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Objectives: The present study examines whether subjective age (i.e., how old or

young individuals feel) is associated with cognitive functioning and tests potential

mediators of this association. Design: Data from the two waves of measurement of

the Midlife in the United States survey were used, with assessments conducted at the

first wave in 1994e1995 and at the second wave in 2004e2006. Participants: A total

of 1,352 men and women aged from 50 to 75 years at baseline (M: 59.32; SD: 6.72).

Measurements: Subjective age, body mass index (BMI), physical activity, and the

covariates sex, age, education, marital status, and disease burden were assessed at

baseline to predict episodic memory and executive function measured 10 years later.

Results: Multiple regression analysis revealed that a younger subjective age at

baseline was prospectively associated with better episodic memory and executive

function. Bootstrap analysis indicated that the association of subjective age with

episodic memory and executive function was partially mediated by BMI and

frequency of physical activity respectively. Conclusion: Even after accounting for

chronological age and other risk factors for cognitive decline, such as disease burden

and sedentary lifestyle, the subjective experience of aging predicts cognitive func-

tioning in old age. (Am J Geriatr Psychiatry 2014; 22:1180e1187)
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ognitive functions, such as memory and execu-
Ctive functions, are crucial for older individuals’
abilities to conduct a variety of activities ranging
from self care (instrumental activities of daily living)
to more challenging tasks.1,2 Thus, preserved cogni-
tive functioning is related to higher health-related
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quality of life among older adults.3 Indeed, deficits
in memory and executive function are associated
with increased risk of developing Alzheimer disease
dementia.4,5 Therefore, it is important to identify
factors associated with cognitive functioning among
older adults. Research on such factors can suggest
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mechanisms that regulate the rate of cognitive
decline. In addition, a refined identification of
predictors of cognitive functions is needed to define
segments of the population at greater risk and to
target interventions. Furthermore, psychological
factors associated with cognitive deficits may repre-
sent prodromal symptoms, and as such could be
useful as a diagnostic marker.

Chronological age is the basic dimension along
which cognitive functions are described and investi-
gated among older adults. More specifically, research
consistently finds increasing age as the main
predictor of cognitive decline in normal aging.6 Age
is also the most powerful predictor of incident
dementia.7 Although chronological age is used as
a key indicator of developmental changes and is
considered as a risk factor for decrements in cogni-
tion, however, alternative ways of measuring devel-
opmental time could provide valuable insights about
the mechanisms involved in older adults’ cognitive
functioning.8,9 In this vein, studies have found that
biological age, reflecting the functioning of critical
physiological systems and processes of an individual
relative to his or her own life span, contributes to
cognitive functioning, independent of chronological
age.8,9 These findings are consistent with the view
that older adults’ cognition is influenced by a range
of factors that operate along the age continuum.10e14

A growing body of research suggests that aging is
also a subjective experience.15 There is an increasing
discrepancy between subjective age and chronolog-
ical age as people grow older, and the majority of
older adults feel younger than they actually are
despite age-related changes.15e17 Subjective age
predicts important outcomes, including well-being,18

physical functioning,19 self-rated health,18 and
longevity.20 In most of these studies, a younger
subjective age contributes to more favorable
psychological and health-related outcomes, inde-
pendent of chronological age, and beyond other
demographic factors (e.g., education, sex, marital
status) and health variables (e.g., disease bur-
den).18e21 To date, no research on the correlates of
older adults’ cognitive functioning have considered
the potential contribution of subjective age.

There are reasons to expect that subjective age may
be related to cognition in old age, given that it has
been related to psychosocial, behavioral, and health-
related processes that influence the rate of cognitive
Am J Geriatr Psychiatry 22:11, November 2014
decline. Prior research has found a positive relation-
ship between a younger subjective age and memory
self-efficacy (the belief in the effectiveness of one’s
memory function,18,22 which contributes to the main-
tenance of memory performance with advancing
age23). Health and lifestyle patterns are another
argument in favor of a subjective ageecognition
relationship. Individuals who feel younger than their
age are generally healthier and less likely to suffer
from chronic conditions, such as hypertension and
diabetes.24 These individuals with a younger subjec-
tive age are more likely to engage in health-promoting
behaviors, such as physical activity.25 Individuals
with more active lifestyles perform better on cognitive
testing, including memory and executive func-
tioning,26,27 and are found to be at reduced risk of
dementia.27 Therefore, an active lifestyle can be
hypothesized to be a potential mediator of the asso-
ciation between subjective age and cognition in old
age. Because of the association with a sedentary life-
style and worse health status, including risk for
cognitive impairment,28 obesity is another potential
mediator of the association between subjective age
and cognitive functioning. Therefore, it is likely that
a younger subjective age may be related to better
cognitive functioning due to its association with
a reduced risk of obesity.

