Journals of Gerontology: Psychological Sciences
cite as: J Gerontol B Psychol Sci Soc Sci, 2021, Vol. 76, No. 7, 1349-1359

GERONTOLOGICAL

Advance Access publication February 2, 2021
SOCIETY OF AMERICA®

A

]

OXFORD

Research Article

Health and Subjective Views on Aging: Longitudinal
Findings From the ActiFE Ulm Study

Anton Schonstein, MSc,'* Dhayana Dallmeier, PhD,?* Michael Denkinger, MD,? Dietrich
Rothenbacher, MD,*° Jochen Klenk, PhD,* Anke Bahrmann, MD,'5' and Hans-Werner
Wahl, PhD"61

'Network Aging Research (NAR), Heidelberg University, Germany. 2University of Ulm, AGAPLESION Bethesda Clinic, Geriatric
Center UIm/Alb-Donau, Germany. *Department of Epidemiology, Boston University School of Public Health, Massachusetts,
USA. ‘Institute of Epidemiology and Medical Biometry, UIm University, Germany. SHeidelberg University Hospital, Germany.
SInstitute of Psychology, Heidelberg University, Germany.

*Address correspondence to: Anton Schdnstein, MSc, Network Aging Research, Heidelberg University, Bergheimer StralRe 20, 69115 Heidelberg,
Germany. E-mail: schoenstein@nar.uni-heidelberg.de

"These authors contributed equally.
Received: August 13, 2020; Editorial Decision Date: January 25, 2021
Decision Editor: Shevaun Neupert, PhD, FGSA

Abstract

Objectives: Previous research supports that subjective views on aging (VoA), such as older subjective age (SA) and negative
attitudes toward own aging (ATOA), go along with negative outcomes. A differentiated treatment of health and disease as
antecedents of VoA is largely lacking. Therefore, our objective was to estimate the relationship between generally framed
physical, affective, and cognitive health as well as specific diseases and VoA, operationalized both as SA and ATOA.
Methods: Data were drawn from the ActiFE Ulm study for which a representative sample of community-dwelling older
people (65-90 years) was recruited at baseline. Follow-ups were conducted 7.7 years (median) after recruitment (N = 526).
Health- and disease-related data at baseline, based on established assessment procedures for epidemiological studies, were
regressed on VoA (1-item SA indicator, 5-item ATOA scale) measures at follow-up.

Results: Reported severity of affective health problems such as depression was the strongest general risk factor for both
older SA and negative ATOA. Also, some but not all major diseases considered were associated with VoA. Notably, back
pain predicted negative ATOA, while cancer was associated with older SA. Rheumatism was linked with more negative
ATOA along with higher SA. Throughout analyses, explained variance in ATOA was considerably higher than in SA.
Discussion: Affective health problems, such as depression, should be regarded as a major correlate of subjective aging
views. Interestingly, diseases do not have to be life-threatening to be associated with older SA or negative ATOA.

Keywords: Attitudes toward own aging, Depression, Subjective age

The concept of subjective views on aging (VoA) has re-
ceived considerable attention in gerontological research.
In essence, and as opposed to chronological age, VoA
aim to capture an intuitive evaluation of a person’s aging
process and can be expected to gain significantly in im-
portance as people age (Diehl et al., 2014). In particular,

studies on VoA have shown them to be a solid predictor
of key outcomes, such as reduced functional status
(Sargent-Cox et al., 2012a), frailty (Gale & Cooper,
2018), cognitive impairment (Siebert et al., 2018), de-
pression (Keyes & Westerhof, 2012), active health be-
havior (Wienert et al., 2015), and longevity (Westerhof
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et al., 2014), even when controlling for a broad range of
confounders. Indeed, VoA have been discussed as having
the potential to serve as a biopsychosocial marker of
aging, given their relation with bioindicators such as
C-reactive protein and cystatin-C (Diehl et al., in press;
Stephan et al., 2018).

Numerous approaches for the operationalization of
VoA with varying degrees of complexity exist (Diehl et
al., 2014). Due to its simplicity, the widespread approach
is to use a single-item question inquiring about how old a
person feels, from which a proportional-difference score
can be calculated (Rubin & Berntsen, 2006). A large body
of research has shown that the difference score between a
person’s subjective age (SA) and actual chronological age
is a reliable predictor of a variety of outcomes, including
subjective well-being (Westerhof & Barrett, 2005), phys-
ical, mental, self-rated health (Spuling et al., 2013), and
mortality (Kotter-Grithn et al., 2009; see also Westerhof
et al., 2014). Another well-established measure is the
unidimensional attitude toward own aging (ATOA) scale,
where participants rate how much stereotypically pre-
sented age-related changes apply to themselves (Lawton,
1975; Miche et al., 2014). As reported in quite a body
of previous work, more negative ATOA is related lon-
gitudinally with lowered health, physical functioning,
and longevity (e.g., Kotter-Griihn et al., 2009; Levy et
al., 2002; Sargent-Cox et al., 2012b; see also Westerhof
et al., 2014).

