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Abstract

The longitudinal effects of age on confrontation naming using the 60-item Boston Naming Test (BNT) were studied
in 541 “normal” elderly (ages 50–99). For participants with at least 4 annual assessments (n5 238), 150 were
followed for �6 years, 81 for �8 years, and 43 for �10 years. A small practice effect (0.21 words, p5 0.06) and
moderately high test-retest reliability were found when comparing the first 2 assessments, which were 9–15 months
apart (r5 0.76, n5 353). Reliable change index scores indicated that an annual decline of �4 points on the BNT is
needed for a statistically reliable decline in an individual. A gradient in the mean annual rate of change on the BNT
was found with improvement in the 50s age group, no change in the 60s age group, and decline in the 70s and 80s
age groups. When projected over 10 years, the magnitudes of the mean changes were relatively small, that is, a
1-word improvement for participants in their 50s and a 1.3-word decline for participants in their 70s. These findings
demonstrate that lexical retrieval as measured by a visual object confrontation naming task is generally well
preserved in aging with only subtle decline in the 7th and 8th decades of age. (JINS, 2005, 11, 716–726.)
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INTRODUCTION

Almost all studies examining the effects of “normal” aging
on confrontation naming ability as measured by the Boston
Naming Test (BNT) have been cross-sectional, whereas only
a few have been longitudinal in design (Au et al., 1995;
Connor et al., 2004; Cruice et al., 2000; Kent & Luszcz,
2002; Mitrushina & Satz, 1995). A longitudinal research
design is the method of choice for studying cognitive change
as a function of age, yet because of practical considerations
(e.g., expense in terms of time and other resources), the
vast majority of publications on cognitive aging are cross-
sectional age-comparative studies (Schaie & Hofer, 2001).
This design offers the most direct means of assessing how
confrontation naming ability (i.e., lexical retrieval) changes
with advancing age.

Methodological limitations of the published longitudinal
studies on the effects of “normal” aging on the BNT include
short follow-up time periods, small sample sizes, few
follow-up assessments, different versions of the BNT being
used, and not having administered a comprehensive cogni-
tive assessment to identify and eliminate early dementia
cases. The two longitudinal studies with a very short
follow-up period found no decline on the BNT with age
(Cruice et al., 2000; Mitrushina & Satz, 1995), whereas the
three studies with longer follow-up periods did report age-
related declines that were greatest in the older elderly (Au
et al., 1995; Connor et al., 2004; Kent & Luszcz, 2002).
Kent and Luszcz (2002) used a 15-item BNT, and although
they concluded that naming ability declines in the older
elderly based on 2-year follow-up data, no significant age
effects were found when a third assessment at 8 years was
included. However, there were considerably fewer partici-
pants tested at 8 years due to attrition, and it is possible that
these participants may have been more cognitively intact
than those who dropped out. Au et al. (1995) also reported
age declines, but used the 85-item BNT and examined a
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broad age range (30–79 years) with a small sample size and
only three assessments. Only one of the three studies report-
ing age-related decline used the 60-item BNT (Connor et al.,
2004), but there were relatively few participants who had
multiple assessments.

None of these studies used a comprehensive cognitive
evaluation to detect and exclude mild dementia cases. Three
studies used the Mini Mental State Exam (MMSE); no par-
ticipant scored below 27 in the Au et al. (1995) study or
below 24 in the Mitrushina and Satz (1995) study. Kent and
Luszcz (2002) used a population-based sample and elimi-
nated 110 participants (11.8%) due to impaired MMSE
scores. This crude procedure may have eliminated some
dementia cases but it is not adequate for screening mild
dementia, and it also can result in eliminating nondemented
elderly who score in the lower end of the normal distribution.

One reason to study the longitudinal effects of “normal”
aging on confrontation naming using the BNT is to improve
our ability to reliably detect and differentiate the progres-
sive decline due to a neurodegenerative disorder like Alz-
heimer’s disease (AD) from normal age-related changes.
The National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) clini-
cal criteria for AD require that there be two or more areas of
cognitive decline confirmed by neuropsychological tests,
and the BNT was recommended as a useful measure of
language skills (McKhann et al., 1984). The BNT is sensi-
tive to the progressive word-finding difficulty in AD (Bay-
les et al., 1992; Bowles et al., 1987; Fisher et al., 1999). In
a recent study, BNT impairment was found for all severities
of AD, including amnestic mild cognitive impairment (MCI),
but there were considerable individual differences, such that
a clear majority of AD patients did not become impaired
until the dementia was moderate to severe (Testa et al.,
2004). Although initial BNT impairment was associated with
increased risk of a subsequent AD diagnosis, it was not as
useful a predictor as impairment in delayed recall (Testa
et al., 2004).

In the present study, the longitudinal effects of age on
visual object confrontation naming as measured by the BNT
were studied in a large cohort of “normal” elderly that

included subgroups of participants who were followed for
�6, �8, and �10 years and who were tested on multiple
annual visits. A comprehensive cognitive evaluation was
administered at each assessment to identify and eliminate
mild dementia cases, which was not done in previous lon-
gitudinal studies examining the effects of “normal” aging
on the BNT. Test-retest reliability and practice effects were
calculated for the first two annual BNT assessments. Reli-
able change index scores were calculated to determine the
magnitude of the annual decline on the BNT that would be
needed for there to be a statistically reliable decline in an
individual. The mean annual rate of change on the BNT
was determined for different age decades to study the effects
of aging on BNT performance, and by inference, on retrieval
from semantic memory.

