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Abstract

Participation in cognitively stimulating leisure activities such as crossword puzzles may delay
onset of the memory decline in the preclinical stages of dementia, possibly via its effect on
improving cognitive reserve. We followed 488 initially cognitively intact community residing
individuals with clinical and cognitive assessments every 12—18 months in the Bronx Aging
Study. We assessed the influence of crossword puzzle participation on the onset of accelerated
memory decline as measured by the Buschke Selective Reminding Test in 101 individuals who
developed incident dementia using a change point model. Crossword puzzle participation at
baseline delayed onset of accelerated memory decline by 2.54 years. Inclusion of education or
participation in other cognitively stimulating activities did not significantly add to the fit of the
model beyond the effect of puzzles. Our findings show that late life crossword puzzle
participation, independent of education, was associated with delayed onset of memory decline in
persons who developed dementia. Given the wide availability and accessibility of crossword
puzzles, their role in preventing cognitive decline should be validated in future clinical trials.
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INTRODUCTION

The rapid graying of the U.S. population and the attendant increase in diseases such as
Alzheimer’s disease (AD) has heightened public and scientific interest in identifying ways
to maintain cognitive vitality and prevent the onset of dementia. Cognitively stimulating
leisure activities have been reported to be associated with reduced risk of developing
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dementia and mild cognitive impairment (MCI) syndromes (Verghese, Lipton, et al., 2003;
Verghese et al., 2006). However, not all studies have found these associations (Aartsen,
Smits, van Tilburg, Knipscheer, & Deeg, 2002).

Empirical support for the amount of mental activity and its role in influencing rate of mental
ageing is yet to be conclusively demonstrated. The role of crossword puzzles in preventing
cognitive decline is of particular interest given their wide availability (newspapers, books,
and the Internet), easy accessibility, and minimal cost. The U.S. census bureau reported that
14 to 16% of the adult population did crossword puzzles, with at least half of the puzzlers
doing it at least two or more times a week (United States Census Bureau, 1998, 2008).
Fifteen percent of participants in the Bronx Aging study (BAS) reported doing crossword
puzzles; supporting this pastime’s popularity among older populations (Verghese, Lipton, et
al., 2003; Verghese et al., 2006). Although attempting to solve crossword puzzles is
frequently mentioned and recommended in the popular press as a mentally stimulating
activity, there is surprisingly little empirical support for their role in influencing the rate of
cognitive aging.

Crossword puzzles might reduce risk of cognitive decline via their effect on improving
cognitive reserve, direct disease modification effects, or they may be a marker for other
healthy behaviors (Verghese, Lipton, et al., 2003; Verghese et al., 2006). The cognitive
reserve hypothesis suggests that some individual characteristics such as participation in
cognitively stimulating activities or education result in maintenance of cognitive function in
the face of accumulating dementia pathology in the brain (Katzman, 1993; Stern, 2009). In
support of this hypothesis, we have previously reported that subjects who participated
frequently in cognitively stimulating leisure activities had a later onset of cognitive decline
and more rapid post-onset cognitive decline (Hall et al., 2009). Crossword puzzles are a
learned skill but related to education; although not all educated people are active puzzlers.
Therefore, studying crosswords provides a way to study if proficiency in a specific learned
skill rather than education in general (which could have other confounders like occupation)
can have an effect on cognitive decline.

Herein, we analyzed if participation in crossword puzzles affected the trajectory of memory
decline in 101 Bronx Aging Study (BAS) participants who ultimately developed dementia.
Specifically, we use change point models to ascertain whether the onset of accelerated
memory decline (the change point) was delayed in crossword puzzle players and how the
rate of memory decline after the change point was affected (Hall et al., 2009).

Study Population

The Bronx Aging Study cohort included 488 healthy community-dwelling individual
volunteers living in Bronx County, New York, enrolled between 1980 and 1983. Study
design, methods, and demographics have been previously described (Verghese et al., 2002,
2006; Verghese, Lipton, et al., 2003; Hall et al., 2009). The study enrolled English-speaking
subjects between 75 and 85 years of age. Exclusion criteria included previous diagnoses of
idiopathic Parkinson’s disease, liver disease, alcoholism, or known terminal illness; severe
visual and hearing impairment interfering with completion of neuropsychological tests; and
presence of dementia. The inception cohort was middle class, 90% white, and 64.5%
women. This analysis includes 101 study participants who were cognitively normal at
baseline, reported their formal education and participation in leisure activities at baseline,
and developed incident dementia during follow-up. The local institutional review board
approved the study protocols. Written informed consent was obtained from all subjects and
surrogate decision makers at enrollment.
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Cognitive Evaluation

