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Abstract
This paper examines the relationship between age-related cognitive decline and three
potential workplace outcomes: 1) coping with increased job difficulty; 2) shifting to a less
cognitively demanding job; and 3) retiring early. It uses data from the Health and Retirement
Study (HRS) and the O*NET database. Critical components of the analysis are the metric used
to measure cognitive decline, inclusion of cognitive reserve as an independent variable, and the
use of overlapping 10-year observation windows. A key limitation is that the study cannot
conclusively discern a causal relationship between cognitive decline and workforce exit.
The paper found that:
•

About 10 percent of workers between the ages of 55 and 69 experienced steep cognitive
decline over a 10-year period.

•

Workers experiencing steep cognitive decline were more likely to “downshift” to a less
demanding job or retire than workers experiencing no cognitive decline.

•

Workers experiencing steep cognitive decline retired significantly earlier than planned,
compared to workers who experienced no change in cognitive ability.

•

Workers without cognitive reserves were more likely to exit the workforce and retire
earlier than planned, compared to workers with cognitive reserves.

The policy implications of the findings are:
•

Cognitive decline might prevent a significant minority of older individuals from working
to their planned retirement ages, and thus should be considered when assessing reforms
that incent delayed retirement.

•

Policies that support “downshifting” to a cognitively less demanding job might help
workers at risk of steep cognitive decline to remain in the labor force.

•

Further research is needed to identify whether workers in specific occupations are more
susceptible to age-related decline than others, and whether anything can be done to
moderate the effect of age-related decline in work ability.

Introduction
Twenty years of research on age-related cognitive change has cemented one fact: most
people lose cognitive ability – just like they lose physical ability – well before the end of their
working lives. The literature documents which cognitive abilities decline with age, how fast
these abilities decline, how the brain physically changes with age, and how much people vary in
the extent of decline they experience. Recent studies have also attempted to uncover the causes
of cognitive decline and propose ways to mitigate or even reverse age-related cognitive change.
But few studies have focused on the functional implications of cognitive decline, in particular the
relationship between cognitive decline and work ability. As a result, it is not known the extent to
which cognitive decline will be a barrier to working longer. As the number of white-collar
workers continues to increase and retirement systems come under pressure to delay retirement
benefits to offset improvements in longevity, any effect of age-related cognitive decline on work
ability is likely to increase in importance. A better understanding of this topic will provide
policymakers with a crucial piece of information currently unavailable.
The current study investigates the relationship between age-related cognitive decline and
work ability. The study uses data from the Health and Retirement Study (HRS), a large,
nationally representative longitudinal dataset of older workers and retirees in the United States,
to test three hypotheses, workers who experience faster-than-average cognitive decline: 1)
experience increased difficulty meeting job requirements; 2) are more likely to transition to a
cognitively less demanding job; and 3) exit the workforce at higher rates and retire earlier than
planned.
The remainder of this paper proceeds as follows: 1) a background section reviews the
literature, highlighting important concepts and methodological issues related to the current study;
2) a methodology section describes the data sources, key variables, and econometric models
used; 3) a results section summarizes findings; and 4) a conclusion section reports workers who
experience faster-than-average cognitive decline are more likely to retire or transition to a
cognitively less demanding job and also retire earlier than self-predicted. The study does not
establish a causal relationship between cognitive decline and the likelihood of transitioning or
retiring.
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Background
How Cognition Changes with Age and Why It Matters. For the majority of the
population, “fluid” cognitive ability – the ability to acquire and use new information – starts to
decline decades before retirement (e.g. Shaie, 1994; McArdle, Smith, and Willis, 2009;
Salthouse, 2010; Schaie and Willis, 2010; Singh-Manoux, 2012). Age-related changes in brain
structure, brain organization, performance on intelligence tests, and real-world functional ability
support the notion that age-related cognitive decline is as real and inevitable as age-related
physical decline. Brain volume, white matter, gray matter, and cortical thickness in areas
related to memory, perception, attention, and decision-making all decline significantly in the last
few decades of life (Nyberg et al. 2012). Studies of brain regions used to process specific types
of information also show a significant difference in the activation patterns of old and young
subjects (Reuter-Lorenz, 2002; Waiter, et al, 2008;). In other words, the brain’s neural
“hardware” (its neurons) as well as its “software” (the way the neurons work together to respond
to the environment) change with age.
While the existence of age-related decline in fluid cognition is not disputed, estimates of
the timing of the onset of decline and rate of decline depend on methodology. Cross-sectional
studies that do not control for cohort effects, such as better nutrition, higher educational
attainment, and greater job-stimulation over time, show that cognitive decline starts in one’s
early 20s and continues at a linear rate until one’s 80s (when most people experience a steep loss
in ability) (Shaie, 1994, Salthouse 2012). 1 Longitudinal studies show cognitive decline starting
in one’s 50s and progressing at an increasing rate (Salthouse 2010 and 2013). But these studies
understate the average rate of decline because individuals who experience rapid cognitive decline
are more likely to die or cease to participate in the panel (attrition effects) and repeated testing
leads to improved scores (practice effects). Recent studies have addressed methodological
shortcomings of both approaches and the research consensus is that cognitive decline is
detectable in one’s 40s and progresses at an increasing rate, with significant decline evident by
60 (Singh-Manoux, 2012).
Performance in many real-world tasks – which require both fluid cognitive ability and
acquired knowledge – has also been documented to decline with age despite increased work1

