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Abstract
Aim: To evaluate previously developed classification models to make implementation in pri-
mary case possible and aid early identification of persons at risk for dementia. 
Methods: Data were drawn from the OCTO-Twin Study. At baseline, 521 persons ≥ 80 years 
were non-demented, and for 387 a blood sample was available. Predictors of dementia were col-
lected and analyzed in initially non-demented persons using generalized estimation equations 
and Cox survival analyses. 
Results: In the basic model using predictors already known or easily obtained (basic set), the 
mean two-year predictive value increased from 6.9 to 28.8% in persons with memory com-
plaints and an MMSE score ≤ 25. In the extended model, using both the basic set and an ex-
tended set of predictors requiring further assessment, the eight-year predictive value increased 
from 15.0 to 45.8% in persons with low cholesterol and an MMSE score ≤ 24. 
Conclusion: Both models can contribute to an improved early identification of persons at risk 
for dementia in primary care.

Keywords: Incident dementia; Early identification; Classification models; Case finding.
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Introduction
Early identification of persons at risk for dementia is an increasingly important issue, although 
currently no curative measures are available. However, management of modifiable risk factors 
may delay the onset and lower dementia risk (Alagiakrishnan et al., 2006; Haan and Wallace, 
2004). Early pharmacological treatment of persons at high risk could result in delay of cogni-
tive decline, preservation of functional independence and prevention of behavioral problems 
(Gauthier, 2005; Gauthier et al., 2006, 2008). Furthermore, identification of persons at high 
risk may promote timely recognition of dementia which may enable caregivers and patients to 
cope with problems associated with disease progression. Early person-tailored psychosocial 
interventions may promote adaptation to the disease, help maintain well-being (Sørensen et al., 
2008), reduce caregiver strain and delay institutionalization (Mittelman et al., 2006; Spijker et 
al., 2008).
 Many have stressed the key position of the general practitioner in detecting and diagnosing 
dementia as well as the accompanying difficulties (Bamford et al., 2007; Valcour et al., 2000; 
Vernooij-Dassen et al., 2005). In primary care there is a need for a more proactive approach to 
case-finding in which prediction models with multiple indicators are used to identify persons at 
the highest risk for dementia (Bäckman, 2008). Classification models, also called decision tree 
methods and classification and regression tree methodology (Allore et al., 2005; Breiman et al., 
1984; Lemon et al., 2003), yield a clinical tool that addresses this need.
 Two classification models for potential use in primary care were previously developed for 
the identification of persons at risk for developing persistent cognitive decline. It was shown 
that persons over 75, with memory complaints, low education and an MMSE score ≤ 24, as 
well as persons over 75, with low cholesterol (< 5.0 mmol/L) and an MMSE score ≤ 24 were at 
the highest risk of developing persistent cognitive decline, resulting in a substantial increase in 
predictive value from 4.0% to 43.5% and 30.0%, respectively (Van den Kommer et al., 2008). 
The aim of the present study is to construct these models in another independent longitudinal 
population-based study in which a formal dementia diagnosis is present in order to test whether 
congruent classification models would develop. Consequently this would make implementation 
in primary care possible and contribute to case-finding of persons at risk for developing demen-
tia in a cost-effective way. The OCTO-Twin Study (Origins of Variance in the Old-Old: Octo-
genarian Twins) was selected for this purpose through the Integrative Analysis of Longitudinal 
Studies of Aging research network.

Methods
Study sample
Data were used from the OCTO-Twin Study, a longitudinal population-based study consist-
ing of twins aged 80 and older, drawn from the Swedish twin registry (McClearn et al., 1997). 
Data collection started in 1991 (N = 702). Subjects were re-examined at two-year intervals 
over eight years of follow-up. Demographic characteristics including gender ratio, education,  



No dementia
N=595
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Incident dementia
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N=2 due to refusal

Lost to follow-up

Baseline sample
N=521

Figure 1 Flow chart of the study sample
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housing, socioeconomic and marital status correspond to population statistics of this birth cohort  
(Simmons et al., 1997). Loss to follow-up during the second (14.2%), third (27.4%), fourth 
(27.2%) and fifth (28.9%) wave was mainly due to mortality. A small percentage declined par-
ticipation at follow-ups (0.3, 0.3, 0.2, 0.6%). Subjects lost to follow-up were older (except those 
lost to follow-up at wave 4) (p < 0.05) and had a lower cognitive status (p < 0.001) at prior as-
sessment. Blood samples were drawn during 1993-1995 and were available for 637 respondents 
at one occasion. Informed consent was obtained from all respondents in compliance with the 
Declaration of Helsinki.
 For the present analyses, information on predictors had to be collected before dementia  
diagnosis. Five hundred and ninety five were free of dementia at baseline. For 74 of these 
respondents follow-up data were not available, resulting in a baseline sample of N = 521 (see 
Figure 1 for a flow chart of the study sample). In total, blood samples were available for 387 
respondents without dementia during the time of blood drawing and with at least one wave of 
follow-up.

Dementia diagnosis
Dementia diagnosis was made using DSM-III-R criteria (American Psychiatric Association, 
1987), and based on a review of the performance on a battery of neuropsychological tests, infor-
mant interview, and medical records. Diagnostic procedures and neuropsychological tests have 
been described in detail elsewhere (Johansson and Zarit, 1991, 1995). As an indicator of the 
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DSM-III-R criterion impairment in social or occupational activities, impairment in instrumental 
activities of daily living was systematically assessed while taking sensory and motor impair-
ment into account. Individuals suspected of dementia were presented and discussed in detail in 
a consensus meeting. Time of dementia diagnosis (incidence) was based on the best estimate of 
the age of dementia onset made during the consensus meeting using information from medical 
records and a supplement study partly investigating the same cases (Gatz et al., 2005).