Both measures are established indicators of VoA, and
can be placed within the wider theoretical framework
of life-span developmental psychology characterizing
aging as a changing pattern of gains and losses (Baltes,
1987). However, they cover different aspects and follow
a different logic. SA represents a general subjective inter-
pretation of one’s age along the young-old continuum
without referring to any information regarding actual
aging experiences or valences attributed to such experi-
ences (Diehl et al., 2014; Montepare, 2009). Somewhat
differently, ATOA strives to capture evaluative compo-
nents of behavior toward older adults as a group as well
as toward the process of aging as a personal experience
and thus offers a combination of societal and individual
attitudes (Hess, 2006). Therefore, using both meas-
ures (as we will do in this study) is complementary and
broadens the VoA picture.

Antecedents of Subjective VoA: The Role of
Health

While there is substantial work on the consequences of
positive and negative VoA on health outcomes, research is
less clear when it comes to health variables as antecedents
of VoA. Respective insights are crucial to counteract a vi-
cious circle: lowered health might create more negative

VoA and in turn, negative VoA might then, for example,
through the pathway of reduced health behavior, lead to
even worse health. Research points to the existence of such
bidirectionality at the general health as well as mental
health level, although the direction from VoA to health
consequences seems stronger than from health problems to
VoA consequences (Dutt et al., 2018; Spuling et al., 2013;
Wurm et al., 2008).

Infurna et al. (2010), Miche et al. (2014), and Stephan
et al. (2018) report that various subjective and objective
health markers indicating lowered health are linked with
older SA and negative ATOA. Also waist circumference and
grip strength, both global markers of health in older age
(Wagner et al., 2016), have been tied to VoA (Stephan et al.,
2015). Concluding, while general health effects on both SA
and ATOA are established in the literature, the picture has
remained incomplete due to at least three primary reasons.
First, the effects of specific morbidities on VoA deserve more
attention, given that they may differentially affect VoA. For
example, diseases such as arthritis with direct negative con-
sequences (motor behavior, pain occurrences) may affect
VoA more strongly as compared to “silent” diseases such as
hypertension or elevated cholesterol. Indeed, Stephan et al.
(2015) reported that “perceptible” biomarkers (e.g., lower
peak expiratory flow, grip strength) were associated with
higher SA, whereas imperceptible ones (i.e., blood pressure,
telomere length) were not. Similarly, everyday body prob-
lems appeared to have negative effects on SA (Barrett &
Gumber, 2020).

Second, mental health problems such as depression may
generally impair a person’s day-to-day functioning in mul-
tiple facets (Kennedy et al., 2007; Stuck et al., 1999) and
therefore likely provide a similar or even stronger threat
to positive aging expectations and VoA when compared to
physical disease. Based on the cognitive theory of depres-
sion by Beck (1979), depression is characterized by auto-
matic negative thoughts and evaluations regarding oneself,
the future, and the environment. Cognitive biases such
as overgeneralizations of the meaning of negative events
involving age-related losses would therefore be expected to
markedly manifest themselves in a threat to positive aging
expectations.

Also note in this context that physical disease seems to
underlie the health paradox, meaning that objectively diag-
nosed illnesses are subjectively not necessarily perceived as
a decreased health situation (Staats et al., 1993; Wettstein
et al., 2016).

Third, cognitive functioning is an important health issue
in old age, but respective empirical work has remained
inconsistent. Hughes and Lachman (2018) reported a
meaningful link between better memory performance and
younger SA while other studies did not find consistent
support for a cognitive functioning and VoA interrelation
(Gabrian & Wahl, 2017; Jaconelli et al., 2017).
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We are not aware of any study that has systematically
investigated, beyond general health associations at the
physical, mental, and cognitive level, the potentially differ-
ential association of specific diseases with VoA.

Research Aims and Hypotheses

Drawing from data of an established population-based ep-
idemiological study that targeted a range of health, motor
functioning, and disease markers across time (ActiFE Ulm
study, Germany; see Denkinger et al., 2010), our first goal
has been to estimate the association between generally
framed health variables (representing physical, mental, and
cognitive health/impairment) and VoA (SA, ATOA). We
expect that better health generally goes along with feeling
younger and more positive ATOA. However, given the po-
tentially broad-range role of affective health on daily quality
of life as contrasted with the frequently more circumscribed
and limited effects of cognitive health, we expect that
lowered affective health will reveal a closer association with
more negative ATOA and older SA as compared to cogni-
tive health, and will play, together with physical health, the
relatively most important role to explain variance in SA and
ATOA. Based on theoretical considerations about the sen-
sitivity of VoA regarding experienced losses (Baltes, 1987),
we generally expect that change-scores indicating stronger
impairments of health-related variables will be negatively
related to VoA. This is based on the logic that decline in
physical, mental, or cognitive health over a considerable
time span may indicate a necessary shift of resources away
from growth and toward maintenance or regulation of the
loss of existing capabilities (Baltes, 1997; Smith, 2003). This
would in turn negatively affect the desirable balance of gains
and losses, making it therefore difficult to retain positive
ATOA or to identify with a younger age, where gains are
typically expected to outnumber losses (Diehl et al., 2014).

