults have a 
personality disorder (27). Thus, broadening the literature on the 
connections between VoA and various mental health conditions 
is urgent.

Only a few studies have simultaneously explored how various 
physical and mental health conditions were differentially associated 
with VoA. Schönstein et al. (28) analyzed how physical and mental 
health conditions at baseline predicted VoA at follow-up (median of 
7.7 years) in a sample of 526 German middle-aged and older adults 
(28). The authors analyzed the VoA constructs of subjective age (how 
old people feel relative to their chronological age) and attitudes toward 
own aging (how people self-appraise their aging). They found that, 
when including a range of both physical and mental health conditions 
in a single statistical model, back pain, hypertension, depression, 
anxiety, and rheumatism were most strongly related to more negative 
attitudes toward own aging, and rheumatism, anxiety, and cancer were 
most strongly related to participants feeling older than their 
chronological age. The use of both subjective age and attitudes toward 
one’s own aging are useful, but additional studies that explore other 
VoA constructs are necessary. Indeed, the measures used to assess 
VoA in Schönstein et al.’s study (28) provide a simplified assessment 
of people’s VoA as they position the individual on a continuum with 
positive VoA on one hand and negative VoA on the other hand. This 
is a limitation as people can have co-existing positive and negative 
VoA. Moreover, as compared to positive VoA, negative VoA are 
typically more strongly associated with health outcomes (29). Health 
conditions may also be differentially related to positive and negative 
VoA. Thus, utilizing a multi-dimensional measure of VoA would 
be helpful to further understand how various health conditions are 
associated with VoA.

The value of awareness of age-related 
gains and losses

The Awareness of Age-Related Change (AARC) construct 
captures both the positive (AARC-gains) and negative (AARC-losses) 
perceptions adults have of the changes they may observe in their daily 
life and attribute to aging (16, 30). In line with developmental theories 
and evidence (31, 32), AARC assumes that experiences and 
perceptions of gains and losses can coexist in five life and behavioral 
domains: cognitive functioning, social-emotional and social-cognitive 
functioning, health and physical functioning, interpersonal relations, 
and lifestyle and engagement. Moreover, the AARC conceptual 
framework assumes that physical and mental health influence levels 
of AARC-gains and AARC-losses (16, 30). A qualitative study asked 
people aged 70–88 years to document on a daily basis whether they 
have had any positive or negative age-related experience across the 
AARC life domains (17). This study found that 70% of participants 
reported age-related experiences in their physical health and, out of 
these, 82.6% reported negative age-related experiences including the 
experience of illnesses and health conditions. Such a finding highlights 
how frequently people recognize age-related changes on a daily basis, 
and how often these changes are bound to health conditions and are 
thus attributed as negative.

Quantitative research has thus far mainly focused on the 
associations of lower AARC-gains and higher AARC-losses with 
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poorer cross-sectional and future scores on subjective indicators of 
physical health, such as functional status, pain, sleep, and physical 
symptoms (29, 33–40), and mental health, such as depression (9, 
29). Only two studies have investigated more granular associations 
between various types of both physical and mental health conditions 
and AARC-gains and AARC-losses. Dunsmore and Neupert’s (41) 
analysis focused on arthritis, finding that people with arthritis had 
higher AARC-losses, but not lower AARC-gains, compared to 
individuals without arthritis. Rupprecht and colleagues (42) 
analyzed the associations between AARC-gains and AARC-losses 
and six conditions that were diagnosed in the previous 2 years. 
However, people who have had a health condition for longer than 2 
years may be  those who are objectively experiencing, and 
consequently perceiving, more age-related changes. It is therefore 
important to complement the analyses conducted by Rupprecht 
et  al. (42) through exploration of associations between health 
conditions and AARC, regardless of when participants received 
the diagnosis.

The present study

We investigated, in a large sample of people aged 50+, the cross-
sectional associations between 26 types of lifetime physical and mental 
health conditions with AARC-gains and AARC-losses. First, informed 
by previous evidence suggesting that health is more closely connected 
to AARC-losses than AARC-gains (26, 41, 42), we hypothesized that 
a higher number of physical and mental health conditions would 
be related to higher AARC-losses but not to AARC-gains. Further, 
we hypothesized that the interaction between AARC-losses and health 
conditions would interact with age, with older participants having a 
stronger association between the number of health conditions and 
AARC-losses.