Based upon data from the two waves of the Midlife
in the United States longitudinal survey (MIDUS),29

the main purpose of the present study is to examine
whether subjective age assessed at baseline is
prospectively associated with cognitive function 10
years later, assessed through measures of episodic
memory and executive function. Based on prior
research,18,25 it was hypothesized that a younger
subjective age is associated with better cognitive
performance among older adults. A complementary
goal was to assess the mediation of this relationship
by lifestyle factors (i.e., physical activity) and other
known risk factors (i.e., body mass index [BMI]).
METHOD

Study Sample

Data were drawn from the two waves of the
Midlife in the United States study.30,31 Wave 1 data
were collected in 1994e1995 and included a sample
1181
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of 7,108 adults aged 20e79 years. Wave 2 data were
collected in 2004e2005 and consisted of 4,963 adults
aged 28e84 years, which is approximately 70% of the
original sample, adjusted for mortality.31 We
restricted analysis to participants who were 50 years
old and over at baseline. The response rate was
around 61%. As is typically found, those who
participated at the second wave of the MIDUS
showed positive selection on most variables.31 The
longitudinal sample was younger (t(2750) ¼ �4.68,
p <0.001), more educated (t(2799) ¼ 7.25, p <0.001),
had a lower disease burden (t(2548) ¼ �5.22,
p <0.001), was more physically active (t(2518) ¼ 7.65,
p <0.001), and felt slightly younger (t(2454) ¼ 2.27,
p <0.05), than the drop-out sample. After having
excluded 166 participants with a history of stroke,
Parkinson disease, or other neurologic disorders, the
final analyzed sample consisted of 1,368 individuals
who presented complete data on all measures. They
were aged from 50 to 75 years at baseline (mean age:
59.35; SD: 6.73), 55% were women, 76% were
currently married or living with someone, and 31%
graduated from high school.
Measures

In line with previous studies,16,17,20,21,32 subjective
age was assessed at baseline by asking participants to
specify, in years, how old they felt most of the time.
Participants’ felt age was subtracted from their
chronological age, and these difference scores were
divided by chronological age.17,19,33 A discrepancy
score was obtained, reflecting how old or young
individuals feel relative to their chronological age.
Furthermore, this score takes into account that
a discrepancy between felt age and actual age might
have different meanings depending on the age of
a person, and thus is applicable and comparable
across different age groups.17,19,33 A positive value
denotes a youthful subjective age, and a negative
value represents an older subjective age. For
example, a score of þ0.20 means that a person feels
20% younger and a score of �0.20 means that an
individual feels 20% older than their actual age.
Responses three standard deviations above or below
the mean were considered outliers, leading to the
exclusion of 16 participants from the analysis.

Individuals also provided information at baseline
about their frequency of participation in vigorous
1182
(e.g., running or lifting heavy objects) and moderate
(e.g., slow or light swimming, brisk walking) leisure
physical activity during the summer months and the
winter months, which were averaged to give a phys-
ical activity score. Baseline BMI was also included,
based on self-reported height and weight, and
calculated as kg/m2.

