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To contribute to our understanding of cohort differences and the Flynn effect in the cognitive decline among
older Americans, this study aims to compare rates of cognitive decline between two birth cohorts within
a study of older Americans and to examine the importance of medical and demographic confounders.
Analyses used data from the National Health and Aging Trends Study (2011–2019), which recruited older
Americans in 2011 and again in 2015 who were then followed for 5 years. We employed mixed-effect
models to examine the linear and quadratic main and interaction effects of year of birth while adjusting for
covariates such as annual round, sex/gender, education, race/ethnicity, heart disease, hypertension, diabetes,
test unfamiliarity, and survey design. We analyzed data from 11,167 participants: 7,325 from 2011 to 2015
and 3,842 from 2015 to 2019. The cohort recruited in 2015 was born, on average, 5.33 years later than that
recruited in 2011 and had higher functioning than the one recruited in 2011 across all observed cognitive
domains that persisted after adjusting for covariates. In multivariable-adjusted analyses, a 1-year increase in
year of birth was associated with increased episodic memory (β = 0.045, SE = 0.001, p < .001), orientation
(β = 0.034, SE = 0.001, p < .001), and executive function (β = 0.036, SE = 0.001, p < .001). Participants
born 1 year later had slower rates of decline in episodic memory (β = 0.004, SE = 0.000, p < .001),
orientation (β = 0.003, SE = 0.000, p < .001), and executive function (β = 0.001, SE = 0.000, p = .002).
Additionally, sex/gender modified this relationship for episodic memory (−0.007, SE = 0.002, p < .001),
orientation (−0.005, SE = 0.002, p = .008), and executive function (−0.008, SE = 0.002, p < .001). These
results demonstrate the persistence of the Flynn effect in old age across cognitive domains and identified a
deceleration in the rate of cognitive decline across cognitive domains.

Public Significance Statement
This study contributes insights into cohort differences and the Flynn effect regarding various domains of
cognitive decline among older Americans. Consistent with the Flynn effect research, results indicate that
later cohorts exhibit improved cognition and a slower rate of decline in episodic memory, executive
function, and orientation though the study also identified widening sex/gender disparities in cognitive
domains in later generations.

Keywords: Flynn effect, cohort changes, cognition, longitudinal change, quantitative methods

Supplemental materials: https://doi.org/10.1037/pag0000833.supp

Denis Gerstorf served as action editor.
Yun Zhang https://orcid.org/0000-0002-9837-1365
Sean A. P. Clouston https://orcid.org/0000-0002-6124-0329
This work was supported by the National Institute on Aging (NIA) at the

National Institutes of Health (NIH/NIA R01 AG067621 awarded to Scott M.
Hofer). The National Health and Aging Trends Study was sponsored by the
National Institute on Aging at the National Institutes of Health (NIH/NIA
U01 AG032947) through a cooperative agreement with the Johns Hopkins

Bloomberg School of Public Health. The authors declared no potential
conflicts of interest with respect to the research, authorship, and/or publication
of this article.

Data, analytic methods, and study materials will be made available upon
request made to the corresponding author, Sean A. P. Clouston. The initial
ideas and data appearing in the article have been disseminated at the
Gerontological Society of America Annual Scientific Meeting 2023 as an
oral presentation and published on Innovation in Aging 6 (Supplement_1) as
an abstract. Statistical Analysis System code used to generate results for this

continued

Psychology and Aging

© 2024 The Author(s) 2024, Vol. 39, No. 5, 457–466
ISSN: 0882-7974 https://doi.org/10.1037/pag0000833

457

https://doi.org/10.1037/pag0000833.supp
https://orcid.org/0000-0002-9837-1365
https://orcid.org/0000-0002-6124-0329
https://doi.org/10.1037/pag0000833


Population aging is a major challenge to the economy and health
systems of most and least developed countries (Wolters & Ikram,
2018), and it is expected to be accompanied by increases in the
incidence of dementia that will strain health care systems worldwide
(Winblad et al., 2016). A significant research question is whether
later born generations suffer from more rapid cognitive decline
(Chatterji et al., 2015) and to what extent developmental differences
between birth cohorts might produce a reduced risk of dementia in
old age (Clouston et al., 2021).
Of importance to this question is the eponymous finding wherein

later born generations tend to have better performance on cognitive
tests than earlier born generations (Flynn, 1984, 1987, 2007). The
Flynn effect is often referred to as a secular rise in cognitive
performance in young adulthood (Lynn, 2013) that is likely to extend
over the lifespan to affect cognition in older adults (Rocca et al., 2011;
Skirbekk et al., 2013). In the United States, seminal research reporting
the Flynn effect found a secular increase in achievement scores
recorded among high school students over time (Runquist, 1936), a
result that was immediately replicated in children in rural Tennessee,
United States (Wheeler, 1942) and among children residing in
Hawaii, United States, that same year (Smith, 1942).
While studies remain unclear as to the origin of cohort shifts in

cognition, prior explanations include educational opportunities
(Brailean et al., 2018; Clouston et al., 2020; Skoog et al., 2017),
improved technologies (Pietschnig&Voracek, 2015), better nutrition,
more mental stimulation (Flynn & Flynn, 2012), or improved health
and a healthier lifestyle (Elwood et al., 2013). Indeed, insofar as
changes are made, it may be critically important to note that, while
some changes like improved technology or increased literacy may
be universally adopted, changes in the social value and improved
treatment of women have changed dramatically over the past century
(Caplow et al., 2001), resulting in widespread increases in educational
attainment amongwomen potentially resulting in an increased lifelong
Flynn effect among women.
Noting that childhood cognition is a strong predictor of lifetime

cognition, researchers began noticing that cognitive performance was
higher in older adults as well (Zelinski & Kennison, 2007). Not only
present, but a recent meta-analysis concluded that the Flynn effect
was stronger in older ages as compared to among children (Pietschnig
& Voracek, 2015), though that conclusion is somewhat contentious
(Trahan et al., 2014). Globally, evidence suggests that cognition
among older adults has improved over time and, in some cases, that
age-related cognitive declines has slowed with time in the United
States (Dodge et al., 2017), Amsterdam (Brailean et al., 2018), and
France (Grasset et al., 2018), though results from Sweden only
support higher cognitive performance while showing faster overall
rates of cognitive decline (Karlsson et al., 2015). One notable study in
Berlin suggested that not only did overall cognitive performance

improve but that these improvements were associated with evidence
of improved overall mental health (Gerstorf et al., 2015).

Understanding the differential impact of age on varying cognitive
domains can provide valuable insights into the multifaceted nature
of cognitive decline and inform targeted interventions to promote
healthy cognitive aging. Yet, developmental trajectories of cognitive
functioning vary between people and over time (Flynn &
Weiss, 2007; Sundet et al., 2004). For example, studies recording
crystallized cognition, including skills that are trained in schools
and therefore involve accumulated knowledge and expertise and are
related to long-term memory (Horn, 1987), report huge differences
among children who undergo better schooling as compared to those
who were neglected. Compared to “crystallized abilities,” however,
“fluid abilities” are significantly affected by biological aging
processes and have been the focus of most studies on the Flynn
effect (Harada et al., 2013). The gains in fluid abilities including in
episodic memory or executive functioning may be stronger for
fluid than for crystallized abilities in later born cohorts over 15 years
(Pietschnig & Voracek, 2015; Rönnlund & Nilsson, 2009). By
examining each domain separately, we might gain a nuanced
understanding of how cognitive function evolves over time and
explore potential differential patterns and trends. For example,
studies of domain-specific changes have found that cohort differences
can emerge in memory and are amplified in processing speed but
are lacking for other domains including inductive reasoning in
Amsterdam (Brailean et al., 2018), while others have reported that
changes are persistent for cognitive decline across measures of
response speed, executive function, and language fluency (Dodge
et al., 2014). Additionally, identifying specific patterns within each
domain can provide insights into the underlying mechanisms and
potential interventions that may be effective for improving cognitive
function. Thus, this research also aims to explore changes in aging
trajectories for three domains of cognitive function, namely episodic
memory, executive function, and orientation.