This suggests a worker in the middle of the ability distribution at 20 could expect to be almost a full standard
deviation below the mean in her 60s.
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related experience. Unlike fluid cognitive ability, acquired knowledge, also referred to as
“crystallized intelligence,” continues to improve or remain stable well into one’s 70s (Salthouse,
2010). As a result, performance in the real world can continue to improve after fluid cognitive
ability has peaked. Using a large administrative dataset of credit card and home equity loan
information, Agrawal et al. (2009) show that the ability to make certain financial decisions –
which require a mix of experience and fluid cognitive ability — peaks around age 53 and then
steadily declines. Similarly, some air traffic controllers in their 50s, with the help of experience,
are able to perform at a level comparable to young controllers, but young controllers consistently
outperform older recruits in training programs (where older workers do not have the advantage
of acquired knowledge) (Nunes and Kramer, 2009; Salthouse, 2012). 2 In other words,
experience, which can be measured by tenure on the job, preserves work ability for job functions
that do not change over time.
Age-related cognitive trends mask considerable individual variability with respect to the
timing and extent of cognitive decline. A significant proportion of seniors enters retirement with
well-preserved cognitive ability and maintains this ability well into retirement, while a small but
still significant minority develops dementia. 3 Habib et al. (2007) report that over 10 percent of
respondents over age 70 in their sample of 1,500 adults meet the criteria for “successful
cognitive aging.” In addition, Yaffe et al. (2009) report that 30 percent of the respondents in a
dataset of 2,509 Americans aged 70-79 do not show cognitive decline over an 8-year period,
further supporting the idea that a significant minority of adults maintain cognitive ability well
into retirement. Brain scans of seniors with well-preserved cognitive abilities reveal that their
brains lose less white and gray matter, maintain cortical thickness in important areas, and
continue to activate regions in response to stimuli much like younger adults (summarized in
Nyberg et al. 2012). In other words, seniors with preserved abilities do not just use experience to
offset a reduction in cognitive ability – their brains appear to change less with age.