Regarding the type of health conditions, we expected stronger 
associations with AARC-losses for those health conditions that are 
more typically socially ascribed to old age (e.g., arthritis, 
osteoporosis, mild cognitive impairment, cardiovascular disease, 
and Parkinson’s disease) compared to those conditions that are less 
associated with old age (e.g., asthma and epilepsy). Lastly, due to 
ruminative thinking, we  expect that those with depressive and 
anxiety symptoms are most likely to pay attention to, and therefore 
report, age-related losses, compared to people with other mental 
health conditions (9, 26).

Materials and methods

Study design and protocol

This study uses 2020 secondary data from the UK PROTECT 
cohort (Platform for Research Online to investigate Genetics and 
Cognition in Ageing). UK PROTECT inclusion criteria were being 
a UK resident, English speaker, aged 50+, having access to the 
internet, and lack of self-reported diagnosis of dementia at baseline 
(which started in 2015). During recruitment the UK PROTECT 
study was publicized by national advertisements that directed 
potential participants to the PROTECT study website where they 
could enroll to the study. Individuals aged 50+ from existing 

research cohorts (including Exeter 10,000, Join Dementia Research, 
and Brains for Dementia Research) were also invited to take part to 
the study via email. When joining the study participants provided 
informed consent online. UK PROTECT has ethical approval from 
the London Bridge NHS Research Ethics Committee and Health 
Research Authority (Ref: 13/LO/1578). For the scope of this study, 
in 2020 UK PROTECT participants were optionally invited to 
complete the AARC questionnaire; 5,353 participants did so. This 
study comprises those 3,786 participants who, in addition to 
completing the AARC questionnaire, also self-reported, in 2020, 
whether they had diagnoses of physical and mental health 
conditions. Descriptive statistics for those who provided data on 
AARC and health conditions and those who did not are in 
Supplementary Table S1.

Measures

Socio-demographics
Sociodemographic variables comprised age, sex, education 

(secondary education; post-secondary education; vocational 
qualifications; undergraduate degrees; post-graduate degrees; 
doctorates), martial status (married/co-habiting/in a civic partnership 
vs. never married/widowed/divorced), employment status (employed 
vs. not employed), and ethnicity.

Awareness of age-related change
We measured VoA by capturing participants AARC with a 

10-item questionnaire [AARC-10 SF; (43)] comprising five items 
assessing AARC-gains and five items assessing AARC-losses. An item 
in each of the AARC-gains and AARC-losses subscales assesses one 
of the five AARC life and behavioral domains. Questionnaire items are 
based on the positive and negative age-related changes US and 
German adults aged 40+ reported noticing in their daily life during 
focus groups, interviews, and diaries. AARC items capture the changes 
adults may perceive in their lives, irrespective of whether these match 
objective changes.

Each item starts with the stem: “With my increasing age, 
I realize that….” Respondents rate how much items apply to them 
(1 = not at all; 2 = a little bit; 3 = moderately; 4 = quite a bit; 
5 = very much).

Domain AARC-gains AARC-losses

Cognitive functioning “…I have more experience 

and knowledge to evaluate 

things and people”

“…My mental capacity 

is declining”

Social-emotional and 

social cognitive 

functioning

“…I have a better sense of 

what is important for me”

“…I find it harder to 

motivate myself”

Health and physical 

functioning

“…I pay more attention to my 

health”

“…I have less energy”

Interpersonal relations “…I appreciate relationships 

and people much more”

“…I feel more 

dependent on the help 

of others”

Lifestyle and 

engagement

“…I have more freedom to 

live my days the way I want”

“…I have to limit my 

activities”
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Scores can be obtained for the AARC-gains and AARC-losses 
subscales by summing the five items within the respective subscales. 
Higher scores indicate higher AARC-gains/losses (range: 5–25). In 
this sample Cronbach’s alpha for internal consistency for the AARC-
gains subscale was 0.74 and for the AARC-losses subscale was 0.81, 
indicating good scales reliability.

Physical health conditions
Participants indicated whether they received (1 = yes, 0 = no) at 

any point in their life a diagnosis of each of the 19 examined health 
conditions (reported in Table  1). Number of physical health 
conditions was a count of the conditions reported. Although cancer 
in full remission is not a current physical health condition, we kept it 
in the count as past history of cancer may influence VoA, our study 
outcome (44).

