
Women Have Farther to Fall: Gender Differences Between
Normal Elderly and Alzheimer’s Disease in Verbal Memory
Engender Better Detection of AD in Women

Robert M. Chapman1,*, Mark Mapstone2, Margaret N. Gardner3, Tiffany C. Sandoval3, John
W. McCrary1, Maria D. Guillily3, Lindsey A. Reilly3, and Elizabeth DeGrush3

1Department of Brain and Cognitive Sciences and Center for Visual Science, University of
Rochester, Rochester, New York
2Department of Neurology, University of Rochester Medical Center, Rochester, New York
3Department of Brain and Cognitive Sciences, University of Rochester, Rochester, New York

Abstract
We analyzed verbal episodic memory learning and recall using the Logical Memory (LM) subtest
of the Wechsler Memory Scale-III in order to determine how gender differences in AD compare to
those seen in normal elderly and whether or not these differences impact assessment of AD. We
administered the LM to both an AD and a Control group, each comprised of 21 men and 21
women, and found a large drop in performance from normal elders to AD. Of interest was a
gender interaction whereby the women’s scores dropped 1.6 times more than the men’s did.
Control women on average outperformed Control men on every aspect of the test, including
immediate recall, delayed recall, and learning. Conversely, AD women tended to perform worse
than AD men. Additionally, the LM achieved perfect diagnostic accuracy in discriminant analysis
of AD vs. Control women, a statistically significantly higher result than for men. The results
indicate the LM is a more powerful and reliable tool in detecting AD in women than in men.
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It remains a controversial issue whether there are gender differences in the cognition and
behavior among individuals afflicted with Alzheimer’s Disease (Woodard et al., 2009), a
degenerative neurological disorder with primary cognitive deficits in the domain of memory
(McKhann et al., 1984). Some evidence suggests that men and women may be affected
differently by AD (Azad, Al Bugami, & Loy-English, 2007; Beinhoff, Tumani,
Brettschneider, Bittner, & Riepe, 2008; Heun & Kockler, 2002; Millet et al., 2009). Normal,
cognitively healthy women tend to perform better than men on semantic tasks, including
oral verbal fluency (Benton & Hamsher, 1978; Fuld, 1977; Kolb & Wishaw, 1985), written
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word fluency (Yeudall, Fromm, Reddon, & Stefanyk, 1986), naming (Denckla & Rudel,
1974), and verbal learning (Bleecker, Bolla-Wilson, Agnew, & Meyers, 1988; Brouwers,
Cox, Martin, Chase, & Fedio, 1984; Kramer, Delis, & Daniel, 1988). This advantage often
seen in normal women over normal men on semantic tasks may reverse in AD (McPherson,
Back, Buckwalter, & Cummings, 1999; Ripich, Petrill, Whitehouse, & Ziol, 1995). The
implications of gender effects on the assessment of memory impairments is not well known,
but how men and women might disparately perform on cognitive tests could impact the
diagnoses and conclusions reached by clinicians and researchers.

Of particular interest in the diagnosis of memory impairment are increased deficits seen in
AD women on tasks of semantic memory and learning (McPherson, et al., 1999), as
difficulties with memory are the hallmark of the degeneration seen in AD. One task of
semantic episodic memory commonly administered in the assessment of AD is the Logical
Memory (LM) subtest of the Wechsler Memory Scale (Wechsler, 1945, 1987, 1997). The
LM has been found to be a powerful tool in differentiating between AD and normal elderly
(Chapman et al., 2010; Storandt & Hill, 1989) and in predicting conversion to AD in
individuals with Mild Cognitive Impairment (MCI) (Chapman et al., 2011). One previous
gender study using the LM focused on AD rather than the comparison between AD and
normal aging (McPherson, et al., 1999). Nonetheless, McPherson and colleagues using the
LM showed gender differences in their sample of AD subjects.