We predicted an increasing rate of decline in confronta-
tion naming on the BNT with successive age decades because
of several possible factors that may negatively affect this
ability (i.e., “normal” brain aging, increasing health prob-
lems, decreasing cognitive activity, and increasing incipi-
ent AD cases). We also predicted that the magnitude of the
decline on the BNT would be relatively small, because this
test requires retrieval from semantic memory, that is, from
crystallized knowledge, which is relatively well preserved
in aging (Horn, 1982a, 1982b; Horn & Donaldson, 1980).

METHOD

Research Participants

After excluding people with neurological conditions that
could have possibly had a negative effect on cognitive func-
tioning, there were 541 “normal” (i.e., nondemented) elderly
volunteers (ages 50–99 years) who received at least two
annual BNT assessments. In Table 1, demographic charac-
teristics are presented for participants whose first and last
assessments were compared, for participants whose first
and second assessments were 9–15 months apart, and for
participants with at least four annual assessments (i.e., the
total group of participants, and participants with �6, �8,
and �10 years follow-up data). This data represents 2155
annual BNT assessments.

Table 1. Demographics (mean and SD) for different groups of older adults (ages 50–99)a

Groups n
Age

(years)
Education

(years) MMSE
Gender

(% female)

Participants whose 1st and last visits were compared 541 67.72 (8.55) 14.72 (2.93) 29.06 (1.16) 65%
Participants whose 1st and 2nd visits were compared (9–15 months apart) 353 67.25 (8.27) 14.63 (2.91) 29.10 (1.09) 67%
All participants with at least 4 visits 238 67.02 (7.50) 14.97 (2.67) 29.15 (1.11) 68%
Group with �6 years follow-upb 150 66.13 (7.21) 14.89 (2.62) 29.16 (0.94) 67%
Group with �8 years follow-upb 81 67.07 (6.75) 15.01 (2.62) 29.12 (0.96) 70%
Group with �10 years follow-upb 43 64.91 (6.82) 14.93 (2.20) 29.27 (1.01) 72%

Note. MMSE5Mini Mental State Exam.
aDemographic data for the first assessment.
bParticipants who had 4 or more annual assessments.
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This sample of convenience consisted of participants liv-
ing independently in the community who were recruited
into a study on cognitive aging from a variety of sources.
Sources included spouses of patients evaluated at our mem-
ory clinic, newspaper advertisements, presentations given
to various groups, and by word of mouth.

Virtually all participants were Caucasian. Previous stud-
ies indicate that African Americans score lower on the BNT
(Manly et al., 1998), and thus we excluded from these analy-
ses the two African Americans in our sample with longitu-
dinal data. Another participant was excluded because English
was not her first language. An additional 103 participants
were excluded because they met exclusion criteria of hav-
ing a neurological and0or psychiatric condition that was
judged to put the participant at high risk for cognitive impair-
ment at baseline. Fifty-five of these 103 participants were
excluded because they met cognitive0clinical criteria at base-
line for dementia or amnestic MCI (i.e., mild cognitive
impairment in which the memory impairment was severe
for their age) or declined to meet criteria during the course
of the study. For eight additional participants, initial assess-
ments were included, but later assessments were not because
they later developed a neurological or psychiatric condition
that could impair cognitive test performance (e.g.,
Parkinson’s disease, stroke).

Procedure

The 60-item Boston Naming Test (Kaplan et al., 1983) with-
out cueing was administered as part of a comprehensive
neuropsychological battery in a study of cognitive aging.
All 60 line drawings of objects were presented, that is, no
discontinuation after a series of incorrect answers, and a
total score of spontaneous correct responses was calcu-
lated. We did not employ the cueing procedures, which are
part of the standardized BNT administration, in which incor-
rect answers are followed up with a semantic cue and, if
still incorrect, with a phonemic cue. Without the cueing
procedure, the BNT is relatively quick to administer to older
people even if they have naming difficulty. The mean of
spontaneous correct responses on the BNT (i.e., without
cueing) was significantly lower in AD patients, including
those with mild dementia, compared to elderly controls (Zec
et al., 1992). Responses were scored according to instruc-
tions in the test manual, except that “French harp” and “false
face” were accepted as regional substitutes for harmonica
and mask. In addition, the 20-second time limit for a response
was not strictly observed, but these “normal” participants
rarely exceeded this time limit.

Statistics

Paired t tests were used to compare BNT performance on
the first two annual assessments to determine practice effects.
Pearson product-moment correlation coefficients assessed
test-retest reliability between the first two assessments and
between number of days between the first and last assess-

ments by using the change score on the BNT. Reliable change
index scores using one-tailed 95% confidence intervals were
calculated to determine how large a difference is needed
between two assessments to be 95% confident that the decline
is significant, that is, it is not due to chance. Reliable change
indices are based on the standard error of measurement of
the difference between the first two BNT assessments
(Becker & Markwell, 2000). Linear regressions were fit for
each participant who had four or more assessments to deter-
mine the annual rate of change. Mean rates of change were
computed for the total group and for different demographic
groups. Independent groups t tests were used to compare
the “decliner” and “nondecliner” groups in terms of BNT
score, Alzheimer Disease Assessment Scale (ADAS) score,
age, and education at baseline. Chi-square tests of indepen-
dence were used to compare gender ratios. Results were
considered statistically significant at p , .05.