2

Further support for the notion that acquired knowledge cannot completely offset declines in fluid cognitive ability
come from expert studies that show peak performance, both in terms of the quantity and quality of work generated,
occurs before the full retirement age across a variety of professions (Salthouse, 2012). Hambrick and Engle (2002)
also show that domain knowledge and working memory (a component of fluid cognitive ability) have independent
additive effects on domain-specific tasks.
3
Several studies have identified four common trajectories of cognitive change: 1) little or no decline, 2) moderate,
or “normal” decline, 3) faster-than-average decline that does not manifest itself as dementia, and 4) faster-thanaverage decline followed by a rapid onset of dementia (Yaffe et al. 2009; Ylikoski et al, 1999).
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A number of factors related to the preservation of cognitive ability in old age appear to be
under one’s control. Studies of cognitive differences between twins conclude that half of the
inter-person difference in cognitive ability is attributable to genes, with the other half dependent
on environmental factors (Finkel et al. 1998 and 2005; Nyberg et al. 2012). And these factors
may be controllable: an intellectually stimulating job or volunteer activity, exercise, social
engagement, and good nutrition all positively correlate with preserved cognitive ability (Fillit et
al. 2002; Marquie et al. 2010; Yaffe et al. 2009). Notably, job stimulation and an engaged
lifestyle predict preserved cognitive ability, which suggests a causal relationship between
lifestyle and cognitive change (Lovden, Ghisletta, and Lindenberger, 2005; Small et al. 2012;
Wilson et al. 2012). On the other hand, smoking, stress, diabetes, strokes, and a sedentary
lifestyle (measured by hours watching television) are good predictors of faster-than-average
decline in cognitive ability (Fillit et al, 2002; Waldstein, et al. 2005; Wang et al. 2005; Yaffe et
al. 2009).
Work Ability and the Present Study. While understanding of age-related cognitive
change has improved over the past two decades, the relationship between cognitive change and
work ability is not well understood. It is not known how much work ability declines due to
cognitive change, or whether workers respond to a decline in work ability – through disability
retirement, transitions to easier occupations, or earlier retirement. Studies examining the
relationship between work ability and age have focused on physically demanding jobs. The
studies report earlier retirement ages and higher disability rates among workers employed in
physically demanding occupations (Holden 1988; Lund et al. 2001; Karpansalo et al. 2002). But
several European studies use a more comprehensive measure – the “work ability index” – to
assess whether a combination of age-related physical and cognitive changes affect work ability
(Avlund, Davidsen, and Schultz-Larsen, 1995; Ilmarinen and Tuomi, 1992; Ilmarinen, 2009).
One such study of 6,257 Finnish civil servants reports that 30 percent of workers over age 45
lose a significant amount of work ability over an 11-year period. This loss is not restricted to
blue-collar workers. Managers in the top quintile of work ability at the end of the study period
retired five years later, on average, than those in the bottom quintile (Ilmarinen, 2009). In other
words, the study finds that work ability declines with age among all occupations and that the
change in ability results in a measurable change in retirement age.
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The current study does not attempt to measure the overall work ability of workers, but
rather examines one important source of work ability: fluid cognition. Research suggests that
fluid cognitive ability is one of the best predictors of work performance, with higher cognitive
ability being associated with higher pay and a faster rate of growth in pay and occupational
prestige (Salthouse, 2012). A loss in such a vital ingredient of work success can thus be
expected to lead to a decline in one’s ability to meet work demands. This study examines the
relationship between age-related decline in fluid cognitive ability and the ability to meet job
demands by modeling three potential outcomes: 1) increase in perceived job difficulty; 2) a
transition to a less demanding job; and 3) a higher retirement rate and earlier-than-expected
retirement. If cognitive change leads to less work ability, people who experience faster-thanaverage decline should report greater stress due to difficulty meeting job requirements. Such
workers are also expected to be more likely to transition to less cognitively demanding jobs and
retire earlier than expected.
This study cannot establish whether cognitive decline causes job stress, job transitions, or
early retirement without addressing the possibility that cognitive decline is a result of, rather than
a cause of, these labor market outcomes. For example, research shows that moving to a less
cognitively demanding job can lead to faster-than-average cognitive decline (DeGrip et al, 2007;
Then et al. 2013). Similarly, several studies have reported that early retirement leads to lower
cognitive ability (Bonsang et al. 2012; Mazzona et al. 2012). An instrumental variable approach
would be one way to establish causation but at the moment we have not been able to identify a
suitable instrument. Despite this limitation, the project improves understanding of cognitive
decline in the context of work ability, helping policymakers understand a potentially important
constraint to future changes in the retirement system.
Data and Methodology
The Data. This paper uses data from the Health and Retirement Study (HRS), a
nationally representative longitudinal household survey of older Americans. The original sample
of 12,561 comprised individuals who were born 1931-41 or were the spouse of a participant in
that birth cohort; individuals born 1942-47, 1948-53, and 1954-59 were added in 1998, 2004, and
2010. Participants are interviewed every two years; the latest data available are for 2012. The
core sample used in this paper comprises 4,156 individuals who: 1) were both working for pay
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and age 50 or older in 1996, 1998, or 2000; 2) were age 75 or younger 10 years later (in 2006,
2008, or 2010); 3) had not received Disability Insurance during the 10-year window; 4) were not
self-employed; and 5) had participated in at least three of the six interviews during the window.
The Cognition Variables. Two key variables required for this analysis are: 1) cognitive
decline; and 2) cognitive reserve, which is the buffer between the cognition requirements of the
occupation and the individual’s level of cognition. A consistent measure of fluid cognition,
available in the HRS since 1996, is the total word recall score – the sum of the immediate and
delayed word recall scores. 4 To measure word recall, respondents are read a list of 10 simple
nouns and are then asked to immediately repeat as many as possible, in any order. After a fiveminute interval, they are then asked to repeat as many of the 10 words as possible. These two
word recall variables measure episodic memory, which is strongly correlated with other measures
of fluid cognitive ability and predicts problem-solving capacity among the elderly (McArdle et
al., 2007; Gross et al. 2011).
In a cross section, cognition scores vary significantly, and these scores are correlated with
age as well as education. As reported in prior studies, average cognitive scores decline with age,
from 11.8 at age 57 to 9.8 at age 75 (Appendix A, Figure 1). 5 Also consistent with the literature,
greater educational attainment is associated with higher cognitive scores, with roughly six times
as many workers with some college scoring more than 16 on the 20-point scale compared to
workers with less than high school (Appendix A, Figure 2).
To measure changes in cognition for each individual, overlapping 10-year windows are
created for each HRS participant, starting from 1996. 6 For example, the first window is 19962006, the second is 1998-2008, and so on. 7 The following OLS regression is then estimated for
each 10-year window for each individual:
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The HRS also asks questions that measure various aspects of cognition, including episodic memory, intactness of
mental status, numerical reasoning, broad numeracy, and vocabulary (McArdle, Smith, and Willis, 2009).
5
This rate of change represents a decline of 0.6 of a standard deviation of the pooled cross section scores over an
18-year period, which is consistent with the .02 to .04 standard deviation annual rate of decline reported by Shae
(1994) and Salthouse (2012).
6
A statistically detectable change in cognitive ability is required for the analysis attempted in this paper to be
meaningful, and cognitive ability is expected to decline by at least 0.2 standard deviations of the ability-distribution
in a 10-year period; see Shae (1994) and Salthouse (2012).
7
An alternative would have been to estimate a single slope for each individual, using all available data. But the
level of significance of the coefficient would vary with the length of the observation period.
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𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖 = 𝛼𝑖𝑗 + 𝛽𝑖𝑖 ∗ 𝐴𝐴𝐴𝑖𝑖𝑖 + 𝜀𝑖𝑖𝑖

