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Abstract
Background—Little is known about factors influencing time to severe Alzheimer’s disease
(AD).

Methods—Incident cases of AD in the Cache County Memory Study were identified. Severe AD
was defined as Mini-Mental State Examination score of ≤10 or Clinical Dementia Rating Scale
score of 3; cases with either Mini-Mental State Examination score of ≥16 or Clinical Dementia
Rating <2 were not categorized as severe AD. Kaplan–Meier, log-rank tests, and Cox analyses
were used to identify demographic, clinical, and genetic correlates of time to progression to severe
AD.

Results—Sixty-eight of 335 cases of incident AD developed severe dementia. In bivariate
analyses, female gender, less than high school education, at least one clinically significant
Neuropsychiatric Inventory domain at baseline, and the youngest and oldest ages exhibited shorter
time to severe AD. In competing risk analysis, subjects with mild or at least one clinically
significant Neuropsychiatric Inventory domain score, and subjects with worse health were more
likely to progress to severe dementia or death.

Conclusions—Demographic and clinical variables predict progression to severe AD. Further
study should examine whether these relationships are causal or correlational.
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1. Introduction
The identification of factors that influence the progression of Alzheimer’s disease (AD)
might offer targets for the development of interventions that slow disease progression and
diminish the morbidity, an approach advocated for chronic conditions for which primary
prevention has failed [1]. Previous studies have identified younger age of onset, higher
education, greater severity of cognitive impairment, presence of psychosis or
neuropsychiatric symptoms, and parkinsonism as correlates of rate of progression [2,3].

One challenge to determining rate of progression of AD is the difficulty in identifying when
the disease begins. The use of longitudinally followed samples in which cognition is
reassessed on a regular basis offers one solution to this issue [4]. One benefit of staging AD
is that it avoids the assumption that progression is linear. Also, as expenses such as long-
term care make up a substantial proportion of the cost of the disease in countries where it is
widely available [5], preventing or delaying progression to late-stage dementia is an
outcome that deserves attention.

The Cache County Memory Study [6,7] and its successor, that is, the Dementia Progression
Study, offer an opportunity to address the question of factors affecting rate of progression of
dementia. These studies have followed individuals with dementia and cognitively normal
comparison subjects since 1995 and assessed them at regular intervals. Here, we report on
factors affecting the rate of progression to severe AD in individuals who were initially
cognitively normal and who developed AD during the follow-up period.

2. Methods
The Cache County Memory Study has been described elsewhere in detail [6,7]. In brief,
5657 community-residing individuals of age >65 years were contacted, and 5092 agreed to
participate, an 89% participation rate. Rate of dementia was 9.6% in the prevalence wave,
similar to many epidemiological samples. Individuals were subsequently rescreened and
assessed at 3- to 5-year intervals (mean = 3.53, standard deviation [SD] = 0.6) in three
incidence waves. Diagnoses of dementia and type of dementia were made by a consensus
panel. Analyses were limited to individuals who converted from no dementia to AD and
were subsequently followed in the Dementia Progression Study [8]. Follow-up rates,
excluding mortality, exceeded 90%.

Severe AD was defined as Mini-Mental State Examination [9] score of ≤10 or Clinical
Dementia Rating Scale score equal to 3.0 [10]. If only one of these criteria was met,
inclusion required a Clinical Dementia Rating Scale score of at least 2 or a Mini-Mental
State Examination score of <16. To identify individual factors associated with time to
develop severe AD, we constructed Kaplan–Meier (KM) plots and ran log-rank test.
Variables examined were as follows:

• Demographics: gender, education (less than high school vs high school graduate or
above);

• Age of dementia onset determined as the age at which the individual met
Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised
criteria for dementia [6];

• Clinical variables: Neuropsychiatric Inventory (NPI) [11] score across all domains
trichotomized as 0 symptoms, at least one domain score 1 to 3 (mild) or ≥4
(clinically significant);
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• General medical health (General Medical Health Rating Scale [12] of excellent/
good or fair/poor);

Apolipoprotein E epsilon 4 (APOE ε4) status: ε4/× versus no ε4).

NPI and General Medical Health Rating Scale scores were obtained at the time of diagnosis
of AD. Examination of the distribution of age at dementia onset revealed a nonlinear
association with time to severe dementia. Therefore, we centered onset age at the mean.
However, for ease of interpretation, we depict results in KM plots as a trichotomized
variable.

Variables for which the univariate KMplot’s log-rank test of equality had P <.10 were then
entered into a multivariate Cox proportional hazards model that controlled for the quadratic
effect of age of onset, to account for the nonlinear association with severe AD. We also
stratified by whether there were ≤2 or >2 years between age at the visit at which the person
was ascertained to be without dementia and age at the visit at which the person was
identified with dementia to address differences in dementia duration at diagnosis. Because
dementia is a risk factor for mortality, we conducted additional analyses jointly considering
the competing risks of severe dementia and death. All analyses met the proportional hazards
assumption and were conducted with SPSS version 18 (IBM corp, Armonk, NY), with the
exception of the competing risk analyses, which were conducted with SAS version 9.2.