Several covariates were included, such as age (in
years), sex (coded as 0 for women and 1 for men),
marital status (coded as 1 for married or living with
someone and 0 for not married or not living with
someone), educational level (using a scale composed
of 12 intervals corresponding to sequential educa-
tional milestones, from 1 [no grade school] to 12
[doctoral level degree]), and disease burden
(measured as the sum of disease and conditions re-
ported by the participants).
Outcome Measures

Cognitive measures were obtained at the second
wave of the MIDUS. In line with prior research,12,34,35

two factors were assessed, episodic memory and
executive functioning. They were computed on the
basis of seven cognitive dimensions measured by the
Brief Test of Adult Cognition by Telephone
(BTACT).12,34,35 This included two measures of
episodic memory (immediate and delayed free recall
of 15 words), working memory span (backward digit
span—the highest span achieved in repeating strings
of digits in reverse order), verbal fluency (the number
of words produced from the category of animals in 60
seconds), inductive reasoning (completing a pattern
in a series of five numbers), processing speed (the
number of digits produced by counting backward
from 100 in 30 seconds), and attention switching and
inhibitory control (the Stop and Go Switch Task).34,35

Following exploratory and confirmatory factor anal-
ysis,12 two cognitive factors were computed—
episodic memory (immediate and delayed word
recall) and executive functioning (all other measures),
by averaging the variables loading on each factor and
standardizing to z scores.12 A prior validation study
revealed the equivalence of phone testing and face-
to-face testing for the BTACT, and shows that the
tests used have acceptable psychometric properties in
samples who vary widely in age, education, and
socioeconomic background.34,35 Telephone testing
offers the opportunity to reach a range of individuals
Am J Geriatr Psychiatry 22:11, November 2014



TABLE 1. Baseline Characteristics of Participants (N [ 1,352)

Variables M/% SD

Sex (% female) 55% -
Marital status (% married/living with someone) 76% -
Age (years) 59.32 6.72
Education 6.79 2.53
Disease burden 2.53 2.30
BMI 27.04 4.82
Physical activity 4.52 1.25
Subjective agea 0.19 0.13

aHigher values represent younger subjective age.

Stephan et al.
who vary in health status, physical mobility, educa-
tional attainment, including those who cannot be
tested in person. In addition, the BTACT extended
the range of cognitive domains assessed beyond
those who are traditionally included in cognitive
aging research.34,35

Data Analysis

Separate multiple regressions were used to test
whether subjective age predicts episodic memory
score or the executive functioning score at follow-up
10 years later. The analyses control for age, sex,
marital status, education, disease burden in a first
step, frequency of physical activity, and BMI in
a second step, and subjective age was included in the
third step. We ran collinearity diagnostics through
the inspection of tolerance and variance inflation
errors, which revealed no problem of multi-
collinearity. Age, sex, education, marital status,
physical activity, disease burden, and BMI were also
tested as moderator variables of the association
between subjective age and cognitive functioning. A
bootstrapping method with N ¼ 5,000 bootstrap
resample was used for testing the mediating effect of
physical activity and BMI on the association between
subjective age and both episodic memory and exec-
utive functioning, with adjustment for covariates. As
a mediation technique, bootstrapping involves
resampling the data a preset number of times, in this
case 5,000 samples, and estimating the indirect effect
in each resample to obtain an empirical approxima-
tion of the sampling distribution of the indirect effect
along with confidence intervals.36 An empirical
approximation of the sampling distribution of indi-
rect effects is generated and used to construct 95%
confidence intervals (CI) for the indirect effects. Point
estimates of indirect effects are considered significant
when zero is not contained in 95% Cis.36
RESULTS

Baseline characteristics of participants are pre-
sented in Table 1. On average, participants reported
feeling 19% younger than their chronological age. For
example, the average 60 year old felt as being
roughly 10 years younger, an effect similar to what
was reported in prior research.17 The correlation
Am J Geriatr Psychiatry 22:11, November 2014
matrix indicated that the subjective age score was
unrelated to sex or marital status, but feeling
younger, as compared to their age, was more typical
of older adults, those with higher education, lower
disease burden, higher physical activity level, and
lower BMI at baseline (Table 2). Of most interest in
this study, a younger subjective age at baseline was
correlated with better performance on both episodic
memory and executive functioning at follow-up.

As reported in Table 3, regression analysis indi-
cated that chronological age, sex, education, and BMI
were significantly associated with episodic memory.
Even after accounting for these baseline covariates,
subjective age was a significant predictor of episodic
memory 10 years later. Consistent with our expecta-
tions, subjective age was also positively related to
executive functioning, above and beyond the signif-
icant association of chronological age, sex, education,
and physical activity (see Table 3). For every one
standard deviation difference in subjective age score,
subjects performed roughly 0.05 SD better in episodic
memory and executive functioning. This effect size
was roughly similar in magnitude to the effect we
found for BMI and physical activity, larger than what
we found for disease burden, but decisively smaller
than chronological age or educational level.

