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Abstract

There is evidence that vulnerability to proactive semantic
interference may be an early manifestation of early Alzhei-
mer’s disease and other neurodegenerative disorders. At
present, there is a paucity of data regarding the extent to
which such deficits relate to the progression of cognitive
deficits and to clinically significant endpoints such as de-
mentia. In this study, we followed 76 older adults, initially
diagnosed with mild cognitive impairment, for a period of
up to 3 years. Twenty-seven of these individuals (35.5%) pro-
gressed from mild cognitive impairment to dementia. An ex-
amination of baseline neuropsychological performance in-
dicated lower baseline scores for object memory among
those progressing to dementia. However, baseline Mini-
Mental State Examination scores, delayed memory for pas-
sages, delayed visual memory, letter fluency, category flu-
ency, Trails B and Block Design did not differ among study
groups. In contrast, the Semantic Interference Test, a mea-
sure susceptible to vulnerability to proactive semantic inter-
ference showed the greatest baseline differentiation be-
tween those who progressed and those who did not pro-

gress to dementia. Further, scores on this measure predicted
future progression to dementia with high accuracy. Vulner-
ability to proactive interference may be an early manifesta-
tion of an early dementing process and may have utility in
predicting future progression to dementia.
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Introduction

There has been an increasing emphasis on the detec-
tion of early manifestations of mild cognitive impairment
(MCI) in the elderly. Since some persons with MCI may
progress to greater degrees of impairment while others
do not, it is important to determine predictors of impor-
tant endpoints such as dementia. Performance on list
learning and semantic memory tests assessing immediate
and delayed recall has been the most predictive of pro-
gression to dementia among older adults who do not meet
criteria for dementia upon initial evaluation [1-4] and
among initially normal community-dwelling elders [5].
However, nonmemory tests such as information and an-
imal fluency [6], attention and executive function [7] and
psychomotor speed [8] have also been found to be predic-
tive of progression to dementia. This raises the issue that
the earliest cognitive symptoms of an underlying degen-
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erative process may be variable and that it may corre-
spond to specific areas of the brain that may be initially
affected.

With the promise of newer pharmacological agents on
the horizon, investigators have turned to other paradigms
in an attempt to identify the earliest cognitive manifesta-
tions of MCI and neurodegenerative disease. In an at-
tempt to elucidate these early mechanisms, our group has
found that increased vulnerability to semantic interfer-
ence may be an early manifestation of cognitive impair-
ment among elderly patients with early Alzheimer’s dis-
ease (AD). After learning an initial list of items over sev-
eral trials, susceptibility to proactive interference for
other semantically related targets had a high degree of
sensitivity and specificity in distinguishing mildly im-
paired AD patients, patients with prodromal AD who did
not meet criteria for dementia, and normal elderly con-
trols [9, 10]. The fact that mean group differences per-
sisted after controlling for overall memory performance
suggests that susceptibility to proactive interference may
reflect impaired inhibitory processes and potential dys-
function that extends beyond memory impairment [9].

More recent work suggests that susceptibility to se-
mantic interference may not be limited to AD but may be
observed among patients with other neurological condi-
tions such as multiple cerebral infarctions, which com-
monly affect executive function [11]. While vulnerability
to semantic interference may be an effective marker of
early cognitive impairment, little is known about the util-
ity of such measures to predict those persons who might
be more susceptible to cognitive decline and progression
to dementia. In this study, we followed 76 subjects with
MCI for up to 3 years. The primary goal of the study was
to assess the extent to which baseline vulnerability to se-
mantic interference and performance on other neuropsy-
chological measures could differentiate persons who
would progress to dementia from those who would not
progress to dementia.

Methods

Subjects

The initial pool of subjects consisted of 435 community-dwell-
ing subjects who were participants in a longitudinal study of ag-
ing. Subjects were recruited from a community memory disorders
screening program, via newspaper advertisement, or were pa-
tients of an outpatient memory disorders clinic or their spouses.
All subjects had extensive clinical and neuropsychological assess-
ment at baseline by board-certified neuropsychologists or post-
doctoral fellows under their supervision. Approximately 56% of
the sample were judged to have normal cognition at baseline, 26%
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were classified as having cognitive impairment without dementia,
9% were classified as having questionable cognitive impairment,
and 9% were classified as having dementia. Since this study was
designed to examine cognitive predictors of progression from
MCI to dementia, we focused on the 115 subjects in the cohort
who were judged to have cognitive impairment without dementia
at baseline.

