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ABSTRACT ARTICLE HISTORY
Objectives: Discordance between self-reported functional limitations and performance-based phys- Received 7 January 2021

ical functioning may have a negative impact in functional independence in older adults. We longitu- ~ Accepted 15 May 2021

dinally examined baseline apathy- and depressive symptomatology as associates of discordance. KEYWORDS

Method: 469 participants from the multi-site cohort study NESDO were included. Self-reported func- Attitudes; longitudinal change;
tional limitations were assessed by two items derived from the WHO-Disability Assessment Schedule. mental health; functional
Performance-based physical functioning included walking speed and handgrip-strength. Both mea- performance

sures were rescaled, with final sum-scores ranging from 0 to 6. Discordance-scores were computed by
subtracting sum-scores on performance-based measures from self-reported functional limitations.
Using latent growth curve analysis, we estimated individual trajectories of discordance at baseline,
2-and 6-years follow-up, consisting of the baseline discordance-score (intercept) and the yearly change
of discordance-score (slope). We then estimated associations with apathy and depression indicators.
Results: At baseline, persons (mean age 70.48 years, 65% female, 73% depressed) on average over-
estimated their daily functioning compared to performance tests (b=0.77, p<0.001). The average
discordance-scores yearly increased by 0.15 (p<0.001). Only in models adjusted for several demo-
graphic and clinical characteristics, depression severity was negatively associated with discor-
dance-scores at baseline (b=—0.01, p=0.02), while apathy was not (b=—0.02, p=0.21). No associations
with change over time were found.

Conclusion: In older persons, not indifference and diminished goal-directed activity, but negative
emotions appear to underlie underestimation of one’s physical capacity. Further research is needed
to determine (1) to what extent targeting discordance results in actual preservation of physical
functioning and (2) whether older persons with apathy and/or depression need different approaches
for this purpose.

Introduction For example, overestimation of physical functioning may lead
to higher risk of falls and (fall-related) injuries (Delbaere et al.,
2010; Sakurai et al., 2013), which consequently may result in
additional functional decline (Gill et al., 2013; Tinetti and Williams,
1998). Vice versa, underestimation of physical functioning may
result in suboptimal utilization of one’s physical potential and,
therewith, in (potential preventable) loss of physical functioning
and independence. Therefore, identification and knowledge of
predictors or correlates of discordance is of great importance.
Literature has already indicated several factors related to under-
and overestimation in older persons living in the community.
than objectively measured with performance tests, the literature For example, male gender and increasing age have been asso-
typically refers to this as“underestimation” of physical function- ciated with overestimation (Kok et al., 2020; Wloch, 2016). Female
ing, whereas the opposite is referred to as“overestimation”Both ~ 9ender (Daltroy et al., 1999; Kok et al,, 2020; Merrill et al,, 1997),
modes of discordance may be considered as disadvantageous ~ more pain (Daltroy et al., 1999; Kok et al., 2020) and lower self-
phenomena, as they may both result in loss of independence. ~ rated health (Kok et al., 2020) or less perceived physical

Both from older adults’own perspective as from a public health
perspective, retaining physical functioning is an important aim.
However, there are several ways in which physical functioning
can be assessed, and it has been shown that there can be sub-
stantial discordance between, for example, performance-based
and self-reported levels of functioning (Brach et al., 2002; Daltroy
etal., 1999; Kempen et al., 1996; Kok et al., 2020). Discordance of
physical functioning means that an individual’s self-assessed
level of physical functioning differs from level of performance
on physical tests. When older adults experience more limitations
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competence (Kempen et al.,, 1996) have been associated with
underestimation.

Despite its high prevalence in older persons (Henstra et al.,
2019; van der Mast et al., 2008), apathy has not yet been
explored as a potential correlate of discordance. Apathy is
defined as a quantitative reduction of goal-directed activity in
at least two of the three apathy dimensions (behavior/cogni-
tion; emotion and social interaction) (Robert et al., 2018).
Although apathy is a distinct clinically relevant syndrome that
can be present without an underlying condition (Brodaty et al.,
2010; Kawagoe et al.,, 2017), it is mostly described as a symptom
of neurodegenerative, cerebrovascular and psychiatric diseases
(Marin, 1991). Two recent longitudinal studies provide a ratio-
nale for further exploration of the role of apathy in the under-
estimation of capacity of physical functioning. First, a recent
population-based study in non-demented older persons using
data of two ongoing cohort studies (LonGenity (Ayers et al.,
2014) and Central Control of Mobility in Aging [CCMA (Holtzer
etal,, 2014)]) it was demonstrated that independent of depres-
sive symptoms, apathy was more strongly associated with
self-reported disability than with performance-based physical
decline at follow up (Ayers et al., 2017). Second, we previously
demonstrated similar results, using data from the Netherlands
Study of Depression in Older persons (NESDO)-cohort; in older
persons without dementia, apathy was associated with decline
of self-reported physical functioning but not with decline in
performance-based tests after two years, irrespective of the
presence of depression (Henstra et al., 2018). These results imply
that reduced goal-directed activity (apathy) has a stronger neg-
ative impact on self-reported than performance-based mea-
sures of functional status. Therefore, an association between
apathy and discordance (or more specific, underestimation) of
capacity of physical functioning is plausible but not yet empir-
ically investigated.