Additional analysis revealed a significant subjec-
tive age by chronological age interaction (b ¼ �0.05,
t(1342) ¼ �1.98, p <0.05) for episodic memory, with
a younger subjective age associated with better
episodic memory more strongly among the younger
individuals. The association of subjective age with
episodic memory and executive functioning was not
moderated by sex, education, marital status, physical
activity, disease burden, or BMI.

Bootstrap analysis revealed that the association of
subjective age with episodic memory was partially
1183



TABLE 2. Correlations Between the Variables under Study (N [ 1,352)

Variables 1. 2. 3. 4. 5. 6. 7. 8. 9.

1. Sex -
2. Marital status 0.20*** e
3. Age �0.01 �0.04 e
4. Education 0.16*** 0.01 �0.08** e
5. Disease burden �0.11*** �0.09** 0.04 �0.12*** e
6. BMI 0.09** 0.01 �0.07* �0.09** 0.18*** e
7. Physical activity 0.25*** 0.14*** �0.13*** 0.18*** �0.20*** �0.12*** e
8. Subjective agea �0.02 �0.03 0.06* 0.06* �0.13*** �0.16*** 0.07** e
9. Episodic memory �0.24*** 0.02 �0.30*** 0.16*** �0.01 �0.10*** 0.06* 0.06* e
10. Executive functioning 0.15*** 0.07** �0.31*** 0.37*** �0.12*** �0.04 0.18*** 0.06* 0.36***

Notes: Sex: 0 ¼ female, 1 ¼ male; Marital status: 1 ¼ married/living with someone, 0 ¼ not married/not living with someone.
aHigher values represent younger subjective age.
*p <0.05, ** p <0.01, *** p <0.001.

TABLE 3. Regression Analysis Predicting Episodic Memory
and Executive Functions from Covariates and
Subjective Age (N [ 1,352)

Variables B SEB b t(1343)

Episodic Memory
Sex �0.57 0.05 �0.28*** �10.90
Age �0.04 0.00 �0.29*** �11.59
Marital status 0.13 0.05 0.06* 2.31
Educational level 0.06 0.01 0.17*** 6.64
Disease burden 0.01 0.01 0.02 1.03
BMI �0.01 0.00 �0.08** �3.03
Physical activity 0.03 0.02 0.04 1.69

Subjective Age and Cognition
mediated by BMI, but not by physical activity
(Table 4). BMI explained 15% of the association
between subjective age and episodic memory. Thus,
those with a younger subjective age performed better
on episodic memory tasks in part because they had
lower BMIs. The association between subjective age
and executive functioning was partially mediated by
physical activity, but not by BMI (Table 4). Further
analysis of the proportion of the indirect effect
revealed that 5% of the association between subjec-
tive age and executive functioning was mediated by
physical activity. Thus, those with a younger
subjective age performed better on executive func-
tioning task in part through more frequent physical
activity.
Subjective agea 0.38 0.18 0.05* 2.04
Executive Function

Sex 0.13 0.05 0.07** 2.74
Age �0.04 0.00 �0.28*** �11.55
Marital status 0.06 0.05 0.03 1.19
Educational level 0.12 0.01 0.32*** 13.08
Disease burden �0.01 0.01 �0.03 �1.43
BMI �0.00 0.00 �0.01 �0.62
Physical activity 0.04 0.02 0.05* 2.02
Subjective agea 0.34 0.17 0.05* 2.00

Notes: Model with Episodic Memory as dependent variable:
Adjusted R2 ¼ 0.193, F(8, 1343) ¼ 41.30, p <0.001; Step 1 (Sex, Age,
Marital Status, Educational level, Disease Burden): Adjusted R2 ¼
0.182, Step 2 (BMI, physical activity): DR2 ¼ 0.009, p <0.001, Step 3
(Subjective age): DR2 ¼ 0.002, p <0.05; Model with Executive
Function as dependent variable: Adjusted R2 ¼ 0.235, F(8, 1343) ¼
52.90, p <0.001, Step 1 (Sex, Age, Marital Status, Educational level,
Disease Burden): Adjusted R2 ¼ 0.231, Step 2 (BMI, physical
activity): DR2 ¼ 0.003, p ¼ 0.05, Step 3 (Subjective age): DR2 ¼
0.002, p <0.05.

aHigher values represent younger subjective age. Sex: 0 ¼
female, 1 ¼male; Marital status: 1 ¼married/living with someone,
0 ¼ not married/not living with someone.