The coefficient 𝛽𝑖𝑖 measures the annual rate of change in cognition of individual i during the

time window j. Each person can have as many as three coefficients because a person can be in
the sample for more than one overlapping 10-year period. 8 Based on their

coefficients, we

classify individuals over each 10-year period as having experienced a steep decline in cognition,

β ij ≤− 0.5 ; a moderate decline, − .05 < β ij < −0.15 ; more or less no change, − 0.15 ≤ β ij ≤ 0.1 ;
and an improvement, 0.1 < β ij . 9 Approximately 12 percent, 30 percent, 30 percent, and 28
percent of individuals fall into the above categories, respectively.
In addition to cognitive ability and cognitive change, cognitive reserve – the difference
between a worker’s cognitive ability and his occupation-related cognitive requirements –
is an important variable used in the analysis, because workers with large reserves or “buffers”
are expected to respond less to a decline in their cognitive abilities (Barulli and Stern, 2013). To
measure occupation-related cognitive requirements, the HRS is merged with restricted Social
Security Administration (SSA) administrative occupation data and the 2010 version of the
Occupational Information Network (O*NET) database. The O*NET contains information on 21
cognitive abilities associated with 812 U.S. occupations. 10 The O*NET surveys jobholders,
occupational analysts, and occupational experts to measure the importance and required level of
each ability for each occupation. These two measures of job-ability requirements – level and
importance— are combined and aggregated across the 21 cognitive abilities to create a single
cognitive demand index for each occupation. The index varies from 2.8 to 15.8. The cognitive
demand index is merged with the HRS by creating an occupation code crosswalk between the
1998, 2002, and 2010 census codes (used in different waves of the HRS restricted data) and the
2010 Standard Occupational Codes (SOC) used in the O*NET. Appendix A, Figure 3 shows a
positive relationship between this cognitive demand index and average cognitive scores with a
8

The functional form of the above regression equation imposes the assumption that the rate of decline in our
measure of cognition is linear with age. In common with other researchers, we use test performance as a proxy for
underlying cognitive ability. In reality, changes in cognitive ability may be discontinuous, perhaps triggered by
health or other shocks.
9
Dividing cognitive change into these four buckets assumes the effect of cognitive change on labor market
outcomes is non-linear. This approach is consistent with the approaches taken by Ylikoski, et al (1999), and Yaffe,
et al (2009) to classify cognitive change, as well as Ilmarinen (2009) to categorize changes in work-ability.
10
The 2010 O*NET uses the 2010 Standard Occupational Classification system, which catalogues 812 distinct
occupations.
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correlation coefficient of 0.21, which is significant at the 1-percent level. The correlation
coefficient between the cognitive demand index and average cognitive scores is 0.25 for men and
0.21 for women.
Cognitive reserve for each individual is calculated as the difference between the
occupation-related cognitive requirements and the individual’s level of cognitive ability as
measured by his total word recall score. First, each individual’s baseline cognitive score is
converted to a percentile rank (based on where that score stands in the distribution of all scores
for the sample). Then, each occupation is similarly assigned a cognitive demand percentile
(based on where the cognitive demand index score for the occupation stands within the
distribution of scores for all occupations in the sample). Next, individuals are assigned to a
cognitive reserve condition based on the difference between their cognitive score percentile and
the cognitive demand percentile for their occupation at baseline. 11
Other important variables used in the analysis include controls for job tenure and practice
effect. 12 Tenure is hypothesized to compensate for the loss of fluid intelligence through the
acquisition of crystallized intelligence gained on the job, and is coded as a categorical variable
representing less than 5 years of tenure, 5–15 years, and more than 15 years. 13 Since repeated
test-taking is expected to inflate cognitive scores (Wilson, et al, 2006), we control for the number
of times the test has been taken. The analysis also controls for the effects of gender, race,
educational attainment, performing physically demanding work, and changes in wealth and
health.
Empirical Strategy. With measures of the rate of decline in cognition and cognitive
reserve in hand, we consider three outcomes: 1) an increase in self-reported work-difficulty; 2) a
11

