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The extant longitudinal literature consistently supports the notion of age-related declines in human brain
volume. In a report on a longitudinal cognitive follow-up with cross-sectional brain measurements,
Burgmans and colleagues (2009) claim that the extant studies overestimate brain volume declines,
presumably due to inclusion of participants with preclinical cognitive pathology. Moreover, the authors
of the article assert that such declines are absent among optimally healthy adults who maintain cognitive
stability for several years. In this comment accompanied by reanalysis of previously published data, we
argue that these claims are incorrect on logical, methodological, and empirical grounds.
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Multiple cross-sectional studies have demonstrated that ad-
vanced age is associated with reduced volumes of the brain pa-
renchyma (for reviews, see Raz, 2005, and Raz & Kennedy, 2009).
However, the utility of these findings for understanding brain
aging is limited because mean rates of change and individual
differences in rates of change cannot be assessed within cross-
sectional designs (Hofer, Flaherty, & Hoffman, 2006; Linden-
berger & Pötter, 1998). Moreover, in cross-sectional studies, age
differences in attributes of interest are inexorably confounded by
other individual differences associated with age (Hofer et al.,
2006; Lindenberger & Pötter, 1998). For instance, cross-sectional
samples of ostensibly healthy individuals may include undetected
preclinical cases of dementia (Sliwinski & Buschke, 1999), and the
prevalence of such cases may increase with age.

Longitudinal studies, which are almost entirely free of the
abovementioned problems, show that most of the cortical regions
and subcortical structures indeed shrink with the passage of time
(reviewed in Raz, 2005; Raz & Kennedy, 2009). Moreover, at least
for some regions, the magnitude of longitudinal change exceeds
cross-sectional estimates (Raz et al., 2005), thus implying that
cross-sectional studies underestimate the extent of regional brain
shrinkage.

The rate of age-related shrinkage varies reliably among individ-
uals and across brain regions (Raz & Kennedy, 2009; Raz et al.,
2005). Vascular risk factors, such as hypertension and diabetes,

exacerbate the declines (e.g., Resnick, Pham, Kraut, Zonderman,
& Davatzikos, 2003; Raz, Rodrigue, & Acker, 2003; Raz et al.,
2005; Raz, Rodrigue, Kennedy, & Acker, 2007). Accelerated
reduction in regional (medial temporal) volumes precedes the
onset of cognitive pathology (Jack et al., 2000; De Toledo-Morrell
et al., 2004). Even in healthy persons, shrinkage of the entorhinal
cortex has been linked to poor memory performance (Rodrigue &
Raz, 2004) and lower fluid intelligence (Raz, Lindenberger, Ghis-
letta, Rodrigue, Kennedy, & Acker, 2008).

Burgmans and colleagues (2009) report that in individuals se-
lected for the lack of reliable cognitive decline, there are no
reliable negative associations between age and brain volume. This
finding is not surprising, and it does not help to elucidate the
relation between cognitive decline and brain shrinkage. Neverthe-
less, Burgmans and colleagues conclude, on the basis of their
results, that the extant studies overestimate brain volume declines.
Here, we show that this conclusion is unwarranted on logical,
methodological, and empirical grounds.

The argument offered by Burgmans and colleagues (2009) takes
the following form: (a) If people show cognitive decline, then their
brain volumes shrink. (b) Some people show no cognitive decline.
(c) Therefore, the brains of these people do not shrink. However,
whether people without cognitive decline may or may not show
brain shrinkage (a question addressed empirically below) cannot
be derived from the observation that they show no cognitive
decline. Making such an inference would correspond to denying
the antecedent, a logical fallacy. In other words, examining indi-
viduals who do not decline cognitively renders the search for
causes of cognitive decline, such as brain volume shrinkage,
curiously difficult.

Although it may be unclear from its title, the Burgmans et al.
(2009) study is not a longitudinal investigation with regard to the
brain volume measures. Thus, their study offers no basis for
observing brain “atrophy,” or “change.” Without repeated MRI
assessment, one can claim only that persons who evidenced cog-
nitive decline had smaller regional volumes and that older declin-
ers had even smaller volumes than their younger counterparts, and
in the cognitively stable group, age differences were not reliable.
Thus, the longitudinal conclusions drawn by Burgmans et al. are
not warranted by their analyses of the cross-sectional data.
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Burgmans and colleagues (2009) infer that “the age effect in
previous studies may partly have been caused by the inclusion of
participants with subclinical cognitive disorders” (p. 547). This
conjecture is likely to be correct for cross-sectional investigations
(see Sliwinski & Buschke, 1999, regarding this problem in cog-
nitive studies), but it is much less relevant to longitudinal studies.
When participants undergo repeated assessment of brain and cog-
nition (e.g., Raz et al., 2005, 2007, 2008), cases with cognitive
disorders can be more easily identified and removed from the
sample than in cross-sectional studies so that the contamination of
findings by preclinical cases is less likely.