Here we aim to analyze the LM in depth, comparing the performance of men and women
within and between groups of early-stage AD and normal elderly, to determine if the test
could be a more useful tool in detecting early AD in women than in men. Because the LM is
so commonly used by clinicians as part of a diagnostic neuropsychological battery, the
impact of gender on performance in both normal elderly and patients with AD is important
to recognize and take into account when assessing memory impairment. We examine each
LM story’s scores to determine if normal elderly women perform better on measures of
verbal memory and recall than normal elderly men and if this trend disappears or reverses in
AD. Using discriminant analysis, we provide evidence that the LM may prove to be a more
powerful and reliable tool for detecting cognitive decline in women than in men.

Method
Study Sample

A total of 84 subjects participated in this study (Table 1). Both the AD group and the
Control group had 42 subjects comprised of 21 men and 21 women. The AD subjects were
from the Alzheimer’s Disease Center at Strong Memorial Hospital and the Memory
Disorders Clinic at Monroe Community Hospital. Each AD subject met standard criteria for
AD (NINCDS-ADRDA criteria) (McKhann, et al., 1984) and DSM-4TR criteria for
Dementia of the Alzheimer’s Type (American Psychiatric Association, 2000) and were early
in the course of the disease (Table 1). The clinical diagnosis of AD was performed by
memory-disorders physicians and was based on the patient history, cognitive testing,
relevant laboratory findings, and imaging studies routinely performed as part of the clinical
assessment of dementia (Morris et al., 1989; Petersen et al., 2001). The neuropsychological
test data collected in this study did not contribute to the clinical diagnoses of the subjects.

Control subjects were elderly volunteers from the community, many of whom were
diagnosed to have normal cognitive functioning by the same memory-disorders physicians.
Exclusion criteria for all subjects included Parkinson’s disease, HIV/AIDS, clinical (or
imaging) evidence of stroke, reversible dementias, and treatment with benzodiazepines,
antipsychotic, or antiepileptic medications. The subjects spoke English as a primary

Chapman et al. Page 2

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 October 13.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



language. Informed consent approved by the Research Subjects Review Board at the
University of Rochester was obtained.

As inclusion criteria, each participant had a Mini Mental State Examination (MMSE)
(Folstein, Folstein, & McHugh, 1975) score of 22 or greater (out of 30, where a higher score
indicates better performance). The mean MMSE score was appropriate for each group’s
diagnosis (mean (SD) score for the AD group = 24.3 (3.6) and for the Control group = 28.3
(1.7)). There was no significant difference in MMSE score between AD men and AD
women (t(40) = −0.08, p = .93), indicating that the severity of global cognitive impairment
was approximately equal in both genders. There was a significant gender effect in the
Control group (t(40) = 2.18, p = .04) such that women outperformed men. On the North
American National Adult Reading Test (AMNART) (Grober & Sliwinski, 1991), there was
a significant group effect (F(1, 80) = 6.20, p < .05, Control > AD). However, there was no
significant gender effect (F(1, 80) = 1.93, p = .17) or significant group by gender interaction
(F(1, 80) = 0.79, p = .38). There was no significant main group effect for age (F(1, 80) =
0.43, p = .52) or education (F(1, 80) = 1.98, p = .16). Similarly, there was no significant
main gender effect for either age (F(1, 80) = 0.43, p = .52) or education (F(1, 80) = 3.27, p
= .07). Finally, there was no significant group by gender interaction for either age (F(1, 80)
= 0.02, p = .88) or education (F(1, 80) = 0.00, p = .97). The number of right-handed
individuals did not differ significantly among gender subgroups (Fisher’s Exact Test, χ2 (1,
N = 84) = 0.01, p = .91). At the time of testing, 39 of the 42 AD individuals were taking
cholinesterase inhibitors and/or memantine (20 women and 19 men). The proportion of
individuals taking these medications did not significantly differ between men and women
within the AD group (Fisher’s Exact Test, χ2 (1, N = 42) = 0.36, p = .55). Two Control
women and one AD woman were also on hormone replacement therapy at the time of
testing.