Studies so far suggest that when exploring apathy as an
associate of discordance of physical functioning, it is important
to consider depressive symptomatology. This is because in old
age, symptoms of apathy can be present without depression,
but vice versa, depression is often accompanied by apathy.
Nevertheless, for over twenty years, apathy and depression have
been considered as separate constructs that may have different
courses requiring different approaches (Levy et al., 1998; Yuen
et al., 2015). Evidence on the effect of depression on discor-
dance is mixed. Some studies found cross-sectional associations
of depression with underestimation (Daltroy et al., 1999;
Kempen et al,, 1996; 1996), but in two large Dutch popula-
tion-based prospective studies depression was not inde-
pendently associated with discordance (Kempen et al., 1999;
Kok et al., 2020).

In sum, with regard to associations between apathy, depres-
sion and discordance, several uncertainties exist. It is unknown
whether apathy relates to discordance and evidence on the
association between depression and discordance is inconsis-
tent. Furthermore, it is unknown to what extent associations
between apathy and depression and discordance are indepen-
dent of each other.

Therefore, the current study has several aims. 1) We calculate
individual trajectories of discordance between self-reported
and performance-based measures of physical functioning
across three waves (baseline, two and six years of follow-up)
and examine correlates of discordance. 2) We separately exam-
ine baseline symptoms of apathy and severity of depression as

associates of both discordance at baseline and change of dis-
cordance over time in multivariable models. We hypothesize
that apathetic symptoms are more strongly associated with
underestimation of physical capacity compared to severity of
depressive symptoms due to the core symptom of apathy:
reduced goal-directed activity. More detailed knowledge on
the separate roles of apathy and depression on discordance of
measures of physical functioning may help clinicians to apply
tailor-made interventions to postpone functional decline in
older persons.

Methods
Study sample

We used data from participants of the Netherlands Study of
Depression in Older persons (NESDO), a longitudinal, multisite,
naturalistic cohort study that included 378 older adults with a
depressive disorder at baseline (in the past 6-months) and 132
non-depressed controls with no diagnosis of depression during
their lifetime (Comijs et al., 2011). The cohort of depressed older
people (60years and older) was recruited, between 2007 and
2010, from specialized mental health services and general prac-
titioners, in five regions throughout the Netherlands. Late-life
depression at various developmental and severity stages were
present in the sample. Exclusion criteria were a diagnosis of
dementia or a suspected dementia according to the clinician,
baseline Mini Mental State Examination (MMSE) score below
18, having another primary severe psychiatric disorder, or insuf-
ficient command of the Dutch language. Non-depressed con-
trols were recruited from general practitioners, using similar
criteria. A face-to-face assessment was performed at baseline
and after 2- and 6-years follow-up. All participants gave verbal
and written informed consent before enrolment, and the Ethical
Review Board of the VU University Medical Center, the Leiden
University Medical Center, University Medical Center Groningen,
and the Radboud University Medical Center in Nijmegen
granted ethical approval. The procedures followed were in
accordance with the ethical standards of the responsible com-
mittees and with the Helsinki Declaration of 1975, as revised in
1983. A more detailed description of NESDO is given elsewhere
(Comijs etal., 2011).

Measurements
Assessment of self-reported physical functioning

Self-reported physical functioning were assessed with the
WHO-Disability Assessment Schedule (WHO-DASII) (Chwastiak
and Von Korff, 2003). The WHO-DASII is a general disability
instrument that examines difficulties in six domains of life
during the last 30 days. To assess discordance, it is important
that the operationalization of both subjective and objective
physical functioning are matched as much as possible.
Therefore, we selected the two WHO-DAS domains focusing
on (i) ADL activities and mobility, namely self-care (four ques-
tions) and physical mobility (five questions, supplementary
material). Answer categories ranged from 0 (extreme/cannot
do) to 5 (no difficulties) and were summed to form a scale rang-
ing from 0 to 45. Higher scores reflect better self-reported
functioning. We rescaled this to a range of 0-6, to match the
range of the performance-based physical functioning measure.
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Assessment of performance-based physical functioning