*p <0.05, **p <0.01, ***p <0.001.
DISCUSSION

In a large sample with a prospective design, this
study tested and found support for the hypothesis
that a younger subjective age is associated with better
cognitive functioning 10 years later, even after
accounting for chronological age, sex, education, self-
reported physical activity, BMI, and disease burden.
Therefore, the subjective experience of aging, as
indexed by how old or young an individual feels,
significantly contributes to the prediction of cognitive
performance beyond well-established risk factors for
cognitive decline. The effect of subjective age is
unlikely to be restricted to one cognitive area, given
that we found similar associations with the episodic
memory and executive functioning domains.
Although relatively small, the strength of the
1184
association between subjective age and cognition was
comparable or larger than the effects we observed for
BMI, disease burden, and physical activity, which are
important predictors of cognition in old age.26,28
Am J Geriatr Psychiatry 22:11, November 2014



TABLE 4. Results from Bootstrap Analysis

Dependent
Variable (DV)

Mediating
Variable (MV)

Effect of IV
on MVa

Effect of MV
on DVa

Direct Effect of
Subjective agea

Indirect Effect of
Subjective Ageb

Total Effect of
Subjective agea

Episodic Memory 0.38* 0.47*
BMI �4.50*** �0.016** 0.07 (0.024; 0.144)

Physical activity 0.598* 0.035 0.02 (�0.000; 0.067)
Executive Function 0.34* 0.38*

BMI �4.50*** �0.003 0.01 (�0.025; 0.062)
Physical activity 0.598* 0.039* 0.02 (0.001; 0.070)

Notes: Total effect of subjective age is calculated without adjustment for physical activity and BMI. Direct effect of physical activity and BMI
is calculated with adjustment for subjective age. Direct effect of subjective age is calculated with adjustment for physical activity and BMI. All
models are further adjusted for age, sex, marital status, education, and disease burden. DV: dependent variable; IV: independent variable;
MV: mediating variable.

aCoefficients are unstandardized path coefficients, Bootstrap: *p <0.05, **p <0.01, ***p <0.001.
bBootstrap estimates and Bias Corrected Confidence Interval (CI) for indirect effects of subjective age on episodic memory and executive

function through physical activity and BMI.

Stephan et al.
The results revealed that the behavioral pattern
and health profile associated with a younger subjec-
tive age explain in part its association with cognitive
indicators. Feeling younger than one’s actual age
contributes positively to episodic memory, partially
through a lower likelihood of being overweight or
obese, and to executive functioning in part through
participation in regular physical activity. Further-
more, these findings are consistent with the idea that
individuals harboring a younger subjective age are
healthier and have more active lifestyles.24,25 These
individuals may hold resources that allow them to
cope with the aging process and to deal with
everyday tasks and developmental goals.18

The mediators identified in the present study
explain only part of the subjective ageecognition
relationship, and other factors need to be considered.
For example, the higher memory self-efficacy of indi-
vidualswith a younger subjective age18may lead them
to engage and persist in intellectually stimulating
activities. In addition, a younger subjective age is
considered a self-protective response that is displayed
by older adults in response to exposure to negative age
stereotypes,37,38 and that is also motivated by
personality traits such as openness to experience and
extraversion, in response to personality stereotypes of
aging.39 Therefore, feeling younger than one’s actual
age protects individuals from the influence of negative
aging stereotypes,16,33 which are recognized as having
a consistent deleterious influence on older people’s
cognitive performance.40 Furthermore, given that the
American culture puts a strong emphasis on youth-
fulness,21 individuals harboring a younger subjective
Am J Geriatr Psychiatry 22:11, November 2014
age may behave more like the typical young indi-
vidual. Individuals with a younger self-image are
more likely to maintain a socially, intellectually, and
physically active lifestyle, which in turn is beneficial
for their cognitive functioning.

