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Abstract

Background: Although an efficacious dementia-risk score system, CAIDE was derived using 

midlife risk factors in a population with low educational attainment that does not reflect today’s 

US population, and requires laboratory biomarkers, which are not always available.

Objective: Develop and validate a modified CAIDE (mCAIDE) system and test its ability to 

predict presence, severity, and etiology of cognitive impairment in older adults.

Methods: Population consisted of 449 participants in dementia research (N=230; community 

sample; 67.9±10.0y old, 29.6% male, 13.7±4.1y education) or receiving dementia clinical services 

(N=219; clinical sample; 74.3±9.8y old, 50.2% male, 15.5±2.6y education). The mCAIDE, 

which includes self-reported and performance-based rather than blood-derived measures, was 

developed in the community sample and tested in the independent clinical sample. Validity against 

Framingham, Hachinski, and CAIDE risk scores was assessed.

Results: Higher mCAIDE quartiles were associated with lower performance on global and 

domain-specific cognitive tests. Each one-point increase in mCAIDE increased the odds of MCI 

by up to 65%, those of AD by 69%, and those for non-AD dementia by >85%, with highest scores 

in cases with vascular etiologies. Being in the highest mCAIDE risk group improved ability to 

discriminate dementia from MCI and controls and MCI from controls, with a cut-off of ≥7 points 

offering the highest sensitivity, specificity, and positive and negative predictive values

Conclusion: mCAIDE is a robust indicator of cognitive impairment in community-dwelling 

seniors, which can discriminate well between dementia severity including MCI vs controls. 

The mCAIDE may be a valuable tool for case ascertainment in research studies, helping flag 

primary care patients for cognitive testing, and identify those in need of lifestyle interventions for 

symptomatic control.
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Introduction

Alzheimer’s disease (AD), vascular contributions to cognitive impairment and dementia 

(VCID), and other dementias will exceed 115 million cases by 2050 [1]. To meet this 

challenge, clinicians and researchers seek to identify potentially modifiable risk factors (e.g., 

cardiovascular, metabolic) that could play significant roles in the development of AD and 

VCID. After age, cardiovascular risk factors including hypertension, hypercholesterolemia, 

and obesity represent the most important risk factors for AD and VCID, possibly working 

through vascular and inflammatory mechanisms and interaction with apolipoprotein E 

(ApoE) and amyloid deposition [2–12]. Although each risk factor increases dementia risk, 

they may also act in an additive or synergistic fashion.

To capture the role of risk factors, risk score paradigms have been developed including 

the Framingham Heart Study [13–15] and the Cardiovascular Risk Factors, Aging, and 

Dementia (CAIDE) [16]. The CAIDE was found to predict dementia risk 20y later in 

a dose-response manner and is associated with a greater cognitive decline [16, 17]. The 

CAIDE dementia risk score system can also take presence of ApoE ε4 allele into account, 

however inclusion of ApoE only increases predictability in the high-risk group and genetic 

testing is often not available in clinical or community-based samples. The CAIDE performs 

similarly to the Framingham vascular risk scores [17]. However, CAIDE was developed 

based on midlife (39–64yrs) risk factors and may not be representative of characteristics of 

today’s US population particularly regarding educational attainment. In the original CAIDE, 

67% of the Finish cohort had less 10yrs of education while in 2019, 94% of the US 

population completed high school [18]. Since years of education contributed significantly 

to the computation of CAIDE, it is likely that the predictive value of the CAIDE in the 

US and other countries may be less than ideal. Furthermore, the CAIDE requires lab 

measurements that may not always be readily available at the initial evaluations in clinical 

practice or in community-based research conducted in the field. To address this unmet 

need for more easily measurable tools that better reflect the current US demographics, 

we developed a modified CAIDE (mCAIDE) score based on readily assessable and self­

reported measurements that can be implemented with ease in dementia screening programs, 

epidemiological studies, or in clinical practice (i.e., Medicare Annual Wellness visits) and 

tested its effectiveness in two independent samples of older adults.

Materials and Methods

Study population

Two independent study populations were used in this cross-sectional analysis. The first 

population, used to develop the mCAIDE risk score (training dataset), consisted of 

community-dwelling older adults (community sample) residing in New York City who 

participated in a community-based dementia screening program. A detailed description 

of the cohort and study procedures has been published previously [19]. Briefly, subjects 

aged ≥40yrs were recruited and underwent brief cognitive testing, physical functional 

assessments, physical exams, and provided self-reported information on sociodemographic 

characteristics, personal and family medical history, and mood. Exclusion criteria included 
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being <40 years old, speaking a language other than English or Spanish, or the presence 

of a medical (i.e., cancer), neurologic (e.g., multiple sclerosis, seizures) or psychiatric (i.e., 

schizophrenia) condition that would interfere with the clinical or cognitive assessment. 

When available, knowledgeable informants contributed information on participants’ 

cognitive function, behavior, mood, functionality, and general health. For the current study, 

participants with data on two cognitive tests (the Montreal Cognitive Assessment (MoCA) 

and animal naming) were included in the analysis (n=230). All subjects provided written 

informed consent and the study was approved by the NYU School of Medicine Institutional 

Review Board.