Mental health conditions
Participants indicated whether they received (1 = yes; 0 = no) at 

any point in their life a diagnosis of each of the 7 examined mental 
health conditions. Number of mental health conditions was a count of 
the diagnoses reported.

Study analyses

We used hierarchical linear regression models to explore, at 
cross-sectional level, the additional explanatory value of number of 
physical and mental health conditions (predictor), in addition to 
socio-demographic variables, on AARC-gains and AARC-losses. 
Model 1 included only socio-demographic variables as predictors. 
Model 2 added number of physical health conditions as predictor. 
Model 3 added number of mental health conditions as predictor. 
We also tested a fourth model adding the interactions of number of 
physical and mental health conditions with age as additional 
predictors. We  also used linear regression models to explore the 
cross-sectional associations of presence of each of the examined 
physical and mental health conditions (predictors) with AARC-gains 
and AARC-losses. In a further step, we used multiple hierarchical 
linear regression models to explore the predictive value of each 
physical and mental health condition on AARC-gains and AARC-
losses above and beyond the effect of other conditions. To quantify 
the associations we reported standardized regression coefficients (β; 
effects sizes). Values ≤0.09 were considered negligible, 0.10–0.29 
small, 0.30–0.49 moderate, and ≥0.50 large (45). We conducted all 
analyses using STATA version 17 (46).

Results

Descriptive statistics

The sample comprised 3,786 adults between the ages of 52 and 96 
(mean age = 67.04 years, SD = 6.88 years; Table 2). The majority of the 
sample was women (78.0%). Educational achievements varied. The 
majority were married (79.8%), and the majority were not employed 
(61.3%). Almost all participants were of White ethnicity (98.7). 
Participants reported moderate age-related gains (M = 18.31; 
SD = 3.74) and few age-related losses (M = 10.14; SD = 3.36). 68.8% of 

the sample had at least one physical health condition, and 25.6% had 
at least one mental health condition.

Number of physical and mental health 
conditions

After having included age, sex, education, marital status and 
employment status as cross-sectional correlates of AARC-gains and 
AARC-losses (Model 1; Table 3), a higher number of physical health 
conditions was associated with higher AARC-gains and higher 
AARC-losses (Model 2). A higher number of mental health 
conditions was associated with higher AARC-losses, but not to lower 
AARC-gains (Model 3). After having included in the model the 
interactions between number of physical and mental health 
conditions with age, number of physical health conditions and its 
interaction with age, as well as number of mental health conditions 

TABLE 1 Hierarchical regression models with sociodemographic 
variables, number of physical and mental health conditions, and their 
interactions with age as predictors of AARC-gains and AARC-losses.

Predictors Beta (95% CI); p-
value

Standardized 
beta

Hierarchical regression models with sociodemographic variables and number 

of physical and mental health conditions as predictors of AARC-gains

Age −0.02 (−0.05; 0.01); 0.242 −0.03

Sex 1.28 (0.98; 1.59); <0.001 0.14

Education −0.10 (−0.19; −0.01); 0.029 −0.04

Marital status −0.27 (−0.59; 0.05); 0.094 −0.03

Working status −0.19 (−0.49; 0.12); 0.230 −0.02

Number of physical health 

conditions

0.36 (−0.60; 1.32); 0.462 0.12

Number of physical health 

conditions X age

−0.004 (−0.02; 0.01), 0.606 −0.09

Number of mental health 

conditions

−0.14 (−1.91; 1.63); 0.879 −0.03

Number of mental health 

conditions X age

0.002 (−0.02; 0.03); 0.862 0.03

Hierarchical regression models with sociodemographic variables and number 

of physical and mental health conditions as predictors of AARC-losses

Age 0.10 (0.07; 0.12); <0.001 0.20

Sex −0.47 (−0.73; −0.22); <0.001 −0.06

Education −0.12 (−0.20; −0.04); 0.002 −0.05

Marital status −0.30 (−0.57; −0.02); 0.027 −0.04

Working status −0.13 (−0.38; 0.13); 0.336 −0.02

Number of physical health 

conditions

0.38 (−0.42; 1.18); 0.351 0.14

Number of physical health 

conditions X age

0.003 (−0.01; 0.01); 0.598 0.08

Number of mental health 

conditions

2.74 (1.26; 4.21); <0.001 0.60

Number of mental health 

conditions X age

−0.03 (−0.05; −0.01); 0.007 −0.44
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and its interaction with age, were no longer significantly associated 
with AARC-losses. After having included in the model the 
interactions between physical and mental health conditions with age, 
number of physical health conditions and its interaction with age 
were also not significant predictor of AARC-gains. Higher number of 
mental health conditions were instead associated with higher AARC-
gains, especially among those who were older (Model 4; Table 1). All 
models explained 3% of the variance in AARC-gains. Models 1, 2, 3, 
and 4 explained 8, 14, 16, and 16% of the variance in AARC-losses, 
respectively. The R2 changes from model 1 to model 2 and from 
model 2 to model 3 were significant.