An extensive battery of validated neuropsychological tests was administered to all
participants at all study visits and was used to inform dementia diagnosis at case conferences
(Verghese, Lipton, et al., 2003). For the purposes of this study, we examined performance
on the Buschke Selective Reminding Test (SRT) (Buschke, 1973; Buschke & Fuld, 1974), a
word list memory test that was not used as part of the diagnostic process. The sum of recall
on the SRT has been reported to predict incident dementia in this cohort (Masur et al., 1989;
Masur, Fuld, Blau, Crystal, & Aronson, 1990; Masur, Sliwinski, Lipton, Blau, & Crystal,
1994). Episodic memory problems including delayed free recall and recognition are
prominent in early AD, the most common subtype of dementia in older patients (Greene,
Baddeley, & Hodges, 1996; Wilson, Bacon, Fox, & Kaszniak, 1983) unlike normal older
adults (Munro Cullum, Butters, Troster, & Salmon, 1990; Salthouse, Fristoe, & Rhee, 1996).
In a previous study in the same cohort using similar change point methods to the current
study, we have also reported that accelerated decline in memory processes occurs earlier
than decline in other non-memory cognitive processes (Hall et al., 2001).

Dementia Diagnosis

At study visits, subjects with suspected dementia received a clinical workup, including CT
scans and blood tests to rule out reversible causes of dementia. Triggers for workup for
reversible or underlying causes of dementia during the follow-up visits included reports of
new or progressive memory or other cognitive complaints by the subjects or caregivers
during study visits, observations made by study clinicians during the clinical and neurologic
evaluations, Blessed test performance (Blessed, Tomlinson, & Roth, 1968) increase of four
or more points since the previous visit or more than eight errors on the current visit), and a
pattern of worsening scores (cutoff scores not used) on the neuropsychological test battery
compared to previous visits. As noted above, the SRT score was not used as part of the
diagnostic process.

A diagnosis of dementia was assigned at case conferences attended by study neurologist,
neuropsychologist, and a geriatric nurse clinician, using the Diagnostic and Statistical
Manual of Mental Disorders, third edition, and the revised third edition criteria (American
Psychiatric Association, 1980, 1987). Updated criteria for dementia and subtypes were
introduced after the study launch. To ensure uniformity of diagnosis, all cases in the
inception cohort were re-conferenced in 2001 by a neurologist and a neuropsychologist who
did not participate in diagnostic conferences from 1980 to 1998 (Verghese, Lipton, et al.,
2003). The diagnosticians had access to all available information for each subject at the
conference, including results of any investigations done at or following the study visit when
dementia was diagnosed. Disagreements between raters were resolved by consensus after
presenting the case to a second neurologist.

Leisure Activities and Crossword Puzzles

At baseline, participants were interviewed about participation in six cognitive leisure
activities (reading, writing, crossword puzzles, board or card games, group discussions, or
playing music). We coded self-reported frequency of participation to generate a scale on
which one point corresponded to participation in one activity for 1 day per week. For each
activity, subjects received seven points for daily participation; four points for participating
several days per week; one point for weekly participation; and zero points for participating
occasionally or never. For this analysis, we report CAS scores excluding participation in
crossword puzzles, which was independently examined as the main predictor for this
analysis. We summed activity days across the remaining five activities to generate a
Cognitive Activity Scale (CAS) for each participant (Verghese, Lipton, et al., 2003) CAS
scores ranged from 0 (does not participate in any activity) to 35 (daily participation in all 5
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activities excluding puzzles). For instance, a subject who read daily (7 points) and played
chess 3—4 days per week (4 points) would receive a total score of 11 points. We have
reported that CAS scores were not correlated with age (Verghese, Lipton, et al., 2003).

We tested various metrics for quantifying crossword puzzle playing that incorporated
frequency of participation in our preliminary analyses. However, the results using these
scales were not materially different using self-reported history of crossword puzzle playing
(irrespective of frequency). Hence, for ease of interpretation the predictor reported is self-
reported history of crossword puzzle playing at baseline study visit.

Thirteen participants (3 crossword puzzlers) from this dementia study sample received brain
autopsies. Senile plaques (SP) and neurofibrillary tangles (NFT) were counted in mid-
frontal, temporal, parietal, hippocampal, and subcortical regions with thioflavin-S
fluorescent microscopy as previously described (Verghese, Buschke, et al., 2003).