RESULTS

Practice Effects and Test-Retest Reliability

A small practice effect on the BNT (0.21 and 0.19 words)
that approached statistical significance ( p5 .06) was found
for older adults (ages 50–99) between the first and second
assessments, both when the test-retest interval was between
9–15 months and when comparing the first two assess-
ments regardless of when the second occurred (Table 2).
Test-retest reliability between the first two assessments was
moderately high and statistically significant (r 5 .76 and
.80 for the two test-retest intervals) (Table 2). These high
test-retest reliabilities are especially impressive given the
“ceiling” effect on the BNT for this normal sample in which
the vast majority of scores fell in a relatively narrow range
at the upper end of the distribution. By comparison, the
test-retest reliability for the MMSE was very low and non-
significant (r5 .19, p5 .83) due to restriction of range.

There was no change on the BNT (i.e., no overall aging
effect) when comparing scores at baseline and the last assess-
ment (Table 2). Furthermore, the correlation of the number
of days between the first and last assessments with the change
score on the BNT was not statistically significant (r5 .0571,
p 5 .1850). This indicates that the BNT score did not sig-
nificantly decline as a linear function of aging (i.e., number
of elapsed days) for the total group.

In summary, there was a nonsignificant trend for a very
small practice effect when comparing the first two BNT
assessments with moderately high test-retest reliability. There
was no evidence of change on the BNT when the baseline
and last assessment were compared.

Reliable Change Index

The NINCDS-ADRDA work group established clinical cri-
teria for AD that require documentation of a progressive
decline in cognitive functioning and point out that progres-
sive worsening on neuropsychological tests can be estab-
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lished by comparison with a patient’s previous performance
(McKhann et al., 1984). Thus, it is important to know what
would constitute a statistically reliable decline on the BNT.
In Table 3, reliable change index (RCI) scores are pre-
sented for participants who had follow-up testing within
9–15 months of the baseline. These RCI scores indicate for
a given individual how much the BNT score must decrease
to be significant at the 95% confidence level. For the total
group, an individual’s BNT score must decrease by 4 or
more points to be significant, that is, to be confident that
the decrease was not due to chance. A minimum 4-point
decline on the BNT is also needed to reach statistical sig-

nificance for older adults at each of three educational lev-
els, for both genders, and for participants in their 60s and
70s. A minimum 3-point decline is needed to be significant
for participants in their 50s and a 5-point decline is needed
for participants in their 80s. In summary, an annual decline
of at least 4 points on the BNT is generally needed for there
to be a statistically reliable decline for an individual
participant.

Mean Annual Rates of Change for
Participants with Four or More Assessments

In Table 4, the mean annual rate of change (ARC) on the
BNT is presented for age decades (50–89 years), three edu-
cational levels, gender, and the total group of participants.
Linear regressions were fit for each participant (n 5 238)
who had four or more annual assessments, to determine the
mean ARC for the total group and for the different demo-
graphic groups. For the total group, the mean ARC on the
BNT was 20.033 words for older adults who were tested a
mean of 7.17 years after the first assessment (i.e., only a
projected 0.33-word decline over a 10-year period). With
respect to decade of age, the mean ARC on the BNT was
small but positive for the 50–59 years age group (a pro-
jected 1.31-word improvement over 10 years). The mean
ARC was near zero (no change with age) for the 60– 69
years age group (i.e., 0.03 words over 10 years), and was
small but negative for the 70–79 and 80–89 years age groups
(i.e., a decline of 1.57 and 1.46 words over 10 years). With
respect to educational level, there was a small mean annual
decline with age in the 12 years educational group and an
even smaller annual decline in the .12 years group, and
almost no change in the ,12 years group, but the sample
size was small (n5 5). With respect to gender, there was a
small mean annual rate of decline for females, but almost
no change for males. In summary, the longitudinal BNT
data indicates only a 0.33-word projected decline over 10
years for all participants, but a mean projected decline of
1.6 words for the 70–79 age group and 1.5 words for the
80–89 age group.

Table 2. Practice effects and test-retest reliability on the Boston Naming Test (BNT) for older adults (ages 50–99)

Test-retest comparisons n
BNT

first visita
BNT

second visita

Mean
change
score

Mean
time

interval
Test-retest
reliability

1st and 2nd visit (9–15 months apart)b 353 55.78 (3.09) 55.99 (3.08) 0.21, p5 .06 388.7 days r5 .76, p , .0001
(1.06 yrs)

1st and 2nd visit (regardless of interval)c 540 55.53 (3.73) 55.73 (3.76) 0.19, p5 .06 545.3 days r5 .80, p , .0001
(1.49 yrs)

1st and last visitc 541 55.53 (3.73) 55.51 (4.00) 20.02, p5 .85 1593 days
(4.36 yrs)

aMean (SD).
bThere was only one participant in their 90s.
cThere were only three participants in their 90s.