Early predictors
Based on recent reviews and research on predictors of cognitive decline and dementia (Gauthier 
et al., 2006; Ownby et al., 2006; Panza et al., 2006; Razay et al., 2006; Róman, 2005; Stampfer, 
2006; Van der Flier and Scheltens, 2005), a basic and extended set of predictors were selected. 
The basic set comprised variables in the person’s medical chart or easily obtained in an inter-
view. In addition, the MMSE (Folstein et al., 1975) was added to the basic set to assess the 
additive predictive value of a short cognitive screening instrument feasible in primary care, 
controlling for other significant predictors of dementia. The extended set consisted of variables 
that require further measurement, including laboratory tests. For the development of the clas-
sification models predictors were dichotomized as described below based on previous research.

Basic set of predictors
The basic set of predictors consisted of age (continuous), sex, education (≤ elementary school, 
> elementary school), as well as information on memory complaints, cardiovascular disease 
(CVD), diabetes mellitus, functional limitations, depressive symptoms, alcohol consumption, 
smoking and the MMSE score.
 Memory complaints were assessed by self report (Do you think that you have any problems 
with your memory which make daily living more difficult?). Response categories ‘no, not at all’, 
‘no, hardly’ were recoded to ‘no’; categories ‘hard to take a stand on’, ‘yes, to a certain degree’ 
and ‘yes, definitely’ were recoded to ‘yes’.
 Diabetes mellitus and CVD were assessed by self report. CVD consisted of one or more 
of the following diseases: stroke, heart insufficiency, heart attack, angina pectoris, circulation 
disturbances, vascular spasm, thrombosis, and varicose ulcer in leg. Diabetes and/or CVD were 
combined into one dichotomous variable for comparison purposes.
 Functional limitations were defined as experiencing difficulties on one or more of three 
items from a list of (instrumental) activities of daily living: climbing stairs, using transportation, 
bending down and picking up item from the floor.
 Depressive symptoms were assessed with the Center for Epidemiologic Studies-Depression 
scale, a 20-item self-report scale (range, 0-60) (Radloff, 1977). The generally applied cutoff 
score ≥ 16 was used to define clinically relevant depressive symptoms (Lewinsohn et al., 1997). 
The Swedish translation has psychometric properties comparable to those found in previous 
studies (Gatz et al., 1993).
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 Alcohol consumption was assessed by asking the number of days on which alcohol was 
consumed, and was categorized as no and any alcohol use since no longitudinal information on 
amount of alcohol was available.
 In order to detect the optimal cutoff, MMSE scores were dichotomized using three standard 
cutoffs (≤ 24, 25 and 26).

Extended set of predictors
The extended set of predictors consisted of hypertension, body mass index (BMI), total 
homocysteine (tHcy), vitamin B12, total cholesterol, high-density lipoprotein (HDL) cholesterol, 
and Apolipoprotein E (APOE) genotype.
 Hypertension was determined by high systolic blood pressure (≥ 160 mmHg) and/or the use 
of antihypertensive medication.
 BMI was calculated as: weight (kg) / (height (m))2. Both high (> 25) and low BMI (< 21) 
were included as predictors (Razay et al., 2006; Róman, 2005).
 tHcy was analyzed by fluorescence polarization immunoassay using an IMX instrument 
(Abbott). The highest quartile values (≥ 19.95 μmol/L) were considered high tHcy.
 Analysis of vitamin B12 was done by time-resolved fluoroimmunoassay using an Autodelfia 
instrument (Wallace). Low vitamin B12 was defined by the lower quartile values (≤ 181 pmol/L).
 Total and HDL cholesterol were analyzed using routine methods with an AXON analyzer 
(Bayer). Both high and low cholesterol were included in the analyses, defined by respectively 
the upper (≥ 7.4 mmol/L) and lower (≤ 5.6 mmol/L) quartile values, respectively. Low HDL 
cholesterol levels were defined by the lower quartile values (≤ 1.20 mmol/L).
 APOE genotyping was performed by examining single nucleotide polymorphisms (SNPs) 
(SNP000002328). The distribution of APOE genotypes was in Hardy-Weinberg equilibrium. 
APOE status was classified as ε4 carriers in persons with genotypes ε2/4 (2.4%), ε3/4 (26.5%) 
and ε4/4 (1.7%), and as ε4 non-carriers in persons with genotypes ε2/2 (1.1%), ε2/3 (14.8%) and 
ε3/3 (53.4%).