If a person falls into top tercile in cognition and his/her job ranks in the bottom tercile in cognitive requirement,
then that person is classified as high positive reserve; if a person falls in bottom tercile in cognition and his/her job
ranks in the top tercile in cognitive requirement, then that person is classified as high negative reserve; if the tercilerank in cognition minus the tercile-rank in job cognitive requirement is +1, then that person is classified as moderate
positive reserve; if the tercile-rank in cognition minus the tercile-rank in job cognitive requirement is -1, then that
person is classified as moderate negative reserve; if a person falls into the tercile-rank in both cognition and job
requirement, then that person is classified as breakeven.
12
Attrition is presented as a potentially important variable affecting longitudinal measures of cognitive change. This
study does not control for the effect of attrition on the relationship between cognitive decline and labor force
outcomes but expects this omission to potentially bias results in the direction of understating the relationship
between cognitive decline and workforce exit (Salthouse, 2013).
13
The effect of tenure on occupational outcomes is expected to be nonlinear, with longer tenure associated with a
lower probability of job change, higher job satisfaction, and an actual retirement age surpassing expected retirement
age.
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greater 10-year risk of moving to a job with a lower cognitive requirement or retirement; and 3)
an actual retirement age that is less than the expected retirement age reported at the start of the
window. The study classifies individuals as experiencing increased job stress if they previously
did not report that their job has become more difficult, and report that their job has become more
difficult at the last interview during the 10-year window. 14 A potential concern is that
individuals experiencing the greatest increase in job stress may retire. For workers who exit the
workforce, we include self-reported job difficulty from the latest wave at which they were
working for pay. A detailed account of the methodology used to code each outcome variable can
be found in Appendix C.
We estimate a multinomial logit model that seeks to explain the probability of observing
that an individual retires or moves to a job with lower cognitive demands during the 10-year
window, relative to the base case of remaining in the job held at the start of the window or
switching to a job with the same or higher cognitive demands. Ignoring for now the possibility
of correlations of the error term across observations, the probability that a particular
observed, conditional on observables

where the matrix

is

, can be expressed as:

includes the annual rate of cognitive decline over the 10-year window,

baseline cognitive reserve, time invariant controls such as educational attainment, and time
varying controls such as health shocks. As is usual in the multinomial formulation, coefficients
are identified for k-1 of the outcomes, relative to an arbitrarily chosen base case, with a
coefficient of less than one indicating

has a negative relationship with the dependent variable

and a coefficient of more than one indicating a positive relationship with the dependent variable.
For models with a binary dependent variable, we estimate the following probit model and
report probit marginal effects:

14

Subjective reports of job difficulty are likely to be influenced by job-specific and time-specific variables this study
cannot control for (for example, a demanding boss or a temporary, unpleasant work assignment). Nonetheless it is
included in the analysis as a potential channel through which cognitive decline is manifested in the workplace.
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is the cumulative normal distribution. The marginal effects report the association

where

between a one unit change in a particular
holding all other

variable on the probability of the occurrence,

variables constant at their means. When comparing actual with anticipated

retirement ages, we estimate an OLS model in which the dependent variable is the actual minus
anticipated retirement age. 15
Results
Regression results suggest cognitive decline might limit the ability of some workers to
remain in the labor force as long as planned. First, controlling for age, cognitive reserve, tenure,
and other variables described earlier, workers experiencing steep cognitive decline are at
significantly higher risk of retiring within a 10-year observation window than workers
experiencing a moderate decline or an improvement in cognitive ability. Second, workers
experiencing steep cognitive decline are also more likely to “downshift” to a cognitively less
demanding job and retire compared to workers who do not experience cognitive change. Finally,
workers without cognitive reserves are also at higher risk of retirement in the observation
window and retire significantly earlier than planned compared to workers with cognitive
reserves.
Moving to a job with a lower cognitive requirement. Table 1 shows the relative risk
ratios (RRR) of workers moving to a cognitively less demanding job or retiring, as opposed to
continuing to work at a job with the same level of cognitive difficulty, contingent on their rate of
cognitive decline (see Appendix B, Table 1 for regression results with all variables in the model).
RRR is a transformation of the estimated logit coefficient and captures the marginal effect of the
covariate on the likelihood of a particular transition occurring relative to the likelihood of the
base outcome (staying in the same job). If the RRR takes a value equal to 1, then the right-hand
side variable does not alter the likelihood of that particular job transition occurring relative to
staying in the job. If the RRR takes a value smaller than 1, then the variable reduces the
likelihood of the job transition occurring relative to staying in the job by the percentage of RRR
– 1. If the RRR takes a value greater than 1, it raises the likelihood relative to staying in the job.
15

We adjust for censoring of data on actual retirement ages thus retirements of workers who retire earlier than
planned are more likely to be observed.
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Among all workers in the sample, 48.1 percent retire in the 10-year observation window and 11.6
percent move to a cognitively less demanding job. Controlling for cognitive reserve, tenure, and
other factors described earlier, workers experiencing steep cognitive decline are 79 percent more
likely to retire in the 10-year window compared to workers experiencing low to no decline
(statistically significant at p < .01). Steep cognitive decline is associated with approximately
double the likelihood of moving to a cognitively less demanding job during the 10-year window.
Table 1. Relative Risk of Downshifting and Retirement, by Rate of Cognitive Change (Base: Low
to No Cognitive Change)
Steep decline
Moderate decline
Improvement

Downshift
2.071**
0.860
0.961

Retire
1.794**
1.141
1.006

Notes: * p<0.10, ** p<0.05, *** p<0.01. Relative Risk Ratios are reported.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.