Table 3. Reliable change index (RCI) scores (at the 95%
confidence level) for older adults (ages 50–99)a who had a
follow-up assessment within 9–15 months of the first
assessment

Group n SDb rc SEMd

Reliable
change
index

Age group (years)
50–59 59 2.90 0.83 1.19 2.80
60– 69 169 2.56 0.69 1.41 3.31
70–79 92 3.32 0.80 1.50 3.52
80–89 32 4.11 0.78 1.91 4.59

Education (years)
,12 16 4.49 0.93 1.23 3.04
512 110 3.30 0.76 1.60 3.76
.12 227 2.71 0.72 1.44 3.36

Gender
Females 235 3.17 0.76 1.57 3.66
Males 118 2.89 0.78 1.34 3.14

Overall 353 3.08 0.76 1.49 3.48

aThere was only one participant in their 90s.
bSD5 standard deviation for the mean score on the BNT from the second
assessment.
cr 5 correlation coefficient (reliability) between first and second
assessments.
dSEM5 standard error of measurement of a single assessment.
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Mean Annual Rates of Change for
Participants with Different
Follow-up Periods

The mean ARC on the BNT is presented in Table 5 for
participants in their 50s, 60s, 70s, and 80s with �4, �5,
and �6 visits and with �5, �6, �8, and �10 years
follow-up testing. Only participants with �4 visits were
included in these analyses. In general, participants in their
50s had a positive mean ARC (i.e., improved over time),
whereas participants in their 70s had a negative mean ARC
(i.e., declined over time). Participants in their 80s generally
had a negative mean ARC, but the sample sizes were too
small to be considered reliable. The mean ARC for partici-
pants in their 60s was small in magnitude (close to zero)
and inconsistent in direction (3 positive and 4 negative annual
rates of change) indicating little mean change over time.
The magnitude of change for participants in their 50s was
considerably smaller for the �8 and �10 year follow-up
periods than for the shorter follow-up periods, but there
were only 13 and 9 participants in these shorter follow-up
groups. It is also possible that with the longer follow-up
periods, participants in their 50s at the time of the later
assessments would be well into their 60s, when there is
little change on the BNT.

In summary, the mean annual rates of change indicate
improvement in BNT scores over time for participants who
were in their 50s at baseline, worsened scores for partici-
pants in their 70s and 80s, and very small inconsistent
changes for participants in their 60s. Thus, there is a gradi-
ent in the mean ARC on the BNT with improving scores in
the 50s age group, no change in the 60s, and declining

scores in the 70s and 80s. However, when projected over 10
years, the magnitudes of the changes for participants in
their 50s and 70s were relatively small, that is, approxi-
mately a 1-word improvement for participants in their 50s
and a 1.3-word decline for participants in their 70s when
averaged across all follow-up groups (Table 5).

Individual Annual Rates of Change
for Participants with Ten or More
Years Follow-up

The majority of participants who were followed for 10 or
more years with at least 4 assessments (25 of 43 partici-
pants, i.e., 58%) displayed a negative ARC on the BNT
(worsened scores over time), including 56%, 45%, and 82%
of participants who were 50–59, 60– 69, and 70–79 years
old at baseline (Table 6). As discussed earlier, the mean
ARC on the BNT for participants with �10 years follow-up
data (Table 5) were very small (near zero) but positive for
participants in their 50s and 60s, and small but negative for
participants in their 70s. There was an outlier ARC score in
the 70–79 years age group, and thus the median score of
20.056 words per year likely provides a more accurate
measure of central tendency. In summary, a considerably
higher percentage of participants in their 70s had a negative
ARC on the BNT than participants in their 50s or 60s.

Baseline Demographic Comparison of BNT
“Decliners” versus “Nondecliners”

In an attempt to identify variables that might contribute to a
participant being a “decliner” versus a “nondecliner” on the

Table 4. Mean (SD) annual rate of change on the Boston Naming Test (BNT) based on linear regressions for older adults
(ages 50–89) with four or more annual assessments

Group n
Age

(years)
Education

(years)
BNT score
at first visit

Mean years
between first
and last visit

Mean annual
rate of

change on
the BNT

Age group (years)
50–59 33 55.79 (2.57) 15.91 (2.49) 56.79 (2.46) 7.74 10.131 (0.35)
60– 69 124 64.52 (2.87) 14.71 (2.65) 56.57 (2.82) 7.27 10.003 (0.36)
70–79 65 73.83 (2.83) 14.91 (2.80) 56.10 (2.92) 7.03 20.157 (0.40)
80–89 16 81.94 (2.29) 15.25 (2.32) 52.56 (8.33) 5.82 20.146 (0.72)

Education (years)
,12 5 68.80 (5.81) 9.20 (0.84) 53.60 (3.21) 5.54 10.015 (0.75)
512 61 67.23 (6.56) 12.00 56.02 (3.43) 7.20 20.054 (0.39)
.12 172 66.90 (7.87) 16.19 (2.06) 56.34 (3.61) 7.21 20.027 (0.41)

Gender
Females 161 67.06 (7.83) 14.63 (2.47) 55.99 (3.72) 7.25 20.056 (0.38)
Males 77 66.94 (6.80) 15.66 (2.94) 56.65 (3.17) 7.01 10.014 (0.46)