Data analysis
Basic classification model (basic set of predictors)
Predictors were lagged one occasion relative to dementia outcome. At each occasion, dementia 
outcome (yes/no) was predicted using data on predictors collected in the prior wave. Hence, 
predictors collected at baseline in the non-demented study sample were used to predict de-
mentia outcome at wave 2, predictors from wave 2 collected in the remaining non-demented 
sample were used to predict dementia outcome at wave 3 and so forth. The odds ratio (OR) was  
computed for each of the predictors using univariate logistic longitudinal regression analyses 
based on generalized estimating equations (GEE). To predict dementia incidence, longitudinal 
logistic regression analyses based on GEE (method enter, exchangeable correlation structure) 
used the lagged predictors from the wave prior to dementia outcome. Predictors were added to 
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the model dichotomized as previously described. To examine the predictive value of age, con-
tinuous baseline age was added to the model. Years in study was added as a time variable. First, 
the strongest predictor of incident dementia was identified within the initially non-demented 
sample. Second, the sample was split into two subsamples based on the dichotomization of that 
particular predictor. This procedure was repeated in both subsamples until no more significant 
predictors were found, after which the dichotomized MMSE was added to the model. Since the 
use of the MMSE requires an additional action in clinical practice, the MMSE was added to the 
model only after no other significant predictors of dementia could be identified. The identifica-
tion of the strongest predictor was based on the OR with a 95% confidence interval (CI) (p < 
0.05). The remaining subsample size had to be sufficient for analysis (N ≥ 50). Finally, the posi-
tive predictive value of each of the identified predictors (measured one wave before diagnosis) 
was computed, which was derived from four intervals (wave 1-2, wave 2-3, and so forth) and 
thus represents the mean percentage of persons who were identified with dementia each two 
years during the course of the study.
 To test sensitivity, data were analyzed with Cox survival analyses using predictors from the 
non-demented study sample at wave 1 to predict any subsequent dementia (wave 2-5). Survival 
time was defined as (continuous) time to event. In persons who were not diagnosed with de-
mentia during the study, time to event was equal to time in study. The same procedure described 
above, splitting into subsamples after each step, was used to develop the classification model. A 
predictor was selected based on the relative risk (RR).

Extended classification model (all predictors)
Since longitudinal blood data were not available, analyses were not based on GEE. Instead, 
only Cox survival analyses were used to predict dementia incidence during the study using both 
the basic and extended sets of wave 1 predictors (or closest wave to blood sampling in non-
demented respondents). Survival time was defined as (continuous) time to dementia diagnosis 
(since blood drawing procedure). In persons who were not diagnosed with dementia during the 
study, time to event was equal to time in study (since blood drawing procedure). The RR was 
computed for each of the predictors using univariate Cox survival analyses. For the develop-
ment of the extended classification model, the same procedure was used as described for the 
basic model. The predictive value of each of the identified predictors measured at baseline was 
computed, which represents the total percentage of persons who were identified with dementia 
during the study.

Results
Basic classification model
Within the study sample, 93 respondents developed dementia during the study (wave 2-5, 8 
years), resulting in 17.9% (93/521) new dementia cases over 8 years of follow-up. The longitu-
dinal analysis revealed an overall two-year rate of 6.9% new dementia cases derived from four 



Table 1 Characteristics of the basic set of predictors lagged one wave to dementia outcome for 
persons who developed dementia and persons who did not

Incident dementia 
(N = 93)

No dementia
(N = 1,246)

OR 95% CI

Age, mean (SD), years 83.27 (3.03) 83.29 (2.80) 1.03 0.96 – 1.10

Female, % (N) 62.4 (58) 67.7 (844) 0.80 0.52 – 1.25
≤ elementary school, % (N) 78.5 (73) 70.1 (872) 1.55 0.93 – 2.60
Memory complaints, % (N) 25.8 (24) 9.7 (120) 3.26 2.00 – 5.31
Depressive symptoms, % (N) 15.8 (12) 11.6 (136) 1.40 0.73 – 2.67
Diabetes and/or CVD, % (N) 67.4 (62) 71.9 (888) 0.84 0.53 – 1.32
≥ 1 functional limitations, % (N) 86.0 (74) 72.7 (889) 2.49 1.33 – 4.68
Smoking, % (N) 6.5 (6) 5.9 (73) 1.04 0.44 – 2.50
No alcohol use, % (N) 47.8 (44) 32.6 (402) 1.96 1.28 – 2.98
MMSE ≤ 24, % (N) 56.0 (51) 14.8 (180) 7.45 4.71 – 11.78
MMSE ≤ 25, % (N) 62.6 (57) 20.5 (249) 6.67 4.23 – 10.53
MMSE ≤ 26, % (N) 71.4 (65) 28.8 (351) 6.26 3.88 – 10.09

ORs and CIs are based on univariate logistic generalized estimation equations. OR Odds Ratio; CI confidence 
interval; SD standard deviation; CVD cardiovascular disease; MMSE Mini-Mental State Examination.
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intervals (wave 1-2, wave 2-3, and so forth). The latter rate provides the reference against which 
the positive predictive values for dementia derived from GEE were evaluated.
 Table 1 shows the characteristics and OR of the basic set of predictors measured in non-
demented respondents one wave prior to dementia outcome, separately for persons who devel-
oped dementia during the study and who did not. 

 The results show that persons with memory complaints were over three times more likely 
to receive a dementia diagnosis after one wave of follow-up. In addition, functional limita-
tions, drinking no alcohol and lower MMSE score two years prior were significant predictors of 
dementia. With respect to the different cutoffs for the MMSE, the results show the highest OR 
for the MMSE ≤ 24. Persons who received a dementia diagnosis during the study had a mean 
MMSE of 23.76 (SD = 3.80) one wave prior to diagnosis. Persons who were not diagnosed with 
dementia had a mean MMSE of 27.20 (SD = 3.10) one wave prior to outcome.
 Figure 2 shows the classification tree using the basic set of predictors one wave prior to 
diagnosis. Memory complaints were the strongest predictor of dementia (OR 3.26; 95% CI: 
2.00 to 5.31). In the subsample of persons with memory complaints, an MMSE score ≤ 25 (OR 
4.67; 95% CI: 1.70 to 12.85) resulted in an overall percentage of 28.8 classified with dementia 
two years later. In the subsample without memory complaints, drinking no alcohol (OR 2.32; 
95% CI: 1.43 to 3.78) and an MMSE score ≤ 24 (OR 3.28; 95% CI: 1.54 to 7.02) resulted in a 
predictive value of 18.0%. In the subsample of persons consuming alcohol, having functional 