Statistical Methods

We modeled scores on the SRT as a function of the subjects’ self-reported participation in
crossword puzzles, and time before diagnosis of dementia (measured in years) for each
subject contributing observations to the analysis. The basic conceptual model assumes that
memory as measured by the SRT declines at a constant (possibly non-significant) rate before
some unknown change point (presumed to be several years before dementia diagnosis), after
which the decline would be more rapid. This assumption is supported by theory (Petersen et
al., 2001) and by previously reported findings from this cohort (Hall et al., 2007, 2009) and
elsewhere (Wilson, Beckett, Bienias, Evans, & Bennett, 2003). The rates of memory decline
were also assumed to be constant in time but random effects were used to allow that rate to
vary across individuals. The expected SRT score at the change point, and the rates of decline
before and after the change point were estimated from the data. The change point and the
rates of decline before and after were allowed to vary as a function of self-reported
participation in crossword puzzles. Interaction terms were included in the model to allow the
rates of cognitive decline before and after the change point to vary as a function of
crossword puzzle participation. We also fit a similar model in which both crossword puzzle
participation and education were allowed to affect the change point and the rates of
cognitive decline to consider the possibility that one of the two measures may confound or
mediate the effect of the other. We used a similar approach to study potential confounding
by participation in cognitive activities other than crossword puzzles. To account for baseline
differences in cognitive status among puzzlers and non-puzzlers, we conducted a subgroup
analysis restricted to participants with baseline verbal 1Q scores of 95 and higher (excluding
participants with scores in the lowest quartile).

If the change point were known a priori, the model would be a linear model in the
unknowns; however, the unknown change point makes this part of a class of statistical
models called nonlinear mixed effects models (Lindstrom & Bates, 1990). Maximum
likelihood, assuming normal distributions for the SRT scores and the random effects, was
used to estimate all model unknowns, using the SAS procedure NLMIXED (SAS Institute,
Cary, NC). Missing clinic visits were assumed to be at random, and Akaike’s information
criterion (Akaike, 1974) was used to assess whether the random effects added to the model
fit.

For the exploratory clinicopathological study, we compared markers of Alzheimer pathology
in mid-frontal, temporal, parietal, hippocampus, and parahippocampus regions in
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participants who did and did not play crossword puzzles using descriptive statistics (Altman,
2006).

The 101 study participants contributing data to these analyses averaged 79.5 years of age at
baseline (range, 73.4-87.4 years). Sixty-two percent of participants were women, and 91%
were non-Hispanic whites. The mean score on the Buschke SRT at baseline was 32.8
(standard deviation, 10.8). The mean time to dementia diagnosis was 5.0 years (maximum,
15.9 years), a total of 505 person-years of follow-up over 351 clinic visits.

Forty-seven of the participants were classified at consensus diagnostic conferences as
probable or possible AD, 25 as probable or possible vascular dementia, 23 as mixed
dementia, and 6 as other subtypes (2 Lewy body dementia, 1 Pick’s disease, 2 vitamin B12
deficiency, 1 Parkinsonian dementia). Participation in crossword puzzles at baseline was not
associated with the age at which dementia was diagnosed (Table 1).

Table 1 lists demographics of the 101 participants by reported crossword puzzle
participation. Seventeen subjects reported playing crossword puzzles, with the frequency
ranging from less than once per week in nine participants, once per week in two, 2-6 days
per week in one, and daily in five participants. There were no significant differences in age
or sex distribution between the crossword puzzle players and remaining subjects. Crossword
puzzlers had nonsignificantly higher mean education level than non-puzzlers. Crossword
puzzle players also had significantly higher mean estimated Verbal 1Q scores compared to
controls. While the mean CAS scores (for participation in the five leisure activities other
than crossword puzzles) were higher in crossword players, the group difference was not
significant. The median CAS scores in both groups were 7 activity days.

Table 2 shows the results for the change point model. Effect of crossword puzzles is
reported in terms of self-reported participation at baseline. Participation in crossword
puzzles resulted in a 2.54 years delay in the beginning of accelerated memory decline, but
once the decline began, the rate of decline was 3.31 SRT points per year more rapid for
crossword puzzlers than for non-puzzlers. Participants who had reported doing crossword
puzzles had non-significantly better scores on the SRT at their later change point (39.01 vs.
34.92; p=.16). The mean SRT score at the time point when dementia was diagnosed was
similar in the puzzlers and non-puzzlers (23.67 vs. 24.05; p = .13) because of the much more
rapid memory decline in the puzzlers after the change point.

Figure 1 shows the relationship between crossword puzzle participation and the natural
history of memory. Figure 1 compares the expected trajectory of memory function for a
typical study participant who did crossword puzzles to a typical participant who did not do
crossword puzzles. The former participant would have experienced accelerated decline
beginning 2.88 years before diagnosis, whereas the latter participant would have
experienced accelerated decline beginning 5.42 years before diagnosis.