Overall 238 67.02 (7.50) 14.97 (2.67) 56.20 (3.57) 7.17 20.033 (0.41)
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BNT, we compared the “decliner” and “nondecliner” groups
for each of the three follow-up periods (i.e., �6, �8, and
�10 years) on age, education, gender, BNT score, and ADAS
total error score at baseline (Table 7). The “decliner” groups
for all three follow-up periods were somewhat older and
less educated and had somewhat higher mean total ADAS
error scores than the “nondecliner” groups. The age and
education difference was statistically significant for the �6
years follow-up group, and the mean total ADAS error score
was significant for the �10 years follow-up group. Thus,
differences in age or education may partially explain why
some participants tended to decline on the BNT while oth-
ers did not. For all three follow-up periods, “decliners” had
a higher mean BNT score at baseline than “nondecliners,”
and the differences were statistically significant for the �6
and �8 year follow-up periods. In summary, the “decliner”

groups for all three follow-up periods had better BNT scores
at baseline than the “nondecliner” groups despite being some-
what older and less educated, and also having somewhat
poorer mean ADAS total error scores.

Comparison between First and Last
Assessments for Individual Participants

Individual and mean difference scores on the BNT for par-
ticipants with �10, �8, and �6 years between their first
and last assessment are presented in Tables 8, 9, and 10.
There was generally a small mean improvement on the BNT
between the first and last assessment for participants in
their 50s and 60s, but a mean decline for participants in
their 70s regardless of time between assessments. The num-
ber of participants in the 80s age group was too small to

Table 5. Mean (SD) annual rate of change on the BNT based on linear regressions for older adults (ages 50–89) with �4, �5,
and �6 visits and �5, �6, �8, and �10 years between the first and last assessment

Age groups n
Age

(years)
Education

(years)
BNT score
at first visit

Mean years
between first
and last visit

Mean annual
rate of change
on the BNT

�4 visits
50–59 33 55.79 (2.57) 15.91 (2.49) 56.79 (2.46) 7.74 10.131 (0.35)
60– 69 124 64.52 (2.87) 14.71 (2.65) 56.57 (2.82) 7.27 10.003 (0.36)
70–79 65 73.83 (2.83) 14.91 (2.80) 56.10 (2.92) 7.03 20.157 (0.40)
80–89 16 81.94 (2.29) 15.25 (2.32) 52.56 (8.33) 5.82 20.146 (0.72)

�5 visits
50–59 27 55.81 (2.66) 15.63 (2.47) 56.74 (2.44) 8.25 10.110 (0.21)
60– 69 95 64.46 (2.84) 14.89 (2.46) 56.59 (2.92) 8.09 20.048 (0.31)
70–79 46 73.57 (2.73) 14.74 (2.74) 55.80 (3.18) 8.28 20.093 (0.40)
80–89 8 81.25 (2.05) 15.75 (2.49) 55.63 (2.97) 6.90 20.283 (0.51)

�6 visits
50–59 24 56.17 (2.46) 15.79 (2.50) 56.58 (2.43) 8.30 10.136 (0.20)
60– 69 68 64.49 (2.79) 14.84 (2.52) 56.72 (3.03) 8.91 20.042 (0.26)
70–79 39 73.54 (2.61) 14.77 (2.84) 56.33 (2.99) 8.55 20.087 (0.36)
80–89 5 80.20 (0.45) 16.40 (2.61) 54.80 (3.42) 8.18 20.033 (0.35)

�5 years
50–59 28 55.79 (2.62) 15.61 (2.51) 56.75 (2.40) 8.42 10.090 (0.23)
60– 69 96 64.43 (2.83) 14.66 (2.51) 56.53 (2.96) 8.29 20.058 (0.29)
70–79 45 73.67 (2.75) 14.56 (2.71) 55.91 (3.20) 8.43 20.110 (0.40)
80–89 8 80.88 (2.10) 15.25 (2.82) 53.63 (6.61) 7.71 10.112 (0.55)

�6 years
50–59 25 55.96 (2.65) 15.48 (2.43) 56.60 (2.48) 8.75 10.101 (0.22)
60– 69 81 64.44 (2.85) 14.80 (2.59) 56.69 (2.91) 8.81 20.041 (0.28)
70–79 36 73.69 (2.83) 14.58 (2.81) 56.22 (3.12) 9.13 20.165 (0.37)
80–89 8 80.88 (2.10) 15.25 (2.82) 53.63 (6.61) 7.71 10.112 (0.55)

�8 years
50–59 13 56.31 (2.63) 14.77 (2.55) 56.54 (2.99) 10.59 10.027 (0.20)
60– 69 42 64.24 (2.84) 15.07 (2.56) 56.68 (3.33) 10.47 10.005 (0.23)
70–79 24 73.42 (2.70) 14.88 (2.88) 56.21 (3.28) 10.38 20.171 (0.34)
80–89 2 80.00 17.00 (1.41) 55.50 (3.54) 10.04 20.244 (0.39)