Compounding on these patterns, however, is the question of the
potential slowing of cohort effects. Since around 2000, evidence has
begun to amass that the Flynn effect may have begun to fade or even
invert in some studies of Norway, Finland, and France (Dutton &
Lynn, 2015; Dutton et al., 2016). Longitudinal data from 10 European
countries from the Survey of Health, Ageing, and Retirement in
Europe report that secular cohort gains were significantly smaller or
close to zero in countries with initially higher performance levels,
which may reflect that some countries approached the limits of
cognitive plasticity or that societal structures have not yet been
optimized to improve cognition (Hessel et al., 2018). Similar results
have also been reported in some developing countries such as Saudi
Arabia, China, and Latin America countries (Colom et al., 2007;
Flynn & Flynn, 2012). Whether this is relevant among American
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older adults has not been adequately addressed, and as such this is
one topic to which additional research could contribute.
Our goal is to expand on previous investigations of cohort

differences in cognitive aging. The most popular method for
advancing our understanding of the Flynn effects on cognitive
aging is to examine cohort differences by comparing incidences
and transitions of cognitive impairment and dementia. However,
the classification criteria for cognitive status impacts the estimates
of cases of cognitive impairment and dementia and, thus, impacts
the comparison of secular cognition over time. Meanwhile, a few
studies compared the micro changes in cognitive decline among
nationally representative cohorts (Freedman et al., 2018). Thus, in
our study we use a nationally representative sample of American
older adults to examine continuous declines in cognitive function
across different age cohorts to investigate the role of cohort-related
differences in cognitive decline.

Method

Transparency and Openness

This research used data from the National Health and Aging
Trends Study (NHATS) conducted by the Johns Hopkins University
Bloomberg School of Public Health, with data collection by Westat,
and support from the National Institute on Aging. The de-identified
data and materials on which the study conclusions are based are
publicly available online at https://www.nhats.org and available after
an approval process as described by Freedman and Kasper (2019).
The Statistical Analysis System code necessary to reproduce these
analyses is available in the Supplemental Statistical Analysis System
Code. The study design, hypotheses, and analytic plan were not
preregistered.

Sample

We used data from the NHATS (2011–2019). The NHATS is
a nationally representative sample of adults aged 65 years and older
residing in community settings in the United States. It used a three-
stage sampling design from the national Medicare enrollment file
and targeted sample sizes by age group and race. The NHATS
commenced recruitment in 2011 and reinterviewed participants
annually with successive rounds enumerating the number of times
that a person was interviewed as well as the number of years since
2010. The NHATS refreshed the sample in 2015 (Figure 1), to
account for attrition and mortality biases that can affect prevalence
and incidence estimates from longitudinal studies (Nunan et al.,
2018). From all the NHATS respondents (n = 8,245), we excluded
respondents who were represented by a proxy to complete interview
questions and those lacking cognitive scores. We include a total of
7,325 participants who were followed from 2011 until 2015 and
labeled them “Cohort 1” and examined results from the additional
3,842 participants who were followed from 2015 until 2019 that
were labeled “Cohort 2.”

Measures

Cognitive Assessment

NHATS respondents took tests in three domains: Episodic
memory is a critical measure of cognition and is sensitive to cognitive

aging and Alzheimer’s disease (Elwood et al., 2013). A list of
10 nounswas read to each respondent as they appeared on a computer
screen. Then, the respondent was asked to recall as many words as
possible, given up to 2 min, in any order. A delayed word recall was
administered after two other cognitive tests, in which the respondent
was asked what words he/she could recall from the list read earlier.
Scoring was 1 point for each word remembered immediately and
delayed. The sum of immediate and delayed verbal recall tests of
each respondent is his/her episodic memory score (/20 points).
Orientation consists of date naming and naming the U.S. President
and Vice President. For date naming, respondents were asked “to tell
today’s date without looking at a calendar or watch,” including the
month, day, year, and day of the week. For the orientation test based
on naming the President and Vice President, respondents were asked
the names of the current President and Vice President. Each accurate
answer to the questions granted respondents a point covering date,
month, year, day of the week, as well as the first and last names of
the President and Vice President (/8 points). Executive function
was measured based on the Clock Drawing Test, in which each
respondent was asked to draw a clock on a piece of article in 2 min.
The scoring for this test is based on Schretlen’ s approach (/5 points;
Schretlen et al., 2010), utilizing a scale ranging from 0 to 5: 0 =
unidentifiable representation of a clock, 1 = highly distorted
depiction, 2 = moderately distorted rendering, 3 = slightly distorted
portrayal, 4 = reasonably accurate depiction, and 5 = entirely
accurate rendition. All cognitive scores have been standardized to
facilitate comparisons and interpretations across different individuals
and time points.

Demographic, Health, and Temporal Variables

Demographics are provided according towhich year the participant
is included. Advanced age and sex/gender are the two most widely
recognized risk factors for cognitive decline. Race/ethnicity is also
found to be related to the risks of cognitive decline and progression
to dementia (Mehta & Yeo, 2017). Education plays a beneficial role
in both cognitive assessment and decline processes (Clouston et al.,
2020). Cognitive instruments used repeatedly may be sensitive to
test unfamiliarity, also known as a learning/practice effect. People

Figure 1
National Health and Aging Trends Study Cohorts

Note. National Health and Aging Trends Study (NHATS) Cohorts were
representative of older Medicare beneficiaries. The first cohort in the NHATS
was recruited in 2011 and reinterviewed annually, while the 2nd cohort was
complemented in 2015. See the online article for the color version of thisfigure.
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tend to perform better upon repeated cognitive tests between the
first and subsequent assessments, due to increased familiarity with
the tests and decreased anxiety (Vivot et al., 2016). Test familiarity
effect can lead to improved performance over time due to practice or
improved familiarity with the test and testing circumstances, rather
than improved cognition. By including control for test unfamiliarity,
this study aims to separate the cognitive decline from potential bias
introduced by a lack of familiarity with the assessment. This allows
for a more accurate assessment of the actual cognitive changes
occurring over time, providing a clearer understanding of the factors
contributing to cognitive decline in our sample.
In summary, we controlled for annual observation round, year of

birth, sex/gender (male/female), educational attainment (less than
high school diploma, high school diploma, college degree and
beyond), race/ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, other minorities), familiarity (1 for each individual’s
first round in the cohort when they were unfamiliar with cognitive
assessments within the NHATS studies, and 0 for participants’
subsequent rounds), heart disease, hypertension, and diabetes of
each individual into our models.
The NHATS research team conducted the interviews and obtained

written informed consent from the participants. This research was
determined by the ethics review board at Stony Brook University to
be exempt from human subject review (Stony Brook, #498619,
“Integrative Analysis of Longitudinal Studies on Aging”).