We considered the effect of education, which has previously been shown to influence
cognitive trajectory of preclinical dementia in this sample (Hall et al., 2007). Specifically,
we considered a model in which both education and crossword puzzle participation could
affect the change point and the rate of post-change point decline, comparing it to models
including only education, and only crossword puzzle participation. In the model with both
education and puzzle participation, only puzzles were associated with either a delay in the
onset of cognitive decline and an increase in the post-acceleration rate of decline; the
addition of education did not improve model fit compared to a model with just puzzle
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participation (likelihood ratio test statistic = 0.9 with 3 degrees of freedom; p = .83).
However, adding puzzle participation to a model with just education significantly improved
the fit (likelihood ratio test statistic = 14.0 with 3 degrees of freedom, p = .003). Inclusion of
cognitive activity other than crossword puzzles into the model did not improve model fit
(likelihood ratio test statistic = 0.4 with 2 degrees of freedom; p = .82).

In a subgroup analysis restricted to the 15 puzzlers and 55 non-puzzlers with baseline verbal
1Q scores of 95 or higher, the differences in cognitive trajectories were even more marked
than the primary analysis. The difference between change points was 4.02 years (95%
confidence interval [Cl], 1.74-6.29) and the difference between post-change point rates of
decline was 3.98 points/year (95% ClI, 0.80-7.17).

As the puzzlers and non-puzzlers differed in baseline verbal 1Q (Table 1), we matched the
puzzlers to non-puzzlers on verbal 1Q and repeated the analyses. This subgroup contained 14
puzzlers and 14 non-puzzlers matched by verbal 1Q. When there were several possibilities
for an exact match we selected the non-puzzler with the longest follow-up. The results are
very consistent with the results from the entire dataset, as expected, with a change point for
non-puzzlers 5.80 years before dementia diagnosis and a change point for puzzlers 2.95
years before dementia diagnosis. As expected, the small sample resulted in wide confidence
interval estimates; although the difference was not statistically significant, the magnitude of
the difference was larger than for the full cohort analysis. Addition of education terms to the
model resulted in only minor differences in the estimates and did not significantly improve
the model fit (likelihood ratio test p value .98).

Subjects who did and did not take part in crossword puzzles were not significantly different
in terms of age, sex, education, and interval from last visit to death. There were also no
significant differences between the 3 crossword puzzlers and 10 non-puzzlers in mean brain
weight as well as NFT and senile plague counts in the brain regions analyzed in our study.

DISCUSSION

We had previously reported that participation in cognitively stimulating leisure activities
delayed the onset of accelerated cognitive decline using the Buschke Selective Reminding
Test as a measure of memory performance in the same sample of older adults with dementia
(Hall et al., 2009; Verghese, Lipton, et al., 2003). Building on this observation, we selected
crossword puzzles, a popular cognitively stimulating leisure activity, and report their
independent effect on memory decline. Participation in crossword puzzles delayed the onset
of accelerated memory decline in subjects who developed dementia by 2.54 years compared
to non-puzzlers. However, once the memory decline began, the rate of decline was 3.31 SRT
points per year more rapid for crossword puzzlers compared to non-puzzlers. This pattern of
findings for memory decline supports the cognitive reserve hypothesis, which postulates that
cognitively stimulating activities may help delay the emergence of clinical cognitive
deficits. But once the cognitive reserve is no longer able to compensate for the increasing
pathological brain damage the rate of cognitive decline is more rapid (Stern, 2009).

Relative sparing of skills such as ability to play music or games has been described even in
patients with advanced AD (Cowles et al., 2003; Baird & Samson, 2009), which could result
from enhanced cognitive reserve or sparing of brain areas serving these skills by disease
pathology. Similarly, the medial temporal structures affected early in the course of AD do
not appear to be critical in preserving ability to do crossword puzzles (Skotko, Rubin, &
Tupler, 2008) and mental representations learned previously could help anchor new
semantic knowledge (Skotko et al., 2004). We also note the case of the famous amnesiac
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patient, H.M., who lost his ability to remember new events and facts after bilateral medial
temporal resection during epilepsy surgery; strikingly, his language ability and performance
of standard motor tasks acquired before surgery remained intact (Corkin, 1984). H.M. was
also a crossword puzzle aficionado, able to use his intact memory for word meanings as long
as the questions and the place in the puzzle remained in front of his eyes (Markowitsch &
Pritzel, 1985). It is, therefore, possible that skills relating to crossword puzzle performance
could be preserved despite early Alzheimer related pathology in the medial temporal lobe
and help mediate improved cognitive function in related functional tasks. In this context,
general knowledge but not abstract reasoning ability was reported to be the strongest
predictor of crossword puzzle proficiency (Hambrick, Salthouse, & Meinz, 1999).