�10 years
50–59 9 56.33 (2.83) 15.22 (2.64) 57.11 (3.14) 11.44 10.020 (0.22)
60– 69 22 63.59 (2.79) 15.05 (2.06) 56.36 (4.16) 11.97 10.041 (0.15)
70–79 11 73.18 (2.09) 14.36 (2.29) 54.73 (4.00) 12.01 20.114 (0.30)
80–89 1 80.00 16.00 58.00 11.45 20.518
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Table 6. Annual rate of change on the Boston Naming Test
(BNT) based on linear regressions for each older adult with
10 or more years between the first and last assessmentsa

(positive values indicate improvement and negative
values indicate decline)

Annual Rate of Change on the BNT for Individuals
in Different Age Groups

50–59 years 60– 69 years 70–79 years 80–89 years

10.294 10.381 10.193 20.518
10.214 10.272 10.110
10.171 10.227 20.029
10.142 10.215 20.033
20.008 10.148 20.049
20.024 10.111 20.056
20.089 10.089 20.063
20.090 10.070 20.072
20.430 10.053 20.087

10.038 20.214
10.031 20.959
10.001
20.004
20.004
20.008
20.016
20.018
20.026
20.045
20.097
20.137
20.375

aOnly participants with 4 or more assessments were included in this analysis.

Table 7. Baseline demographic comparison of Boston Naming Test (BNT) “decliners” vs. “nondecliners” [mean (SD)] based on the
annual rate of change for older adults (ages 50–89) who had �6, �8, and �10 years between the first and last assessments

Time between
initial and
last assessments n

Age
(years)

Education
(years)

Gender
(% female) BNT ADASa

�6 years
Nondecliners 70 64.33 (6.78) 15.39 (2.62) 43:27 (61.4%) 55.73 (3.70) 3.40 (1.84)
Decliners 80 67.70 (7.25) 14.45 (2.56) 57:23 (71.3%) 56.98 (2.62) 3.62 (1.45)
p valueb .0039* .0286* .2030 .0207* .4368

�8 years
Nondecliners 36 64.44 (5.67) 15.44 (2.79) 23:13 (63.9%) 55.69 (3.48) 2.78 (1.52)
Decliners 45 67.38 (7.30) 14.67 (2.45) 34:11 (75.6%) 57.11 (2.88) 3.43 (1.38)
p valueb .0514 .1860 .2532 .0484* .0637

�10 years
Nondecliners 18 63.06 (4.57) 15.17 (2.23) 13:5 (72.2%) 55.06 (4.28) 2.36 (1.65)
Decliners 25 66.24 (7.88) 14.76 (2.20) 18:7 (72.0%) 56.92 (3.48) 3.76 (1.41)
p valueb .1032 .5557 .9872 .1228 .0108*

aTotal error score for the Alzheimer Disease Assessment Scale (ADAS).
bp values based on t tests for age, education, BNT, and ADAS, and on chi-square for gender.
*Statistically significant differences.

Table 8. Frequencya of difference scores between the first and
last assessments on the Boston Naming Test (BNT) for each
older adult with �10 years follow-up (n5 44)

Age Group (years)

Differenceb
50–59
(n5 9)

60– 69
(n5 22)

70–79
(n5 12)

80–89
(n5 1)

18 1
17
16
15
14 2 4
13 1 1
12 1 2
11 2 3 1

0 1 5 4

21 1 5
22 1 2 2
23 1
24 1 1
25 1c

26
27
28
29 1

Mean difference 10.444 10.773 20.667 —

aFrequency of participants who displayed a given difference score.
bPositive values indicate improvement and negative values indicate decline.
cParticipants represented below the dashed lines had a statistically signif-
icant decline on the BNT based on the Reliable Change Index (RCI).

–{–{–{–

–{–{–{–{–{–{–{–{–{–{–

–{–{–{–
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draw conclusions for this group. One third of the partici-
pants who were followed for �10 years and �8 years, and
41% who were followed for �6 years displayed lower BNT
scores on their last assessment compared to their first. How-
ever, based on the reliable change index, only a small minor-
ity of participants overall and in each age decade group
displayed statistically reliable declines on the BNT between
their first and last assessment, regardless of follow-up time
period (6.8%, 10.3%, and 8.7% for the �10, �8, and �6
year follow-up periods, respectively). The percentage of
participants with statistically significant lower scores on
the last assessment increased with successively higher
decades of age from 50 to 79 years for the �6 and �8 year
follow-up groups, but not for the �10 year follow-up group.

DISCUSSION

Longitudinal effects of age on visual confrontation naming
of line drawings of objects as measured by the BNT were
studied in a large cohort of “normal” elderly that included
subgroups of participants who were followed for �6, �8,

and �10 years. Test-retest reliability was moderately high,
whereas practice effects were very small. Reliable change
index scores indicated that an annual decline of at least 4
points on the BNT is generally needed for a statistically
reliable decline in an individual, which is useful informa-
tion when following suspected early dementia cases.

Our prediction of an increasing rate of decline in con-
frontation naming ability as measured by the BNT with
successive age decades was supported by the results of this
study, but the age-related change was nonlinear rather than
the linear relationship expected. A gradient in the mean
annual rate of change on the BNT was found as a function
of age with improvement in the 50s age group, no change in
the 60s age group, and decline in the 70s and 80s age groups.
Nonlinear changes in cognition with age have been previ-
ously reported (Albert et al., 1987).