Statistical Analyses

Linearmixedmodels (Laird&Ware, 1982) are a flexible approach
tomodeling unbalanced longitudinal data with considerable variation
in the content, number, and timing of observations for the individual
trajectories. It considers all available information over the follow-up
and deals with the intra-subject correlation observations (Gueorguieva
& Krystal, 2004; Raji et al., 2005).

We used year of birth as a continuous variable predictor and test
for linear and quadratic main and interaction effects in linear mixed
models to describe and compare cognitive decline among different
years of birth while we centered the year of birth variable in 1936
to improve interpretability of intercepts, and facilitate the
assessment of its effects on the cognitions. We ran separated
models unadjusted and adjusted for year of birth, round (year; 1–5),
sex/gender (male = 1, female = 2), education (<high school = 1,
high school graduate = 2, and college and beyond graduate = 3),
race (non-Hispanic White = 1, non-Hispanic Black = 2, other non-
Hispanic race = 3, and Hispanic = 4), unfamiliarity (first test = 1,
other tests= 0), heart disease (yes= 1, no= 0), hypertension (yes= 1,
no = 0), and diabetes (yes = 1, no = 0) to describe and compared
trends of standardized scores of episodic memory, orientation, and
executive function. We tested step-by-step to include significant
interactions between covariates and the cohort effect, including the
interaction between year of birth and sex/gender. All models
adjusted for survey design (weight, stratum, and cluster) to ensure
result generalizability to separately represent the older Medicare
beneficiary Americans living in community settings in 2011 and
2015. We conducted analyses using Statistical Analysis System 9.4.
All statistical tests used two-sided α = .05 to identify statistically
significant coefficients and 95% confidence intervals were used.

Results

Demographics

We present the demographic characteristics and comparison
tests of the two NHATS cohorts at baseline in Table 1. The
NHATS cohorts were majority female, high school graduates, and
non-Hispanic Whites. Compared to participants recruited in 2011,
a higher percentage of participants recruited in 2015 had high
school diplomas or were college graduates.

Table 1
Baseline Sample Characteristics of the National Health and Aging Trends Study

Characteristic Cohort 1 (2011–2015)a Cohort 2 (2015–2019)a pb pc

Sex/gender
Female 4,252 (58.05) 2,174 (56.59) .137 .094

Education
<High school 1,945 (26.83) 768 (20.73) <.001* <.001*
High school graduate 3,752 (51.76) 2,047 (55.26)
College and beyond graduate 1,552 (21.41) 889 (24.00)

Race
White, non-Hispanic 5,030 (69.36) 2,517 (68.03) .023* .039*
Black, non-Hispanic 1,585 (21.86) 793 (21.43)
Other non-Hispanic 205 (2.83) 135 (3.65)
Hispanic 432 (5.96) 255 (6.89)

Heart disease
Yes 1,332 (18.22) 618 (16.14) .006* .004*

Hypertension
Yes 4,897 (66.94) 2,549 (66.47) .611 .359

Diabetes
Yes 1,859 (25.39) 1,032 (26.90) .083 .127

Year of birth 1,933.53 (7.78) 1938.86 (7.83) <.001* <.001*
Total 7,325 3,842

a Cohort 1 was recruited in 2011, while Cohort 2 was recruited in 2015 (See Figure 1). b p values calculated for
an unweighted survey design. c Adjusted p values accounting for the intricacies of complex survey design
(including strata, clusters, and weights).
* p < .05.
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During the baseline assessment, participants recruited in 2015
exhibited notably higher average scores across all cognitive tests
(global cognition, episodic memory, orientation, and executive
function) when compared with those recruited in 2011. This
difference was observed in both unadjusted and adjusted analyses,
accounting for covariates such as cohort, sex/gender, baseline age,
education, race/ethnicity, heart disease, hypertension, and diabetes.

Comparison of Cognitive Decline Between Cohorts

To explore the effects of covariates on cognitive decline, we used
mixed-effect models adjusted for centered year of birth, round (year),
sex/gender, education, race/ethnicity, heart disease, hypertension,
diabetes, test unfamiliarity, as well as survey designs (Table 2).
In Table 3, we report the effects of year of birth, round, the

interaction between year of birth and round. The only significant
interaction was the one between the year of birth and sex/gender in
orientation, which was included in the final models. For each 1-year
increase in the year of birth, there was a significant increase observed
in the standardized scores of episodic memory, orientation, and
executive function, with estimated coefficients of 0.045 (SE =
0.001, p < .001), 0.034 (SE = 0.001, p < .001), and 0.036
(SE = 0.001, p < .001), respectively. These findings suggest that
advancing in birth year is associated with higher scores in all three
cognitive domains.
The interaction between the year of birth and round reveals that

the association between cognition and time significantly varies
based on the participant’s birth year. Notably, as cognitive scores
decline over time, participants born in later years exhibited a
significantly slower rate of decline in the standardized scores of
episodic memory, orientation, and executive function. Specifically,
the estimated coefficients were 0.004 (SE = 0.000, p < .001), 0.003
(SE = 0.000, p < .001), and 0.001 (SE = 0.000, p < .001),
respectively. These findings indicate that individuals born in later
years are expected to experience a more gradual decline in cognitive
function compared to those born in earlier years.

Effect of Demographics and Chronic Health Conditions
on Cognitive Decline

Older individuals who graduated from high school demonstrated
significantly higher standardized scores in episodic memory (0.381,

SE= 0.019, p< .001), orientation (0.435, SE= 0.019, p< .001), and
executive function (0.306, SE = 0.018, p < .001) when compared
to those who did not graduate from high school. Furthermore,
individuals with a college degree displayed a more pronounced
decline in episodicmemory (0.721, SE= 0.022, p< .001), orientation
(0.686, SE = 0.022, p < .001), and executive function (0.497,
SE = 0.021, p < .001) when compared to high school graduates.

Consistently, the presence of diabetes was associated with lower
standardized scores in episodic memory (−0.137, SE = 0.016, p <
.001), orientation (−0.090, SE = 0.016, p < .001), and executive
function (−0.093, SE = 0.015, p < .001). In comparison to females
at baseline, males exhibited a significantly lower score in episodic
memory (−0.231, SE = 0.014, p < .001) but better orientation
(0.034, SE = 0.014, p = .018). Specifically, we found a significant
interaction such that sex/gender disparities are increasing across
all the standardized scores in episodic memory (−0.007, SE= 0.002,
p < .001), orientation (−0.005, SE= 0.002, p= .008), and executive
function (−0.008, SE = 0.002, p < .001). As expected, we found
a significant effect of testing unfamiliarity across episodic memory
(−0.095, SE = 0.010, p < .001), orientation (−0.080, SE = 0.009,
p < .001), and executive function (−0.057, SE = 0.012, p < .001).

Figure 2 illustrates the estimated cognitive scores encompassing
episodic memory, orientation, and executive function, acquired
using mixed-effect models that were adjusted for various factors
including Year of Birth, Round (year of observation), Year of
Birth × Round, Year of Birth × Year of Birth, Male Sex/Gender,
Year of Birth × Sex/Gender, Education, Race/Ethnicity, Heart
Disease, Hypertension, Diabetes, Testing Unfamiliarity, and Survey
Designs. Our analysis was centered on birth year cohorts in 1926,
1936, and 1946, observing their cognitive trajectories across five
distinct rounds. The results reveal a noteworthy pattern: subsequent
generations exhibit notably higher initial cognitive scores and
relatively gentler declines across episodic memory, orientation,
and executive function. Moreover, since gender differences,
females consistently exhibit superior episodic memory and
executive function scores, both at the baseline and in the trajectory
of decline, with this advantage widening over time. Although
males initially hold an advantage in orientation compared to
females, this advantage erodes over generations, and there is a
possibility of females catching up or surpassing males in subsequent
generations.