Our second goal has been to estimate the potentially
differential association between a range of diseases in old
age and VoA. Here, we expect that within the range of
illnesses, those affecting daily quality of life (e.g., through
impaired motor functioning, enduring pain, undermining
of a positively toned daily mood) will be associated more
strongly to VoA as compared to those diseases without
such directly perceptible consequences. Further, following
the reasoning of our first hypothesis, we expect that af-
fective diseases such as depression, which greatly affect
quality of life, will show some of the strongest negative
associations with VoA.

Third, we expect similar effects in both VoA indicators
considered, that is, SA and ATOA as outcome variables.
However, given the closer to everyday life approach in-
herent in the ATOA scale representing different areas of
well-being and quality of life (e.g., feeling useful, things
are getting worse), we expect that health indicators may
be more strongly linked with the ATOA indicator, thus
explaining more variance as compared to SA.

Method
Study Design and Setting

This study is based on data from the epidemiological
ActiFE Ulm study, for which a detailed study protocol is
available (Denkinger et al., 2010). The ActiFE Ulm study
was designed as a prospective, observational cohort study
of community-dwelling older adults, with the general aim
of estimating the longitudinal link of accelerometer-based
physical activity with numerous health-related outcomes
as well as providing data on health and disease status
of older adults at large assessed by trained study staff.
Baseline data (2009-2010) were collected from a repre-
sentative population-based random sample (greater Ulm,
Neu-Ulm, and Alb-Donau Kreis areas, located in the South
of Germany, initial response 20%). The follow-up for the
data used in this article was conducted after 7.7 years (me-
dian, 2017-2018). Data on VoA were collected during this
follow-up using a questionnaire. The ethics committee of
Ulm University approved of the study’s respective protocol
in 2009 (Application No. 318/08).

Participants

Inclusion criteria of the ActiFE Ulm study at baseline were
as follows: age (65-90 years), informed consent, the ability
to, with or without assisting devices, walk through one’s
own room. Potential participants with severe visual, audi-
tory, or cognitive impairment were excluded. Those with
serious difficulties understanding the German language
were excluded from the interviews and therefore did not
provide questionnaire data.

Overall N = 526 older adults participated in this fol-
low-up (7.7 years, after baseline) of the ActiFE Ulm study,
representing about 35% of the study population at base-
line (7 = 1,506). There were slightly more male (57% or
300/526) than female (43% or 226/526) participants (bio-
logical sex). Concerning participants’ education, about half
of the sample (50% or 259/526) had more than 9 years of
school education. Nine years of school education or more
are seen as the milestone for completing the basic education
in the German system. With the recruitment area being part
of South Germany the participants were from a region that
can be considered economically prosperous.

Assessment of Subjective VoA

The VoA used in this article were solely assessed at fol-
low-up. ATOA was measured using the subscale of the
Philadelphia Geriatric Center Morale Scale (Lawton,
1975). This scale consists of five items addressing the sub-
jective evaluation of one’s aging process, for example, “I
have as much pep as I had last year,” “As you get older,
you are less useful,” and “I am as happy now as when I
was younger,” dichotomously rated as “Yes” or “No” and
condensed into a summary score. This ATOA scale is an
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established instrument and was reported to have accept-
able internal consistency in previous studies (Kornadt et
al., 2019; Siebert et al., 2016). In our sample internal con-
sistency was, considering the small number of items, ac-
ceptable (Cronbach’s a = 0.66).

SA was measured by participants’ response on the
single-item scale (“How old have you felt in the past
few days?”). Participants were asked to provide their SA
in years in an open format. As suggested by Rubin and
Berntsen (2006), a proportional score was calculated by
subtracting the chronological age from the felt age and by
dividing this by the chronological age. The resulting score
reflects how much older or younger a person feels relative
to their chronological age. A proportional score of -0.20,
for example, indicates that the person feels approximately
20% younger than their actual age (Diehl et al., in press;
Rubin & Berntsen, 2006).

Assessment of Predictor Variables

Cognitive health was assessed with the Mini-Mental State
Examination (MMSE; Folstein et al., 1975). The scale
ranges from 0 to 30 points and is performance-based.
Higher values indicate better cognitive health.

General affective health problems were measured with
the German version of the Hospital Anxiety and Depression
Scale (HADS-D; Petermann, 2015). The HADS consists
of 14 items which are rated on a 4-level Likert scale re-
ferring to a participant’s subjective self-evaluation with
higher scores indicating stronger symptoms. Seven items
address anxiety (e.g., “Worrying thoughts go through my
mind”) while the other seven focus on depression (e.g., “I
feel slowed down”). A review that examined the properties
of the HADS found the Cronbach’s a for the subscales to
be on average about 0.82 (anxiety) and 0.83 (depression)
(Bjelland et al., 2002).

Participants’ activities of daily living (ADL) were as-
sessed with an established questionnaire (for details, see
Denkinger et al., 2010; Katz et al., 1970). Items were
answered on a 4-point Likert scale (“no difficulties per-
forming the task” to “major difficulties performing the
task”). Participants therefore give subjective evaluations
describing their performance. Lower scores are to be inter-
preted as better functioning.