Cognitive reserve is also related to the probability of downshifts and retirement during
the 10-year observation window. Compared to individuals for whom cognitive ability matches
the cognitive demands for their occupation, individuals with high positive reserve (more ability
than is required) are 69 percent less likely to move to a less cognitively demanding job in the 10year window (100*(1.0 - 0.314)) while individuals with high negative cognitive reserves (less
ability than required) are twice as likely to retire during the 10-year window (Table 2).
Table 2. Relative Risk of Downshifting and Retirement, by Amount of Cognitive Reserve (Base:
Cognitive Demands and Cognitive Ability Are Break-Even)
High positive
Moderate positive
Moderate negative
High negative

Downshift
0.314*
0.767
1.338
1.230

Retire
1.240
1.162
1.459
2.086**

Notes: * p<0.10, ** p<0.05, *** p<0.01. Relative Risk Ratios are reported.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.
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Reporting that an existing job has become more stressful. Table 3 shows the marginal
effect 16 of cognitive change on whether a job is classified as “more difficult than before.” A
statistically significant relationship is not found between cognitive change and this measure of
job difficulty after controlling for cognitive reserve, tenure, and health shocks (which do vary in
a statistically significant manner with this outcome). 17 Regression results with the full set of
variables are reported in Appendix B, Table 2).
Table 3. Change in Job Difficulty, by Rate of Cognitive Change
Steep decline
Moderate decline
Improvement

Job more difficult
0.037
-0.018
0.019

Notes: * p<0.10, ** p<0.05, *** p<0.01. Average Marginal Effects (AME) are reported for Probit models.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.

Deviation of actual from expected retirement age. Table 4 shows the difference between
the actual retirement age and the expected retirement age reported at the start of each observation
window. Both workers experiencing steep cognitive decline and workers experiencing cognitive
improvement show a statistically significant tendency to retire earlier than projected compared to
workers with no change in cognitive ability. However, steep cognitive decline is associated with
the largest gap between actual and expected retirement age: 2.4 years earlier than expected
among “steep decliners” vs. 1.2 years earlier than expected among “improvers.” When voluntary
retirement is excluded from the analysis, only steep decline is associated with earlier-thanplanned retirement. This finding is consistent with the idea that individuals who experience
improved cognitive ability retire earlier than planned for different reasons than individuals who
experience a steep decline in cognitive ability. Regression results with the full set of variables
can be found in Appendix B, Table 3.
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The marginal effect using a probit regression reports the expected change in the probability of an event (e.g.
reporting that one’s job is stressful) holding all other variables at their means.
17
The sign and magnitude of the coefficients are consistent with the hypothesis that individuals experiencing steep
decline also experience greater work difficulty but the results are not statistically significant.
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Table 4. Difference Between Expected and Actual Retirement Age, by Rate of Cognitive Change
Steep decline
Moderate decline
Improvement

Years retired earlier than planned
2.434***
0.530
1.215***

Notes: * p<0.10, ** p<0.05, *** p<0.01. The regressions include full set of age dummies.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.

Cognitive reserve is also related to the difference between the expected and actual
retirement ages. Workers without cognitive reserves (i.e. those with less cognitive ability than
required) retire earlier than planned, whereas workers with cognitive reserves (greater cognitive
ability than required) do not show a statistically significant difference between their expected
and actual retirement ages. The degree of the mismatch between job requirements and cognitive
ability also matters among workers without cognitive reserves: those with the largest shortfall
between job requirements and cognitive ability retired, on average, 2.2 years earlier than
planned, whereas those with a more modest shortfall in cognitive ability retired, on average, 1.4
years earlier than planned (Table 5).
Table 5. Difference Between Expected and Actual Retirement Age, by Amount of Cognitive
Reserve
High positive
Moderate positive
Moderate negative
High negative

Years retired earlier than planned
0.780
0.615
-1.362**
-2.213**

Notes: * p<0.10, ** p<0.05, *** p<0.01. Relative Risk Ratios are reported.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.