Type of physical and mental health 
conditions

Associations for each health condition and AARC-gains and 
AARC-losses adjusted for sociodemographic variables are in 
Supplementary Table S2. Table  4 reports results from multiple 
regressions including all physical and mental health condition as cross-
sectional predictors of AARC-gains and AARC-losses. Participants 
with current cancer reported higher AARC-gains. The remaining 
physical and mental health conditions were not related to AARC-gains. 
Diagnoses of mild cognitive impairment, Parkinson’s disease, arthritic 
condition, cancer in full remission, osteoporosis, depression, anxiety 
disorders, and personality disorder were associated with higher AARC-
losses. Among these conditions, those most strongly related to AARC-
losses were depression and arthritic condition.

Discussion

By analyzing connections between VoA and health conditions, 
researchers can identify who may be  at a greater risk for poorer 
subjective aging experiences. Given the saliency of VoA to healthy 
aging processes, and the high prevalence of (multiple) health 
conditions among middle-aged and older adults, doing so is urgent. 
We therefore investigated the cross-sectional associations between 
number and type of physical and mental health conditions and VoA 
with the multi-dimensional Awareness of Age-Related Change 
(AARC) gains and losses construct.

Key findings

Health conditions are associated with higher 
losses, but no different gains

The value of the AARC construct and its associated validated 
measurement tools is that they allow researchers to simultaneously 
explore positive vs. negative VoA. Indeed, existing research suggests 
that positive and negative VoA are two separate constructs rather 
than two extremes of a single construct (47); for example, just 
because someone has high negative VoA does not mean that they 
also have low positive VoA. The AARC construct and measure were 
designed to simultaneously gage positive and negative VoA across 
five life domains. Our analysis of how various health conditions are 
differentially/uniquely associated with AARC-gains vs. AARC-losses 
provides an initial understanding of the relationship between illness 
and VoA. This was in line with our hypothesis. However, against our 
hypothesis a greater number of physical health conditions showed a 
small association with higher AARC-gains. Moreover, as 
hypothesized, a greater total number of mental health conditions 
greatly impacted higher AARC-losses, especially among older 
people, and this effect hold true the interaction between number of 
mental health conditions and age. However, a greater number of 
mental health conditions was not associated with AARC-gains.

Further, having each of the following conditions was associated 
with higher AARC-losses, but no different AARC-gains: mild 
cognitive impairment, Parkinson’s disease, arthritis, osteoporosis, 
cancer in remission, depression, anxiety, a psychotic disorder, and a 
personality disorder. These results are in line with our hypothesis and 

TABLE 2 Descriptive statistics for the overall study sample.

Study sample 
(n  =  3,786)

Age; M (SD) 67.04 (6.88)

Women, n (%) 2,953 (78.0)

Education, n (%)

Secondary education 512 (13.5)

Post-secondary education 438 (11.6)

Vocational qualification 752 (19.9)

Undergraduate degree 1,309 (34.6)

Post-graduate degree 637 (16.8)

Doctorate 139 (3.7)

Married/co-habiting/in a civic partnership, n (%) 2,829 (79.8)

Employed, n (%) 1,434 (38.7)

White ethnicity, n (%) 3,737 (98.7)

Awareness of age-related gains, M (SD) 18.31 (3.74)

Awareness of age-related losses, M (SD) 10.14 (3.36)

Number of physical health conditions, M (SD) 1.32 (1.26)

Physical health conditions, n (%)

Zero 1,182 (31.2)

One 1,170 (30.9)

Two 806 (21.3)

Three 407 (10.8)

Four 150 (4.0)

Five 50 (1.3)

Six 15 (0.4)

Seven 4 (0.1)

Eight 2 (0.1)

Number of mental health conditions, M (SD) 0.38 (0.76)

Mental health conditions, n (%)

Zero 2,816 (74.4)

One 652 (17.2)

Two 210 (5.6)

Three 82 (2.2)

Four 20 (0.5)

Five 4 (0.1)

Six 2 (0.1)
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extend to additional health conditions existing scholarship which 
suggests that AARC-losses are more connected to health than AARC-
gains (41, 42). More specifically we  identified which specific 
conditions should be further investigated as potentially related to 
negative VoA in midlife and later life.