Cognitively Impaired Individuals at Baseline

A total of 96 of the 115 cognitively impaired subjects met Pe-
tersen’s criteria [12] for MCI adapted for this study which included:
(a) reported cognitive impairment and/or the clinician judged that
there was cognitive impairment during an extensive clinical inter-
view; (b) there was verified objective cognitive impairment which
was quantified at 1.5 SD or below on one or more measures of cog-
nition tapping memory, language, visuospatial skills or executive
function as described below; (c) score on the Mini-Mental State
Examination (MMSE) [13] was no less than 23, and (d) there was
no evidence of deterioration in social and/or occupational func-
tion required by the DSM-IV criteria for a dementia syndrome.
Follow-up longitudinal data were available on 76 of these 96 MCI
subjects. There were no differences in level of educational attain-
ment between the MCI subgroup that was followed longitudinally
versus the subgroup that was lost to follow-up. However, the group
that remained in the study was slightly younger (mean age = 77.34
+ 5.5 years) than the group lost to follow-up (mean age = 80.45 *
6.6 years) [F (1, 95) = 4.62; p < 0.04]. In addition, the 20 MCI pa-
tients lost to follow-up did not differ from the 76 patients who were
followed longitudinally with regards to scores on any of the neu-
ropsychological measures at baseline as described below.

Progression to Dementia

Subjects were classified as having progressed to dementia if
during their annual follow-up they met the following DSM-IV
criteria for dementia: (a) impairment in memory and at least one
additional cognitive domain confirmed by neuropsychological
tests at 1.5 SD or below expected levels; (b) deterioration in social
and/or occupational function required by DSM-IV criteria for de-
mentia, and (c) no fluctuation of consciousness indicative of de-
lirium.

Neuropsychological Measures

Neuropsychological measures tapped memory (3-Trial Fuld
Object Memory Evaluation [14, 15]; Delayed Logical Memory [16];
Delayed Visual Reproduction [17]); language (Category Fluency
[18]); visuospatial function (Block Design [19]) and executive
function (Trails B [20]; COWAT Letter Fluency [21]). Impairment
within a cognitive domain was confirmed if performance in one
or more tests within that domain was 1.5 SD below age- and edu-
cation-related data derived from a large local normative database
of English- and Spanish-speaking cognitively normal subjects
collected by our group over the past 10 years.

Semantic Interference Test

In addition to the neuropsychological measures listed above,
we administered the Semantic Interference Test (SIT) [9, 10]. The
SIT adds an additional set of ten items (i.e. Bag B) that are seman-
tically related to items on the Fuld OME and that is administered
to subjects after the three recall trials of the modified Fuld OME.
Subjects are required to recall this new set of objects, a recall that
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Table 1. Demographic characteristics of MCI subjects who progressed to dementia (n = 27) versus subjects who

did not progress to dementia (n = 49)

Progression to Nonprogression F X2 p value
dementia to dementia
Age 77.19%6.2 77.43+52 0.03 0.856
Years of education 14.00+3.3 12.16 £4.5 343 0.068
MMSE score 2637%19 2620%2.1 0.12 0.729
Females 33.3% 51.0% 1.55 0.214
English language 74.1% 51.0% 2.94 0.097

Values for age, years of education and MMSE score are expressed as mean £ SD.

is susceptible to proactive interference (i.e. old learning of the pre-
vious OME items interferes with learning of the new set). This is
followed by recall of the original list of OME objects (Bag A), a
recall that is vulnerable to retroactive interference (i.e. new learn-
ing of Bag B items interferes with retrieval of previously learned
information).

Although scores on other neuropsychological measures were
employed to provide confirmation of cognitive impairment that
was noted in the clinical evaluation, it should be noted that in the
present study, performance on the SIT was not utilized in the ini-
tial or the follow-up diagnostic classification of subjects.