The second population (testing dataset) consisted of older adults attending a South Florida 

academic dementia center as patients or participants in brain health and dementia studies. 

For the current study, 219 had complete medical records allowing calculation of mCAIDE 

scores including 41 cognitively normal (controls); 52 mild cognitive impairment due to AD 

(MCI-AD); 14 MCI due to Dementia with Lewy Bodies (MCI-DLB); 37 AD; 56 DLB; 

and 19 VCID (clinical sample). These conditions share many common features including 

age at presentation, clinical-cognitive features, and comorbid pathologies. Individuals with 

missing variables that did not permit calculation of mCAIDE (N=163) and individuals 

with young-onset (i.e., frontotemporal degeneration (FTD)) or unusual presentations (e.g., 

normal pressure hydrocephalus, traumatic brain injury) (N=18) were excluded from further 

consideration. Most participants lived at home, either alone (13%), or with a spouse (76%) 

with very few being institutionalized (3%). Participation of an informant was required 

in both clinic patients and research participants and informants provided the individuals’ 

cognitive, physical, behavioral, and mental health utilized during the diagnostic process. 

A waiver of consent was obtained from clinic patients and research participants provided 

written informed consent. The study was approved by the University of Miami Institutional 

Review Board.

Outcome variables

Two cognitive measures were used in the training dataset: the MoCA [20] to measure global 

cognitive function (range: 0–30; lower total scores indicate impaired overall cognition) 

and the 1-minute animal naming test to measure verbal fluency. These tests were selected 

due to their ability to detect earlier cognitive impairment expected in this community 

dwelling population. Individuals were assigned as being cognitively impaired or cognitively 

unimpaired by a cognitive neurologist specializing in dementia evaluation and treatment 

(JEG) using published education-adjusted normative values. As the research goal of this 

part of the study was to screen for risk of cognitive impairment, formal diagnoses were not 

available for this sample.

The testing dataset included a battery of 11 performance-based cognitive tests modeled on 

the National Alzheimer’s Coordinating Center’s (NACC) Uniform Data Set [21]: MoCA; 

Noise Pareidolia Test, a measure of visual perception [22]; Numbers forward and backward 

tests as measures of attention and working memory [23]; Hopkins Verbal Learning Tests 

of immediate and delayed recall as measures of episodic memory [24]; Trail Making A 

and B, as measures of visual attention, processing speed, and executive function [25]; 
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animal naming, a measure of verbal fluency; Multilingual Naming Test (MINT), a measure 

of semantic memory [26]; and the Number Symbol Coding Task, a measure of executive 

function [27]. Z-scores for individual cognitive test were derived based on the mean and SD 

of the entire sample and averaged to create an aggregate standardized composite Z-score 

which was used as an overall measure of cognitive function [17]. Diagnoses (Control; MCI; 

AD; DLB and VCID) were determined based on performance on neuropsychologic testing, 

report from caregivers, a neurological examination using standard criteria for MCI [28], AD 

[29], DLB [30], and VCID [31].

Predictor variable

The predictor of interest was based on CAIDE as proposed by Kivipelto and colleagues 

[16] but modified to reflect the age and educational distribution in our sample (training 

dataset) and to substitute more invasive lab tests or long survey-based measures with brief 

self-reported or performance-based measures that were more feasible in the context of our 

community-based dementia screening study or could be readily used in office practice. 

Measurements of blood total cholesterol were replaced by self-reported high cholesterol, 

which was based on the medical history questionnaire. The CAIDE physical activity level 

was replaced with a brief performance-based measure of physical function – the mini 

Physical Performance Testing (mPPT) [32] using a cutoff of ≥12 to capture fitness/physical 

activity. The modified CAIDE (mCAIDE) risk score includes sex (male vs. female), age 

(<65yrs vs 65–73yrs vs >73yrs), education (<12yrs vs 12–16yrs vs >16yrs), systolic blood 

pressure (≤140 vs >140 mmHg), body mass index (BMI) (>30 vs. ≤30 kg/m2), self-reported 

diagnosis of high cholesterol (yes vs no) and mPPT score (≥12 vs <12).

Data analysis

Using the training dataset, we compared individuals with and without cognitive impairment 

on variables included in the mCAIDE risk score and race and ethnicity (analysis 1). 

Depending on the nature of the variables the two groups were compared on, this was 

done by either Student’s T test (continuous) or chi square analysis (categorical). In this 

dataset, cognitive impairment was defined as being impaired on both the MoCA (<26 vs. 

≥26) and Animal Naming (<13 vs. ≥13). We then modeled the likelihood of cognitive 

impairment based on the set of factors included in the original CAIDE (but modified to fit 

the demographic characteristics of our sample and to include non-invasive measures) with 

logistic regression analysis (analysis 2). Estimates were standardized so that the smallest 

estimate had a value of 1. We then applied this multiplication factor to all the other estimates 

and rounded them to the closest integer to obtain scores for each factor. The total mCAIDE 

risk score was computed by summing up these individual scores (range 0–14) and was used 

in analyses in its numeric form as well as an ordinal level variable (e.g., tertiles, quartiles). 