It is important to note that the small positive association between 
physical health conditions and AARC-gains may be a sign of positive 
coping with illness and resilience. However, further longitudinal 
investigation is warranted to explore whether AARC-gains match 
longer term objective gains in these groups, such as reduced functional 
decline and mortality, as well as whether it is related to greater 
resilience and positive coping.

Cancer may be unique
Current cancer was the lone health condition that was 

associated with AARC-gains. Having cancer at the time of the 

survey was associated with slightly higher AARC-gains, but no 
different AARC-losses. Though we  are unaware of the type of 
cancer and the life-expectancy prognosis in this sample, cancer can 
be and is often perceived as a terminal diagnosis. The terminal 
nature of cancer contrasts with many of the other health conditions 
in our sample, which are mostly manageable chronic conditions. 
Cancer’s association with AARC-gains may be a reflection of the 
way the AARC measure we utilized in this study captured AARC-
gains. It is plausible that AARC-gains items such as “I have a better 
sense of what is important for me” and “I appreciate relationships 
and people much more” would be  endorsed more readily by 
someone facing a potentially terminal illness because people who 
sense death is closer are more likely to prioritize close, meaningful 
relationships than other goals (48). Overall, that cancer was 
associated with AARC-gains in a way that was unlike every other 
health condition we analyzed highlights the unique ways in which 

TABLE 3 Hierarchical regression models with sociodemographic variables and number of physical and mental health conditions as predictors of AARC-
gains and AARC-losses.

Predictors Model 1 Model 2 Model 3

Beta (95% 
CI); p-value

Standardized beta Beta (95% 
CI); p-
value

Standardized beta Beta (95% CI); 
p-value

Standardized 
beta

Hierarchical regression models with sociodemographic variables and number of physical and mental health conditions as predictors of AARC-gains

Age −0.02 (−0.04; 

0.004); 0.115

−0.03 −0.02 (−0.05; 

−0.003)

−0.04 −0.02 (−0.05; 

−0.0001); 0.049

−0.04

Sex 1.29 (0.98;1.59); 

<0.001

0.14 1.29 (98; 1.59); 

<0.001

0.14 1.28 (0.98; 1.59); <0.001 0.14

Education −0.10 (−0.20; 

−0.01); 0.024

−0.04 −0.10 (−0.19; 

−0.01); 0.020

−0.04 −0.10 (−0.19; −0.01); 

0.029

−0.04

Marital status −0.29 (−0.62; 

0.03); 0.073

−0.03 −0.27 (−0.59; 

0.05); 0.095

−0.03 −0.27 (−0.59; 0.05); 

0.097

−0.03

Working status −0.20 (−0.50; 

0.11); 0.202

−0.03 −0.20 (−0.50; 

0.11); 0.214

−0.03 −0.19 (−0.50; 0.11); 

0.212

−0.03

Number of physical 

health conditions

0.11 (0.01; 

0.21); 0.034

0.04 0.11 (0.01; 0.21); 0.039 0.04

Number of mental 

health conditions

0.02 (−0.15; 0.19); 

0.802

0.004

Hierarchical regression models with sociodemographic variables and number of physical and mental health conditions as predictors of AARC-losses

Age 0.12 (0.10; 0.14); 

<0.001

0.24 0.08 (0.07; 

0.10), <0.001

0.17 0.09 (0.07; 0.11); <0.001 0.19

Sex −0.44 (−0.70; 

−0.18); 0.001

−0.06 −0.43 (−0.69; 

−0.18); 0.001

−0.05 −0.49 (−0.74; −0.24); 

<0.001

−0.06

Education −0.14 (−0.22, 

0.07); <0.001

−0.06 −0.13 (−0.20; 

−0.05); 0.001

−0.05 −0.12 (−0.20; −0.05); 

0.002

−0.05

Marital status −0.48 (−0.75; 

−0.20); 0.001

−0.06 −0.36 (−0.63; 

−0.09); 0.009

−0.04 −0.31 (−0.58; −0.05); 

0.021

−0.04

Working status −0.12 (−0.39; 

0.14); 0.367

−0.02 −0.09 (−0.35; 

0.16); 0.479

−0.01 −0.12 (−0.38; 0.13); 

0.350

−0.02

Number of physical 

health conditions

0.65 (0.56; 

0.73); <0.001

0.24 0.59 (0.51; 0.68); <0.001 0.22

Number of mental 

health conditions

0.71 (0.57; 0.85); <0.001 0.15
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certain health conditions may differentially be related to positive 
vs. negative VoA.