According to the cognitive reserve hypothesis we might expect that puzzlers in our sample
would manifest more Alzheimer pathology in their brains for the same level of cognitive
impairment (Roe, Xiong, Miller, & Morris, 2007; Stern, 2009). However, our small
clinicopathological sample is limited in clarifying the role of crossword puzzles in
influencing neuropathological burden in the face of progressive dementia, and should be
followed up in a larger study. It is also possible that the role of crossword puzzles in
influencing cognitive reserve may have its mark on other variables not measured in our
present sample, such as changes in synaptic density (Katzman, 1993) and this also needs to
be further investigated in future clinicopathological studies.

In our previous study (Hall et al., 2009), participation in cognitively stimulating activities
remained significant after education was added as a predictor of the change point and the
rate of decline, and education did not significantly add to the fit of the model in our
analyses. We, therefore, hypothesize that the effect of early life education could be mediated
through late life participation in cognitively stimulating activities. In the current study, the
influence of crossword puzzle participation on memory decline also remained after
accounting for education as well as participation in cognitive activities other than crossword
puzzles. Different cognitive leisure activities may vary in their degree of influence on
memory decline with strong effects seen for crossword puzzle participation in our study.

Crossword puzzlers had higher verbal 1Q compared to non-puzzlers at baseline even as both
groups had comparable years of education. Hence, another possible explanation for our
findings is that crossword puzzle participation in seniors is a marker for cognitive reserve
measures such as Verbal 1Q. However, in a subset analysis in which participants were
matched for verbal 1Q, results were similar to that in the full cohort and again education did
not significantly add to the model fit. Thus neither education nor verbal 1Q appears to
confound the effect of crossword puzzle participation on the trajectory of memory decline in
our cohort. Rather, in people who do crossword puzzles, measures of education and verbal
1Q do not significantly improve our estimates of cognitive reserve. As this is an
observational study, we cannot rule out that crossword puzzle participation is the mediator
through which education protects against early acceleration of cognitive decline in
preclinical dementia.

The change point model assumes a discrete point of decline in the preclinical stages of
dementia. On the other hand, terminal cognitive decline has been reported in AD using other
statistical methods (Laukka, MacDonald, & Béckman, 2006; Small & Backman, 2007).
While long-itudinal studies widely use chronological age or time since enrollment, these
methods to describe trajectories do not define the relationship between increasing brain
pathology and cognitive changes well (Steinerman, Hall, Sliwinski, & Lipton, 2010). For
instance, individuals with the same age may be at different disease stages and the results
could reflect mixed effects of disease and normal aging changes.
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Our sample size was limited and did not permit us to examine subtypes of dementia.
Participation in crossword puzzles was associated with delayed onset of accelerated memory
decline even though the activity was modeled using only at a single point in time.
Preliminary analyses using different metrics of frequency of crossword puzzle participation
did not materially change our results. Hence, any level of participation in crossword puzzles
was combined into a single measure for ease of interpretation of results. Excluding puzzlers
with less than weekly frequency or classifying these subjects as non-puzzlers would have
reduced power to detect meaningful differences in this small sample. Classifying puzzlers
with less than weekly frequency as non-puzzlers would also have been problematic as in our
ongoing studies most subjects report participating in these types of leisure activities for
many years (Verghese, 2006). Hence, a lower reported frequency at study entry does not
preclude a long-term effect of engaging in this activity. However, the wide variability in the
type, experience, and frequency of participation in crossword puzzles among our subjects,
which might influence cognitive decline, was not accounted for in our analyses. Thus the
self-report at baseline was probably a quite imperfect measure of crossword puzzle
participation later in life, and the actual effect of participation in crossword puzzles might be
stronger than those we observed. It has been reported that crossword puzzle proficiency is
influenced by general knowledge but not by reasoning ability (Hambrick et al., 1999). A
subsequent analysis including the study by Hambrick and colleagues concluded that there
was no evidence of slower rate of age-related decline in reasoning, or a greater age-related
increase in knowledge, for crossword puzzlers (Salthouse, 2006). However, comparisons to
our study might be limited by the wide age range (age 18 and higher), cognitively normal
sample, and cross-sectional design of this previous study (Hambrick et al., 1999, Salthouse,
2006). While we controlled for several potential confounders in our analyses such as
baseline cognitive status, education, and participation in other cognitive activities, we cannot
exclude the possibility of residual or unmeasured confounding given the observational
nature of the study.