Alcohol 
consumption

N=1,339
6.9%

N(a)=144
16.7%

OR 3.26

N(a)=1,180
5.8%

OR 0.31

N(e)=230
1.3%

OR 0.23

N(d)=289
6.2%

OR 0.30

N(b)=89
9.0%

OR 0.21

Memory 
complaints

No Yes

Yes No MMSE> 25 < 25

N(b)=52
28.8%

OR 4.67

N(c)=387
9.0%

OR 2.32

N(d)=89
18.0%

OR 3.28

MMSE> 24 < 24

N(c)=789
4.2%

OR 0.43

N(f)=469
1.7%

OR 0.05

N(e)=551
4.9%

OR 4.44

N(f)=77
24.7%

OR 18.40

Functional 
limitations

> 24 < 24

YesNo

MMSE

Figure 2 Basic classification model using the basic set of predictors one wave prior to diagnosis for the ascer-
tainment of the risk of developing dementia using generalized estimating equations (GEE)
a Missing data on memory complaints, GEE was based on N = 1,324; b Missing data on the MMSE score, GEE 
was based on N = 141; c Missing data on alcohol consumption, GEE was based on N = 1,176; d Missing data 
on the MMSE score, GEE was based on N = 378; e Missing data on functional limitations, GEE was based 
on N = 781; f Missing data on the MMSE score, GEE was based on N = 546. N the number of persons who 
satisfied the set criterion; % the percentage of subjects who were diagnosed with dementia during the study; 
OR Odds Ratio; MMSE Mini-Mental State Examination.
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limitations was the strongest predictor of dementia diagnosis two years later (OR 4.44: 95% 
CI: 1.32 to 14.94). In this subsample, an MMSE score ≤ 24 (OR 18.40; 95% CI: 7.57 to 44.75) 
resulted in a predictive value of 24.7%. The number of persons who developed dementia within 
the subsample without functional limitations was only three (positive predictive value of 1.3%). 
 Sensitivity analyses using Cox survival analyses to predict dementia incidence during the 
study (wave 2-5) using wave 1 predictors resulted in similar classification trees and a maximum 
increase from the initial eight-year rate of 17.9% newly identified dementia cases to a total posi-
tive predictive value for dementia of 52.6% (data not shown).



Table 2 Characteristics of all predictors at the time of blood sampling measured in the non-
demented study sample for persons who developed dementia during the study and persons who 
did not

Incident dementia 
(N=58)

No dementia 
(N=329)

RR 95% CI

Age, mean (SD), years 84.79 (3.14) 84.52 (3.02) 1.07 0.98 – 1.16
Female, % (N) 56.9 (33) 65.7 (216) 0.61 0.36 – 1.03
≤ elementary school, % (N) 79.3 (46) 68.0 (223) 1.66 0.88 – 3.13
Memory complaints, % (N) 12.1 (7) 6.8 (22) 1.87 0.85 – 4.12
Depressive symptoms, % (N) 7.5 (4) 10.7 (33) 0.71 0.26 – 1.97
Diabetes and/or CVD, % (N) 66.7 (38) 72.2 (236) 0.86 0.50 – 1.49
≥ 1 functional limitations, % (N) 76.4 (42) 68.6 (223) 1.61 0.87 – 3.01
Smoking, % (N) 6.9 (4) 5.8 (19) 1.28 0.46 – 3.52
No alcohol use, % (N) 43.1 (25) 24.5 (80) 2.06 1.23 – 3.47
Vitamin B12, low, % (N) 33.3 (18) 23.7 (75) 1.52 0.86 – 2.68
Homocysteine, high, % (N) 33.9 (19) 23.3 (73) 1.75 1.01 – 3.05
Total cholesterol, low, % (N) 46.3 (25) 24.0 (76) 2.79 1.63 – 4.78
Total cholesterol, high, % (N) 13.0 (7) 28.1 (89) 0.41 0.19 – 0.91
HDL cholesterol, low, % (N) 37.0 (20) 26.2 (83) 1.68 0.97 – 2.93
BMI, low, % (N) 15.4 (8) 17.9 (55) 0.80 0.38 – 1.70
BMI, high, % (N) 44.2 (23) 37.5 (115) 1.12 0.65 – 1.94
Hypertension, % (N) 60.0 (33) 63.8 (203) 0.81 0.47 – 1.40
APOE ε4 carriers, % (N) 43.6 (24) 22.9 (72) 2.43 1.43 – 4.15
MMSE ≤ 24, % (N) 43.9 (25) 14.0 (45) 5.13 3.02 – 8.71
MMSE ≤ 25, % (N) 49.1 (28) 19.9 (64) 4.40 2.61 – 7.42
MMSE ≤ 26, % (N) 57.9 (33) 26.8 (86) 4.02 2.37 – 6.82

RRs and CIs are based on univariate Cox survival analysis. RR Relative Risk; CI confidence interval; SD 
standard deviation; CVD cardiovascular disease; HDL high-density lipoprotein; BMI body mass index; APOE 
Apolipoprotein E; MMSE Mini-Mental State Examination.
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Extended classification model
During the course of the study, 58 (of 387 in the total study sample) were diagnosed with de-
mentia resulting in an initial percentage of 15.0% newly identified dementia cases. This rate 
provides the reference against which the computed positive predictive values for dementia were 
evaluated.
 Table 2 shows the characteristics of both sets of predictors measured in non-demented re-
spondents, separately for persons who developed dementia during the study and those who did 
not, as well as the RR of each predictor of dementia. The results show that low cholesterol, 
APOE ε4 and high homocysteine were significant predictors of dementia, while high choles-
terol reduced the risk of becoming demented during the study. In addition, drinking no alcohol 