Evaluation with the WMS-III Logical Memory Subtest
All subjects were administered the WMS-III Logical Memory (LM) subtest, which included
both the immediate and delayed recall portions (Wechsler, 1997). This test was administered
as part of a neuropsychological battery that targeted areas of cognition affected by AD. In
the LM, the examiner reads a short story and afterward asks the participant to recall as many
of the details of the story as possible. There are two stories (Story A and Story B), each
comprised of only a few sentences. The first, Story A, is read a single time. The second
story, Story B, is read twice. After each reading of each story, the subject is asked to recall
as many details as he or she can remember. The examiner marks each of the individual
details the subject can spontaneously produce (as per the scoring criteria included with the
test). Then, after a delay (approximately 20 minutes filled with other, unrelated cognitive
tests), the participant is asked again to recall each story from memory but without an
additional reading or prompting. The following neuropsychological tests were given during
the delay as part of our battery: a clock-drawing test (Tuokko, Hadjistavropoulos, Miller, &
Beattie, 1992), the North American National Adult Reading Test (Grober & Sliwinski,
1991), the Stroop test (Golden, 1978), the immediate recall portion of the Brief Visuospatial
Memory Test-Revised (Benedict & Groninger, 1995), and the Controlled Oral Word
Association Test and Category Fluency (Benton & Hamsher, 1978). We examined gender
effects in AD on these tests and others in our battery that target other cognitive domains; a
deep exploration of these results is not relevant to this article. However, no significant
effects were obtained save on the Money Road-Map test (Money, 1976), which is an effect
discussed by others (Lezak, Howieson, & Loring, 2004).

The LM was administered by trained laboratory staff. Each test was graded twice to ensure
accuracy. A gist scoring method was used where the story detail had to be reported verbatim
or the basic idea of the detail had to be reported in order to receive a point (Abikoff et al.,

Chapman et al. Page 3

J Int Neuropsychol Soc. Author manuscript; available in PMC 2012 October 13.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



1987). This is a slightly easier and more lenient assessment approach, and it was taken to
help prevent a bottoming effect among the AD subjects. A perfect score requires
remembrance of all 25 items in each story. The raw scores consisted of a sum of all the
details remembered, resulting in a score from 0–25 for each story and recall. For the
purposes of graphically comparing Story B to Story A in Fig. 1, the first and second
immediate recall scores of Story B were averaged together. These immediate recall scores of
Story B remained separate for other analyses (Table 2, Fig. 2).

Statistical Analysis
Logical Memory measures of immediate and delayed recall were the dependent variables
that were studied in relation to three independent variables with Gender (women, men) and
diagnostic Group (AD, Control) as between-subjects factors, and Story (A, B) to be
remembered as a within-subject factor. Three-way factorial ANOVAs of Gender, diagnostic
Group, and Story provided a method of studying the effects of each of these factors as well
as their interactions, the Gender × Group interaction being a particularly important one in
this study.

To examine the ability of the LM to detect early AD in women and men, linear discriminant
analysis was applied entering all five measures (immediate and delayed recalls for Story A,
and the two immediate and one delayed recalls for Story B). Separate discriminant analysis
was computed for men and for women in order to optimize the outcomes for each gender.
The subsequent classification accuracies were analyzed with one-tailed Fisher’s Exact Tests.
An alpha level of .05 was chosen for statistical significance.

SAS 9.1.3 (the GLM, DISCRIM, and NPAR1WAY procedures) was used to compute
statistical analyses in this study (SAS Institute Inc., 2002).

Results
Gender and Group Effects on Verbal Episodic Memory Recall

Story A—An examination of the mean recall scores for each story (Figure 1 and Table 2)
revealed that the Control group consistently and significantly outperformed the AD group in
remembering the details of Story A during immediate recall (overall Control mean score
(SD) = 14.1 (3.8) versus overall AD score = 6.2 (3.9)) and delayed recall (overall Control
mean score (SD) = 12.5 (4.0) versus overall AD score = 2.4 (3.7)). Also, Control women
generally recalled more details than Control men. However, the opposite was true for the
AD group as on average the AD men remembered more of Story A than the AD women did.