Table 2
Crude and Multivariable-Adjusted Differences in Cognitive Functioning Across Three Domains in the National Health and Aging Trends
Study, Stratified by Recruitment Cohort

Cognitive
outcome

Unstandardized
M (SD)

Standardized
M (SD) Unadjusted for covariates Adjusted for covariates

Cohort 1
(2011–2015)a

Cohort 2
(2015–2019)a

Cohort 1
(2011–2015)a

Cohort 2
(2015–2019)a Unweighted pb Weighted pc Unweighted pd Weighted pe

Episodic memory 7.41 (3.67) 7.85 (3.68) −0.13 (0.97) −0.02 (0.98) <.001 <.001 .046 <.001
Orientation 5.77 (1.96) 6.23 (1.92) −0.16 (1.00) 0.07 (0.98) <.001 <.001 <.001 <.001
Executive function 3.24 (1.29) 3.55 (1.24) −0.23 (1.02) 0.02 (0.99) <.001 <.001 <.001 <.001

Note. Bold typface was used to highlight p values that were considered to be statistically significant.
a Cohort 1 was recruited in 2011, while Cohort 2 was recruited in 2015 (See Figure 1). b p values calculated without applying any survey design or
adjustments for covariates. c p values computed by considering survey design (including strata, clusters, and weights) but without applying any additional
adjustments for covariates. d p values calculated without applying any survey design to the survey design, but adjusted for covariates (cohort, sex/gender,
baseline age, education, race/ethnicity, heart disease, hypertension, diabetes). e p values computed by considering survey design (including strata, clusters,
and weights) and adjusted for covariates (cohort, sex/gender, baseline age, education, race/ethnicity, heart disease, hypertension, diabetes).
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Discussion

The main aims of our research were to investigate trends in
cognitive decline and determinants for the differences using a
nationally representative sample. Our findings show that significant
gains occurred in all the tested cognitive domains, across episodic
memory, executive function, and orientation, when comparing
participants born in an earlier year to those born in a later year.
Specifically, later generations had slower rates of decline for episodic
memory, executive function, and orientation. Consistently, poorer
educational attainments, diabetes, and minority race/ethnicity, are
associated with worse cognition. Significantly, our findings highlight
the escalating sex/gender disparities observed in the domains of
episodic memory, executive function, and orientation.

Cohort Trends

As described above, we described continuous changes in the
rate of cognitive decline among older Americans aged 65 years and
older from 2011 to 2015 and 2015 to 2019. Using the year of birth as
a continuous variable predictor and test for linear and quadratic main
and interaction effects, we focus on differences in intraindividual
change over time, accounting for interindividual differences in
cognition. In our comparison results, the difference in intercept
and cognitive decline was consistent across cognitive domains. The
most supportive evidence we found comes from analyses of episodic
memory, a part of “fluid cognition” and most sensitive to biological
aging processes. The later generation has a significantly higher
intercept and a slower rate of decline for episodic memory. These
results support the view that birth cohorts differ in terms of lifetime
cognitive performance, but also support the view that earlier cohorts
also have a slower decline of episodic memory (Skirbekk et al.,
2013) and that the participants’ episodic memory is better over time.
Furthermore, our comprehensive analysis illuminated a notable

reverse quadratic impact of birth year, underscoring that the observed
enhancements possess a finite trajectory and gradually decelerate
as time progresses. Furthermore, we found a consistent pattern in
orientation and executive function for the later cohort. These results
are in line with previous studies showing that later cohorts
demonstrate higher levels of cognition and decreased prevalence of
dementia, which continues in the 2000s for older people in the
United States (Crimmins et al., 2016; Freedman et al., 2018;
Hudomiet et al., 2018; Langa et al., 2017; Rocca et al., 2011; Weden
et al., 2018).

The intricate relationship between the cohort effect, the period
effect, and the Flynn effect warrants clarification. The cohort effect
addresses “the impact of historical effects on a group of individuals
who share similar environmental circumstances at equivalent points
in their maturation sequence” (Schaie, 2005). In contrast, the period
effect involves a specific alteration that transpires at a certain
juncture, uniformly impacting all age groups and cohorts. Crucially,
a hallmark of the period effect is its consistency across age groups,
remaining unaffected by birth year or cohort distinctions. The Flynn
effect, which describes the rise in average intelligence test scores over
generations, is intertwined with these concepts. Given that our study
encompassed participants born from 1906 to 1950 and employed
both birth cohort as a categorical predictor and year of birth as a
continuous predictor, we could effectively discern the cohort effect
during a period when no period effects were expected, contributing
to our understanding of cognitive trends in the context of the Flynn
effect.

Other Results

Consistent with the previous evidence, we found that poorer
educational level, minority race/ethnicity, heart disease, hypertension,
and diabetes were associated with lower cognition, while a higher

Table 3
Results From Longitudinal Mixed-Effects Models Showing Associations Between Year of Birth and Cognitive Functioning and Decline,
National Health and Aging Trends Study

Risk factor

Episodic memory Orientation Executive function

Est. SE p Est. SE p Est. SE p

Intercept 0.001 0.026 .984 −0.165 0.025 <.001 −0.161 0.026 <.001
Year of birth 0.045 0.001 <.001 0.034 0.001 <.001 0.036 0.001 <.001
Round (year of observation) −0.039 0.003 <.001 −0.037 0.003 <.001 0.001 0.004 .888
Year of Birth × Round 0.004 0.000 <.001 0.003 0.000 <.001 0.001 0.000 .002
Year of Birth −0.001 0.000 <.001 −0.001 0.000 <.001 −0.001 0.000 <.001
Male sex/gender −0.231 0.014 <.001 0.034 0.014 .018 −0.003 0.014 .803
Year of Birth × Sex/Gender −0.007 0.002 <.001 −0.005 0.002 .008 −0.008 0.002 <.001
High school diploma versus <high school 0.381 0.019 <.001 0.435 0.019 <.001 0.306 0.018 <.001
College graduate versus <high school 0.721 0.022 <.001 0.686 0.022 <.001 0.497 0.021 <.001
Heart disease 0.007 0.019 .724 −0.060 0.018 .001 −0.013 0.018 .454
Hypertension 0.009 0.014 .533 0.058 0.014 <.001 0.038 0.014 .005
Diabetes −0.137 0.016 <.001 −0.090 0.016 <.001 −0.093 0.015 <.001
Black, non-Hispanic versus White, non-Hispanic −0.355 0.026 <.001 −0.173 0.025 <.001 −0.377 0.025 <.001
Other race/ethnicity versus White, non-Hispanic −0.418 0.036 <.001 −0.217 0.036 <.001 −0.231 0.035 <.001
Hispanic versus White, non-Hispanic −0.334 0.029 <.001 −0.389 0.029 <.001 −0.348 0.028 <.001
Testing unfamiliarity −0.095 0.010 <.001 −0.080 0.009 <.001 −0.057 0.012 <.001