Alcohol 
consumption

N=387
15.0%

N(a)=97
25.8%

RR 2.79

N(a)=270
10.7%

RR 0.36

N(e)=139
5.0%

RR 0.32

N(d)=46
10.9%

RR 0.24

N(b)=70
18.6%

RR 0.27

Cholesterol> 5.6 mmol/l < 5.6 mmol/l

Yes No MMSE> 24 < 24

N(b)=24
45.8%

RR 3.66

N(c)=72
19.4%

RR 2.71

N(d)=23
39.1%

RR 4.23

MMSE>25 < 25

N(c)=196
7.4%

RR 0.34

APOE ε4 YesNo

N(e)=50
14.0%

RR 3.16

Figure 3 Extended classification model using all predictors for the ascertainment of the risk of developing 
dementia during the duration of the study using Cox survival analyses
a Missing data on cholesterol, Cox survival analysis was based on N = 367; b Missing data on the MMSE 
score, Cox survival analysis was based on N = 94; c Missing data on alcohol consumption, Cox survival analy-
sis was based on N = 268; d Missing data on the MMSE score, Cox survival analysis was based on N = 69; e 
Missing data on APOE ε4, Cox survival analysis was based on N = 189; N number of persons who satisfied 
the set criterion; % the percentage of subjects who were diagnosed with dementia during the study; RR Rela-
tive Risk; MMSE Mini-Mental State Examination; APOE Apolipoprotein E.
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and lower MMSE score were significant predictors of dementia. With respect to the differ-
ent cutoffs used for dichotomization of the MMSE, again the highest RR was found for the 
cutoff score ≤ 24 in the total non-demented study sample. Persons who were diagnosed with  
dementia during the study had a mean MMSE of 24.93 (SD = 3.77). The mean MMSE of per-
sons who did not develop dementia during the study was 27.42 (SD = 2.87).

 Figure 3 shows the extended classification tree using all predictors. Low cholesterol (≤ 5.6 
mmol/L) was the strongest predictor of dementia. In persons with low cholesterol (RR 2.79; 
95% CI: 1.63 to 4.78), an MMSE score ≤ 24 (RR 3.66; 95% CI: 1.60 to 8.34) resulted in a total 
predictive value of 45.8%. In persons with a cholesterol level > 5.6 mmol/L, drinking no alcohol 
(RR 2.71; 95% CI: 1.31 to 5.63) and an MMSE score ≤ 25 (RR 4.23; 95% CI: 1.42 to 12.66) 
resulted in 39.1% diagnosed with dementia during the study. In the subsample of persons with 
cholesterol > 5.6 mmol/L who consumed alcohol, APOE ε4 (RR 3.16; 95% CI: 1.11 to 9.03) 
was a significant predictor of dementia. However, the final predictive value of 14.0% did not 
exceed the initial percentage of new dementia cases (15.0%). In this subsample the number 
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of dementia cases (N = 7) was insufficient for further analysis. In the subsample of persons 
with cholesterol > 5.6 mmol/L, drinking alcohol, not carrying the APOE ε4 allele, the positive  
predictive value for dementia was 5.0% (7 developed dementia during the study).
 A comparison between persons at the highest risk for dementia identified with the basic 
classification model based on GEE (subsample with memory complaints and MMSE score ≤ 25) 
and the extended model based on Cox survival analyses (subsample with low cholesterol and 
MMSE ≤ 24) showed an overlap of 8.3% (N = 2/24). A comparison within the group of persons 
for whom a cholesterol level was defined, showed an overlap of 12.5% (N = 2/16).