Beyond these general health indicators, the ActiFE Ulm
study also provides a range of disease diagnoses at base-
line as part of its medical assessment, which we used to ex-
amine their association with VoA. Disease diagnoses were
assessed using structured interview questions and strived to
rely on objective health information (e.g., “Has your phy-
sician ever told you that you have had a heart attack?”).
Accordingly, responses were dummy-coded (yes/no) group
variables. Hereafter, these variables are referred to as “dis-
ease groups.” As these disease groups originally included a
combined category for depression or anxiety, we supple-
mented them by creating separate categories for depression

and anxiety based on the recommended cutoffs (score >8)
of the respective HADS subscales.

Further, the total number of each participants’ diseases
at baseline was calculated to function as an overall measure
of comorbidity.

Statistical Methods

For the quantitative description of the cohort means,
standard deviations, medians, interquartile ranges, and
ranges were calculated for continuous variables. For cat-
egorical variables absolute and relative frequencies were
calculated. Further, for a descriptive display of associations
between the central study variables, zero-order correlations
were calculated using Pearson’s 7. The sample was also
grouped in participants with relatively positive versus neg-
ative ATOA and relatively young versus old SA based on
median splits of the respective variables. Standardized dif-
ferences for these groups were calculated across the central
study variables.

The main analyses were based on linear regression
models: Hierarchical multiple linear regression was used
to model the predictor-outcome relationship between
general risk factors and VoA. The same pattern of block-
wise predictor-inclusion was used when modeling SA and
ATOA: (a) demographic factors (age and sex), (b) func-
tional health (ADL) and overall comorbidity (number of
diagnoses), (c) affective health (HADS), (d) cognitive health
(MMSE). For the scales change-scores (follow-up minus
baseline) were included into the regression models along-
side their baseline values.

A series of simple and multiple regression models were
used to examine the association between specific disease
groups and VoA. For each of the disease groups with at least
n = 30 cases in the sample, the crude and adjusted effects
on VoA were calculated. Adjusted effects controlled for
the same set of covariates (chronological age, sex, comor-
bidity as number of additional reported diagnoses, baseline
scores of MMSE, HADS, and ADL) except for the disease
group depression/anxiety categories where HADS baseline
scores were not included due to the direct theoretical rela-
tionship and multicollinearity between the variables. From
these regression models estimates for the effect sizes on the
original scale (unstandardized betas) were displayed in a
forest-plot figure. As a standardized effect size Cohen’s d
was calculated for the adjusted effects. In these analyses the
adjusted effects did not include longitudinal ADL, MMSE,
and HADS change-scores to avoid controlling the disease
effect for, for example, potentially mediating variables.

Analyses involving SA were conducted based on a re-
duced sample that excluded SA outliers, defined as further
than +2 SDs from the mean. This definition of outliers was
chosen after exploratory analyses, as unrestricted items
such as SA are more prone to produce extreme results.
Consequently, in analyses involving SA, the lower and the
upper 2.5% of cases had to be excluded.
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For linear modeling, missing values in the data set were
handled by a full information maximum likelihood ap-
proach (Allison, 2012). MMSE change-scores had the most
missing values with 16%. Other variables did not exceed
10% missing values (Supplementary Table 1). Throughout
the analyses 95% confidence intervals (CIs) were used to
quantify uncertainty. Cohen’s d effect sizes are interpreted
based on the reference frame provided within this and sim-
ilar studies, and further, with respect to existing classifica-
tions (Cohen, 2013). Statistical analyses were conducted
using SAS version 9.4, and R version 3.5.1.

Results

Descriptive Data

Descriptive statistics of the total sample (N = 526)
are reported in Table 1 (SA outlier excluded sample:
Supplementary Table 2). For reference, characteristics
of the ActiFE Ulm participants that were alive during
the follow-up period but did not participate are given in
Supplementary Table 3. Nonparticipants appeared, on
average, more vulnerable than completers with, for ex-
ample, older age, lower MMSE, and more comorbidities.
Zero-order correlations of the study variables, and their
associated standardized differences between the VoA
groups when a median split was applied, are reported in
Supplementary Tables 4 and 3, respectively. As can be taken
from Supplementary Table 4, a calculated Pearson correla-
tion between ATOA and SA found only a moderate effect
(r = =0.30; 95% CI [-0.37, -0.21]). Most of the partici-
pants reported to feel younger (76% or 384/502), some
reported to feel exactly as old (19% or 93/502), and only
a minority reported to feel older (5% or 25/502) than

their chronological age. After exclusion of outliers, partici-
pants reported feeling about 7% younger (95% CI [-0.08,
-0.06]) than their chronological age. Cross-sectional de-
scriptive data on VoA across different ages are displayed
in Supplementary Figure 1. Relative to the median, there
were fewer participants reporting negative than positive
ATOA (40% or 208/526) and similarly, fewer participants
that reported a relatively older than younger SA (24% or
118/502). Negative ATOA or older SA appeared to iden-
tify a more vulnerable subpopulation with, for example,
higher age, stronger reported symptoms of affective health
problems, lower cognitive functioning, and worse reported
performance regarding ADL (see Supplementary Table ).