Given the widespread popularity of crossword puzzles in all age groups, it is encouraging
that our results support a possible role of this easily accessible pastime in cognitive decline
with aging. As is the case with any cohort study the results indicate that the cause
(crossword puzzle participation) precedes the effect (cognitive decline) but more conclusive
proof will require clinical intervention trials to further test this association.

Acknowledgments

This work was supported by the National Institutes of Health (J.V., RO1 AG025119) and the Einstein Aging Study
(PI: RL, PO1 AG03949). Funding disclosed in Acknowledgments.

REFERENCES

Aartsen MJ, Smits CH, van Tilburg T, Knipscheer KC, Deeg DJ. Activity in older adults: Cause or
consequence of cognitive functioning? A longitudinal study on everyday activities and cognitive
performance in older adults. The Journals of Gerontology. 2002; 57(2):P153-P162. d0i:10.1093/
geronb/57.2.P153. [PubMed: 11867663] Series B, Psychological Sciences and Social Sciences

Akaike H. A new look at the statistical model identification. IEEE Transactions on Automatic Control.
1974; 19(6):716-723. doi:10.1109/TAC.1974.1100705.

Altman, DG. Practical statistics for medical research. 2nd Ed. Chapman & Hall/CRC; New York:
2006.

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. Rev 3rd ed.
American Psychiatric Association; Washington, DC: 1980.

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. Rev 3rd ed.
American Psychiatric Association; Washington, DC: 1987.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2014 January 08.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pillai et al.

Page 9

Baird A, Samson S. Memory for music in Alzheimer’s disease: Unforgettable? Neuropsychology
Review. 2009; 19(1):85-101. doi 10.1007/s11065-009-9085-2. [PubMed: 19214750]

Blessed G, Tomlinson BE, Roth M. The association between quantitative measures of dementia and of
senile change in the cerebral grey matter of elderly subjects. The British Journal of Psychiatry.
1968; 114(512):797-811. doi:10.1192/bjp.114.512.797. [PubMed: 5662937]

Buschke H. Selective reminding for analysis of memory and learning. Journal of Verbal Learning and
Verbal Behavior. 1973; 12(5):543-550. doi:10.1016/S0022-5371(73)80034-9.

Buschke H, Fuld PA. Evaluating storage, retention, and retrieval in disordered memory and learning.
Neurology. 1974; 24(11):1019-1025. Retrieved from http://www.neurology.org/content/
24/11/1019. [PubMed: 4473151]

Corkin S. Lasting consequences of bilateral medial temporal lobectomy: Clinical course and
experimental findings in H.M. Seminars in Neurology. 1984; 4(2):249-259. doi:10.1055/
5-2008-1041556.

Cowles A, Beatty WW, Nixon SJ, Lutz LJ, Paulk J, Paulk K, Ross ED. Musical skill in dementia: A
violinist presumed to have Alzheimer’s disease learns to play a new song. Neurocase. 2003; 9(6):
493-503. d0i:10.1076/neur.9.6.493.29378. [PubMed: 16210231]

Greene JD, Baddeley AD, Hodges JR. Analysis of the episodic memory deficit in early Alzheimer’s
disease: Evidence from the doors and people test. Neuropsychologia. 1996; 34(6):537-551. doi:
10.1016/0028-3932(95)00151-4. [PubMed: 8736567]

Hall CB, Derby C, LeValley A, Katz MJ, Verghese J, Lipton RB. Education delays accelerated decline
on a memory test in persons who develop dementia. Neurology. 2007; 69(17):1657-1664. doi:
10.1212/01.wnl.0000278163.82636.30. [PubMed: 17954781]

Hall CB, Lipton RB, Sliwinski M, Katz MJ, Derby CA, Verghese J. Cognitive activities delay onset of
memory decline in persons who develop dementia. Neurology. 2009; 73(5):356—361. doi:10.1212/
WNL.0b013e3181b04ae3. [PubMed: 19652139]

Hall CB, Ying J, Kuo L, Sliwinski M, Buschke H, Katz M, Lipton RB. Estimation of bivariate
measurements having different change points, with application to cognitive ageing. Statistics in
Medicine. 2001; 20(24):3695-3714. d0i:10.1002/sim.1113. [PubMed: 11782027]

Hambrick DZ, Salthouse TA, Meinz EJ. Predictors of crossword puzzle proficiency and moderators of
age-cognition relations. Journal of Experimental Psychology. General. 1999; 128(2):131-164. doi:
10.1037//0096-3445.128.2.131. [PubMed: 10406103]