Discussion
The aim of the present study was to evaluate previously proposed classification models for early 
identification of persons at risk for dementia by constructing these models in a population-based 
longitudinal sample in which a formal dementia diagnosis was present to test whether congru-
ent models would develop. The underlying objective was to provide cost-effective guidance for 
early detection of persons at risk for subsequent dementia in primary care.
 It was shown that the basic classification model produced an overall two-year positive pre-
dictive value of 28.8%, to be compared with the corresponding two-year initial rate of 6.9% 
new dementia cases. The eight-year cumulative predictive value for dementia over the course 
of the study of the basic model increased from 17.9% to 52.6%. The extended classification 
model produced an increase in the cumulative predictive value for dementia over the course of 
the study from 15.0% to 45.8%. In addition, it was found that the classification models identi-
fied mostly different persons, i.e. a low overlap. The univariate analyses showed that memory 
complaints were not a significant predictor in the sample used for the extended classification 
model. However, persons with low cholesterol who became demented were not complaining 
about memory problems some years before diagnosis. Therefore, the two sets of markers with 
the highest predictive value (memory complaints and MMSE ≤ 25; low cholesterol and MMSE 
≤ 24) could be used complementary to each other during case-finding of persons at risk for 
dementia. At the same time, research efforts should focus on understanding why these models 
identify different persons to be at risk.
 A comparison of models of persistent cognitive decline previously developed in the  
Longitudinal Aging Study Amsterdam (LASA) with the current models of dementia incidence 
indicates a fairly similar combination of predictors. Similar to findings in the LASA, memory 
complaints, drinking no alcohol, functional limitations and lower MMSE score were also sig-
nificant predictors of dementia in the basic classification model developed in the present study. 
With respect to the extended model, consistent with the model developed in the LASA, low 
cholesterol, APOE ε4 and lower MMSE score were also significant predictors of dementia.
 Some differences from prior findings need to be noted. In the current study, neither age nor 
education were significant predictors in the basic classification model. Also, the predictive util-
ity of functional limitations in the model was different. In the extended model, again age was 
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not a significant predictor. Furthermore, alcohol abstinence was a stronger predictor of dementia 
than APOE ε4. Finally, in some instances adding the dichotomized MMSE to the models sug-
gested different optimal cutoffs for the best prediction of being at risk for dementia. These dif-
ferences are likely due to differences in characteristics between the two samples. The baseline 
age range in the current study was 79 to 97 (mean = 83.3, SD = 3.0), while the baseline age 
range in the LASA sample was 57 to 88 (mean = 71.6, SD = 8.3). Age dichotomized at 75 years 
was most predictive of persistent cognitive decline in the LASA. The relatively high mean age 
and small variance in the current sample is likely to account for the fact that age, as might be 
expected, was not a significant predictor of dementia in this cohort. Previous research has shown 
that prevalence and incidence of dementia increases with age (Fratiglioni et al., 2000). This 
is in contrast with our finding that the percentage of newly identified dementia cases initially 
increased from 7.3% (wave 1 to 2) to 8.7% (wave 2 to 3) but started decreasing after wave 3 to 
5.8% (wave 3 to 4) and 4.2% (wave 4 to 5). Possibly, the longer a person survived and remained 
healthy enough to continue in the study, the more the risk of becoming demented decreased, and 
the likelihood of a hardy phenotype increased. However, the longitudinal regression analysis did 
not show a protective effect of the variable time in study. Nonetheless, it may be hypothesized 
that the oldest-old (85+) included in the current study were especially hardy, since both twins 
had to be alive and able to participate in order to be included in the OCTO-Twin Study at base-
line. Therefore, a genetic protective effect may still be plausible.
 In addition, of the relatively older participants in the present study sample 71.2% had an 
education level less than or equal to elementary school compared to 39.8% in the younger study 
sample derived from the LASA. Failure to replicate low education as a significant risk factor is 
likely due to the restricted range of education in current Swedish older cohorts, and especially 
in those older than 80 (Johansson and Zarit, 1995). In the early 20th century, only six years of 
education was mandatory in Sweden and the vast majority of the population stopped school 
thereafter (Gatz et al., 2001).
 In the present study, having functional limitations was a significant risk factor of dementia 
in alcohol-consuming persons without memory complaints, while in the model developed in 
the LASA it was a significant predictor only for persons 75 years and younger. The fact that 
functional limitations were not a significant risk factor in alcohol-consuming persons over 75 
without memory complaints is likely due to power, only 13 persons developed persistent cogni-
tive decline in that subsample.
 In the extended model, no alcohol consumption was a stronger predictor of dementia than 
APOE ε4. The results from a study by Sando et al. (2008) show that the risk of APOE ε4 is 
weaker with increasing age. They showed that the frequency of the APOE ε4 allele decreased 
in patients with Alzheimer’s disease onset after the age of 80 (Sando et al., 2008). In addition, 
alcohol abstinence may be a strong marker for frailty in this older sample (Woo et al., 2005). A 
study by Hajat et al. (2004) showed that non-drinkers were less likely to have a sociable lifestyle 
and more likely to have a poor general health perception, difficulty with everyday activities and 
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suffer from cognitive impairment compared to drinkers. Further research into potential benefits 
of light alcohol consumption is needed.
 Some limitations of the present study need to be addressed. As expected, mortality rate in 
this old cohort of persons 80 years and older was relatively high compared to younger cohorts. 
For comparison, mortality rate in subjects 80 years and older participating in the LASA was 
around 30%, therefore similar to the OCTO-Twin Study. Mortality may have led to an under-
estimation of the strength of memory complaints, functional limitations and the MMSE score 
as significant predictors of future dementia, since these predictors were associated with loss to 
follow up. Furthermore, for the purpose of the present study, we have combined diabetes and 
CVD into one dichotomous variable. However, some components of this cardiovascular risk 
factor such as circulation disturbances may be less predictive of dementia risk compared to 
other components such as stroke. This may have diluted the impact of this predictor for subse-
quent dementia. A limitation with respect to the evaluation of the extended classification model 
was that blood was drawn on only one occasion. Therefore, in contrast with the basic model, we 
were only able to use predictors measured in the non-demented study sample during the wave 
of (or closest to) blood collection to predict incident dementia during the study. This resulted 
in a lower power to detect significant predictors. However, the sensitivity analyses of the basic 
model revealed similar results, which makes it less likely that we have missed predictors using 
Cox regression instead of GEE. Also, low-density lipoprotein cholesterol and C-reactive protein 
were not available within the OCTO-Twin data set. Furthermore, although we have based our 
selection of the basic and extended sets of predictors of dementia on recent reviews and research 
and feasibility in primary care, we may have missed potential predictors of dementia risk during 
the initial selection process for our previous study. One potential predictor we had not included 
in our previous study is hypotension (Moretti et al., 2008; Yap et al., 2008). Post hoc analyses 
showed that hypotension, defined as systolic blood pressure below 120 mmHg or diastolic blood 
pressure below 70 mmHg, was not a significant predictor of subsequent dementia risk in the 
current study. Finally, a potential limitation of the current study is that generalizability of the 
results to a group of non-Caucasian elderly is not known due to the highly homogeneous ethnic 
and cultural background of the participants in the OCTO-Twin Study.
 Strengths of the present study are the presence of a formal dementia diagnosis based on 
DSM-III-R criteria and the fact that we could increase power by focusing on predicting demen-
tia incidence during the total study period. Furthermore, two methods of analyses were used for 
the development of the basic classification tree. Both methods revealed the same set of variables 
predictive of a higher risk of developing dementia over the course of the study. Finally, given 
our previous finding that age (> 75 years) was by far the strongest predictor of future persistent 
cognitive decline, a strength of the current study is that we evaluated both models in a sample 
already at a higher risk for dementia, i.e. in participants 80 years and older.
 In conclusion, both classification models developed in the present study in which a for-
mal dementia diagnosis was available, led to a substantial increase of the predictive value for  
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dementia. In the basic model using predictors easily enquired by the general practitioner, the ini-
tial two-year percentage of new dementia cases increased from 6.9 to 28.8% while the eight-year 
cumulative predictive value increased from 17.9 to 52.6%. In the extended classification model 
including markers determined in blood, the predictive value increased from 15.0 to 45.8%. 
Finally, the sets of markers with the highest predictive value in each model largely identified 
different persons and thus may be used complementary in primary care to further maximize 
early detection of persons at risk for dementia in a feasible and cost-effective way. Practical use 
of the models will be investigated in primary practice by implementation of a short and simple 
questionnaire (decision tree) for identification of persons at high risk for future dementia, based 
on findings of the present study as well as the classification models developed in the LASA (Van 
den Kommer et al., 2008).