Associations Between Global Health Indicators
and VoA

To examine the association between general health indi-
cators and ATOA, hierarchical multiple regression was
conducted and the results are reported in Table 2. While
in the first model with sex and chronological age as pre-
dictors of ATOA no significant sex association was found,
ATOA was negatively associated with chronological age.
The effect of chronological age was reduced when, in a
second step, functional status and overall comorbidity
were added to the model. Both a reduced functional
status as measured by ADL (baseline and change-scores)
and a higher overall comorbidity were negatively related
to ATOA. Longitudinal change in ADL appeared to be
the strongest variable within this model, with stronger
decline in ADL indicating more negative ATOA. When,
in a third model, participants’ affective health as HADS
scores were added, these variables (HADS baseline and
change from baseline) showed the strongest relationship

Table 1. Descriptive Statistics for the Total Sample (N = 526) Used in the Analyses

Variables n (%) Mean (SD) Median Interquartile range (Q1, Q3) Range (min, max)
Age 72.72 (5.1) 71.65 (68.70, 75.20) (65.30, 88.00)
Sex male 300 (57)

Sex female 226 (43)

Education < 9 years 261 (50)

Education > 9 years 259 (50)

BMI 27.25 (3.6) 26.90 (24.80; 29.50) (17.30; 42.80)
MMSE 28.63 (1.5) 29 (28, 30) (23, 30)
AMMSE ~0.48 (2.0) 0 (-1,2) (=5,7)

HADS 7.21 (4.7) 7 (4, 10) (0, 33)
AHADS 1.04 (4.3) 1 (=2, 4) (-17,17)
ADL 0.51 (1.4) 0 (0, 0) (0, 14)

AADL 1.05 (2.5) 0 (0, 1) (-8, 18)
Diagnoses count 3.51(2.0) 3 (2,4) (0,10)

ATOA 2.90 (1.6) 3 (2,4) (0,5)

Subj. age ~0.08 (0.1) ~0.06 (=0.12, -0.02) (=0.58, 0.06)

Notes: A denotes change-scores: follow-up - baseline. ADL = activities of daily living; ATOA = attitudes toward own aging; BMI = body mass index; Diagnoses

count = number of self-reported diagnoses; HADS = total score of the Hospital Anxiety and Depression Scale; MMSE = Mini-Mental State Examination; SD =

standard deviation; Subj. age = subjective age as proportional score.
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Table 2. Summary of Hierarchical Regression With ATOA as Outcome (N = 526)

Model 2: + functional status and

Model 1: demographics overall comorbidity

Model 3: + affective health Model 4: + cognitive health

Predictor B B [95% CIL B B B [95% CI: f] B B [95% CIL B B B [95% CL: f]

Age ~0.08* -0.27[-0.35,-0.19] -0.05* —0.15[-0.24,-0.06] -0.04* —0.14[-0.22,-0.06] -0.04* —0.14 [-0.22, —0.06]
Sex ~0.18  -0.06 [-0.14,0.02]  -0.04 -0.01[-0.09,0.07] -0.04 —0.01[-0.09,0.06] -0.03  —0.01[-0.09, 0.06]
ADL ~0.14* -0.13[-0.21,-0.04] -0.10* -0.10[-0.17,-0.02] -0.10* —0.10[-0.17, -0.02]
AADL ~0.13* -0.21[-0.30,-0.13] -0.09* -0.14[-0.22,-0.06] —-0.09% —0.15 [-0.22, -0.06]
Diagnoses ~0.10* -0.12 [-0.22,-0.04] -0.02  -0.03 [-0.11,0.05] -0.02  -0.03 [-0.12, 0.05]
count

HADS ~0.14* -0.43 [-0.51,-0.35] -0.14* —-0.43 [-0.51, -0.34]
AHADS ~0.11* -0.31[-0.39,-0.23] -0.11* -0.31[=0.39, -0.23]
MMSE 0.03  0.03[-0.06,0.12]
AMMSE ~0.04  -0.05 [-0.14, 0.05]
R 0.08 0.15 0.30 0.31

AR? 0.08% 0.15% 0.00

Notes: A denotes change-scores: follow-up - baseline. ADL = activities of daily living; CI = confidence interval; Diagnoses count = number of self-reported diag-

noses; HADS = total score of the Hospital Anxiety and Depression Scale; MMSE = Mini-Mental State Examination. The outcome is attitudes toward own aging

(ATOA).
*p <.0S.

with ATOA, with stronger affective health problems
at baseline as well as longitudinally increasing affec-
tive health problems being associated to more negative
ATOA. In a fourth and last model, cognitive health as
MMSE scores was added. MMSE scores did not seem to
notably improve the model beyond the already existent
variables, and while the general direction of the effect
pointed toward more negative ATOA with increasing
cognitive deficiencies, this effect was quite limited in
strength.