A mixed factorial ANOVA with Group (AD vs. Control) and Gender (women vs. men) as
between-subjects variables and Recall Trial (Immediate vs. Delayed) as the within-subjects
variable was performed on Recall performance for Story A. The group effect (between
subjects) was significant (F(1, 80) = 147.34, p < .0001) and in the expected direction
(Controls performing much better than ADs). In addition, there was a significant interaction
of gender with group (F(1, 80) = 12.48, p = .0007) represented by the gender lines crossing
in Figure 1. The main between subjects effect of gender was not significant (F(1, 80) = 0.64,
p = .42) because the higher performance of women over men for the Controls was nearly
counterbalanced by the relative higher performance of men over women for the ADs.

There was also a significant main effect of recall (Immediate vs. Delayed) (F(1, 80) = 96.18,
p < .0001) and a significant interaction between recall and group (F(1, 80) = 15.79, p = .
0002). These recall effects were expected, as the subjects tended to perform worse on the
delayed recall than the immediate recall, and this drop in score is greatly amplified in AD.
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However, there was no significant interaction between recall and gender, and the three-way
interaction of recall, group, and gender was not significant.

Story B—The results for Story B were quite similar to those for Story A. The mean scores
for the immediate and delayed recalls (Figure 1) of Story B reveal that the differences
among the groups and genders seen in the immediate recall scores persisted. The Control
Group performed significantly better than the AD group on the immediate recalls (averaged
overall Control mean score (SD) = 13.9 (3.4) versus averaged overall AD score = 6.4 (3.6))
and for the delayed recall (overall Control mean score (SD) = 14.0 (3.8) versus overall AD
score = 3.6 (4.3)), as expected.

Again, Control women on average scored higher than Control men; whereas, conversely,
AD men performed better than AD women (Story B crossing lines in Figure 1). Another
mixed factorial ANOVA with diagnostic Group (AD vs. Control) and Gender (women vs.
men) as between-subjects variables and Recall Trial as the within-subjects variable
(Immediate 1, Immediate 2, and Delayed) was performed on Recall performance for Story B
(Table 2). A main group (AD vs. Control) effect was found (F(1, 80) = 129.30, p < .0001),
as well as a group by gender interaction (F(1, 80) = 5.10, p < .05). The main gender effect
was, as for Story A, not significant. There was also a main recall (Immediate 1, Immediate
2, Delayed) effect (F(2, 80) = 68.15, p < .0001), and the interaction of recall with group was
significant as well (F(2, 80) = 20.61, p < .0001). As for Story A, neither the interaction of
recall with gender nor the three-way interaction reached significance.

Overall, the three Story B recall measures (moving along the x-axis in Figure 2) had a
characteristic pattern of increasing from the first to the second immediate recall and then
decreasing on the delayed recall. However, this recall pattern was somewhat different for
Controls than for AD, e.g., AD showing more of a drop during the delay period. Moreover,
while Control women learned at a higher rate than men (learning slope between first and
second immediate recall: (t(40) = +2.21, p = .03)), they forgot details at roughly the same
rate in the time between learning and delayed recall (t(40) = −0.07, p = .94). The rate of
forgetting was also roughly equivalent between AD women and AD men (t(40) = +0.38, p
= .71), as was their difference in rate of learning (t(40) = +0.35, p = .73).

Gender Trends—Figure 1 depicts the gender effects found for Story A and Story B in
both immediate recall and delayed recall (the two immediate recall scores of Story B are
averaged in this graph to produce a single mean immediate recall score for each gender
subgroup). First, it is apparent that the general trend of the gender effect is the same for both
Story A and Story B. Second, whereas Control women outperformed Control men for both
the immediate and delayed recalls of Story A and Story B, the opposite gender effect is true
for the AD group. In AD, women fell below men for both the immediate and delayed recalls
(thus producing the “swapping” effect seen in Figure 1 where the lines cross when moving
along the x-axis from Control to AD). The gender effect was not disturbed by the time delay
between the immediate and delayed recalls.