Katzman R. Education and the prevalence of dementia and Alzheimer’s disease. Neurology. 1993;
43(1):13-20. Retrieved from http://www.neurology.org/content/43/1_Part_1/13. [PubMed:
8423876]

Laukka EJ, MacDonald SW, Backman L. Contrasting cognitive trajectories of impending death and
preclinical dementia in the very old. Neurology. 2006; 66(6):833-838. doi:10.1212/01.wnl.
0000203112.12554.f4. [PubMed: 16567699]

Lindstrom ML, Bates DM. Nonlinear mixed effects models for repeated measures data. Biometrics.
1990; 46(3):673-687. doi:10.2307/2532087. [PubMed: 2242409]

Markowitsch HJ, Pritzel M. The neuropathology of amnesia. Progress in Neurobiology. 1985; 25(3):
189-287. doi:10.1016/0301-0082(85)90016-4. [PubMed: 4089179]

Masur DM, Fuld PA, Blau AD, Crystal H, Aronson MK. Predicting development of dementia in the
elderly with the Selective Reminding Test. Journal of Clinical and Experimental
Neuropsychology. 1990; 12(4):529-538. doi:10.1080/01688639008400999. [PubMed: 2211975]

Masur DM, Fuld PA, Blau AD, Thal LJ, Levin HS, Aronson MK. Distinguishing normal and
demented elderly with the selective reminding test. Journal of Clinical and Experimental
Neuropsychology. 1989; 11(5):615-630. doi:10.1080/01688638908400920. [PubMed: 2808653]

Masur DM, Sliwinski M, Lipton RB, Blau AD, Crystal HA. Neuropsychological prediction of
dementia and the absence of dementia in healthy elderly persons. Neurology. 1994; 44(8):1427—
1432. Retrieved from http://www.neurology.org/content/44/8/1427. [PubMed: 8058143]

Munro Cullum C, Butters N, Troster Al, Salmon DP. Normal aging and forgetting rates on the
Wechsler Memory Scale-Revised. Archives of Clinical Neuropsychology. 1990; 5(1):23-30. doi:
10.1093/arclin/5.1.23. [PubMed: 14589541]

J Int Neuropsychol Soc. Author manuscript; available in PMC 2014 January 08.


http://www.neurology.org/content/24/11/1019
http://www.neurology.org/content/24/11/1019
http://www.neurology.org/content/43/1_Part_1/13
http://www.neurology.org/content/44/8/1427

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pillai et al.

Page 10

Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV, Winblad B. Current concepts in
mild cognitive impairment. Archives of Neurology. 2001; 58(12):1985-1992. doi:10.1001/
archneur.58.12.1985. [PubMed: 11735772]

Roe CM, Xiong C, Miller JP, Morris JC. Education and Alzheimer disease without dementia: Support
for the cognitive reserve hypothesis. Neurology. 2007; 68(3):223-228. doi:10.1001/archneur.
58.12.1985. [PubMed: 17224578]

Salthouse TA. Mental Exercise and mental aging: Evaluating the validity of the use it or lose it
hypothesis. Perspectives on Psychological Science. 2006; 1:68-87. d0i:10.1111/j.
1745-6916.2006.00005.

Salthouse TA, Fristoe N, Rhee S. How localized are age-related effects on neuropsychological
measures? Neuropsychology. 1996; 10(2):272-285. doi:10.1037//0894-4105.10.2.272.

Skotko BG, Kensinger EA, Locascio JJ, Einstein G, Rubin DC, Tupler LA, Corkin S. Puzzling
thoughts for H. M.: Can new semantic information be anchored to old semantic memories?
Neuropsychology. 2004; 18(4):756—769. doi:10.1037/0894-4105.18.4.756. [PubMed: 15506844]

Skotko BG, Rubin DC, Tupler LA. H.M.’s personal crossword puzzles: Understanding memory and
language. Memory. 2008; 16(2):89-96. doi:10.1080/09658210701864580. [PubMed: 18286414]

Small BJ, Badckman L. Longitudinal trajectories of cognitive change in preclinical Alzheimer’s
disease: A growth mixture modeling analysis. Cortex. 2007; 43(7):826-834. do0i:10.1016/
S0010-9452(08)70682-8. [PubMed: 17941341]

Steinerman JR, Hall CB, Sliwinski MJ, Lipton RB. Modeling cognitive trajectories within longitudinal
studies: A focus on older adults. Journal of the American Geriatrics Society. 2010; 58(Suppl
2):S313-S318. doi:10.1111/j.1532-5415.2010.02982.x. [PubMed: 21029060]