Health conditions that more frequently occur in 
later life are more closely linked to age-related 
losses than other health conditions

We hypothesized that age would be a significant moderator for 
the associations between both physical and mental health conditions 
and AARC-losses. However, age was only a significant moderator of 
the association between the number of mental health conditions and 
AARC-losses. That is, the older a person in our sample was, the 
stronger the connection between more mental health conditions and 
AARC-losses. Age was not associated with the association between 
the number of physical health conditions and AARC-losses. 
However, many type of physical health conditions were associated 
with AARC-losses, suggesting it may be more about the type of 
physical health condition rather than the number of total conditions.

As we hypothesized, among all the physical health conditions 
we investigated, those related to more AARC-losses were an arthritic 
condition, osteoporosis, mild cognitive impairment, and Parkinson’s 
disease. These conditions become more frequent with increasing age 
(49), and may be  socially ascribed to older age. Thus, they may 
be highly salient markers of age-related losses and therefore more 

connected to AARC-losses than other conditions that are not as 
closely aligned with older age (i.e., diabetes or asthma).

Arthritis and osteoporosis are associated with persistent pain that 
can impact a person’s ability to independently engage in daily tasks 
(50, 51) and hence be salient in one’s evaluation of age-related losses. 
Indeed, the associations of pain and functional limitations (29) with 
AARC-losses have been established (52). Pain is also highly associated 
with negative emotions (53), which could make someone more prone 
to feel more negatively about their own aging. It is important to note 
that in our sample multiple sclerosis, a health condition with pain 
symptoms, but not strongly associated with age, was not associated 
with either AARC-gains or AARC-losses. That pain-related conditions 
that are typically associated with later life (arthritis and osteoarthritis) 
were associated with AARC-losses but a pain-related condition that is 
not necessarily associated with later life (multiple sclerosis) was not 
could underscore the importance of a health condition being social 
ascribed as one that happens in later life.

In addition to depression and anxiety, personality 
disorders are associated with AARC

In line with existing studies depression was associated with 
AARC-losses (1, 9, 29). There are several possible explanations for the 
relationship between depression and AARC-losses. Each of these 
possibilities offers an avenue for future research. First, it may be that 
people with a history of depression are at higher risk of experiencing 
cognitive difficulties, which can be a direct consequence of depression 
(54, 55). Relatedly, depression can be a prodrome and accelerating 
factor for pathological cognitive decline (56). Also, depressive 
symptomatology can be present among those who face particularly 
challenging physical health conditions such as cardiovascular and 
cerebrovascular diseases (56, 57). Finally, people with depression may 
also be  more prone to reflect (i.e., ruminate) over the objective 
age-related losses they may experience (9). For instance, generally 
people with negative stable global views about themselves and the 
word may be both more prone to depressive symptoms and to more 
promptly recognize the losses they experience and to repetitively think 
over them without taking action (58–60).

Although there is a plethora of literature linking personality to 
VoA (61), our study found for the first time that more AARC-losses 
are related to personality disorders. This may be due to the more 
restricted social life that individuals with personality disorders 
typically have (62–66). Poorer social engagement and social support 
are indeed related to more negative VoA (67–74). The number of 
participants in our sample with a personality disorder was very small 
(n = 11), therefore this finding should be  taken as suggestive. 
Nonetheless, it encourages the exploration of other mental health 
conditions beyond depression and anxiety as correlates of 
VoA. Extending this existing scholarship to study personality 
disorders would be valuable.

Limitations

This study has important limitations. First, though establishing 
cross-sectional associations between AARC and physical and mental 
health conditions was an important first step, analyzing these 
associations longitudinally is necessary. Only cross-sectional data 
were available to us at the time of analysis. However, the ongoing 

TABLE 4 All physical and mental health conditions included in the same 
multiple regression model as predictors of AARC-gains and AARC-losses.