Classifying AD in Men and Women using the LM Subtest—Because we
hypothesized that the gender disparity on the LM would better diagnose AD in women than
in men, we performed separate discriminant analyses on the two genders. Two discriminant
functions were separately (for the men and the women) created and applied using the set of
five recall measures of the LM subtest. The function for women classified each woman as
either AD or Control and produced perfect 100% accuracy (Fisher’s Exact Test, χ2 (1, N =
42) = 42.0, p < .0001). The function for men discriminated AD with 88% accuracy (Fisher’s
Exact Test, χ 2 (1, N = 42) = 24.4, p < .0001). Thus, the LM performed better at detecting
AD in women than in men.
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The posterior probabilities of group membership that are supplied in discriminant analysis
(Chapman, et al., 2010) were compared for men and women (Figure 3). Individuals were
placed into one of five posterior probability bins. Not only did the LM achieve greater
classification accuracy for women than for men, but many more women had the highest
probability of classification. Nearly 98% of the women lie in the highest probability bin (.9 –
1.0), while only 57% of the men do.

We analyzed whether there was a significant difference between the posterior probabilities
of women as opposed to those of men. A median two-sample nonparametric test was chosen
because the distributions are heavy-tailed. The sums of scores statistics were 36.0 for
women and 6.0 for men, resulting in a one-sided p < .0001. Clearly the LM identified AD
vs. Control group with greater accuracy and greater diagnostic confidence for women than it
did for men.

Discussion
The results of this study indicate that the advantage normal elderly women have over men in
learning and recalling verbal episodic memory disappears or reverses in AD. Control women
outperformed Control men in every measure of the Logical Memory subtest (Figure 1). This
was true for both Stories A and B and despite a time delay between the immediate recall and
the delayed recall. Additionally, Control women had a higher rate of learning between the
first and second immediate recalls of Story B (Figure 2). Men and women appeared to forget
story details at a similar rate during a time delay filled with other activity (as depicted by
loss of accuracy in detail recollection between the second immediate recall of Story B and
the delayed recall in Figure 2).

In the AD group, however, it is men who outperform women in tasks of verbal episodic
memory. On average, AD men scored higher than women on every aspect of the Logical
Memory (across both stories and across the time delay). Clearly the better performance in
women over men that was striking and statistically significant in normal elderly Controls has
disappeared or reversed in AD, a conclusion supported by statistically significant Group ×
Gender interactions (Figure 1 and Table 2). This finding is most apparent in Figure 1 where
the solid lines representing immediate recalls, as well as the dashed lines for delayed recalls,
cross for each gender when moving from Control to AD. Control women scored higher on
average than Control men for both stories and both immediate and delayed recalls, and this
trend was reversed in AD (such that AD women scored lower on average than AD men).
Additionally, the improved rate of learning seen in Control women disappears in AD
women, though the rate of forgetting between AD men and women appears to be the same
(Figure 2).

These findings are consistent with results reported by others that gender differences are
present in AD and relevant to the study of the disease (Buckwalter, Sobel, Dunn, Diz, &
Henderson, 1993; McPherson, et al., 1999). Significant gender effects may be easier to
detect when AD subjects are more advanced in the disease (Beinhoff, et al., 2008). In order
to focus on very mild AD, our inclusion criteria required a higher score on the MMSE (≥22
in this study and in Beinhoff et al. versus ≥15 in McPherson et al.’s study). It is possible that
the gender differences favoring men become more pronounced as AD progresses, as others
have suggested (Ripich, et al., 1995). In some studies of gender differences in AD, their
samples of AD subjects were moderately to greatly impaired at the time of analysis as
indicated by low mean MMSE scores (Buckwalter et al., 1996; Buckwalter, et al., 1993) and
significant differences on the MMSE between AD men and women were found (Buckwalter,
et al., 1993). We had no such gender difference on the MMSE in our AD group (Table 1).
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There have been some inconsistencies in the literature concerning whether or not AD
women perform significantly worse than AD men on semantic tasks (Beinhoff, et al., 2008).
We believe it is important to consider the performance of normal elderly when assessing
gender differences in AD. For instance, the drop in performance from Control to AD for the
five measures we studied in the LM was approximately constant for women (M = −10.8, SD
= 1.9, N = 5) and for men (M = −6.7, SD = 1.4, N = 5). These drops were statistically
greater for women than for men (t(8) = 3.91, p = .005); on average they were 1.6 times
greater for women. Moreover, these are sizeable drops considering the full range of scores is
0–25. In general, statistically significant differences between AD women and AD men may
not appear on every measure because women have to fall so far from their normal control
performance to be significantly below men as ADs. Therefore, where women and men start
(normal cognition) is important in evaluating the gender difference related to AD.