Acknowledgements
This research was facilitated by the IALSA research network (NIH/NIA 1R01AG026453) and 
Fonds NutsOhra (project 080T-033). The OCTO-Twin Study was supported by a grant from the 
National Institute on Aging (NIA: AG 008861). We would like to acknowledge Lesa Hoffman 
for her help with managing the OCTO-Twin data.



References

Alagiakrishnan, K., McCracken, P., Feldman, H., 2006. Treating vascular risk factors and maintaining vas-
cular health: is this the way towards successful cognitive ageing and preventing cognitive decline? Postgrad. 
Med. J. 82(964), 101-105.

Allore, H., Tinetti, M.E., Araujo, K.L.B., Hardy, S., Peduzzi, P., 2005. A case study found that a regression 
tree outperformed multiple linear regression in predicting the relationship between impairments and social 
and productive activities scores. J. Clin. Epidemiol. 58(2), 154-161.

American Psychiatric Association, 1987. Diagnostic and Statistical Manual of Mental Disorders (3rd ed., 
rev.) Washington, DC: American Psychiatric Association.

Bäckman, L., 2008. Memory and cognition in preclinical dementia: what we know and what we do not know. 
Can. J. Psychiatry 53(6), 354-360.

Bamford, C., Eccles, M., Steen, N., Robinson, L., 2007. Can primary care record review facilitate earlier 
diagnosis of dementia? Fam. Pract. 24(2), 108-116.

Breiman, L., Friedman, J.H., Olshen, R.A., Stone, C.J., 1984. Classification and regression trees. Belmont 
(CA): Wadsworth International Group.

Folstein, M.F., Folstein, S.E., McHugh, P.R., 1975. Mini-Mental State. A practical method for grading cogni-
tive state of patients for the clinician. J. Psychiatr. Res. 12(3), 189-198.

Fratiglioni, L., Launer, L.J., Andersen, K., Breteler, M.M.B., Copeland, J.R.M., Dartigues, J.F., Lobo, A., 
Martinez-Lage, J., Soininen, H., Hofman, A., 2000. Incidence of dementia and major subtypes in Europe: a 
collaborative study of population-based cohorts. Neurologic diseases in the elderly research group. Neurol-
ogy 54(11 Suppl. 5), S10-S15.

Gauthier, S.G., 2005. Alzheimer’s disease: the benefits of early treatment. Eur. J. Neurol. 12(Suppl. 3), 11-16.

Gauthier, S., Reisberg, B., Zaudig, M., Petersen, R.C., Ritchie, K., Broich, K., Belleville, S., Brodaty, H.,  
Bennett, D., Chertkow, H.J., Cummings, J.L., De Leon, M., Feldman, H., Ganguli, M., Hampel, H., Scheltens, 
P., Tierney, M.C., Whitehouse, P., Winblad, B., 2006. Mild cognitive impairment. Lancet 367(9518), 1262-
1270.

Gauthier, S., Loft, H., Cummings, J., 2008. Improvement in behavioural symptoms in patients with moderate 
to severe Alzheimer’s disease by memantine: a pooled data analysis. Int. J. Geriatr. Psychiatry 23(5), 537-545.

Gatz, M., Johansson, B., Pedersen, N., Berg, S., Reynolds, C., 1993. A cross-national self-report measure of 
depressive symptomatology. Int. Psychogeriatr. 5(2), 147-156.

Gatz, M., Svedberg, P., Pedersen, N.L., Mortimer, J.A., Berg, S., Johansson, B., 2001. Education and the risk 
of Alzheimer’s disease: findings from the study of dementia in Swedish twins. J. Gerontol. B. Psychol. Sci. 
Soc. Sci. 56(5), P292-P300. Erratum in: J. Gerontol. B. Psychol. Sci. Soc. Sci. 2004 59(1), P34.

Gatz, M., Fratiglioni, L., Johansson, B., Berg, S., Mortimer, J.A., Reynolds, C.A., Fiske, A., Pedersen, N.L., 
2005. Complete ascertainment of dementia in the Swedish Twin Registry: the HARMONY study. Neurobiol. 
Aging 26(4), 439-447.

Haan, M.N., Wallace, R., 2004. Can dementia be prevented? Brain aging in a population-based context. Annu. 
Rev. Public Health 25, 1-24.

62

Chapter 3



Hajat, S., Haines, A., Bulpitt, C., Fletcher, A., 2004. Patterns and determinants of alcohol consumption in 
people aged 75 years and older: results from the MRC trial of assessment and management of older people in 
the community. Age Ageing 33(2), 170-177. 