Statistical Analyses

Group differences in baseline demographic and neuropsycho-
logical measures were analyzed using one-way analyses of vari-
ance (ANOVAs). Because contrasts on multiple dependent neuro-
psychological measures increases the probability of family-wise
a-error, and there were 9 neuropsychological measures exam-
ined, a Bonferroni correction was applied and the test-wise crite-
rion for each individual contrast was p <0.006. For each measure,
n? was calculated by taking the derived sum of squares for the
group effect and then dividing this by the total sum of squares in
an ANOVA model. This corresponds to the degree of variability
in the dependent measure that could be attributed to the group
effect (those who progressed to dementia versus those who did not
progress to dementia) and is equivalent to an R? obtained in re-
gression models. The ability of baseline neuropsychological mea-
sures to predict progression was examined by discriminant func-
tion analysis (DFA) which allowed classification of each case by a
discriminant function derived on all other cases except the case
being classified. We also examined comparative predictive values
of the different neuropsychological measures under the receiver
operating characteristic (ROC) curve.

Results

Subjects were followed from 11 to 39 months with a
mean follow-up time of 21.49 months (SD = 8.5). Of the
76 subjects that had MCI at baseline and were available

Vulnerability to Semantic Interference in
MCI

for follow-up, 27 (35.5%) progressed to dementia. The av-
erage time of follow-up for those who progressed to de-
mentia was 19.7 months (SD = 9.0) and was not signifi-
cantly different from those who did not progress to de-
mentia (22.5 months, SD = 8.2). As depicted in table 1,
those individuals who progressed to dementia did not
differ with regards to age, education, language of evalua-
tion or global cognitive impairment on the Folstein
MMSE. Fifty-six percent of those who progressed to de-
mentia were diagnosed with probable AD, 16% were di-
agnosed with multiple cerebral infarctions and 13% were
diagnosed with Diffuse Lewy Body Disease. The remain-
ing subjects had cognitive signs consistent with AD but
did not have an MRI of the brain that would allow ruling
out other possible causes of cognitive impairment and, in
addition, did not seek neurological follow-up.

We examined potential baseline neuropsychological
differences between those individuals who progressed to
dementia versus those who did not. As shown in table 2,
the results of ANOVAs indicated that those individuals
that progressed to dementia evidenced lower baseline
Fuld OME scores [F (1, 74) = 10.62; p <0.002]; Bag B, and
proactive interference score on the SIT [F (1, 74) = 22.35;
p < 0.001]. There were no statistically significant differ-
ences between groups with regards to performance on
other neuropsychological measures. The magnitude of
effect between those individuals who progressed versus
those who did not progress to dementia was calculated by
dividing the explained sum of squares attributed to the
group effect divided by the total sum of squares in the
ANOVA model (n?). The greatest > was observed for Bag
B recall, where group membership explained 23.2% of
variability on this measure.

To determine the extent to which low Bag B scores rep-
resented proactive interference as opposed to merely im-
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Table 2. Baseline neuropsychological performance of subjects who progressed to dementia (n = 27) versus sub-

jects who did not progress to dementia (n = 49)

Progression Nonprogression F value p value % %

to dementia to dementia

(mean * SD) (mean * SD)
3-Trial Fuld OME 17.22+43 20.22%3.6 10.62 0.002 12.6
SIT Bag B Proactive Interference 344%2.1 553%£1.7 22.35 <0.001 23.2
SIT Bag A Retroactive Interference 3.11%£2.0 292%1.9 0.17 0.684 0.2
WMS III Delayed Recall for Passages 13.70£7.8 14.84%7.5 0.39 0.534 0.5
WMS-R Delayed Visual Reproduction 7.81%6.5 11.10£6.6 4.32 0.041 5.6
Trails B (time), s 189.81£77.1 194.02 £88.7 0.04 0.840 0.1
Block Design WAIS-III 23.26%6.8 20.59%6.2 2.93 0.092 4.0
FAS Letter Fluency 30.41+13.3 29.14%12.2 0.18 0.667 0.2
Category Fluency 29.93£78 33.20£8.7 2.67 0.107 3.5

Due to multiple contrasts and enhanced probability of family-wise a-error, the criterion for significance for
each individual test-wise comparison was set at p < 0.006 by the Bonferroni procedure.

paired memory, we employed both the Total Recall of
the Fuld OME and Delayed Visual Reproduction in group
comparisons for which Bag B was an outcome measure.
Even after these covariates were entered into the model,
the Bag B proactive score was significantly different be-
tween those subjects who progressed to dementia and
those subjects who did not progress to dementia [F(1, 73) =
10.18; p < 0.002].