Type of physical 
health condition/
predictors

AARC-gains AARC-losses

Standardized beta (95% CI); p-
value

Cardiovascular disease 0.03 (−0.01; 0.07) 0.10 (0.06; 0.13)***

Diabetes 0.01 (−0.03; 0.04) 0.02 (−0.01; 0.06)

Mild cognitive impairment 0.02 (−0.01; 0.06) 0.06 (0.03; 0.09)**

Parkinson’s disease 0.02 (−0.02; 0.05) 0.06 (0.03; 0.09)**

Hypothyroidism 0.01 (−0.03; 0.04) 0.02 (−0.01; 0.05)

Hyperthyroidism 0.02 (−0.01; 0.06) 0.01 (−0.02; 0.05)

Arthritic condition 0.01 (−0.03; 0.04) 0.12 (0.09; 0.16)***

Current cancer 0.04 (0.003; 0.07)* −0.02 (−0.05; 0.01)

Cancer in full remission −0.01 (−0.05; 0.03) 0.05 (0.02; 0.08)**

Osteoporosis −0.03 (−0.07; 0.003) 0.06 (0.03; 0.09)**

Asthma 0.01 (−0.03; 0.04) 0.03 (−0.003; 0.06)

Epilepsy −0.01 (−0.05; 0.02) −0.01 (−0.05; 0.02)

Multiple sclerosis 0.01 (−0.03; 0.04) 0.02 (−0.01; 0.05)

Depression 0.001 (−0.04; 0.04) 0.14 (0.11; 0.18)

Mania 0.01 (−0.03; 0.04) 0.01 (−0.03; 0.04)

Anxiety disorders 0.02 (−0.02; 0.06) 0.06 (0.03; 0.09)**

Eating disorder −0.01 (−0.05; 0.02) −0.01 (−0.05; 0.02)

Psychotic disorders 0.02 (−0.02; 0.06) 0.02 (−0.01; 0.05)

Personality disorder −0.03 (−0.07; 0.01) 0.07 (0.04; 0.11)***

For those mental health conditions endorsed by less than 10 people we did not run linear 
regression models. The models are adjusted for age, sex, education, marital status, and 
working status. AARC-gains, Awareness of positive age-related changes; AARC-losses, 
Awareness of negative age-related changes; CI, Confidence Interval. Cancer in full remission 
means no evidence of disease. Psychotic disorders include schizophrenia. *p < 0.05. 
**p < 0.01. ***p < 0.001.
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nature of the UK PROTECT study will make it possible to explore this 
in future studies. Second, participants did not report how long they 
had each diagnosis, when they were diagnosed, or severity of 
conditions. Therefore, we  were unable to fully compare health 
conditions that were long-standing (or even life-long) to those that 
were more recently diagnosed. Further, though most of the health 
conditions we analyzed are chronic conditions that, once diagnosed, 
people have to manage their entire lives, some conditions may 
be cured or reversed (e.g., diabetes). As such, participants may have 
had some conditions in the past but not at the time of the survey. 
Because health conditions can contribute to cumulative health 
disadvantages over a lifetime, it will be important for future research 
to consider the duration of each diagnosis. Severity of the health 
conditions should also be considered as a variable that may moderate 
associations between AARC and health conditions.

Third, for some of the investigated conditions the number of 
participants reporting the given condition was very low. In some 
instances, small sample size impeded our ability to estimate an 
association; in other cases, we computed the estimation but results 
should be  taken as suggestive. Fourth, participants were excluded 
from study analyses based on self-reported diagnosis of dementia. 
This is a limitation compared to the use of objective indicators such as 
doctor-reported diagnosis of dementia. Fifth, though we controlled 
for gender in our analyses, our sample was mostly comprised of 
women. A sample with greater gender diversity would allow for more 
robust gender comparisons given that gender plays a role in VoA (75) 
and that certain health conditions are more common in older women 
than men (e.g., osteoporosis) (76). Nonetheless this study included a 
variety of health conditions and an age-diverse sample. Moreover, it 
provides initial evidence for the ways in which specific health 
conditions are connected to AARC, and should encourage future 
research on specific health conditions.

Conclusion

A higher number of physical and mental health illnesses are 
associated with higher levels of awareness of age-related losses. 
Specific health conditions, such as arthritis, depression, and 
personality disorder may be related to greater vulnerability to negative 
age-related experiences. These individuals could benefit from some 
sort of intervention that helps them accept and/or adjust to health-
related losses.
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