When the same hierarchical multiple regression ap-
proach was used to model SA as an outcome (reported in
Table 3), a comparable pattern emerged in which affective
health as HADS scores defined the dominant factor. Similar
to the ATOA models, stronger affective health problems
at baseline as well as longitudinally increasing affective
health problems were associated to older SA at follow-up.
However, the overall amount of explained variance dif-
fered markedly in each step, with the full ATOA model ex-
plaining roughly 31% of variance, while the full SA model
explained only about 9% of variance.

Also, as indicated by the standardized coefficients in
both modeling approaches, longitudinal change-scores of
the respective health-related variables explained similar
proportions of overall variance within a model as their as-
sociated baseline scores, and thus appeared to be of com-
parable importance.

Associations Between Specific Diseases and VoA

Finally, we used the collected data on participant’s self-
reported diseases to estimate the association of specific
disease groups with VoA. For this a crude estimate using

only the dichotomous variable for the specific disease, and
controlled estimates controlling for chronological age, sex,
number of other comorbidities, MMSE, ADL, and HADS
were calculated (exception: depression or anxiety categories
as predictors were not HADS controlled). Results are sum-
marized in Figure 1. While none of the diseases showed
a discernible positive association with ATOA, with uncon-
trolled estimates negative association to ATOA existed for
back pain, hypertension, all depression/anxiety categories
(reported diagnosis of depression or anxiety, depression as
rated by the HADS depression-subscale, anxiety as rated
by the HADS anxiety-subscale), heart failure, chronic
pain, and rheumatism. With the controlled approach, ef-
fects remained solid for back pain, hypertension, HADS
depression/anxiety categories, and rheumatism. Therefore,
participants within these categories reported more negative
ATOA than their respective counterparts. Standardized ef-
fect sizes were mostly small, though depression, as classi-
fied by the HADS subscale, showing the most pronounced
effect size equates to a medium to large effect by Cohen’s
classification. This averages to roughly 1.2 points less
on the ATOA scale in the depressed (HADS) versus the
nondepressed (HADS) group of participants.

Comparable to ATOA, when disease effects were exam-
ined with SA as outcome (see Figure 2), there was an overall
tendency toward reporting older SA for most disease
groups. Gastric ulcer patients were an exception to this,
reporting younger SA even when confounders were con-
trolled for. As was the case with ATOA, when controlled
for confounders, participants with rheumatism reported an
older SA. A self-reported diagnosis of either depression or
anxiety was also associated to older SA. While the HADS
depression category showed a tendency toward an asso-
ciation with an older SA, this effect did not remain solid
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Table 3. Summary of Hierarchical Regression With Subjective Age (Proportional Score) as Outcome, Subjective Age Outlier

Excluded Data Set (n =502)

Model 2: + functional status

Model 1: demographics and overall comorbidity

Model 3: + affective health

Model 4: + cognitive health

Predictor B B [95% CIL B B B [95% CL f] B B [95% CIL B B B [95% CL f]
Age 0.001*  0.10[0.01,0.19] 0.000  0.03 [<0.06,0.13] 0.000  0.02 [-0.07,0.12] ~ 0.000  0.02 [-0.08, 0.11]
Sex 0.002  0.02[-0.07,0.10] -0.001 -0.01[0.10, 0.08] —-0.001 —0.01[-0.10,0.08] -0.001 —-0.01 [=0.09, 0.08]
ADL 0.003  0.07[=0.02,0.17] 0.003  0.07[-0.02,0.16] 0.003  0.07 [-0.02, 0.16]
AADL 0.003*  0.12[0.02,0.21] 0.002  0.08 [-0.01,0.18]  0.003*  0.10[0.00, 0.19]
Diagnoses count 0.002  0.07[-0.02,0.17] 0.001  0.03[-0.07,0.12] 0.001  0.03 [-0.07, 0.13]
HADS 0.003*  0.19[0.09,0.29] 0.002*  0.18 [0.08, 0.28]
AHADS 0.003*  0.20[0.11,0.30]  0.003*  0.20 [0.10, 0.30]
MMSE ~0.003  -0.07 [-0.18, 0.04]
AMMSE 0.001  0.03[=0.09,0.14]
R 0.01 0.04 0.08 0.09

AR? 0.03 0.04% 0.01

Notes: Unstandardized betas (B) are presented with an extra decimal to make the effects displayable on their original scale. A denotes change-scores: follow-up

- baseline. ADL = activities of daily living; CI = confidence interval; Diagnoses count = number of self-reported diagnoses; HADS = total score of the Hospital

Anxiety and Depression Scale; MMSE = Mini-Mental State Examination. The outcome is subjective age as proportional score.

*p <.0S.