Our additional prediction that the mean magnitude of the
decline on the BNT with age would be relatively small was
also confirmed. For example, when projected over 10 years,
there was approximately a 1.0-word improvement for par-
ticipants in their 50s and a 1.3-word decline for participants
in their 70s. We predicted that the size of the decrement on

Table 9. Frequencya of difference scores between the first and
last assessments on the Boston Naming Test (BNT) for each
older adult with �8 years follow-up (n5 78)

Age Group (years)

Differenceb
50–59

(n5 13)
60– 69

(n5 39)
70–79

(n5 24)
80–89
(n5 2)

18 1
17
16
15
14 2 5
13 1 1 1
12 2 6 2
11 3 6 3

0 2 8 7 1

21 1 6 2
22 1 3 3
23 2
24 2 1 1
25 1c 1
26
27
28
29 1
210
211 1
212 1

Mean difference 0.769 0.256 21.417 22.000

aFrequency of participants who displayed a given difference score.
bPositive values indicate improvement and negative values indicate decline.
cParticipants represented below the dashed lines had a statistically signif-
icant decline on the BNT based on the Reliable Change Index (RCI).

–{–{–{–
–{–{–{–{–{–{–{–{–{–{–

–{–{–{–

Table 10. Frequencya of difference scores between the first and
last assessments on the BNT for each older adult with �6 years
follow-up (n5 150)

Age Group (years)

Differenceb
50–59

(n5 27)
60– 69

(n5 79)
70–79

(n5 36)
80–89
(n5 8)

18 1 1
17
16
15
14 3 6 1
13 4 3 1
12 3 10 2 1
11 7 8 5 1

0 4 17 10 1

21 4 13 2 1
22 1 11 5 1
23 4 4 1
24 3 2 1
25 1c 1 1
26
27
28 1
29 1 1
210
211 1
212 1

Mean difference 0.963 20.190 21.389 0.125

aFrequency of participants who displayed a given difference score.
bPositive values indicate improvement and negative values indicate decline.
cParticipants represented below the dashed lines had a statistically signif-
icant decline on the BNT based on the Reliable Change Index (RCI).

–{–{–{–
–{–{–{–{–{–{–{–{–{–{–

–{–{–{–
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the BNT with age would be small because the BNT mea-
sures retrieval from semantic memory (i.e., crystallized
knowledge), which is relatively well preserved in aging
(Horn, 1982a, 1982b; Horn & Donaldson, 1980).

The finding in the present study of age-related declines
on the BNT in the older elderly is generally consistent
with the findings from three previously published longitu-
dinal studies that had relatively long follow-up periods
(Au et al., 1995; Connor et al., 2004; Kent & Luszcz,
2002). The age decline on the BNT in the present study
was relatively small, which is consistent with the subtle
decline reported by Connor et al. (2004). Larger BNT
declines with age were reported by Au et al. (1995), but
that study had a very small sample size. In our study, a
small improvement over time was found in the 50s age
group and no change in the 60s age group. These results
differ from the findings of Au et al. (1995) and Connor
et al. (2004) who report some mean decline in these youn-
ger age groups (albeit less of a decline than in the older
elderly). This may be a result of the differences in the
participant samples (e.g., educational levels, overall health).
For example, although the mean educational level was high
in all three studies, it was somewhat higher in the present
study (;15 years) than in the other two studies (;14 years),
which may have contributed to the differences in findings.
Alternatively, methodological differences may account for
the different findings. For example, there were more fre-
quent repeated annual assessments in the present study,
and thus perhaps a greater practice effect masked a subtle
mean decline in this younger elderly age range. In any
case, the present study and the three longitudinal studies
with relatively long follow-up periods report BNT declines
in the older elderly.

There are several possible variables that may be contrib-
uting to the decline in naming ability in the older elderly,
including “normal” brain aging, increasing health prob-
lems, decreasing cognitive activity, and increasing incipi-
ent AD cases. Changes in brain structure and function that
occur in “normal” aging may be the primary cause of the
decline in confrontation naming. Among the known brain
changes in normal aging are significant neuronal loss in
subcortical nuclei that influence production of neurotrans-
mitters and project widely to the cortex, including the sub-
stantia nigra, basal forebrain, and locus coeruleus, which
give rise to dopaminergic, cholinergic, and noradrenergic
neuronal systems, respectively (Albert, 2002; Kemper, 1993).
In addition, there is substantial structural change in cortical
white matter, including alterations in myelin, abnormal inclu-
sions, and substantial increase in lipofuscin (Nielsen &
Peters, 2000). In the hippocampus, there is significant neu-
ronal loss in the hilus (CA4) and subiculum and significant
changes in N-methyl-d-aspartate (NMDA) receptor levels
and late phase long-term potentiation (Morrison & Hof,
1997). One or more of these known brain changes in “nor-
mal” aging (or perhaps yet to be discovered changes) may
be responsible for the accelerated decline in confrontation
naming with age found in this study.