The comparison of normal elderly to AD in terms of gender differences reveals two
important findings. First, when other demographic variables (including age, education,
handedness) are controlled, gender differences still impact performance on the LM in
normal elderly and in an opposite direction in AD. Second, not only do normal, healthy
older women outperform healthy older men, this advantage strikingly disappears in AD.
This suggests that AD pathology may affect memory systems differently in women than in
men (Cushman & Duffy, 2007).

However, it has also been suggested that estrogen replacement therapy may provide
protective effects on cognition and verbal memory in women (Henderson, Watt, &
Buckwalter, 1996; Kampen & Sherwin, 1994; Korol & Manning, 2001); see also Baum
(Baum, 2005). Because of a limited sample size of only three women in our subject pool
actively taking hormone replacement therapy and limited knowledge of our subjects’
previous medications, we could not explore the effects of this treatment on cognitive
performance. It is possible that our AD women perform poorly on the LM because by
chance the vast majority of them did not receive hormone replacement therapy at the onset
of menopause. It has been shown that women taking estrogen replacement therapy during
menopause have a reduced risk of cognitive impairment and dementia later in life (Maki,
2006; Tang et al., 1996; Yaffe, Sawaya, Lieberburg, & Grady, 1998; Zandi et al., 2002), and
many of our Control women have perhaps benefited from this effect. Though the cause of
improved verbal memory in normal elderly women and diminished verbal memory in AD
women in this study cannot be definitely stated, the fact that women with AD tended to
exhibit poorer verbal memory skills than AD men must be considered when using the LM as
a diagnostic tool.

It is also possible that AD affects verbal IQ differently in women, and this IQ gender
difference could have influenced our LM results. If this were so, we would expect
significant gender effects on the AMNART estimated verbal IQ similar to our main LM
interaction. We found no significant gender effect or significant group by gender interaction
in our analysis of the AMNART (see Methods), so we cannot infer that the interaction we
report on the LM is due to overall lower estimated verbal IQ in women.

Effect of Gender Differences on AD Diagnosis
Our findings suggest an interesting and possibly diagnostically important fact about the
Logical Memory test. This test has proven to be particularly useful in differentiating normal
elderly from AD with high sensitivity and specificity (Chapman, et al., 2010; Storandt &
Hill, 1989). The drop in performance from healthy cognition to AD is much larger in women
than in men. For immediate recall, women drop on average over both stories 9.6 recall items
whereas men drop only 5.7. Similarly, for delayed recall, women drop on average 12.5 and
men drop only 8.1. Due to this larger drop in performance in women, it is possible the LM
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may more reliably detect AD in women. To examine this, we applied discriminant analysis
to the LM measures of men and women separately to classify each as a member of the AD
or Control group. We found that the LM was capable of diagnosing AD in women with
100% accuracy, and this was 22% more accurate than our discrimination results with men.
In addition, the posterior probabilities were significantly higher for women (Figure 3) than
for men, which suggests that these correct diagnoses for women were made with extremely
high confidence (higher than the classifications for many of the men). This concept of the
LM providing greater diagnostic power for women than men requires further study, but such
a gender difference in diagnostic specificity has been reported for other measures of the
WMS-III (Heaton, Taylor, & Manly, 2003). Taking gender into account when assessing
cognitive decline with the LM may increase its power in early detection of AD.