In order to incorporate both upper and lower extremity func-
tions, we created a performance score existing of walking
speed and handgrip strength. Walking speed was assessed
by timing a 6-meter walk. Participants were instructed to walk
at usual pace and from a standing start as if they were walking
down the street, and given no further encouragement or
instruction (Studenski et al., 2011). Results are expressed in
meters/seconds (ms). Handgrip strength, measured in kilo-
grams (kg), was assessed by means of a hand-held dynamom-
eter. Participants were asked to squeeze the dynamometer
twice with their dominant hand in a standing position (Chung
etal, 2014). For our analyses, the average of these two mea-
surements was used (Henstra et al,, 2018; 2019). In order to
combine the two performance-based tests, we divided the
scores of both measures into quartiles and assigned a score
of zero to the lowest functioning quartile, and a score of three
to the highest functioning quartile. For handgrip strength,
we calculated quartiles for men and women separately. We
then summed scores of both measures, resulting in a
range of 0-6.

Assessment of discordance

To assess discordance, we calculated discordance-scores by
subtracting scores on performance-based physical function-
ing from scores on self-reported measures of physical func-
tioning at each wave. Positive discordance-scores imply
overestimation and negative discordance-scores imply
underestimation.

Assessment of predictors

Apathy symptoms

Symptoms of apathy were assessed at baseline by means of the
14-item Apathy Scale (Dutch version (Lampe et al., 2001)), which
is an abbreviated version of the Apathy Evaluation Scale. This
scale was shown to discriminate between patients with stroke,
Alzheimer disease and depression versus healthy older control
patients, according to mean levels of apathy, with good reliabil-
ity and validity (Marin et al., 1991). Higher scores on the Apathy
Scale, up to a maximum of 42 points, are indicative of more
severe apathy.

The optimal cut-off value of 14 is used most often, and pre-
viously showed a 66% sensitivity and a 100% specificity for the
presence of clinically relevant apathy in patients with Parkinson’s
Disease.

Depressive symptoms

Severity of depression was measured at baseline using the
Inventory of Depressive Symptoms (IDS, Dutch translation:
Altrecht GGZ. Copyright® 1995/2005), which is a self-report
30-item questionnaire on the severity and frequency of spe-
cific symptoms present over the last 7 days (Rush et al., 1996).
All answer items are scored on a scale between 0 and 3. Higher
scores on the IDS, up to a maximum of 84 points, are indica-
tive of more severe depression. In international research a
score <14 is used as a measure of remission of depression
(Meesters et al., 2016). In the manuscript, we will further use
the term ‘IDS-score’ when referring to severity of depressive
symptoms.
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Depression patterns

We also determined the association between two different pat-
terns of depression. Pattern 1 was defined as presence of a
depressive disorder at baseline or after two years. Pattern 2 was
defined as the presence of a depressive disorder at baseline and
after two years. Depression was defined as at least one of the
following conditions: major depression, dysthymia in the past
6 months or minor depression in the past month according to
DSM-IV criteria (American Psychiatric Association, 2000). It was
assessed with a structured clinical interview that is designed for
use in research settings with high validity for depressive disor-
ders (Composite International Diagnostic Interview; CIDI; WHO
version 2.1; life-time version) (Kessler et al., 2010; Wittchen et
al, 1991).