Note. Bold typeface was used to highlight p values that are statistically significant. Mixed-effect models were employed, adjusting for covariates such
as centered year of birth (1928), annual observation round, sex/gender, education, race/ethnicity, heart disease, hypertension, diabetes, and testing
unfamiliarity. The models also accounted for significant interactions. All outcomes were standardized (M = 0, SD = 1) to facilitate between-domain
comparisons. Est. = Estimate; SE = standard error.
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Figure 2
Expected Trends in Cognitive Decline Across Birth Year Cohorts and
Sex/Gender in the National Health and Aging Trends Study
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Note. (a) Episodic memory changes in birth cohorts stratified by sex/gender.
(b) Orientation changes in birth cohorts stratified by sex/gender. (c) Executive
function changes in birth cohorts stratified by sex/gender. Cognitive scores were
estimated using mixed-effect models, adjusting for variables such as Year of
birth, Round (year), Year of Birth × Round, and Year of Birth × Year of Birth.
The centered year of birth (1936) were incorporated to show mean rates
of cognitive change by cohort.
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level of education and test unfamiliarity was associatedwith cognition
(Yaffe et al., 2009). There were racial and ethnic differences in
cognition in late life (Garcia et al., 2018; Sheffield & Peek, 2011;
Weuve et al., 2018) that we also identified here.
In contrast with non-Hispanic Whites, individuals of other races

and ethnicities exhibit lower scores in episodic memory, orientation,
and executive memory at baseline. We also observed lowered
cognition in the first round consistent with testing unfamiliarity,
wherein participants scored lower in episodic memory, orientation,
and executive memory when undertaking the test for the first time.
In addition to the recognized sex/gender differences in cognition
during late life, our study revealed a widening gap in cognitive
functions between males and females, with males exhibiting poorer
cognitive function.We examined the potential for interaction effects
between the year of birth and participants’ sex/gender. Specifically,
when compared to females, males exhibited lower performance in
episodic memory, and this gap was observed to increase over time.
Furthermore, whilemales initially displayed advantages in orientation
and executive function, our findings suggest that these advantages
gradually diminish, indicating a convergence between the sex/gender
in these cognitive domains. The widening sex/gender disparity across
various cognitive domainswithin later generations is likely influenced
by a combination of sociocultural, biological, and environmental
factors. Changes in gender roles, improved educational opportunities
for women, and increased participation of women in cognitively
stimulating activities could contribute to enhanced cognitive perfor-
mance among females. Additionally, improvements in health care and
lifestyle factors might disproportionately benefit women’s cognitive
aging. On the other hand, societal shifts might have differentially
impacted cognitive engagement between genders, potentially leading
to the widening disparity observed over time. Future research could
delve deeper into the interplay of sociocultural, biological, and
environmental factors, which may yield insights into potential
intervention strategies to mitigate or manage the observed disparities.

Limitations and Strengths

Our study is novel in the description of continuous cognitive
decline trends across various cognitive domains of older Americans
and its use of large longitudinal, nationally representative cohorts
of older Americans. Despite several strengths of this study, several
limitations should be acknowledged. First, survivor bias could
emerge if participants who dropped out and those who stayed may
differ in terms of their cognitive function. Second, the participants
in our cohort were 65 years and older, and the average age was over
70 years old, so results may not generalize to people born after 1950
or who are younger than 65 years. Third, while we did identify
a cohort effect, the timespan of the study is very small and our
difference between cohorts was only 5.3 years. Since the theory
behind the Flynn effect implies that cognitive functioning changes
regularly over time, the ability to see that effect is determined largely
by three factors: sample size, the time between initial observations,
and the sensitivity of the outcome to these effects. Here, we used
highly sensitive measures of cognition and a relatively large sample
size, and we believe that this helped to facilitate the identification of
cohort changes despite the tight observational window. Fourth, here,
we do not specifically interrogate causation. Prior work has clarified
that higher educational attainment is related to improved cognition
even when accounting for earlier cognitive performance measures

(Clouston et al., 2012). Nevertheless, educational attainment here
was an incomplete explanation for cohort effects, thereby
suggesting that educational attainment alone is insufficient to
explain the complete cohort effect in the U.S. context. Finally,
prior studies examining changes in cognitive domain have reported
improved cognition but have also shown a similar tendency toward
improved mental health that was not interrogated here (Gerstorf
et al., 2015). As such, results may imply the potential for changes to
brain structure or functioning that could have broader implications
and should be studied further in follow-up studies.

Conclusion

This research provides mixed support for cohort differences
in cognitive decline among Americans aged 65 years and older.
Although the rate of cognitive decline varies across domains of
cognition, our results support the Flynn effect in cognitive domains
that the general levels of episodic memory, orientation, and executive
function of a later American cohort improve over generations. It
was noteworthy that our results indicate an expanding disparity in
episodic memory, orientation, and executive function between males
and females over time. Monitoring the significant risk factors and
disparities is important for the social security and health system
implications of population aging in the United States.

References

Brailean, A., Huisman,M., Prince,M., Prina, A.M., Deeg, D. J. H., &Comijs,
H. (2018). Cohort differences in cognitive aging in the longitudinal aging
study Amsterdam. The Journals of Gerontology. Series B, Psychological
Sciences and Social Sciences, 73(7), 1214–1223. https://doi.org/10.1093/
geronb/gbw129

Caplow, T., Hicks, L., & Wattenberg, B. J. (2001). The first measured
century: An illustrated guide to trends in America, 1900–2000. American
Enterprise Institute.

Chatterji, S., Byles, J., Cutler, D., Seeman, T., & Verdes, E. (2015). Health,
functioning, and disability in older adults—Present status and future
implications. The Lancet, 385(9967), 563–575. https://doi.org/10.1016/
S0140-6736(14)61462-8

Clouston, S. A. P., Kuh, D., Herd, P., Elliott, J., Richards, M., & Hofer,
S. M. (2012). Benefits of educational attainment on adult fluid cognition:
International evidence from three birth cohorts. International Journal of
Epidemiology, 41(6), 1729–1736. https://doi.org/10.1093/ije/dys148

Clouston, S. A. P., Muñiz Terrera, G., Rodgers, J. L., O’Keefe, P., Mann, F.,
Lewis, N. A., Wänström, L., Kaye, J., & Hofer, S. M. (2021). Cohort and
period effects as explanations for declining dementia trends and cognitive
aging. Population and Development Review, 47(3), 611–637. https://
doi.org/10.1111/padr.12409

Clouston, S. A. P., Smith, D. M., Mukherjee, S., Zhang, Y., Hou, W.,
Link, B. G., & Richards, M. (2020). Education and cognitive decline:
An integrative analysis of global longitudinal studies of cognitive aging.
The Journals of Gerontology: Series B: Psychological Sciences and
Social Sciences, 75(7), e151–e160. https://doi.org/10.1093/geronb/
gbz053

Colom, R., Flores-Mendoza, C. E., & Abad, F. J. (2007). Generational
changes on the draw-a-man test: A comparison of Brazilian urban and rural
children tested in 1930, 2002 and 2004. Journal of Biosocial Science,
39(1), 79–89. https://doi.org/10.1017/S0021932005001173

Crimmins, E. M., Saito, Y., & Kim, J. K. (2016). Change in cognitively
healthy and cognitively impaired life expectancy in the United States:
2000–2010. Social Science andMedicine—PopulationHealth, 2, 793–797.
https://doi.org/10.1016/j.ssmph.2016.10.007