Another method of separating the effects of overall
memory impairment from the effects of proactive inter-
ference is to calculate a proactive interference ratio using
the formula used in a previous SIT study [9] (i.e. Bag SIT
B recall/(Sum of Fuld OME Recall Trials 1-3)/3). This ef-
fectively controls for the overall strength of learning and
memory for the original set of items when trying to learn
an equivalent list of semantically related items. A lower
proactive interference ratio indicates a greater degree of
semantic interference. In this study, those persons who
progressed to dementia had a lower proactive interfer-
ence ratio (mean = 0.587; SD = 0.32) than those individu-
als who did not progress to dementia (mean = 0.823;
SD =0.25) [F (1, 74) = 12.88; p < 0.001].

We entered neuropsychological variables into a step-
wise DFA. The only significant variable in the model was
the SIT Bag B recall with Wilk’s N = 0.768; x> = 19.40;
p < 0.001. We employed a cross-validation technique so
that each case was classified by all cases in the model ex-
cept that case. Among those who progressed to dementia
(cut-off score = 4), the correct classification rate was
70.4% while the correct classification rate of those who
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did not progress to dementia was 73.5%. The overall cor-
rect classification rate was 72.4%.

A series of ROC analyses indicated that the area under
the ROC curve (AUC) was the greatest for Bag B recall
(AUC = 0.775), followed by the total score of the Fuld Ob-
ject Memory Evaluation (AUC = 0.707), Delayed Visual
Reproduction (AUC = 0.662), Category Fluency (AUC =
0.619), Block Design (AUC = 0.584), Trails B (AUC =
0.573), Logical Memory Delayed (AUC = 0.550) and FAS
(AUC = 0.522). There was a statistically significant great-
er AUC for SIT Bag B than for Delayed Logical Memory
and for every neuropsychological measure except the
Fuld OME score and Visual Reproduction Delayed (ap-
proaching significance at p = 0.08).

Discussion

The results of the present investigation indicated that
after an average follow-up of about 2 years, 35.5% of pa-
tients initially diagnosed with MCI progressed to demen-
tia. This is consistent with our previous research indicat-
ing a 44% conversion rate among MCI patients present-
ing to a memory disorders clinic over a 2.5-year period
[22] and is consistent with rates of progression of 32% ob-
served in previous population-based studies of similar
duration of follow-up [8].

Consistent with previous work [22], the sum of the
three learning trials of the Fuld OME differentiated be-
tween those who progressed and those who did not prog-
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ress to dementia. A unique finding in this study was that
ameasure susceptible to proactive interference on the SIT
demonstrated the largest effect size and was only one of
two measures that differentiated between subjects who
progressed and those who did not progress to dementia.
Bag B performance on the SIT resulted in the highest 12,
the highest AUC, and was the only measure that was pre-
dictive of progression to dementia in DFA (72.4% accu-
racy). Further, the AUC was greater for the SIT Bag B
measure than for delayed memory for passages, category
fluency and other widely employed neuropsychological
measures.

After controlling for performance on the learning tri-
als of the 3-trial Fuld OME, the measure of proactive in-
terference (i.e. Bag B recall) continued to demonstrate
statistically significant differences between study groups.
By accounting for strength of recall on these measures, it
is apparent that performance on Bag B recall on the SIT
is tapping cognitive processes beyond the effects of initial
learning and memory alone [9].

There are a number of explanations for poor perfor-
mance on Bag B of the SIT. First, the difficulties in recall-
ing a new list of semantically related items may reflect a
general inhibitory effect that may be particularly pro-
nounced due to competing semantic information. Alter-
natively, these deficits may reflect poor source memory
or confusion in distinguishing between competing ele-
ments that have been poorly encoded. Although some-
what speculative, it is possible that deficits on proactive
interference measures of the SIT reflect a deficit between
elements of memory function and its interface with ex-
ecutive processes in the anterior cingulate region or oth-
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