Covariates

Socio-demographics, neuropsychiatric characteristics, physical
health and lifestyle characteristics were included at baseline and
were selected based on the existing literature and clinical ratio-
nale (Kok et al., 2020). Socio-demographics included age, gen-
der, current partner status (yes/no) and years of education.
Neuropsychiatric characteristics included global cognitive func-
tioning. To assess cognitive performance the Mini Mental State
Examination-score (MMSE) score was used. Physical health and
lifestyle characteristics included physical activity, alcohol con-
sumption, Body Mass Index (BMI), the number of chronic dis-
eases, cardiovascular disease risk, use of psychotropic drugs
(yes/no), and the presence of disabling pain. The International
Physical Activity Questionnaire (IPAQ) was used to measure
physical activity as part of daily, work and leisure time activities.
Results are presented in ratio of energy expenditure during
activity compared to rest, times the number of minutes perform-
ing the activity per week in metabolic equivalent minutes (MET-
minutes) (Craig et al., 2003). For practical reasons, we recalculated
this variable into Meth/day. In older adults, the IPAQ is a vali-
dated questionnaire for assessing physical activity (Tomioka et
al, 2011). Alcohol consumption was assessed by the AUDIT
questionnaire (Alcohol Use Disorders Identification Test) in units
per week (low [<1 for men and women], moderate [1-14 for
women, 1-21 for men], and high [>14 for women, >21 for men])
(Babor et al., 1989). BMI was measured using anthropometry.
The number of chronic diseases (0-8) was assessed by means of
a self-report questionnaire that has previously been used in the
Netherlands Study of Depression and Anxiety (NESDA) (Penninx
etal., 2008). The participants were asked whether they currently
or previously had been diagnosed with any of the following
chronic diseases or disease events: cardiac disease (e.g. myocar-
dial infarction), peripheral atherosclerosis, stroke, diabetes mel-
litus, Chronic Obstructive Pulmonary Disease (COPD i.e. asthma,
chronic bronchitis or pulmonary emphysema), arthritis (rheu-
matoid arthritis or osteoarthritis), cancer or any other disease.
To further determine cardiovascular disease burden in our pop-
ulation, we computed an incident 5-year absolute cardiovascular
risk score derived from the Dubbo-study (Simons et al., 2011).
This study was designed to identify predictors of long-term all-
cause mortality in Australian senior citizens. To account for med-
ication effects, we also included use of psychotropics as
covariates (Yes/No). Use of psychotropics was assessed at base-
line by registration of the medication participants brought in
and was coded using the Anatomic Therapeutic Chemical (ATC)
classification system. Pain was assessed using Chronic Graded
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Pain Scale-Dutch (CGPS), a self-report questionnaire that scores
both pain intensity and disability due to pain (Von Korff et al.,
1992). The CGPS has a range between 0 and 100, with higher
scores indicating more intense or disabling pain. It was catego-
rized into 5 grades ranging from pain free (grade 0) to high dis-
ability with severe limiting (grade 4).

Analytic procedure

First, we calculated Pearsons’ correlations between self-reported
and performance-based measures of physical functioning for
each wave, and for apathy-scores and IDS-scores at baseline.
We then investigated potential multicollinearity between apa-
thy-scores and IDS-scores. The variance inflation factor (VIF)
score was 1.0, indicating there was no multicollinearity between
the two variables. Using latent growth modelling (LGM) in Mplus
v7 (Muthén and Muthén, 2012), we calculated individual trajec-
tories based on the three discordance-scores at each wave
(baseline, two and six years), consisting of an ‘intercept’ (i.e.
baseline value of the discordance-score) and ‘slope’ (i.e. the
yearly change of the discordance-score) parameter. We esti-
mated models with linear and quadratic slopes and then
selected the model with the best fit, using the sample-size
adjusted Bayesian Information Criterion (SSA-BIC) (Neath and
Cavanaugh, 2012). Then, we estimated the association between
baseline apathy-scores and IDS-scores and discordance in sev-
eral steps. First, we estimated apathy symptoms and IDS-scores
as separate predictors of the intercept and slope. Second, we
estimated a model with both IDS-scores and apathy-scores in
the model. Third, we examined which covariates were signifi-
cantly (p<.05) associated with apathy-scores, IDS-scores and
with the discordance intercept and/or slope, and added these
to the model in a stepwise fashion: first demographic charac-
teristics (age, gender, partner status, education) and then the
other covariates. As secondary predictors, we applied these
procedures again to examine associations between the course
of depression (based on CIDI-derived diagnoses) and discor-
dance. Finally, as in our study sample the majority had a

depressive disorder, we calculated individual trajectories
thereby stratifying for depression. We also examined correlates
of discordance stratified for depression (bivariable models only,
post-hoc analyses). In all analyses, missing data on covariates
was handled by Full Information Maximum Likelihood proce-
dures. P-values of <0.05 were considered significant.

Results

At baseline, 33 persons had missing data on apathy-scores. Of
the remaining 477 persons, 457 persons had complete data on
both self-reported and performance-based measures of phys-
ical functioning at baseline. Twelve persons had complete data
on both measures for at least one follow-up wave, yielding 469
persons for our analyses (n=343 depressed; n=126 healthy
controls). Of the 457 persons with a discordance-score at base-
line, 244 had a discordance-score at six years follow up (no dis-
cordance-score at six years follow up n=213, (47%) (Figure 1).
Main reason for the absence of discordance-score at the end of
the study was drop-out from the study (n=184 (86%). Main
reasons for drop-out were: deceased (34%), refusal for various
reasons (21%) and unable for various reasons (43%). Compared
to persons with a discordance-score at the end of the study,
persons without discordance-score were significantly older
(72.9 vs. 68.3years), lower educated (10.4 vs. 11.5years), had
higher baseline discordance-scores (1.1 vs. 0.5), had more apa-
thy (16.7 vs. 13.9) and worse depression symptoms (26.8 vs. 10.8)
and lower MMSE-scores (27.5 vs. 28.4). They also had lower
physical activity (5.4 vs. 7.0), higher cardiovascular risk (6.5 vs.
5.7) and higher pain scores (1.8 vs. 1.6).

