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Abstract
Purpose—To provide a clinical tool for calculating a patient's future risk for developing cognitive
impairment based on age, family history, and AVLT retention.

Participants—1019 cognitively normal persons followed for an average of 5 years. 159 participants
were eventually diagnosed with cognitive impairment.

Results—Risk of developing cognitive impairment increases with age and family history, but
decreases with better memory performance. A nomogram is provided for calculation of relative risk
of developing cognitive impairment in combinations of age, family history, and memory
performance.

Conclusions—These results enhance clinicians' ability to provide information to a patient about
risk of cognitive impairment.
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The investigation of factors that place an individual at risk for developing cognitive impairment
is an important area of dementia research. Genetic polymorphisms such as the apolipoprotein
E-4 gene (Bondi, Salmon, Galasko, Thomas & Thal, 1999; Petersen et al., 1995; Smith et al.,
1998), anatomic variables such as hippocampal volume (Jack et al., 1999; Killiany et al.,
2000), and functional neuroimaging variables (Bookheimer et al., 2000; Machulda et al.,
2003) have all been identified as risk markers. Also of interest, especially to the public, is the
risk of dementia associated with demographic factors, such as age or family history of dementia.
Older age and a family history of dementia have been shown to increase risk (Mendez &
Cummings, 2003; Silverman, Smith, Marin, Mohs, & Propper, 2003).

There have been numerous studies that suggest that initial performance on verbal memory
testing is a strong predictor of whether an individual will be diagnosed with cognitive
impairment (Albert, Moss, Tanzi, & Jones, 2001; Chen, Ratcliff, Belle, Cauley, DeKosky, &
Ganguli, 2001; Collie & Maruff, 2000; Powell et al., 2006; Rubin et al. 1998). Formal memory

Correspondence to: Dona E.C. Locke, Ph.D., Mayo Clinic Arizona, Division of Psychology, 13400 East Shea Boulevard, Scottsdale, AZ
85259. Telephone: 480-301-8297. Facsimile: 480-301-6258. Electronic mail can be sent to locke.dona@mayo.edu..
There are no conflicts of interest for any author relevant to the subject matter or materials discussed in the manuscript.

NIH Public Access
Author Manuscript
J Clin Exp Neuropsychol. Author manuscript; available in PMC 2009 September 24.

Published in final edited form as:
J Clin Exp Neuropsychol. 2009 January ; 31(1): 111–116. doi:10.1080/13803390802020443.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



testing is usually part of a detailed evaluation of cognitive status conducted by clinical
neuropsychologists. The goal of this study is to demonstrate how formal memory testing might
aide clinicians in providing more specific information about a patient's future risk for
developing cognitive impairment in addition to quantifying a patient's current neurocognitive
status. Specifically, we provide a clinical tool for calculating a patient's future risk for
developing cognitive impairment based on age, family history, and a formal memory retention
measure.

Method
Participants

Participants in the Mayo Alzheimer's Disease Patient Registry (ADPR) were utilized in this
analysis. Recruitment and requirements for acceptance to the ADPR are described in detail
elsewhere (Malec, Ivnik, & Smith, 1993; Petersen, Kokmen, Tangalos, Ivnik, & Kurland,
1990) and are briefly described here. The ADPR project was approved by the Mayo
Institutional review board, and all participants provided written informed consent.

Participants were Olmsted County, Minnesota residents identified during routine general
medical examination in Primary Care Internal Medicine at the Mayo Clinic. After a review of
their medical record, if no cognitive concerns were raised, these persons became eligible to
serve as cognitively normal controls and were referred to the ADPR. They qualified as normal
controls if they were judged by their clinician to be functioning normally in the community
and did not have cognitive impairment. In addition, to be qualified as normal, participants did
not have any active neurologic, psychiatric, or other illnesses believed to affect cognition (as
determined by the neurologist's interview), and were not taking any psychoactive medications.
All referred persons underwent neurological and neuropsychological evaluation. Thus, it is
important to note that all participants included in these analyses were cognitively, functionally,
neurologically, and psychiatrically normal at the time of recruitment.

A total of 1019 participants were followed for an average of 5 years (median 3.6 years) with
approximately annual comprehensive neurological and neuropsychological re-evaluation. The
ADPR involves continual enrollment with participants enrolled over a period of more than 10
years. At the completion of each annual assessment, evaluations were reviewed in a consensus
conference consisting of neurologists (D.S.K., B.F.B., and R.C.P.), neuropsychologists (G.E.S.
and R.J.I.), nurses, and geriatricians. A final clinical diagnosis was made for that visit based
on all available information.