3. Results
Three hundred thirty-five incident cases of possible or probable AD were identified. Two
hundred seventy-three cases were deceased at the last data point analyzed (October 12,
2010). Mean age at onset was 84.3 (SD = 6.4) years, and mean time period between
dementia onset and diagnosis was 1.7 (SD = 1.3) years. The KM plot displayed in Figure 1
shows shorter time to severe AD for those with younger and older onset ages.

Sixty-eight persons (20% of the incident sample) developed severe AD over the course of
the study. Median survival time to severe AD for the sample was 8.4 years (95% confidence
interval [CI]: 7.6–9.2). Univariate analysis with KM plots revealed survival time varied by
onset age, education, and NPI score. Median time to severe AD was 7.8 years (95% CI:
5.86–9.7) in the youngest age tertile, 9.2 (95% CI: 7.8–10.5) in the middle tertile, and 6.2
(95% CI: 4.5–7.9) in the oldest tertile (log-rank χ2(2) = 8.792, P = .012). Those with less
than high school education (median survival = 6.86, 95% CI: 3.9–9.9) had shorter time to
severe AD than those with at least a high school education (median survival = 8.2, 95% CI:
7.4–9.0) (log-rank χ2(1) = 5.144, P = .023). Those with at least one clinically significant NPI
domain score (≥4; median survival = 6.9, 95% CI: 5.2–8.5) had shorter time to severe AD
compared with those with mild symptoms (median survival = 8.3, 95% CI: 6.5–10.0) and
those with no NPI symptoms (median survival = 9.06, 95% CI: 5.8–12.4) (log-rank χ2(2) =
7.706, P = .021). APOE genotype (log-rank χ2(1) = 0.018, P = .893), baseline general health
(log-rank χ2(1) = 1.34, P = .246), and sex (log-rank χ2(1) = 2.065, P = .151) failed to predict
time to severe dementia.

In bivariate Cox models, stratifying by the time interval from onset age to diagnosis, women
(relative risk [RR] = 1.83, 95% CI: 1.01–3.31, P = .047) and those with older onset of AD
(RR = 1.78, 95% CI: 0.99–3.2, P = .06), less than high school education (RR = 1.98, 95%
CI: 1.07–3.65, P = .029), and at least one clinically significant NPI domain at baseline (RR
= 2.25, 95% CI: 1.27–3.99, P = .005) had shorter time to severe AD. In multivariate Cox
models, the nonlinear relationship between onset age and severe AD was confirmed.
Women (RR = 1.90, 95% CI: 1.02–3.56, P = .044) and having at least one clinically
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significant NPI domain predicted time to developing severe AD (RR = 2.60, 95% CI: 1.42–
4.78, P = .002; see Table 1).

To examine the consistency of these risk factors with respect to both severe dementia and
death, we additionally carried out a competing risk analysis that considered these outcomes
simultaneously. The effect of gender varied significantly between death and severe dementia
(χ2 = 36.1, P < .0001, df = 8), with males having a greater hazard of death (RR = 1.30, 95%
CI: 0.97–1.76) but lower risk of severe dementia (RR = 0.56, 95% CI: 0.30–1.05). Having at
least mild or one clinically significant neuropsychiatric symptom at baseline (compared with
no symptoms) predicted both severe dementia and death (P < .0001; mild NPI domain score:
RR = 1.41, 95% CI: 1.04–1.89; clinically significant NPI: RR = 2.02, 95% CI: 1.49–2.74).
Worse general health also predicted both severe dementia and death (RR = 1.38, 95% CI:
1.05–1.80). Being a carrier of the APOE ε4 allele did not increase the risk for either severe
dementia or death (RR = 1.08, 95% CI: 0.80–1.46).

4. Discussion
In this population-based study of individuals with incident AD, women and subjects with at
least one clinically significant NPI domain score were more likely to progress to severe
dementia. The youngest and oldest age-of-onset cohorts progressed more rapidly to severe
AD than the middle tertile (ages: 81–86 years). This raises the possibility that factors such as
a more severe form of the disease in younger individuals and/or greater medical comorbidity
in the oldest cohort might influence rate of progression. The lack of relationship between
APOE status and time to progression to severe dementia suggests that genetic factors do not
explain this unexpected U-shaped relationship.

In univariate Cox regression analyses, faster progression to severe dementia occurred in
women and in those with less than high school education. The presence of at least one NPI
domain score of clinical significance accelerated progression to severe dementia. We have
no way of knowing whether this is causally related to the presence of neuropsychiatric
symptoms, to treatments used to address these symptoms, or to an interaction between them
and disease severity. We have previously found high staff-reported rates of neuropsychiatric
symptoms in people with dementia who are hospice eligible [13], suggesting that they
remain an important issue throughout the course of AD. Whether non-pharmacological or
pharmacological interventions targeting these symptoms influence rate of progression to
severe AD is unknown.

Limitations of this study include the lack of incident cases of age <65 years, small number
of cases with severe AD, and the homogeneity of the population (low rates of alcohol and
illicit substance abuse, low representation of nonwhites, and high representation of members
of the Church of Jesus Christ of Latter-day Saints). Strengths of the study include its
epidemiologic sampling frame; high participation rate; its prospective, longitudinal data
collection; and the use of state-of-the-art clinical diagnostic assessments for AD.
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Fig. 1.
Cumulative survival to severe dementia by age of onset tertile.
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