Baseline characteristics of all variables are depicted in Table
1. At baseline, mean age was 70.48 years (SD 7.24) and 65% were
women. Mean apathy-score was 15.28 (SD 6.2) and mean IDS-
score was 23.78 (SD 15.10). Of the 343 depressed persons, 326
(95%) had a major depressive disorder in the past 6 months, of
which 91 combined with dysthymia. 17 persons had a minor
depression of which 1 also suffered from dysthymia in the past
6 months. The mean discordance-score at baseline was 0.78 (SD

| Total study sample n=510 } 1
i

I Complete apathy scores at baseline n=477 I

Baseline

Missing apathy scores n=33

Baseline Baseline Baseline

Complete data on self-report n=469 Complete data on discordance o :
. Mi dat: d: =2

Complete data on objective n=463 n=457 g Car o dac ardanceina0

2yrsFU

B B 2 yrsFU 2 yrsFU

i Self'ref,’ Binsas0 Complete data on discordance n=350 Missing data on discordance n=127
Complete data on objective n=357

6 yrsFU
Complete data on self-report n=272

6 yrs FU
Complete data on discordance n=244

6 yrs FU
Missing data on discordance n=233

Complete data on objective n=253

Complete data on discordance at 2
» and/or 6 yrs FU but NOT at baseline
n=12

i

I Total sample n=469 I

Figure 1. Flowchart of inclusion process.



1.76) (Table 1). Correlations between self-reported and perfor-
mance-based measures of physical functioning at baseline, two
and six years were 0.38, 0.49 and 0.37 respectively. Correlation
between baseline apathy-scores and IDS-scores was 0.57 (all
p-values<.001).

Trajectories of discordance-scores across three waves

Figure 2 shows the estimated mean and individual trajectories
of discordance based on individual discordance-scores across
three waves. A model with a linear slope had the best fit; adding
a quadratic slope did not improve the model. Therefore, we
assumed a linear growth curve for all respondents, which was
in addition to statistical fit indicators also supported by visually
inspecting random subsets of individual observed trajectories;
these showed largely linear changes over time. On average, at
baseline persons had positive discordance-scores (intercept =
0.77, p<0.001) and discordance-scores increased by 0.15 per
year (slope = 0.146, p<0.001). Variance of the intercept was
significant (variance = 1.729, p <0.001), indicating that persons
differed substantially in the degree of discordance at baseline.

Table 1. Baseline characteristics.
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However, the variance of the linear slope was non-significant
(variance = 0.013, p=0.5), indicating that persons did not
significantly differ in the degree of increase of discordance
across follow-up.

Discordance scores over 6 years of follow-up

0 2 6

Figure 2. Individual trajectories of discordance based on individual discor-
dance-scores across three waves (baseline, two, and six years). The red line
demonstrates the estimated mean and grey lines represent individual trajecto-
ries (n=469).

Variable (theoretical range) Observed N % Missing Mean/% SD

Demographics
Age, years 469 0 70.48 7.24
Gender, Female (%) 469 0 65.00
Currently a partner, Yes (%) 469 0 59.30
Education, years 469 0 10.98 3.59

Physical functioning (baseline)
Walking speed (ms) 465 0.9 0.96 0.31
Grip strength Male (kg) 163 0.6 36.54 9.78
Grip strength Female (kg) 304 0.3 21.83 6.79
Sum score performance-based physical functioning (0-6) 463 13 3.11 1.89
Getting Around (0-25) 466 0.6 15.47 3.11
Self-care (0-20) 464 1.1 13.70 3.03
Self-report total (0-45) 463 13 29.14 3.11
Sum score self-reported physical functioning (0-6) 463 13 3.88 0.96
Discordance Score? at baseline 457 2.6 0.78 1.76
Discordance Score at T2 350 234 0.88 1.70
Discordance Score at T3 244 48.0 1.48 1.75

Neuropsychiatric symptoms

Apathy scale 469 0 15.28 6.20

IDS-SR® 466 0.6 23.78 15.10

Depression type at baseline 469 0 73.10

- No depression 126 26.9

- Depression (Major and Minor) 234 499

- Depression with Dysthymia 109 232

Depression pattern 380 19.0

- No depression 106 27.9

- Depression at wave 1 or 2 140 36.8

- Depression at wave 1and 2 134 353

MMSE-score® 468 0.2 27.95 1.83

Lifestyle characteristics and physical health

Physical activity (METh/day) 386 6.12 5.56

Alcohol (%) 465 0.9

«  Low 211 45.0

+ Intermediate 225 48.0

. High 29 6.2

BMIe (kg/m?) 468 0.2 26.50 432

Number of chronic diseases (0-8) 468 0.2 1.93 1.44

Cardiovascular risk scoref (0-17) 418 10.9 6.06 3.31

Use of psychotropics (% yes) 469 0 76.0

Pain disability Grade? (0-4) 465 0.9 1.71 1.22

Notes: @ Discordance-score: Sum score self-reported — Sum score performance-based physical functioning.