We are unaware of any published, validated normative data for the LM that take gender into
account. However, standardizing the data to account for gender differences produces
essentially the same discriminant results. We included every normal elderly subject we had
available to produce LM normative data separately for men and women and standardized
each gender accordingly (there were an additional 49 Control women and 41 Control men,
totaling 70 Control women and 62 Control men. These individuals were not included in the
main analysis to maintain balance with the AD group). The normalized scores for the LM
entered into discriminant analysis for women and men separately and achieved essentially
the same results as the non-normalized data: 99% of the women and 87% of the men were
correctly classified.

Although cognitively healthy women and men exhibited a statistically significant gender
difference on the MMSE, the MMSE is not as capable of detecting AD in women as the LM.
The MMSE has been shown to not be a powerful tool at detecting AD (Chapman, et al.,
2010; Costa et al., 1996; Heun, Papassotiropoulos, & Jennssen, 1988). Using the same
subjects whose LM data is reported here, we found the MMSE could detect AD in women
with 83% accuracy and in men with 74% accuracy. While the LM detected AD significantly
better in women than in men, the MMSE did not show such a gender difference (Fisher’s
Exact Test, χ2 (1, N = 42) = 1.13, p = .29). In addition, the LM achieved significantly higher
accuracy in detecting AD in women over what the MMSE achieved (Fisher’s Exact Test, χ2

(1, N = 42) = 7.63, p = .001). The MMSE and LM did not perform significantly differently
in diagnosing AD in men (Fisher’s Exact Test, χ2 (1, N = 42) = 2.79, p = .10). The MMSE
is not as useful a tool in detecting AD, and the gender effect that boosts the power the LM
has in assessing women is not present.

Our LM results require further examination with the WMS-IV, though it seems likely that
the gender effects would persist given the minor changes to the LM in the newer version of
the test. Additionally, we chose to focus on early-stage AD as identification of those
individuals in the earliest stage of the disease is increasingly important, as well as
understanding the nascent cognitive changes associated with early symptoms. These gender
differences should be studied both (1) in individuals with more advanced AD to better
understand their relationship to the progression of the disease and (2) in individuals with
Mild Cognitive Impairment and preclinical AD.
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Figure 1.
The average number of story details recalled by men and women of the Control and AD
groups. The immediate (solid lines) and delayed recall (dashed lines) scores are presented
for both Story A and Story B (the immediate recall for Story B in this figure is the average
of the first and second recall scores). Error bars represent SEM. The gender by group
interaction is significant (p < .001).
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Figure 2.
Story B learning curves for women and men of the Control (solid line) and AD (dashed line)
groups. The first and second recall scores represent learning scores (where the story was
presented immediately prior to testing). Error bars represent SEM.
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Figure 3.
Percentage of women and men in each posterior probability bin when classified as AD or
Control using the LM in discriminant analyses. Each woman and man was classified as
either a member of the AD or Control group with associated posterior probability of group
membership. The discriminant function was performed separately on women and men using
the LM subtest.
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Table 2

ANOVA Results for Logical Memory Immediate and Delayed Recall

df F p Partial η

Story A

Between Subjects Effects

 Group (AD, Control) 1, 80 147.34 <.0001 .79

 Gender (Women, Men) 1, 80 0.64 .42 NS

 Group × Gender 1, 80 12.48 .0007 .24

Within Subject Effects

 Recall (Immediate, Delayed) 1, 80 96.18 <.0001 .74

 Recall × Group 1, 80 15.76 .0002 .41

 Recall × Gender 1, 80 2.86 .10 NS

 Recall × Group × Gender 1, 80 0.01 .93 NS

Story B

Between Subjects Effects

 Group (AD, Control) 1, 80 129.30 <.0001 .79

 Gender (Women, Men) 1, 80 0. 01 .91 NS

 Group × Gender 1, 80 5.10 .03 .24

Within Subject Effects

 Recall (Immediate1, Immediate2, Delayed) 2, 80 68.15 <.0001 .68

 Recall × Group 2, 80 20.61 <.0001 .45

 Recall × Gender 2, 80 2.34 .10 NS

 Recall × Group × Gender 2, 80 0.79 .46 NS

NS = Not Significant
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