464 ZHANG ET AL.

https://doi.org/10.1093/geronb/gbw129
https://doi.org/10.1093/geronb/gbw129
https://doi.org/10.1093/geronb/gbw129
https://doi.org/10.1016/S0140-6736(14)61462-8
https://doi.org/10.1016/S0140-6736(14)61462-8
https://doi.org/10.1016/S0140-6736(14)61462-8
https://doi.org/10.1093/ije/dys148
https://doi.org/10.1093/ije/dys148
https://doi.org/10.1111/padr.12409
https://doi.org/10.1111/padr.12409
https://doi.org/10.1111/padr.12409
https://doi.org/10.1111/padr.12409
https://doi.org/10.1093/geronb/gbz053
https://doi.org/10.1093/geronb/gbz053
https://doi.org/10.1093/geronb/gbz053
https://doi.org/10.1017/S0021932005001173
https://doi.org/10.1017/S0021932005001173
https://doi.org/10.1016/j.ssmph.2016.10.007
https://doi.org/10.1016/j.ssmph.2016.10.007
https://doi.org/10.1016/j.ssmph.2016.10.007
https://doi.org/10.1016/j.ssmph.2016.10.007
https://doi.org/10.1016/j.ssmph.2016.10.007
https://doi.org/10.1016/j.ssmph.2016.10.007


Dodge, H. H., Zhu, J., Hughes, T. F., Snitz, B. E., Chang, C. H., Jacobsen,
E. P., & Ganguli, M. (2017). Cohort effects in verbal memory function and
practice effects: A population-based study. International Psychogeriatrics,
29(1), 137–148. https://doi.org/10.1017/S1041610216001551

Dodge, H. H., Zhu, J., Lee, C.-W., Chang, C.-C. H., & Ganguli, M. (2014).
Cohort effects in age-associated cognitive trajectories. The Journals of
Gerontology: Series A: Biological Sciences and Medical Sciences, 69(6),
687–694. https://doi.org/10.1093/gerona/glt181

Dutton, E., & Lynn, R. (2015). A negative Flynn Effect in France, 1999
to 2008–9. Intelligence, 51, 67–70. https://doi.org/10.1016/j.intell.2015
.05.005

Dutton, E., van der Linden, D., & Lynn, R. (2016). The negative Flynn
Effect: A systematic literature review. Intelligence, 59, 163–169. https://
doi.org/10.1016/j.intell.2016.10.002

Elwood, P., Galante, J., Pickering, J., Palmer, S., Bayer, A., Ben-Shlomo, Y.,
Longley,M., &Gallacher, J. (2013). Healthy lifestyles reduce the incidence
of chronic diseases and dementia: Evidence from the Caerphilly cohort
study. PLOS ONE, 8(12), Article e81877. https://doi.org/10.1371/journal
.pone.0081877

Flynn, J. R. (1984). The mean IQ of Americans: Massive gains 1932 to 1978.
Psychological Bulletin, 95(1), 29–51. https://doi.org/10.1037/0033-2909
.95.1.29

Flynn, J. R. (1987). Massive IQ gains in 14 nations: What IQ tests really
measure. Psychological Bulletin, 101(2), 171–191. https://doi.org/10.1037/
0033-2909.101.2.171

Flynn, J. R. (2007).What is intelligence? Beyond the Flynn effect. Cambridge
University Press. https://doi.org/10.1017/CBO9780511605253

Flynn, J. R., & Flynn, J. R. (2012). Are we getting smarter? Rising IQ in the
twenty-first century. Cambridge University Press. https://doi.org/10.1017/
CBO9781139235679

Flynn, J. R., & Weiss, L. G. (2007). American IQ gains from 1932 to
2002: The WISC subtests and educational progress. International
Journal of Testing, 7(2), 209–224. https://doi.org/10.1080/1530505070
1193587

Freedman, V. A., & Kasper, J. D. (2019). Cohort profile: The national health
and aging trends study (NHATS). International Journal of Epidemiology,
48(4), 1044–1045g. https://doi.org/10.1093/ije/dyz109

Freedman, V. A., Kasper, J. D., Spillman, B. C., & Plassman, B. L.
(2018). Short-term changes in the prevalence of probable dementia:
An analysis of the 2011–2015 National Health and Aging Trends Study.
The Journals of Gerontology: Series B: Psychological Sciences and
Social Sciences, 73(suppl_1), S48–S56. https://doi.org/10.1093/geronb/
gbx144

Garcia,M.A., Saenz, J., Downer, B., &Wong, R. (2018). The role of education
in the association between race/ethnicity/nativity, cognitive impairment, and
dementia among older adults in the United States.Demographic Research,
38, 155–168. https://doi.org/10.4054/DemRes.2018.38.6

Gerstorf, D., Hülür, G., Drewelies, J., Eibich, P., Duezel, S., Demuth, I.,
Ghisletta, P., Steinhagen-Thiessen, E., Wagner, G. G., & Lindenberger, U.
(2015). Secular changes in late-life cognition and well-being: Towards
a long bright future with a short brisk ending? Psychology and Aging,
30(2), 301–310. https://doi.org/10.1037/pag0000016

Grasset, L., Jacqmin-Gadda, H., Proust-Lima, C., Pérès, K., Amieva, H.,
Dartigues, J.-F., & Helmer, C. (2018). Temporal trends in the level and
decline of cognition and disability in an elderly population: The PAQUID
study. American Journal of Epidemiology, 187(10), 2168–2176. https://
doi.org/10.1093/aje/kwy118

Gueorguieva, R., & Krystal, J. H. (2004). Move over ANOVA: Progress in
analyzing repeated-measures data and its reflection in papers published in
the archives of general psychiatry. Archives of General Psychiatry, 61(3),
310–317. https://doi.org/10.1001/archpsyc.61.3.310

Harada, C. N., Natelson Love, M. C., & Triebel, K. L. (2013). Normal
cognitive aging. Clinics in Geriatric Medicine, 29(4), 737–752. https://
doi.org/10.1016/j.cger.2013.07.002

Hessel, P., Kinge, J. M., Skirbekk, V., & Staudinger, U. M. (2018). Trends
and determinants of the Flynn effect in cognitive functioning among
older individuals in 10 European countries. Journal of Epidemiology and
Community Health, 72(5), 383–389. https://doi.org/10.1136/jech-2017-
209979

Horn, J. (1987). A context for understanding information processing studies
of human abilities. In P. A. Vernon (Ed.), Speed of information-processing
and intelligence (pp. 201–238). Ablex Publishing.

Hudomiet, P., Hurd, M. D., & Rohwedder, S. (2018). Dementia prevalence
in the United States in 2000 and 2012: Estimates based on a nationally
representative study. The Journals of Gerontology, Series B: Psychological
Sciences and Social Sciences, 73(suppl_1), S10–S19. https://doi.org/10
.1093/geronb/gbx169

Karlsson, P., Thorvaldsson, V., Skoog, I., Gudmundsson, P., & Johansson, B.
(2015). Birth cohort differences in fluid cognition in old age: Comparisons
of trends in levels and change trajectories over 30 years in three population-
based samples. Psychology and Aging, 30(1), 83–94. https://doi.org/10
.1037/a0038643

Laird, N. M., & Ware, J. H. (1982). Random-effects models for longitudinal
data. Biometrics, 38(4), 963–974. https://doi.org/10.2307/2529876

Langa, K. M., Larson, E. B., Crimmins, E. M., Faul, J. D., Levine, D. A.,
Kabeto, M. U., & Weir, D. R. (2017). A comparison of the prevalence
of dementia in the United States in 2000 and 2012. JAMA Internal
Medicine, 177(1), 51–58. https://doi.org/10.1001/jamainternmed.2016.
6807