Conclusion
A rich body of literature describes age-related decline in fluid cognitive ability, while a
small but growing list of studies examines ways in which decline in cognitive ability affects
performance in real-world tasks. The current study contributes to the latter by examining the
relationship between decline in cognitive ability and the ability to delay retirement. It finds
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evidence supporting the notion that a steep decline in cognitive ability, observed among 10
percent of the sample, is associated with a higher probability of “downshifting” to a less
demanding job and retiring from the workforce. It also associates steep cognitive decline with
retiring earlier than expected. Further evidence is presented supporting the idea that workers
without cognitive reserves are also more likely to retire and to retire earlier than expected,
compared to workers who have cognitive reserves.
The study has important limitations. It does not establish whether cognitive decline
causes a loss of work ability that prevents workers from working up to their planned retirement
age – an important consideration in light of research that suggests retirement can cause cognitive
decline. It also measures only one type of cognitive ability and does not take into account other
ways in which cognitive abilities contribute to work performance. Further research is needed to
shed light on these and other issues raised by the current study.
The study has several policy implications. First, new evidence suggests that cognitive
decline might be a factor in limiting the extent to which retirement can be delayed, especially
among workers with low cognitive reserves. Proposals to further increase the Full Retirement
Age should consider this finding when assessing the effect of legislation on retirement timing.
The study also suggests “downshifting” to a cognitively less demanding job might be a viable
way to stay in the labor force for people at risk of steep cognitive decline. Finally, the results
suggest age-related decline in mental capacity might have a differential impact on workers based
on their occupations and individual rates of decline, supporting the need for further research into
the interaction between age-related changes in work ability and work requirements for specific
occupations.
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Appendix A: Figures
Figure 1. Relationship between Cognitive Score and Age
14
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Notes: Authors’ calculations.. The height of the first column shows the average score of participants age 55 who
were also surveyed at age 57. The solid section of the bar shows their average score at 57, and the outlined section
the average decline from 55 to 57. The second column shows corresponding scores at 57 and 59. The total decline
in cognitive score from 55 to 75 equals two, the sum of the heights of the outlined sections, approximately 0.6 of a
standard deviation of the pooled cross section scores
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Figure 2. Relationship Between Cognitive Score and Educational Attainment
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Figure 3: Relationship Between Cognitive Score and Occupational Cognitive Requirement
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Appendix B: Full Regression Results
Table 1. Relative Risk of Downshifting and Retirement (Compared to Staying in Same
Occupation or Moving to a More Demanding Occupation)
Low cognitive job
Cognitive change categories
Steep decline
Moderate decline
Improvement
Cognitive reserve categories
High positive
Moderate positive
Moderate negative
High negative
Number of test taken so far
Job tenure between 5 to 15 years
Job tenure more than 15 years
New marriage
Newly divorced/widowed
Worsening of health
Move up wealth quintile
Move down wealth quintile
Change in unemployment rate
Female
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Retirement

2.071**
(0.672)
0.860
(0.181)
0.961
(0.213)

1.794**
(0.446)
1.141
(0.170)
1.006
(0.166)

0.314*
(0.216)
0.767
(0.243)
1.338
(0.373)
1.230
(0.582)
0.970
(0.096)
0.638*
(0.148)
0.580**
(0.129)
0.866
(0.482)
1.578*
(0.422)
1.267
(0.406)
1.115
(0.220)
1.553*
(0.367)
0.932
(0.054)
0.960

1.240
(0.466)
1.162
(0.287)
1.459
(0.345)
2.086**
(0.734)
0.898*
(0.056)
0.658**
(0.108)
0.962
(0.160)
1.496
(0.514)
1.006
(0.215)
1.919***
(0.397)
1.090
(0.150)
1.300
(0.229)
1.941***
(0.060)
1.075

Table 1. Relative Risk of Downshifting and Retirement (cont’d)
Low cognitive job
0.874
(0.218)
1.142
(0.310)
0.818
(0.240)
0.915
(0.212)
1.148
(0.213)
2,399
1,789 18

Non-white
High School Graduate
College and above
Blue-collar job
Risk averse
Number of observations
Number of individuals

Retirement
0.864
(0.154)
1.231
(0.232)
0.964
(0.188)
1.195
(0.192)
0.903
(0.120)

Notes: * p<0.10, ** p<0.05, *** p<0.01. Standard errors in parentheses, which is clustered at the individual level.
Relative Risk Ratios are reported.
Source: Authors' estimates using Health and Retirement Study 1996-2010 waves.

Table 2: Change in Job Difficulty
Job difficulty
Cognitive change categories
Steep decline
Moderate decline
Improvement
Cognitive reserve categories
High positive
Moderate positive
Moderate negative
18

OLS

Probit

0.037
(0.029)
-0.024
(0.016)
0.025
(0.020)

0.038
(0.030)
-0.023
(0.016)
0.025
(0.019)

0.002
(0.040)
0.009
(0.029)
0.022
(0.028)

0.002
(0.041)
0.008
(0.030)
0.020
(0.028)

This number is significantly less than the number of individuals in the sample frame. Attrition is primarily due to
the unavailability of unmasked occupation data for waves after 2008, as well as missing unmasked occupation data,
which are not collected in every wave.
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Table 2: Change in Job Difficulty (cont’d)
Job difficulty
OLS
Probit
0.001
-0.002
(0.043)
(0.045)
-0.005
-0.004
(0.008)
(0.008)
-0.042**
-0.040**
(0.021)
(0.020)
-0.083***
-0.082***
(0.020)
(0.019)
0.020
0.015
(0.054)
(0.048)
-0.019
-0.016
(0.025)
(0.026)
0.052**
0.049**
(0.026)
(0.023)
0.035**
0.036**
(0.016)
(0.016)
0.030
0.031
(0.020)
(0.020)
0.002
0.002
(0.003)
(0.003)
-0.009
-0.009
(0.017)
(0.017)
-0.003
-0.003
(0.021)
(0.021)
0.073***
0.073***
(0.024)
(0.025)
0.045*
0.046*
(0.024)
(0.025)
0.019
0.018
(0.020)
(0.020)
-0.002
-0.001
(0.017)
(0.016)
0.009
0.009
(0.016)
(0.016)
4,378
2,622