Stern Y. Cognitive reserve. Neuropsychologia. 2009; 47(10):2015-2028. doi:10.1016/
j.neuropsychologia.2009.03.004. [PubMed: 19467352]

United States Census Bureau. Table 437 — Adult Participation in Selected Leisure Activities by
Frequency: 1998. 1998. Retrieved from http://www.census.gov/compendia/statab/past_years.html

United States Census Bureau. Table 1203 — Adult Participation in Selected Leisure Activities by
Frequency: 2008. 2008. Retrieved from http://www.census.gov/compendia/statab/past_years.html

Verghese J. Cognitive and mobility profile of older social dancers. Journal of the American Geriatrics
Society. 2006; 54(8):1241-1244. doi:10.1111/j.1532-5415.2006.00808.x. [PubMed: 16913992]

Verghese J, Buschke H, Kuslansky G, Katz MJ, Weidenheim K, Lipton RB, Dickson DW.
Antemortem memory impairment screen performance is correlated with postmortem Alzheimer
pathology. Journal of the American Geriatrics Society. 2003; 51(7):1043-1045. doi:10.1046/j.
1365-2389.2003.51326.x. [PubMed: 12834533]

Verghese J, LeValley A, Derby C, Kuslansky G, Katz M, Hall C, Lipton RB. Leisure activities and the
risk of amnestic mild cognitive impairment in the elderly. Neurology. 2006; 66(6):821-827. doi:
10.1212/01.wnl.0000202520.68987.48. [PubMed: 16467493]

Verghese J, Lipton RB, Hall CB, Kuslansky G, Katz MJ, Buschke H. Abnormality of gait as a
predictor of non-Alzheimer’s dementia. The New England Journal of Medicine. 2002; 347(22):
1761-1768. doi:10.1056/NEJM0a020441. [PubMed: 12456852]

Verghese J, Lipton RB, Katz MJ, Hall CB, Derby CA, Kuslansky G, Buschke H. Leisure activities and
the risk of dementia in the elderly. The New England Journal of Medicine. 2003; 348(25):2508—
2516. doi:10.1056/NEJM0a022252. [PubMed: 12815136]

Wilson RS, Bacon LD, Fox JH, Kaszniak AW. Primary memory and secondary memory in dementia
of the Alzheimer type. Journal of Clinical Neuropsychology. 1983; 5(4):337-344. doi:
10.1080/01688638308401181. [PubMed: 6643687]

Wilson RS, Beckett LA, Bienias JL, Evans DA, Bennett DA. Terminal decline in cognitive function.
Neurology. 2003; 60(11):1782-1787. Retrieved from http://www.neurology.org/content/
60/11/1782. [PubMed: 12796531]

J Int Neuropsychol Soc. Author manuscript; available in PMC 2014 January 08.


http://www.census.gov/compendia/statab/past_years.html
http://www.census.gov/compendia/statab/past_years.html
http://www.neurology.org/content/60/11/1782
http://www.neurology.org/content/60/11/1782

1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Pillai et al. Page 11

60

50

40 -

30

20

Buschke Selective Reminding

104 [— no puzzle activity
—— any puzzle activity

-15 -10 -5 0
years before dementia diagnosis

Fig. 1.

Memory performance as a function of time and crossword puzzle participation. Narrow lines
show individual participants’ repeated scores on the Buschke Selective Reminding Test
(SRT) over time; crossword puzzlers are shown in green and non-puzzlers in red. The wide
lines show the expected trajectories for a hypothetical participant from both groups.
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Table 1

Demographics and cognitive test performance of study participants stratified by crossword puzzle
participation at baseline

Puzzlers Non-puzzlers p test
Number of study participants 17 84
Mean age (range) 78.5(74.1-85.2) 79.7 (73.4-87.4) 0.14 t
Mean education (range) 10.1 (2-17) 8.7 (2-17) 0.23 t
Male (%) 6 (35) 32(38) 0.95 Pearson’s chi-squared
Mean BIMC score (range) 2.6 (0-7) 3.2(0-8) 0.29 Mann-Whitney
Mean SRT score (SD) 39.2 (12.0) 31.6 (10.1) 0.02 t
Estimated Wechsler Verbal 1Q (SD) 112.2 (12.8) 100.6 (16.2) 0.003 t
Median time to diagnosis (years) 4.43 4.44 0.14 Proportional hazards
Mean cognitive activity excluding puzzles, 11.2 (0-28) 6.9 (0-25) 0.2 Mann-Whitney

activity days/week (range)

BIMC=Blessed Memory-Information-Concentration test; SRT=Buschke Selective Reminding Test.
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