Lynn, R. (2013). Who discovered the Flynn effect? A review of early
studies of the secular increase of intelligence. Intelligence, 41(6), 765–769.
https://doi.org/10.1016/j.intell.2013.03.008

Mehta, K.M., &Yeo, G.W. (2017). Systematic review of dementia prevalence
and incidence in United States race/ethnic populations. Alzheimer’s &
Dementia: The Journal of the Alzheimer’s Association, 13(1), 72–83. https://
doi.org/10.1016/j.jalz.2016.06.2360

Nunan, D., Aronson, J., & Bankhead, C. (2018). Catalogue of bias: Attrition
bias.BMJ Evidence-BasedMedicine, 23(1), 21–22. https://doi.org/10.1136/
ebmed-2017-110883

Pietschnig, J., & Voracek, M. (2015). One century of global IQ gains:
A formal meta-analysis of the Flynn effect (1909–2013). Perspectives
on Psychological Science, 10(3), 282–306. https://doi.org/10.1177/17456
91615577701

Raji, M. A., Kuo, Y. F., Snih, S. A., Markides, K. S., Peek, M. K., &
Ottenbacher, K. J. (2005). Cognitive status, muscle strength, and subsequent
disability in olderMexicanAmericans. Journal of the AmericanGeriatrics
Society, 53(9), 1462–1468. https://doi.org/10.1111/j.1532-5415.2005
.53457.x

Rocca, W. A., Petersen, R. C., Knopman, D. S., Hebert, L. E., Evans, D. A.,
Hall, K. S., Gao, S., Unverzagt, F.W., Langa,K.M., Larson, E. B.,&White,
L. R. (2011). Trends in the incidence and prevalence of Alzheimer’s disease,
dementia, and cognitive impairment in the United States. Alzheimer’s &
Dementia: The Journal of the Alzheimer’s Association, 7(1), 80–93. https://
doi.org/10.1016/j.jalz.2010.11.002

Rönnlund, M., & Nilsson, L.-G. (2009). Flynn effects on sub-factors of
episodic and semantic memory: Parallel gains over time and the same set
of determining factors. Neuropsychologia, 47(11), 2174–2180. https://
doi.org/10.1016/j.neuropsychologia.2008.11.007

Runquist, E. (1936). Intelligence test scores and school marks in 1928 and
1933. School & Society, 43, 301–304.

Schaie, K. W. (2005). Developmental influences on adult intelligence:
The Seattle longitudinal study. Oxford University Press. https://doi.org/10
.1093/acprof:oso/9780195156737.001.0001

Schretlen, D., Testa, S., & Pealson, G. (2010). Clock-drawing test scoring
approach from the Calibrated Neuropsychological Normative System.
Psychological Assessment Resources.

Sheffield, K. M., & Peek, M. K. (2011). Changes in the prevalence of
cognitive impairment among older Americans, 1993–2004: Overall trends

THE FLYNN EFFECT AND COGNITIVE DECLINE 465

https://doi.org/10.1017/S1041610216001551
https://doi.org/10.1017/S1041610216001551
https://doi.org/10.1093/gerona/glt181
https://doi.org/10.1093/gerona/glt181
https://doi.org/10.1016/j.intell.2015.05.005
https://doi.org/10.1016/j.intell.2015.05.005
https://doi.org/10.1016/j.intell.2015.05.005
https://doi.org/10.1016/j.intell.2015.05.005
https://doi.org/10.1016/j.intell.2015.05.005
https://doi.org/10.1016/j.intell.2015.05.005
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1016/j.intell.2016.10.002
https://doi.org/10.1371/journal.pone.0081877
https://doi.org/10.1371/journal.pone.0081877
https://doi.org/10.1371/journal.pone.0081877
https://doi.org/10.1371/journal.pone.0081877
https://doi.org/10.1037/0033-2909.95.1.29
https://doi.org/10.1037/0033-2909.95.1.29
https://doi.org/10.1037/0033-2909.95.1.29
https://doi.org/10.1037/0033-2909.95.1.29
https://doi.org/10.1037/0033-2909.95.1.29
https://doi.org/10.1037/0033-2909.101.2.171
https://doi.org/10.1037/0033-2909.101.2.171
https://doi.org/10.1037/0033-2909.101.2.171
https://doi.org/10.1037/0033-2909.101.2.171
https://doi.org/10.1037/0033-2909.101.2.171
https://doi.org/10.1037/0033-2909.101.2.171
https://doi.org/10.1017/CBO9780511605253
https://doi.org/10.1017/CBO9780511605253
https://doi.org/10.1017/CBO9781139235679
https://doi.org/10.1017/CBO9781139235679
https://doi.org/10.1017/CBO9781139235679
https://doi.org/10.1080/15305050701193587
https://doi.org/10.1080/15305050701193587
https://doi.org/10.1080/15305050701193587
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/geronb/gbx144
https://doi.org/10.1093/geronb/gbx144
https://doi.org/10.1093/geronb/gbx144
https://doi.org/10.4054/DemRes.2018.38.6
https://doi.org/10.4054/DemRes.2018.38.6
https://doi.org/10.4054/DemRes.2018.38.6
https://doi.org/10.4054/DemRes.2018.38.6
https://doi.org/10.4054/DemRes.2018.38.6
https://doi.org/10.1037/pag0000016
https://doi.org/10.1037/pag0000016
https://doi.org/10.1093/aje/kwy118
https://doi.org/10.1093/aje/kwy118
https://doi.org/10.1093/aje/kwy118
https://doi.org/10.1001/archpsyc.61.3.310
https://doi.org/10.1001/archpsyc.61.3.310
https://doi.org/10.1001/archpsyc.61.3.310
https://doi.org/10.1001/archpsyc.61.3.310
https://doi.org/10.1001/archpsyc.61.3.310
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1136/jech-2017-209979
https://doi.org/10.1136/jech-2017-209979
https://doi.org/10.1136/jech-2017-209979
https://doi.org/10.1093/geronb/gbx169
https://doi.org/10.1093/geronb/gbx169
https://doi.org/10.1037/a0038643
https://doi.org/10.1037/a0038643
https://doi.org/10.2307/2529876
https://doi.org/10.2307/2529876
https://doi.org/10.1001/jamainternmed.2016.6807
https://doi.org/10.1001/jamainternmed.2016.6807
https://doi.org/10.1001/jamainternmed.2016.6807
https://doi.org/10.1001/jamainternmed.2016.6807
https://doi.org/10.1001/jamainternmed.2016.6807
https://doi.org/10.1016/j.intell.2013.03.008
https://doi.org/10.1016/j.intell.2013.03.008
https://doi.org/10.1016/j.intell.2013.03.008
https://doi.org/10.1016/j.intell.2013.03.008
https://doi.org/10.1016/j.intell.2013.03.008
https://doi.org/10.1016/j.intell.2013.03.008
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1016/j.jalz.2016.06.2360
https://doi.org/10.1136/ebmed-2017-110883
https://doi.org/10.1136/ebmed-2017-110883
https://doi.org/10.1136/ebmed-2017-110883
https://doi.org/10.1177/1745691615577701
https://doi.org/10.1177/1745691615577701
https://doi.org/10.1177/1745691615577701
https://doi.org/10.1111/j.1532-5415.2005.53457.x
https://doi.org/10.1111/j.1532-5415.2005.53457.x
https://doi.org/10.1111/j.1532-5415.2005.53457.x
https://doi.org/10.1111/j.1532-5415.2005.53457.x
https://doi.org/10.1111/j.1532-5415.2005.53457.x
https://doi.org/10.1111/j.1532-5415.2005.53457.x
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.jalz.2010.11.002
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1016/j.neuropsychologia.2008.11.007
https://doi.org/10.1093/acprof:oso/9780195156737.001.0001
https://doi.org/10.1093/acprof:oso/9780195156737.001.0001
https://doi.org/10.1093/acprof:oso/9780195156737.001.0001
https://doi.org/10.1093/acprof:oso/9780195156737.001.0001


and differences by race/ethnicity. American Journal of Epidemiology,
174(3), 274–283. https://doi.org/10.1093/aje/kwr074