The finding of an association between subjective
age and cognitive functioning should be considered
as preliminary and needs replication in independent
samples. On the other hand, this study is consistent
with and extends prior research on the potential of
alternative ways of measuring developmental time to
explain older adults’ cognition.8,9 In addition, this
study contributes to a growing body of research on
the psychological and health-related implications of
subjective age, given that it is the first to identify its
association with cognitive outcomes.

From a clinical standpoint, the present study
suggests that subjective age assessment may inform
about individuals at increased risk for potential
cognitive deficits in old age. More specifically, indi-
viduals who feel older than their age warrant
particular attention and may require closer moni-
toring. Although the effect we observed were rela-
tively small, future studies should test whether an
older subjective age may be in itself an early marker
of cognitive deficits leading to dementia. Subjective
age may also be associated with behavior and
outcomes that may amplify cognitive decline.
Furthermore, it could be interesting to test whether
those who feel older benefit from early intervention
or prevention efforts aimed at alleviating cognitive
decrements, such as cognitive training programs. In
addition, subjective age is modifiable.19 For example,
1185
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recent research has found that positive feedback and
support directed toward older adults leads to the
development of a younger subjective age, which is
beneficial for their functioning.19 In addition, behav-
ioral interventions may promote a sense of feeling
younger. For example, physical activity programs
could result in a younger subjective age or mitigate
an older subjective age through their influence on
positive affect and self-efficacy.

Despite its strength, the current study has several
limitations that should be considered before drawing
strong conclusions about the role of subjective age.
The generalizability of our findings is limited to some
extent by the positive selection of the longitudinal
participants in the MIDUS.41,42 More precisely, the
contribution of subjective age observed in the present
study may underestimate the true contribution given
that participants who dropped out were feeling
older, and thus could be considered as being at
greater risk of worse cognitive functioning. In addi-
tion, the lack of a baseline cognitive assessment in the
MIDUS did not allow for testing to determine
whether subjective age is associated with changes in
cognition over time. The results of the current study,
however, indicate that it is worthwhile to further test
subjective age as a predictor of cognitive decline.
Future studies should also examine whether subjec-
tive age can predict changes associated with
dementia or other neuropathologies. It is possible
that in rating their subjective age, even subclinical
dysfunctions unlikely to be diagnosed can be
perceived by individuals and incorporated into their
self-assessment. It is possible that such ratings predict
performance on cognitive tasks because subjective
age may be sensitive to nonpathological physiolog-
ical aging beyond what is accounted by chronological
age. Experimental studies are also needed to test
whether the manipulation of subjective age can
influence one’s cognitive performance over long
periods.
1186
Although several covariates were included, the
present study did not control for other recognized
correlates of cognitive functioning in old age, such as
frequency of cognitive activity, social networks,
perceived health, depressive symptoms, prescription
medications, and vascular risk factors. Thus, addi-
tional research that accounts for these covariates is
needed to test the robustness of the relationship
between subjective age and cognition. Furthermore,
although comparable to other recognized factors, the
size of the direct contribution of subjective age at
baseline on later cognition is relatively small. This
finding is consistent with prior research which
suggests that the age individuals feel is a distal
predictor of consequential outcomes and exerts its
influence through different pathways.18 Therefore,
combined with the findings of partial mediation by
BMI and physical activity in the present study, one
likely possibility is that subjective age drives
processes having a more proximal influence on
cognitive functioning. Future research is needed to
explore other potential behavioral (e.g., involvement
in social and cognitive activities), psychosocial (e.g.,
memory self-efficacy), and physiological pathways
(e.g., stress reactivity). The relationships between
subjective age, physical activity, and BMI were
assessed cross-sectionally. Although the association
between subjective age and both BMI and physical
activity is theoretically supported, it is also plausible
that BMI and physical activity may lead to a younger
subjective age.

Despite these limitations, this study reveals that
feeling younger than one’s actual age may be
a protective factor for long-term cognition in old age.
Therefore, it paves the way for future research
interested in identifying the mechanisms that operate
along the age continuum to drive age-related changes
in cognitive functioning.

The authors have no disclosures to report.
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