For the purposes of this study, we evaluated each participant's cognitive status at their last or
most recent assessment, including participants who later died or withdrew from longitudinal
evaluation. We ascertained each person's cognitive status at that last examination (normal or
abnormal), then we used each person's original testing to predict status at that last examination.
Over the course of longitudinal assessment, 159 of the participants who were cognitively
normal at their first assessment became cognitively impaired by their most recent evaluation.

To provide more externally valid information for clinicians of patients presenting with
cognitive complaints, the primary condition of interest in these analyses was new onset
cognitive impairment. Thus, we included dementia syndromes other than Alzheimer's disease
(AD) and mild cognitive impairment (MCI), as well as AD, as outcomes in this study. Kaplan-
Meier analysis yielded a 5-year cumulative incidence of 12.9% for cognitive impairment in
this sample. Forty-nine percent were diagnosed with dementia (APA, 1994) and fifty-one
percent with MCI (Petersen, Smith, Waring, Ivnik, Tangalos, & Kokmen, 1999). Of those with
dementia, 40% were diagnosed with clinically possible or clinically probable AD (McKhann,
Drachman, Folstein, Katzman, Price, & Stadlan, 1984). Nineteen percent were diagnosed with
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vascular related dementia (Román et al., 1993). The remaining 41% were diagnosed with other
dementia syndromes such as Lewy Body dementia (McKeith, Perry, & Perry, 1999).

Measures
Family history questionnaire—At the initial visit, the participant or a family informant
provided information on family history of dementia via a clinical interview (Lautenschlager
et al., 1996; Li et al., 1997; Silverman et al., 2003). For this analysis, family history was reported
as the percentage of the patient's parents and siblings with a history of cognitive impairment
or dementia. This methodology takes into account the extent of family history rather than
presence or absence of dementia. Using this methodology, 35% of the sample reported a family
history of dementia (n = 359).

Rey Auditory Verbal Learning Test—(AVLT; Rey, 1958; Schmidt, 1996). This 15-item
list learning test was included in a larger neuropsychological test battery. Percent retention at
30-minute delay (AVLT PR) was the memory variable of interest given prior research
demonstrating its diagnostic utility. MOANS age-adjusted scaled scores (Ivnik et al., 1992)
were used with a normative mean of 10 and a standard deviation of 3. To facilitate ease of use
of the results of this paper for clinicians, Table 1 provides age adjusted scaled scores for AVLT
PR scores.

Results
Sample characteristics are presented in Table 2. A total of 159 of the 1019 participants were
eventually diagnosed with cognitive impairment. The remaining 860 participants remained
cognitively normal across the longitudinal follow-up period. Univariate analyses showed age,
extent of family history, and AVLT percent retention at first evaluation to be significant
individual predictors of developing cognitive impairment at last evaluation. Gender and
education were not significant predictors of developing cognitive impairment.

Multivariate Cox regression modeling was performed to determine how the significant
individual predictors function collectively. In this model, risk of developing cognitive
impairment increased with each year of age (Risk Ratio = 1.102; C.I. = 1.074-1.130) and
proportion of family members with a history of dementia (Risk Ratio = 1.011; C.I. =
1.001-1.021). However, each one MOANS scaled score point improvement in memory
performance attenuated that risk (Risk Ratio = .848; C.I. = .794-.906).

The coefficients from the multivariate analysis were used to create a risk nomogram that
combined information about age, family history, and AVLT performance to offer information
about relative risk of developing cognitive impairment (see Figure 1). The reference case is a
75-year-old, with no family history of dementia, and an AVLT percent retention MOANS
scaled score of 10 (see dotted line on nomogram). The nomogram permits calculation of risk
of developing cognitive impairment compared to this referent for any other combination of
age, family history, and AVLT performance.

For example (see solid line of Figure 1), an 80-year-old patient with 30% of his/her parents
and siblings affected by dementia has approximately a 2.2 times greater risk of developing
dementia than the referent. If that patient also scores below a scaled score of 10 on the AVLT,
the risk increases relative to risk based on age and family history alone (e.g., if AVLT = 7, RR
= 3.68; C.I. = 2.48-5.46). However, if that person scores one standard deviation above the mean
on the AVLT, the patient's risk based on age and family history is attenuated, and approaches
the risk of the referent patient (RR=1.37; C.I. = 0.93-2.00).
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Discussion
The primary purpose of the current study was investigation of the added value of assessing
memory performance in combination with age and family history of dementia in describing
future risk of developing cognitive impairment. To our knowledge, the current study is the first
study to provide individual risk information based on the combination of all three of these
variables. Using the nomogram provided here, the clinician can provide the patient information
about relative risk of developing cognitive impairment utilizing all these pieces of information
concurrently.