5IDS-SR: Inventory of Depressive Symptomatology-Self Report version.
‘MMSE: Mini Mental State Examination.

4METh/day: metabolic equivalent hours/day.

eBMI: Body Mass Index.

fCardio Vascular Risk score: Computed with: CVD risk 1/(1+e) with i = - 8.65+0.057 x age-0.61 x gender + 0.749 x antihypertensive medication + 0.008 x syst. BP +

0.458 x smoking + 0.18 x cholesterol - 0.234 HDL cholesterol + 0.857 x DM.

9CGPS: Chronic Graded Pain Scale-Dutch, grade 0 Pain free, grade 1 Low disability-low intensity, grade 2 Low disability-high intensity, grade 3 High disability-mod-

erately limiting, grade 4 High disability-severely limiting.
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Correlates of discordance: bivariable analyses

In the bivariable analyses neither baseline apathy symptoms
nor severity of depressive symptoms at baseline were associ-
ated with discordance at baseline (b=0.009, p=0.51 and
b=-0.006, p=0.27, respectively). However, the association
between IDS-scores and discordance at baseline was margin-
ally significantly negative after adjustment for apathy symp-
toms (b=—0.012, p=0.076). Apathy- and IDS-scores at baseline
were not associated with change of discordance-scores over
time (slope —0.002, p=0.60 and slope 0,000, p=0.94 respec-
tively) (Table 2).

Higher age, female gender, not having a partner, lower lev-
els of education, lower MMSE-score, lower levels of physical
activity and higher cardiovascular risk were associated with
more positive discordance-scores at baseline. Only physical
activity was significantly associated with the slope of discor-
dance; higher physical activity was associated with a stronger
increase of discordance-scores over time (Supplemenary Table
S2). These covariates were selected for our multivariable
analyses.

Associates of discordance: multivariable analyses

For apathy symptoms, no significant associations with discor-
dance-score or change of discordance-score over time were
present after adding the significant covariates from the bivar-
iate analyses to the model (b=—0.016, p=0.21 and slope 0.000
and p=0.95). However, the association between IDS-scores and
discordance-score was significant in the multivariable analysis
excluding apathy (b=-0.012, p=0.023) and after additional
adjustment for apathy symptoms (b=-0.011, p=0.05). We
found no associations between apathy or depression with
change of discordance (Table 3).

Depression patterns and discordance

Depression at only one time point (thus at baseline or after
2years) was neither associated with discordance at baseline not
with the slope. For both patterns of depression, the association
with the slope was not significant in all models. Only in the
multivariable models chronic depression was significantly neg-
atively associated with discordance at baseline (b=—0.429,
p=0.028) but not with change over time.

Post-hoc analysis: suppression of the effect of depression

The finding that associations between IDS-scores and chronic
depression with discordance became significant only after adjust-
ment for covariates, indicated suppression effects of these covari-
ates. In a post-hoc analysis to determine the relative strength of
these effects between covariates, we added each covariate sep-
arately to the model with IDS-scores and chronic depression and
calculated the change in effect on the intercept. We found that
level of education, MMSE-score and partner status were respon-
sible for the largest part of the suppression-effect (data not shown).

Post-hoc analysis: trajectories and correlates of
discordance stratified for depression at baseline
(bivariable analyses only)

At baseline both depressed and non-depressed persons had
positive discordance-scores (intercept =0.71, p <0.001 and inter-
cept 0.77, p<0.001 respectively) and discordance-scores yearly
increased in both groups (depressed: slope= 0.133, p<0.001,
non-depressed slope 0.170, p<0.001). In the depressed, higher
age, lower levels of education, lower levels of cognitive function-
ing and lower levels of physical activity associated with higher
discordance-scores. In the non-depressed, higher age, not having

Table 2. Bivariable latent growth models for the association with discordance-score at baseline (intercept) and change of discordance-scores over time (slope).

Effect on

intercept s.e. p-value effect on slope s.e. p-value
Primary predictors
Apathy symptoms 0.009 0.014 0.511 —0.002 0.003 0.599
- adjusted for IDS score 0.025 0.017 0.132 —-0.003 0.004 0.467
Depressive symptoms (IDS-SR") —0.006 0.005 0.272 0.000 0.001 0.942
- adjusted for apathy score -0.012 0.007 0.076 0.001 0.001 0.625
Secondary predictors
Depression pattern (ref=no)
Depression at t1 or t2 —-0.029 0.219 0.895 -0.010 0.044 0.815
Depression at t1 and t2 —-0.095 0.221 0.669 —0.042 0.042 0.315

PIDS-SR: Inventory of Depressive Symptomatology-Self Report version.
“(p<.05).