Disease is another possible contributing factor to the age
decline in confrontation naming. Cumulative medical prob-
lems and associated medication use increase on average
with age (e.g., high blood pressure, diabetes) and could
contribute to cognitive declines (Arvanitakis et al., 2004;
Glynn et al., 1999) including potentially on the BNT. A
third possible contributing factor to cognitive decline is dis-
use due to decreasing levels of environmental complexity
with age, for example, retirement from occupations to typ-
ically less cognitively challenging activities (Schaie, 1980;
Schooler, 1990; Zec, 1995).

In addition to aging per se, disease, and disuse, another
possible explanation for the decline on the BNT in the 70s
and 80s age groups is that there may have been a greater
number of participants in the incipient stages of dementia
in these older age groups. This might be expected given
that the prevalence of AD increases with advancing age
with rates doubling approximately every 5 years over the
age of 65 (Jorm et al., 1987). However, a strength of the
present study is that all participants were assessed with a
comprehensive neuropsychological battery for dementia,
and those who met cognitive criteria for dementia or amnes-
tic MCI (i.e., severe memory impairment) at baseline and0or
at follow-up were excluded from the data reported in this
article. Nonetheless, it is still possible that some partici-
pants in the incipient0prodromal stages of dementia were
not excluded. However, the BNT tends not to be very
sensitive to the very early clinical0cognitive changes in
AD patients (Testa et al., 2004). Consequently, there is
likely to be only very subtle effects on BNT performance
in prodromal AD participants and this would be expected
to have little or no effect on the mean BNT score in our
study.

Given these major possible causal0contributing factors
to an increasing rate of cognitive decline with age, the mag-
nitude of the changes in confrontation naming with age
found in this study were relatively small (e.g., a projected
1.3-word decline over 10 years on the BNT for the 70s age
group). Thus, one major conclusion of this study is that in
“normal” aging, confrontation naming as measured by the
BNT undergoes a surprisingly small decline given possible
undetected prodromal AD cases, known and unknown
changes in brain structure and function associated with “nor-
mal” aging, increases in medical problems, and decreases
in challenging cognitive activities. These findings demon-
strate that retrieval from semantic memory (i.e., lexical
retrieval) as measured by a visual object confrontation nam-
ing task is generally well preserved with age in that there is
only a subtle decline in the 7th and 8th decades of age.

It is interesting and surprising that the “decliner” groups
for all three follow-up periods had higher (i.e., better) BNT
scores at baseline than the “nondecliner” groups despite
being somewhat older and less educated, and having some-
what higher (i.e., poorer) mean ADAS total error scores.
Because the mean BNT score was higher at baseline in the
“decliner” groups, despite these participants being some-
what older, less educated, and having a poorer ADAS total
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score, the longitudinal decline on the BNT in the “decliner”
groups may in part represent regression to the mean. How-
ever, the improvement on the BNT in the “nondecliner”
groups may also in part represent regression to the mean.
Thus, regression to the mean likely occurs in both direc-
tions resulting in declining and improving scores that tend
to cancel each other out. However, there is a “ceiling” effect
on the BNT resulting from many normal elderly scoring
nearly perfectly, which likely results in regression to the
mean favoring declining scores on the BNT, that is, there is
little room for improvement for many participants. Conse-
quently, regression to the mean may account for some of
the overall decline on the BNT (see Schaie & Hofer, 2001).
Further evidence supporting regression to the mean is the
finding that the mean annual rate of change for the ADAS
total error score was in the direction of improvement for
both the “decliner” and “nondecliner” groups for all three
follow-up periods (i.e., .6, .8, and .10 years) (Table 7).
Thus, the declining BNT scores in the “decliner” group was
not part of a general cognitive decline in this group as mea-
sured by the total ADAS score.

The limitations of this study include that the findings are
based on a Caucasian sample in the Central Midwest with a
high mean educational level for whom English was their
first language. Consequently, these findings cannot be gen-
eralized to other racial groups, samples with low educa-
tional levels, or to those for whom English is not their first
language. Furthermore, these findings are limited to visual
object confrontation naming as measured by the BNT.
Increasing complaints of word-finding difficulties with age
(Albert et al., 1988) is generally consistent with the find-
ings in this study of a decline in BNT performance in the
70s and 80s age groups, although the magnitude of this
decline was smaller than expected given these complaints.
Perhaps object naming is better preserved than other types
of confrontation naming, such as retrieving people’s names
(Cohen & Faulkner, 1986).

There are both inherent strengths and weaknesses to using
a longitudinal design (Schaie, 2002; Schaie & Hofer, 2001).
A major advantage is that cohort effects (i.e., year of birth)
usually are less of a potential confounding factor than in
studies that use a cross-sectional design to examine the
effects of age on cognitive functioning. Another advantage
of the longitudinal design is that each participant serves as
his0her own control. The major disadvantage of this design
is a potential selective attrition bias introduced by partici-
pants who do not continue with the follow-up assessments.
Typically, a greater percentage of participants who are declin-
ing cognitively will drop out of the study and thereby min-
imize the effects of age on cognitive functioning. As has
been reported for other cognitive measures, larger BNT
declines have been found with increasing age when using
cross-sectional versus longitudinal data (Connor et al., 2004;
Cruice et al., 2000). Cross-sectional age comparisons on
the BNT will be discussed in a subsequent article on this
data set and compared with the findings from these longi-
tudinal analyses.
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