More elaborate predictive models are certainly possible and we encourage research in this
direction. However, our goal for this project was to provide a relatively simple and easy to use
clinically relevant model. Therefore, this model does not include all possible factors that may
be related to risk for cognitive impairment, such as genetic vulnerability related to
apolipoprotein E-4 gene. Certainly, an obvious direction for future research is development of
a more elaborate predictive model with multiple medical and demographic variables, genetic
factors, biomarker data, along with multiple cognitive test scores beyond memory.

Some may feel that the presentation of relative risk instead of absolute risk of cognitive
impairment is a limitation of this study. However, we present relative risk as opposed to
absolute risk because our primary aim was to show how memory test scores, as a more precise
estimate of current memory functioning, modify risk estimate. Also base rate of cognitive
impairment in other populations may be different than in our own. Relative risks can be applied
in settings without regard to base rate, allowing this nomogram to be a tool directly applicable
by clinicians in their settings for responding to a patient's concern about subsequent risk for
cognitive decline. Utilization of absolute risk tables would not be applicable in populations
other than our own.

It is also important to note that our data are based on a longitudinal analysis with average
follow-up time of five years. Thus, the relative risk values presented here pertain to risk in a
comparable time period. These results do not reflect risk for periods exceeding roughly five
years.

Similarly, it is important to note that the outcome variable is cognitive impairment in general
with a number of different etiologies possible. Cognitive impairment can refer to Alzheimer's
disease or other neurodegenerative condition, Mild Cognitive Impairment, or vascular
cognitive impairment or other non-neurodegenerative etiologies. An area of future research
could certainly be development of similar models with clinically useful tools for specific
diagnostic outcomes such as Alzheimer's disease or Lewy Body disease individually. This
requires a larger longitudinal sample than was available for this analysis.

We acknowledge that there is not full independence between memory scores at initial
evaluation and memory scores that contributed to clinical diagnosis a few years later. We
utilized AVLT score at the time of enrollment as a normal control to develop a model predicting
clinical diagnosis on average 3.6 year later. Clinical diagnosis was informed by the results of
neuropsychological evaluation in addition to other variables, but not the initial AVLT score
used in the risk analysis. Correlation between AVLT at entry and AVLT at time of clinical
diagnosis is 0.38 (p <0.0001) for the sample as a whole, 0.37 (p<0.0001) for those who remain
clinically normal at last follow-up, and 0.32 (p<0.0001) for those who convert to cognitive
impairment at last follow-up. Thus, there is only modest shared variance between AVLT at
entry and AVLT at last follow-up. The correlation is low enough that this model is not simply
prediction of future AVLT from past AVLT. Rather, we show that obtaining a person's memory
score can contribute to not only to knowing their current status but also to assessing risk for
future change in clinical status.
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In summary, increasing age and family history are associated with increased risk of developing
cognitive impairment; however, that risk can be significantly increased or significantly
attenuated dependent on the patient's performance on a memory retention measure. The
nomogram provided here allows the clinician to provide an individual patient with information
about his/her risk of developing cognitive impairment, over the next five years, based on these
factors in combination.
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Figure 1. Relative Risk Nomogram
Family hx = % of parents and siblings with a history of dementia; RR = Relative risk; AVLT
PR SS = Auditory Verbal Learning Test percent retention scaled score. In order to use the
nomogram, a straight line should be drawn connecting the desired age and family history
proportion (percent of first degree relatives with a positive history) to the intermediate relative
risk estimate. Then a second straight line should be drawn from the intermediate relative risk
estimate through the AVLT percent retention scaled score to the final relative risk estimate.
The final relative risk estimate represents relative risk of developing cognitive impairment over
the future five year period compared to the reference patient described in text.
Calculation of the 95% Confidence Interval for the final relative risk ratio of the nomogram is
as follows: 95% Confidence Interval = exp (score ± 1.96 x std) score = [age (.097083) + %
family history (.010761) + AVLT SS (-.164692)] - 5.634305 std = square root of var var =
[(age famhx AVLT SS) - (75 0 10)] x E1 x E2 E1 = algebraic matrix as follows:

E2 = algebraic matrix as follows:
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Table 2
Sample characteristics

Variable Mean (SD) Median Min Max

Entire Sample (n=1019)

Age at recruitment 78 (6.6) years 78 46 100

Length of follow up 5.0 (3.3) years 3.6 1 16

Education 13 (3.0) years 13 4 20

# of family members 8.4 (3.5) 8 2 26

% of family with dementia 8.8 (14.3) 0 0 75

35% of sample with positive family history (n=359)

# of family members 8.9 (3.8) 8 2 26

% of family with dementia 25 (13.5) 20 6 75

Note. Family history was calculated as the percentage of the patient's parents and siblings with a history of cognitive impairment or dementia.
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