@ Crude effect B Adjusted for: Age, sex, ADL, MMSE, comorbidity, and HADS

@ Crude effect Ml Adjusted for: Age, sex, ADL, MMSE, comorbidity, and HADS

Disease n= Cohen’s d
Disease n= Cohen’s d Back pain 255 003 e
Back pain 265 -0.20 e i °
Hypertension 247 -0.03 ——
Hypertension 258 -0.19 . "
Arthritis 238 0.11 -
Arthritis 244 -0.01 ,_._¢'
Elevated cholesterol 205 0.05 Elevated cholesterol 215 -0.06 ,_._¢'
evated cholesterol . P =l
: —o—
Thyroid problems 163 ~0.02 ° Thyroid problems 152 0.16 P
: ; —e—
Migraine 89 0.04 — e Migraine 86 -0.06 —
Cancer 84 0.03 [ Cancer 81 0.27 ———
: ; ——
Depression or anxiety 67 _0.22 e | Depression or anxiety 64 0.37 —
Heart failure 66 ~0.06 —e—i Heart failure 61 0.11 —
Diabetes 59 0.18 — Diabetes 57 0.12 — e
Gastric ulcer 54 0.04 L S— Gastric ulcer 53 -0.36 P
Anxiety HADS 53 -0.35 e Anxiety HADS 50 -0.06 P J—
Chronic pain 46 -0.09 ,_._<' Chronic pain 43 -0.17 .'_¢
Osteoporosis 44 -0.01 — . Osteoporosis 41 -0.20 — e
Rheumatism 38 -0.31 —a—— Depression HADS 37 0.26 i L.
Depression HADS 38 -0.76 N ,_H' Rheumatism 36 0.49 ——e—
Myocardial infarction 32 -0.05 —a— Myocardial infarction 31 -0.13 s, a—
Asthma 30 -0.00 — f T T T !
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Figure 1. Disease groups and attitudes toward own aging (ATOA).
Crude and adjusted estimates of the unstandardized beta from linear
regression with 95% confidence intervals for the association of disease
groups with ATOA. Depression/anxiety categories were not HADS con-
trolled. Number of cases for the respective disease groups and point
estimates of Cohen'’s d (rounded to two decimals) for the adjusted ef-
fect are also presented. Lower betas or Cohen’s d indicate more neg-
ative ATOA (N = 526). ADL = activities of daily living; HADS = Hospital
Anxiety and Depression Scale; MMSE = Mini-Mental State Examination.
Full color version is available within the online issue.

-0.06 -0.03 0 0.03 0.06

beta

Figure 2. Disease groups and subjective age (proportional score).
Crude and adjusted estimates of the unstandardized beta from linear
regression with 95% confidence intervals for the association of disease
groups with subjective age (proportional score). Depression/anxiety
categories were not HADS controlled. Number of cases for the respec-
tive disease groups and point estimates of Cohen’s d (rounded to two
decimals) for the adjusted effect are also presented. Higher betas or
Cohen’s dindicate a higher subjective age, that is, participants feeling
older (n =502). ADL = activities of daily living; HADS = Hospital Anxiety
and Depression Scale; MMSE = Mini-Mental State Examination.
Full color version is available within the online issue.
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when controlled for confounders. Participants with cancer
reported an older SA, but not a more negative ATOA. In
the modeling of SA rheumatism showed the strongest effect
size, amounting to participants with rheumatism feeling
roughly 3% older than their actual age or a moderate ef-
fect size following Cohen’s classification of standardized
effect sizes.

Discussion

As was to be expected in light of the existing litera-
ture (Westerhof et al., 2003), this cohort of community-
dwelling older adults reported mostly positive VoA. Our
result that older participants felt on average about 7%
younger than their chronological age is considerably less
than what Rubin and Berntsen (2006) found, but similar
to what Kleinspehn-Ammerlahn et al. (2008) reported. To
the best of our knowledge, this is the first study that, be-
sides general health-related factors, examined the effects of
a range of diseases on VoA.

Major findings can be summarized as follows: First,
considering general health factors as longitudinal correl-
ates of VoA, a magnitude of effects can be explained by
mental health issues of the affective type, such as depressive
symptoms. Second, VoA appear to be differentially associ-
ated with specific disease groups, for instance, hyperten-
sion, rheumatism, and cancer. In addition, we found that
morbidities do not need to be life-threatening to be associ-
ated with VoA.

Regarding general health factors as longitudinal cor-
relates of VoA, self-reported symptoms of affective health
emerged as a dominant factor, with stronger reported
symptoms of affective health problems at baseline and lon-
gitudinally increasing affective health problems being asso-
ciated to more negative ATOA as well as to older SA. This
result supports numerous findings tying mental health and
specifically depression to VoA (Bergland et al., 2014; Dutt
& Wahl, 2017; Keyes & Westerhof, 2012). Our results also
complement findings based on a personality oriented ap-
proach: Kornadt et al. (2019) reported that neuroticistic
traits, a major risk factor for affective problems (Zinbarg
et al., 2016), predicted negative ATOA longitudinally.
Importantly, the authors found no evidence of this being
a bidirectional effect, therefore hinting at a possibly causal
relationship. Further, our results substantiate findings from
a different culture, as comparable results were shown in
a sample of community-dwelling older adults in Korea
(Hwang & Hong, 2019). As in previous research, we
could also not support a strong role of cognitive health in
VoA when other factors were accounted for (Gabrian &
Wahl, 2017; Jaconelli et al., 2017). However, in this con-
text the limitations of the MMSE as a measure for cog-
nitive health in community-dwellers (i.e., ceiling effects as
also observed in this study) should be taken into account,
and may be an opportunity for future research. The domi-
nance of the more subjective health indicators as opposed

to the objective- or performance-based parameters can be
seen as partial support for the health paradox in older age
(Wettstein et al., 2016), whereas the general finding that
decline in some health variables over a longer period of
time was associated with more negative ATOA and older
SA supports conceptual reasoning that connects VoA to a
gain/loss dynamic of life-span development (Diehl et al.,
2014). Our finding that models with ATOA as an outcome
explained considerably more variance than those with SA
is likewise in accordance with theoretical considerations
and empirical observations by Diehl et al. (2014), stating
that VoA constitute complex constructs which benefit from
more sophisticated approaches than mere 1-item measures.