The question of whether a small and selected group of individ-
uals who are free of disease and health risks and who maintain
stability on age-sensitive cognitive measures over a significant
period of time escapes brain shrinkages can be addressed empiri-
cally, but the answer cannot emerge from a study that lacks the
required longitudinal evidence on brain volume shrinkage. To test
this hypothesis, we reanalyzed the data previously reported in Raz et
al. (2008). In a sample of 87 adults, who participated in that study, 55
persons were free of manifest vascular disease, including hyperten-
sion, at baseline and at 5-year follow-up. In that optimally healthy
group, 40 participants evidenced declining scores on Cattell IQ, a
measure of fluid reasoning that is highly sensitive to aging,
whereas 15 did not. When we restricted the age of the sample at 49
and above, as in Burgmans et al. (2009), there were 10 cognitively
“stable” individuals and 20 “decliners.” The cognitive change
factors (decliners vs. stable) were entered in the general linear
model as a grouping factor. The model also included age (centered
at the sample mean) as a continuous predictor, time (baseline vs.
follow-up), and region of interest (ROI) as repeated measures
factors.

The analyses of that subsample revealed no age differences in
regional brain volumes, F(1, 27) � 1.16, p � .29. Cognitively stable
participants did not differ reliably in ROI volumes from cognitive
decliners, F(1, 27) � 1.39, p � .25. A nonsignificant Age � Cogni-
tive Change interaction (F � 1) was removed from the model. We
found a robust time effect, F(1, 27) � 12.059, p � .002. There also
was a marginally significant Time � ROI interaction, F(1,
27) � 4.00, p � .05, but no Time � Age or Time � Cognitive
Change interactions (Fs � 1). The latter two results are most pertinent
to the claim articulated by Burgmans and colleagues (2009). Our
findings indicate that even in a sample of optimally healthy middle-
aged and older adults, at least some brain regions reliably shrink over
time, suggesting that cognitive stability provides no protection against
shrinkage. Note that shrinkage was reliably different from zero de-
spite the small sample size, documenting the superior statistical power
of longitudinal comparisons.

We hasten to add that the separation of a relatively homoge-
neous healthy sample into stable and declining individuals is in
itself problematic, especially if a theory positing that the groups of
stable and declining individuals represent different etiological en-
tities is lacking. First, reliability for any behavioral assessment is
less than perfect, and the effects of unreliability are magnified
when differences are computed on observed scores. Second,
whether an observed longitudinal difference reflects reliable de-
clines depends on the degree of day-to-day fluctuations in cogni-
tive performance (e.g., Nesselroade, 1991), which may vary from
person to person and are not assessed in most longitudinal inves-
tigations. Consequently, the error rates in classifying people into

groups of stable and declining individuals are not known, and the
validity of such classification is unclear. Therefore, it is more
sensible to regard the magnitude and rate of decline as continu-
ously distributed parameters and specify them as variance terms, or
random effects, in statistical analysis.

In their critique of previous reports, Burgmans et al. (2009)
allude to a possibility that findings of brain shrinkage stem from
studies that employed insufficiently rigorous screening of partici-
pants. This allusion contradicts the facts. The extant longitudinal
studies that report regional brain shrinkage applied more stringent
screening criteria than Burgmans et al., including screening of
participants with Mini-Mental State Examination scores below 26,
and a history of hypertension, diabetes, minor head injury, and
nonpsychotic depressive symptomatology (e.g., Raz et al., 2005).

In summary, neither the extant literature, nor logical analysis of
presented inference, nor the results of an empirical test support the
hypothesis that the extent of brain shrinkage is overestimated.
Although the mechanisms of regional brain shrinkage are unclear,
it is a reliably observed phenomenon. Maintaining the level of
cognitive performance throughout late adulthood may convey mul-
tiple benefits, and may even reduce the negative effects of aging on
everyday competence. However, available evidence does not sup-
port the contention that cognitive fitness can stop age-related brain
decline. Cognitive and motor training can sometimes lead to tran-
sient local alterations of MRI signal that are interpreted as gray
matter increases (e.g., Draganski et al., 2006). The neural mecha-
nisms of such alterations are unknown, and whether they can result
in sustainable attenuation of brain shrinkage is unclear. As it
stands, the assertion that “as long as people stay cognitively
healthy, there may be no substantial gray matter atrophy in several
brain areas that are highly associated with cognition” (p. 547) is
unwarranted on logical, methodological, and empirical grounds.
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