Skirbekk, V., Stonawski, M., Bonsang, E., & Staudinger, U. M. (2013). The
Flynn effect and population aging. Intelligence, 41(3), 169–177. https://
doi.org/10.1016/j.intell.2013.02.001

Skoog, I., Börjesson-Hanson, A., Kern, S., Johansson, L., Falk, H., Sigström,
R., & Östling, S. (2017). Decreasing prevalence of dementia in 85-year
olds examined 22 years apart: The influence of education and stroke.
Scientific Reports, 7(1), Article 6136. https://doi.org/10.1038/s41598-
017-05022-8

Smith, S. (1942). Language and non-verbal test performance of racial
groups in Honolulu before and after a fourteen-year interval. Journal of
General Psychology, 26(1), 51–93. https://doi.org/10.1080/00221309
.1942.10544718

Sundet, J. M., Barlaug, D. G., & Torjussen, T. M. (2004). The end of the
Flynn effect? A study of secular trends in mean intelligence test scores of
Norwegian conscripts during half a century. Intelligence, 32(4), 349–362.
https://doi.org/10.1016/S0160-2896(04)00052-2

Trahan, L. H., Stuebing, K. K., Fletcher, J. M., & Hiscock, M. (2014). The
Flynn effect: Ameta-analysis.Psychological Bulletin, 140(5), 1332–1360.
https://doi.org/10.1037/a0037173

Vivot, A., Power, M. C., Glymour, M.M., Mayeda, E. R., Benitez, A., Spiro,
A., III, Manly, J. J., Proust-Lima, C., Dufouil, C., & Gross, A. L. (2016).
Jump, hop, or skip: Modeling practice effects in studies of determinants
of cognitive change in older adults. American Journal of Epidemiology,
183(4), 302–314. https://doi.org/10.1093/aje/kwv212

Weden, M. M., Shih, R. A., Kabeto, M. U., & Langa, K. M. (2018). Secular
trends in dementia and cognitive impairment of US rural and urban older
adults. American Journal of Preventive Medicine, 54(2), 164–172. https://
doi.org/10.1016/j.amepre.2017.10.021

Weuve, J., Rajan, K. B., Barnes, L. L., Wilson, R. S., & Evans, D. A. (2018).
Secular trends in cognitive performance in older black and white US

adults, 1993–2012: Findings from the Chicago Health and Aging Project.
The Journals of Gerontology: Series B: Psychological Sciences and Social
Sciences, 73(suppl_1), S73–S81. https://doi.org/10.1093/geronb/gbx167

Wheeler, L. R. (1942). A comparative study of the intelligence of East
Tennessee mountain children. Journal of Educational Psychology, 33(5),
321–334. https://doi.org/10.1037/h0063294

Winblad, B., Amouyel, P., Andrieu, S., Ballard, C., Brayne, C., Brodaty, H.,
Cedazo-Minguez, A., Dubois, B., Edvardsson, D., Feldman, H., Fratiglioni,
L., Frisoni, G. B., Gauthier, S., Georges, J., Graff, C., Iqbal, K., Jessen, F.,
Johansson, G., Jönsson, L., … Zetterberg, H. (2016). Defeating
Alzheimer’s disease and other dementias: A priority for European science
and society. The Lancet Neurology, 15(5), 455–532. https://doi.org/10
.1016/S1474-4422(16)00062-4

Wolters, F. J., & Ikram, M. A. (2018). Epidemiology of dementia: The
burden on society, the challenges for research. In R. Perneczky (Ed.),
Biomarkers for Alzheimer’s disease drug development, methods in
molecular biology (pp. 3–14). Humana Press. https://doi.org/10.1007/978-
1-4939-7704-8_27

Yaffe, K., Fiocco, A. J., Lindquist, K., Vittinghoff, E., Simonsick, E. M.,
Newman, A. B., Satterfield, S., Rosano, C., Rubin, S.M., Ayonayon, H. N.,
Harris, T. B., & the Health ABC Study. (2009). Predictors of maintaining
cognitive function in older adults: The Health ABC study. Neurology,
72(23), 2029–2035. https://doi.org/10.1212/WNL.0b013e3181a92c36

Zelinski, E. M., & Kennison, R. F. (2007). Not your parents’ test scores:
Cohort reduces psychometric aging effects. Psychology and Aging, 22(3),
546–557. https://doi.org/10.1037/0882-7974.22.3.546

Received August 11, 2022
Revision received May 6, 2024

Accepted May 13, 2024 ▪

466 ZHANG ET AL.

https://doi.org/10.1093/aje/kwr074
https://doi.org/10.1093/aje/kwr074
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1016/j.intell.2013.02.001
https://doi.org/10.1038/s41598-017-05022-8
https://doi.org/10.1038/s41598-017-05022-8
https://doi.org/10.1038/s41598-017-05022-8
https://doi.org/10.1080/00221309.1942.10544718
https://doi.org/10.1080/00221309.1942.10544718
https://doi.org/10.1080/00221309.1942.10544718
https://doi.org/10.1080/00221309.1942.10544718
https://doi.org/10.1016/S0160-2896(04)00052-2
https://doi.org/10.1016/S0160-2896(04)00052-2
https://doi.org/10.1037/a0037173
https://doi.org/10.1037/a0037173
https://doi.org/10.1093/aje/kwv212
https://doi.org/10.1093/aje/kwv212
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1093/geronb/gbx167
https://doi.org/10.1093/geronb/gbx167
https://doi.org/10.1037/h0063294
https://doi.org/10.1037/h0063294
https://doi.org/10.1016/S1474-4422(16)00062-4
https://doi.org/10.1016/S1474-4422(16)00062-4
https://doi.org/10.1007/978-1-4939-7704-8_27
https://doi.org/10.1007/978-1-4939-7704-8_27
https://doi.org/10.1007/978-1-4939-7704-8_27
https://doi.org/10.1212/WNL.0b013e3181a92c36
https://doi.org/10.1212/WNL.0b013e3181a92c36
https://doi.org/10.1212/WNL.0b013e3181a92c36
https://doi.org/10.1037/0882-7974.22.3.546
https://doi.org/10.1037/0882-7974.22.3.546
https://doi.org/10.1037/0882-7974.22.3.546
https://doi.org/10.1037/0882-7974.22.3.546
https://doi.org/10.1037/0882-7974.22.3.546

	The Flynn Effect and Cognitive Decline Among Americans Aged 65 Years and Older
	Method
	Transparency and Openness
	Sample
	Measures
	Cognitive Assessment
	Demographic, Health, and Temporal Variables

	Statistical Analyses

	Results
	Demographics
	Comparison of Cognitive Decline Between Cohorts
	Effect of Demographics and Chronic Health Conditions on Cognitive Decline

	Discussion
	Cohort Trends
	Other Results
	Limitations and Strengths

	Conclusion
	References