While numerous studies have investigated selected
disease groups such as, for example, cancer (Martin et
al., 2019) or cardiovascular events on VoA (Wurm et
al., 2020), this is the first study that, in a population-
based approach, examined the effects in parallel based
on a range of diseases that were based on a structured
interview by trained study personnel. From a theoret-
ical point of view, diseases should be expected to mostly
influence VoA in a negative way (Stephan et al., 2018),
which as a general tendency with only one exception
across a wide range of diseases, was clearly present in
our results. The single counterintuitive result that gastric
ulcer was associated to younger SA could be explained
by the fact that from a medical perspective efficient treat-
ments are available, and that longitudinal effects over
more than 7 years are improbable after recovery (Kuna
et al., 2019). It should further be noted that according to
given general conventions about standardized effect sizes
the effects found in our analyses were within the bound-
aries of moderate to small effects (Cohen, 2013). While
there were parallels as to which disease groups were as-
sociated with VoA across the two operationalizations,
there were also discrepancies. Beyond different depres-
sion categories, rheumatism predicted negative VoA in
both constructs. Clinical symptoms of rheumatic disease,
such as pain, stiffness, swelling and an associated pro-
gressing course affect a variety of facets of quality of
life (Walker & Littlejohn, 2007), and may consequently,
due to their strong salience in everyday life, lead to pes-
simistic evaluations of the future aging process. A his-
tory of back pain or hypertension was tied to ATOA. As
qualitative research on back pain suggests, the former
finding could be explained by people perceiving restric-
tive back pain as an indicator of inevitable age-related
problems (Makris et al., 2015). The latter finding on hy-
pertension, however, appears surprising considering that
no solid effect for myocardial infarction could be shown,
and that cardiovascular events of larger magnitude were
previously shown to be associated with VoA in different
studies (Diehr et al., 2001; Wurm et al., 2020). In our
study, cancer was tied to SA but no solid association to
ATOA as reported in recent findings (Martin et al., 2019)
could be shown. In general, disease groups examined in
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this study are heterogeneous, and consequently produced
heterogeneous results: Although mental illness generally
showed a stronger association to both SA and ATOA,
some physical illnesses such as rheumatism stand out and
achieved similarly strong effects as affective disorders.
A single overarching theoretical framework to explain
differential findings cannot be provided and would be in
contradiction of the exploratory nature of these analyses.

Limitations

Though this study is based on high-quality data, several
limitations must be considered. First, although we rely
on a longitudinal design, we refrain from causal infer-
ences. The mere examination of predictor-outcome re-
lationships between diseases and VoA did not permit us
to examine the likely entangled pathways through which
the effects might appear. The possibility that these might
differ across the heterogeneous disease groups must be
considered. Further, the follow-up period of more than 7
years targets long-term changes and might introduce po-
tential bias through selective survival and participation.

It should also be noted that the scale used to assess ATOA
showed a limited reliability as measured by Cronbach’s a.

Testing many disease groups introduces a problem of
multiplicity. Because, however, the aim of these analyses
was not of confirmatory nature, but more to explore several
disease groups to produce a selection of potential high-risk
groups, this is a common limitation of studies following
similar research targets.

Given the imbalances of the diseased versus nondiseased
groups in the sample which are introduced by natural differ-
ences in the prevalence, loss of power in the smaller disease
groups has to be considered. The deliberate decision to analyze
only disease groups with at least 30 cases was made to restrict
further problems that might arise from these imbalances.

Finally, all known biases and problems of (interviewer-
led) self-report measures must be considered. While the
data on history of diseases were collected by trained pro-
fessionals, it was not based on a physical examination by a
physician itself or validated by other means.

Conclusion

Affective mental health factors such as depression appear to
be a major component associated to more negative ATOA
as well as older SA and were found in the present study to
be consistently stronger as compared to physical and cog-
nitive health indicators. Further, we were able to show that
age-related diseases are differentially associated with both
SA and ATOA. Therefore, considering only general health
indicators may be a too limited view. As we also found, dis-
eases do not necessarily have to be life-threatening to be
associated with negative ATOA or older SA. Instead, their
phenomenology of putting strain on to day-to-day life in

terms of undermining well-being as well as direct behavioral
restrictions might be the major factor. Although further data
and confirmatory approaches are needed, our findings sug-
gest that VoA may be an important component that so far
has only found limited attention in health-related quality of
life models and assessments targeting older adults.
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