Table 3. Multivariable Latent Growth Models for the association with discordance-score at baseline (intercept) and yearly change of discordance-scores (slope).

Effect on

intercept S.EE. p-value Effect on slope S.E. p-value
Primary predictors
Apathy symptoms -0.016 0.013 0.209 <0.001 0,003 0.949
- adjusted for IDS score —-0.003 0.015 0.861 <0.001 0,003 0.631
Depressive symptoms (IDS) —-0.012 0.005 0.023* <0.001 0.001 0.969
- adjusted for apathy score -0.011 0.006 0.050* <0.001 0.001 0.946
Secondary predictors
Depression at baseline
(yes vs no) -0.292 0.152 0.054 —-0.032 0.037 0.389

-0.292 0.152 0.054 —-0.032 0.037 0.389

Depression pattern (ref=no)'
Depression at t1 or t2 —-0.262 0.179 0.143 -0.011 0.045 0.805
Depression at t1 and t2 —-0.429 0.195 0.028* —-0.034 0.043 0.430

Notes: All analyses adjusted for age, gender, partner status, level of education, MMSE, IPAQ and FRS.

iOnly calculated in participants with data on T1 and T2 (n =380).
*(p<.05).



a partner, lower levels of cognitive functioning and lower levels
of physical activity associated with higher discordance-scores.

In both groups, neither baseline apathy symptoms nor sever-
ity of depressive symptoms at baseline were associated with
discordance at baseline. Apathy-and IDS-scores at baseline were
not associated with change of discordance-scores over time in
both groups (Supplemenary material Tables S3A and S3B).

Discussion

In a Dutch sample of depressed and non-depressed older per-
sons, we found that on average, older persons overestimate
their level of physical functioning, and the extent of overesti-
mation significantly increased over the course of six years. Our
hypotheses regarding the associations between apathy and
depression with this discordance were partly supported: indeed,
apathy and depression appear to play different roles in discor-
dance, although not in the way that we expected. Not symp-
toms of apathy, but depression severity and chronic depression
were associated with more negative discordance-scores, that
is underestimation. Furthermore, these effects were observed
only after taking into account particular characteristics of
depressed older persons, particularly their lower educational
level, higher likelihood of living alone, and lower cognitive func-
tioning. Neither apathy symptoms, nor depression severity were
associated with the course of discordance in our study.

We expected both positive mean discordance-scores at
baseline and increase of discordance-scores over time in our
study as increasing age has previously been associated with
overestimation in several studies (Kok et al., 2020; Sakurai et al.,
2013; Wloch, 2016). It has been suggested that overestimation
may at least partly reflect normal aging rather than a patholog-
ical process, as objective measures of physical functioning may
be capable of detecting functional decline that is still unnotice-
able for respondents (Guralnik et al., 1989; Kok et al., 2020).
Furthermore, overestimation may also reflect an adaptation
process (Glass, 1998). That is, older adults might consider diffi-
cultness in daily tasks as a part of normal aging and therefore
report no difficulties even if they use material or personal aids
when executing specific tasks (Feuering et al, 2014).
Nevertheless, we expected that apathy and depression symp-
toms would affect these processes.

However, we found no evidence that apathy is associated with
discordance. This implies that underestimation is not driven by
the diminished ability to achieve goal directed activity in multiple
apathy dimensions (behavior/cognition; emotion and social inter-
action). Interestingly, there was a trend for the association
between IDS-scores and discordance at baseline adjusted for
apathy symptoms and in our fully adjusted models IDS-scores
associated with a negative discordance-score. This substantiates
thatin old age, despite their overlap in symptomatology, apathy
and depression have different roles in discordance. Namely, apa-
thy and depression differ in experienced emotions varying from
indifference and emotional neutrality (apathy) to negative
thoughts and feelings (depression). Thus, presumably not indif-
ference but negative thoughts and feelings are underlying under-
estimation. Other affective characteristics associated with
negative thoughts such lower self-rated health (Kok et al., 2020),
less perceived physical competence (Kempen et al., 1996), and
anxiety (Kempen et al., 1996) have been also associated with
underestimation, strengthening this line of thought. As our
results were contrary to our expectations, we decided to further
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explore the course of depression on discordance. It appeared that
older persons with persistent depression, and therewith per-
sistent negative affective characteristics, are more likely to under-
estimate their capacity of physical functioning at baseline
compared to depression at one time point. This in line with the
scarce literature, although with different methodology:in a large
British cohort study, chronic depression but not depression at
baseline was associated with underestimation of physical func-
tioning at follow-up (PhD thesis, chapter 7 (Wloch, 2016)).