High negative
Number of test taken so far
Job tenure between 5 to 15 years
Job tenure more than 15 years
New marriage
Newly divorced/widowed
Worsening of health
Move up wealth quintile
Move down wealth quintile
Change in unemployment rate
Female
Non-white
High School Graduate
College and above
Blue-collar job
Risk averse
Dummy for remaining in the same job
Number of observations
Number of individuals

Notes: * p<0.10, ** p<0.05, *** p<0.01. Standard errors, in parentheses, are clustered at the individual level.
Average Marginal Effects (AME) are reported for Probit models. Regressions include a full set of base year age
dummies. HRS person level weights are used for analysis.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.
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Table 3: Deviation of Actual Retirement Age From Expectation
All retirements
Cognitive change categories
Steep decline
Moderate decline
Improvement
Cognitive reserve categories
High positive
Moderate positive
Moderate negative
High negative
Number of test taken so far
Job tenure between 5 to 15 years
Job tenure more than 15 years
New marriage
Newly divorced/widowed
Worsening of health
Move up wealth quintile
Move down wealth quintile
Change in unemployment rate
Female
Non-white

Excluding voluntary retirements

-2.434***
(0.473)
-0.530
(0.361)
-1.215***
(0.383)

-3.299***
(0.873)
-0.808
(0.632)
-0.473
(0.685)

-0.780
(0.849)
-0.615
(0.659)
-1.362**
(0.619)
-2.213**
(0.980)
-0.219
(0.178)
-0.323
(0.430)
0.803*
(0.434)
-2.875***
(0.920)
-0.373
(0.509)
-1.808***
(0.435)
-0.538*
(0.324)
-0.254
(0.387)
0.143***
(0.052)
-0.616*
(0.360)
1.188**
(0.489)

-0.514
(1.422)
-1.648
(1.067)
-1.393
(1.173)
-0.711
(1.792)
-0.485
(0.308)
0.035
(0.711)
1.092
(0.761)
-2.281
(1.853)
-0.764
(0.884)
-2.773***
(0.727)
-0.399
(0.581)
-0.416
(0.668)
0.400***
(0.091)
-0.666
(0.659)
-0.072
(0.843)

24

Table 3: Deviation of Actual Retirement Age From Expectation (cont’d)
All retirements
Excluding voluntary retirements
High school graduate
0.661
1.997**
(0.518)
(0.865)
College and above
0.819
2.694***
(0.530)
(0.884)
Blue-collar job
-1.276***
-1.644**
(0.408)
(0.699)
Risk averse
0.839**
2.379***
(0.344)
(0.613)
Number of observations
4,741
2,689
Number of individuals
2,846
1,656
Notes: * p<0.10, ** p<0.05, *** p<0.01. Standard errors in parentheses, which is clustered at the individual level.
Regressions include full set of base year age dummies. HRS person level weights are used for analysis.
Source: Authors’ estimates using Health and Retirement Study, 1996-2010 waves.
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Appendix C: Outcome Variable Definitions
Moving to a Job With Low Cognitive Demands
The beginning and the end waves for measuring job changes are defined by the 10-year
window used to measure cognitive decline for each individual. The comparison base wave is the
end wave minus one wave. To measure changes in job demands, the cognitive requirement of
the job at the base wave is compared to the job at the end wave. If end wave data are missing,
job requirements from the end wave plus one wave are used. If that is also missing, job
requirements from the end wave plus two waves are used.
Job Difficulty
The HRS asks: “My job requires me to do more difficult things than it used to. Do you
strongly agree, agree, disagree or strongly disagree with that statement?” The response to this
question is collapsed into agree and disagree. The question is asked conditional on working. If
the respondent is not working at the end wave, the response given at the last wave before retiring
is used. To measure whether the subjective job difficulty is higher at the end wave compared to
the base wave, the dummy variable is defined that takes the value of 1 if the respondent agrees
with the statement at the end wave but disagrees with it at the base wave (and takes a value of 0
otherwise).
Deviation of Actual Retirement Age from Expectation
Expected retirement age reported at the first wave of the 10-year window is compared to
the actual retirement age for this measure. The change variable is defined as actual age minus
expected age. Thus, a negative value for this variable indicates that the actual retirement
happened earlier than the respondent had expected at the base wave. These observations are
uncensored. If the respondent reported “never retire” or “continue as is” to answer the retirement
expectation question at the base wave, then we assign 75 as his expected retirement age. Age 75
is chosen as the cut-off age, because few individuals work past this age and robustness checks
using 70 as the cut-off age and dropping censored responses altogether do not significantly
change the results. These observations are treated as censored observations. If an individual
does not retire within the sample period, he is assigned his expected retirement age in the last
wave for which data are available regarding the actual retirement age. The rationale for this is
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the literature showing that the expected retirement age close to the actual retirement is a strong
predictor of actual retirement (see for example, Bernheim, 1989; Disney and Tanner, 1999;
Loughran et al., 2001). These observations are treated as part of censored observations as well.
If in the last observed wave people report “never retire” or “continue as is”, then an age of 75 is
assigned and the data are also treated as censored observations.
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