Johansson, B., Zarit, S.H., 1991. Dementia and cognitive impairment in the oldest old: a comparison of two 
rating methods. Int. Psychogeriatr. 31, 29-38.

Johansson, B., Zarit, S.H., 1995. Prevalence and incidence of dementia in the oldest-old: a longitudinal study 
of a population-based sample of 84-90-year-olds in Sweden. Int. J. Geriatr. Psychiatry 10(5), 359-366.

Lemon, S.C., Roy, J., Clark, M.A., Friedmann, P.D., Rakowski, W., 2003. Classification and regression tree 
analysis in public health: methodological review and comparison with logistic regression. Ann. Behav. Med. 
26(3), 172-181.

Lewinsohn, P.M., Seeley, J.R., Roberts, R.E., Allen, N.B., 1997. Center for Epidemiologic Studies Depres-
sion scale (CES-D) as a screening instrument for depression among community-residing older adults. Psy-
chol. Aging 12(2), 277-287.

McClearn, G.E., Johansson, B., Berg, S., Pedersen, N.L., Ahern, F., Petrill, S.A., Plomin, R., 1997. Substan-
tial genetic influence on cognitive abilities in twins 80 or more years old. Science 276(5318), 1560-1563.

Mittelman, M.S., Haley, W.E., Clay, O.J., Roth, D.L., 2006. Improving caregiver well-being delays nursing 
home placement of patients with Alzheimer disease. Neurology 67(9),1592-1599.

Moretti, R., Torre, P., Antonello, R.M., Manganaro, D., Vilotti, C., Pizzolato, G., 2008. Risk factors for vas-
cular dementia: hypotension as a key point. Vasc. Health Risk. Manag. 4(2), 395-402. 

Ownby, R.L., Crocco, E., Acevedo, A., John, V., Loewenstein, D., 2006. Depression and risk for Alzheimer 
disease: systematic review, meta-analysis, and metaregression analysis. Arch. Gen. Psychiatry 63(5), 530-
538.

Panza, F., D’Introno, A., Colacicco, A.M., Capurso, C., Pichichero, G., Capurso, S.A., Capurso, A., Sofrizzi, 
V., 2006. Lipid metabolism in cognitive decline and dementia. Brain. Res. Rev. 51(2), 275-292.

Radloff, L.S., 1977. The CES-D scale: a self-report depression scale for research in the general population. 
Appl. Psychol. Meas 1, 385-401.

Razay, G., Vreugdenhil, A., Wilcock, G., 2006. Obesity, abdominal obesity and Alzheimer disease. Dement. 
Geriatr. Cogn. Disord. 22(2), 173-176.

Román, G.C., 2005. Vascular dementia prevention: a risk factor analysis. Cerebrovasc. Dis. 20(Suppl. 2), 
91-100.

Sando, S.B., Melquist, S., Cannon, A., Hutton, M.L., Sletvold, O., Saltvedt, I., White, L.R., Lydersen, S., 
Aasly, J.O., 2008. APOE epsilon 4 lowers age at onset and is a high risk factor for Alzheimer’s disease; a case 
control study from central Norway. BMC Neurology 8, 9.

Simmons, S.F., Johansson, B., Zarit, S.H., Ljungquist, B., Plomin, R., McClearn, G.E., 1997. Selection bias 
in samples of older twins? A comparison between octogenarian twins and singletons in Sweden. J. Aging 
Health 9(4), 553-567.

Sørensen, L.V., Waldorff, F.B., Waldemar, G., 2008. Early counselling and support for patients with mild 
Alzheimer’s disease and their caregivers: a qualitative study on outcome. Aging Ment. Health 12(4), 444-450.

63

Evaluation of classification models 



Spijker, A., Vernooij-Dassen, M., Vasse, E., Adang, W., Wollersheim, H., Grol, R., Verheij, F., 2008. Effec-
tiveness of nonpharmacological interventions in delaying the institutionalization of patients with dementia: a 
meta-analysis. J. Am. Geriatr. Soc. 56(6), 1116-1128.

Stampfer, M.J., 2006. Cardiovascular disease and Alzheimer’s disease: common links. J Intern. Med. 260 
(3), 211-223.

Valcour, V.G., Masaki, K.H., Curb, J.D., Blanchette, P.L., 2000. The detection of dementia in the primary care 
setting. Arch. Intern. Med. 160(19), 2964-2968.

Van den Kommer, T.N., Comijs, H.C., Dik, M.G., Jonker, C., Deeg, D.J.H., 2008. Development of classifi-
cation models for early identification of persons at risk for persistent cognitive decline. J. Neurol. 255(10), 
1486-1494.

Van der Flier, W.M., Scheltens, P., 2005. Epidemiology and risk factors of dementia. J. Neurol. Neurosurg. 
Psychiatry 76(Suppl. 5), v2-v7.

Vernooij-Dassen, M.J., Moniz-Cook, E.D., Woods, R.T., De Lepeleire J., Leuschner, A., Zanetti, O., de  
Rotrou, J., Kenny, G., Franco, M., Peters, V., Iliffe, S., 2005. Factors affecting timely recognition and diagno-
sis of dementia across Europe: from awareness to stigma. Int. J. Geriatr. Psychiatry 20(4), 377-386.

Woo, J., Goggins, W., Sham, A., Ho, S.C., 2005. Social determinants of frailty. Gerontology 51(6), 402-408.

Yap, P.L.K., Niti, M., Yap, K.B., Ng, T.P., 2008. Orthostatic hypotension, hypotension and cognitive status: 
Early comorbid markers of primary dementia? Dement. Geriatr. Cogn. Disord. 26(3), 239-246.

64

Chapter 3