The finding that the association between severity of depres-
sive symptomatology and negative discordance-scores at base-
line was significantly only after adjustment for covariates suggests
that depression in old age in itself may result in underestimation.
However, patient characteristics such as not having a partner,
lower cognitive function and lower levels of education appear
cancel out the negative effect of depressive symptoms on dis-
cordance as these factors (all known associates of depression)
were associated with overestimation in our study. However, as
this suppressive effect was not present for apathy, we still con-
sider our findings relevant. Namely, these show that even in a
cohort of mainly severe depressed older persons, with regard to
discordance between measures of physical functioning, apathy
and depression are not interchangeable conditions. One can
argue whether our findings support the theory of depressive
realism (Haaga and Beck, 1995). This theory suggests that persons
with a depression may be more accurate in estimating their level
of functioning compared to non-depressed persons who tend
to overestimate their level of functioning. Although indeed
(some) overestimation may at least partly reflect normal aging
rather than a pathological process, it is in our opinion unlikely
thatin old age the presence of a depression is beneficial for more
accurate use of physical capacity. On the other hand, in clinical
practice, therapists and clinicians often automatically assume
that depressed persons are not motivated to be active. However,
our results suggest that depressed older persons are capable of
adequately assessing their capacity of physical functioning and
that clinicians should value the opinion of their depressed older
patients with regard to their physical capacity. Next, theoretically
it is conceivable that especially in persons with severe self-over-
estimation, co-existence of depression may resultin a more real-
istic estimation of physical capacity.

Our study has several strengths and limitations. Strengths of
this study are the longitudinal data from a well-designed large
population-based sample of older adults and inclusion of a broad
range of psychosocial and health-related factors. Next, despite the
high rate of missing of discordance-score at the end of follow-up
(47%), we think we limited the potential impact of attrition by han-
dling missing data by Full Information Maximum Likelihood pro-
cedures (FIML). Namely, currently, FIML has been shown to be the
best statistical method to reduce such bias, outperforming meth-
ods such as complete case analysis, weighted least squares with
mean and variance adjustment and pairwise deletion. Second,
despite the fact that persons without discordance-score at end of
follow-up had higher baseline discordance-scores, higher age,
lower education and MMSE-scores (all associated with higher dis-
cordance-scores), in our study participants still (increasingly) over-
estimated their functional capacity. Several limitations must be
addressed. The majority of the participants had a major depression,
raising questions on the generalizability of our results to the general
older population. Next, to our knowledge, only one large Dutch
population-based previously examined correlates of discordance
between self-reported  functional limitations  and
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performance-based physical functioning, although with different
methodology (Kok et al.,, 2020). Only for age and cognitive func-
tioning we found similar results, but not for the other significant
covariates (i.e. gender, level of education, partner status and phys-
ical activity). In our post-hoc analyses we found no additional sig-
nificant correlates of discordance in either group after stratification
for depression. This indicates that, the inconsistencies between our
and the aforementioned study (Kok et al., 2020) are not (fully)
explained by the high prevalence of (severe) depression in our
study sample. Next, one could state that the high correlation
between apathy- and depression severity (Pearsons’ correlation
0.57 (p-values < 0.0001) complicated our attempt to separately
analyze apathy and depression as associates. However, valid assess-
ments of both apathy and depression were performed to answer
our research questions, which were both provided in the NESDO-
cohort. Finally, as the NSEDO-study only provided data on two
physical performance tests, our assessment of performance-based
physical functioning may be considered somewhat limited.

Conclusion

With increasing age, older persons tend to overestimate their
level of physical functioning and the extent of overestimation
increases over time. Not apathetic symptoms defined as the
inability to achieve goal directed behavior, but depression sever-
ity appeared to associate with underestimation, after adjustment
for several demographic and clinical characteristics. However, in
daily practice, not having a partner, lower cognitive function and
lower levels of education may cancel out the negative effect of
depressive symptoms on discordance as these factors (all known
associates of depression) associated with overestimation in our
study. Therefore, in clinical practice, neither apathy nor depres-
sion appear to be fruitful targets for improving underestimation
between self-reported and performance-based measures of
physical functioning. Nevertheless, our study provides more
understanding to what extent experienced emotions, that is indif-
ference versus negative affective symptoms, have different rela-
tionships with experienced physical functioning. Further research
is needed to determine 1) to what extent targeting discordance
results in actual preservation of physical functioning and 2)
whether older persons with apathy and/or depression need dif-
ferent approaches for this purpose.
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