To further describe the relationship between mCAIDE and cognitive performance (i.e., 

MoCA and Animal Naming), generalized linear regression models (analysis 3) were run to 

compare higher quartiles of mCAIDE versus bottom quartile (quartiles 2–4 vs. quartile 1) 

on mean MoCA and Animal Naming scores. To avoid over adjustment by age, sex, and 

education, whose effect is accounted for in the mCAIDE risk score, no further adjustment 

was performed. Odds/risk for cognitive impairment associated with mCAIDE score was 

estimated with logistic regression (analysis 4) and the risk of cognitive impairment was 
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compared between different levels of mCAIDE risk profile using the following formula: p 

= (e (β0 + β1*mCAIDE) / (1 + e (β0 + β1*mCAIDE)), where p is the probability of cognitive 

impairment, β0 is the intercept slope, and β1 is the slope for mCAIDE [16] (analysis 5).

We then replicated analyses 3–5 in the testing dataset. For analysis 3, we assessed the 

relationship between mCAIDE quartiles and each of the 11 performance-based cognitive 

tests available in this dataset and the average standardized composite Z-score across these 

individual tests. Multiple-comparison correction was applied using the Bonferroni approach 

(α/n≤0.004). For analysis 4, cognitive impairment was defined as being in the bottom 

quartile of the aggregate Z-score and similar models were run as in the training dataset. 

Using generalized linear regression analysis, we next validated the mCAIDE by assessing 

it against other vascular risk systems: the modified Hachinski risk score [33] and the 

Framingham vascular risk score [15] as well as against the original CAIDE score, all 

available in the testing dataset. The modified Hachinski risk score is calculated based on the 

weighted presence of 8 features: abrupt onset, stepwise deterioration, somatic complaints, 

emotional lability, history or presence of hypertension, history of stroke, focal neurologic 

symptoms, and focal neurologic signs [33] (range: 0–12) with higher scores indicating a 

higher risk of vascular dementia. The Framingham vascular risk score estimates 10-year risk 

for myocardial infarction or death based the following features: age, sex, smoking status, 

total cholesterol, HDL cholesterol, systolic blood pressure, and antihypertensive medications 

[15]. The original CAIDE risk score was calculated based on the factors proposed by 

Kivipelto and colleagues [16], with the exception of APOE Ɛ4 status and follow-up time 

deemed not feasible/ applicable given the cross-sectional, community-based nature of our 

study (training sample). These measures are further described in Table 1. We also tested 

the ability of mCAIDE to differentiate between levels of severity and causes of cognitive 

impairment with logistic regression and ROC analysis while comparing it against the 

modified Hachinski, the Framingham, and the original CAIDE risk scores. For analysis 5, 

we estimated the overall risk of cognitive impairment and case discrimination by mCAIDE 

risk profile with logistic regression. P values were derived by comparing tertiles of mCAIDE 

risk score. All analyses were performed using the SAS system version 9.4 (SAS Institute 

Inc., Cary, NC, USA).

Results

Sample Characteristics

A total of 449 community-dwelling older adults were included in this cross-sectional 

analysis. A description of the total sample is presented in Table 2. The clinic sample 

was slightly older, more educated, more likely to be male, White, and to report 

hypercholesterolemia and scored higher on mCAIDE than the community sample. 

Cognitively impaired participants were older, performed poorer on physical performance 

testing, and scored higher on mCAIDE than the cognitively unimpaired participants in both 

cohorts. In addition, cognitively impaired participants had lower education (15.0±2.6 vs. 

16.1±2.4, p=0.013), and higher systolic blood pressure (146.5±22.7 vs. 137.4±18.3, p=0.003 

in the clinical sample. These differences are not unexpected based on the different nature of 

the two samples (community vs. clinical).
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Derivation of mCAIDE

Table 3 presents the logistic regression model used to derive mCAIDE and the associated 

weights for each component. Applying the modeling approach described by the CAIDE 

authors [16], we obtained weights that were similar to those assigned in the CAIDE 

study for sex, systolic blood pressure, BMI, and hypercholesterolemia but were lower 

for age and education and higher for physical activity, likely reflecting demographic 

and measurement differences from the CAIDE samples and US population, as well as 

differences between cross-sectional versus longitudinal analytic approaches. Weights were 

obtained by multiplying each β coefficient by the constant 3.75, which is the amount needed 

to transform the smallest β coefficient into the integer number 1 (0.267*3.75=1), similarly 

to how the CAIDE weights were created. For example, for systolic blood pressure of ≥140 

mmHg, the weight of 2 was obtained by multiplying the corresponding β coefficient by 3.75 

and then rounding to the closest integer. The range for total risk scores is similar (0–14 for 

mCAIDE vs. 0–15 for CAIDE). This point system derived from the community sample was 

then applied to the clinical sample to assign a mCAIDE risk score to each individual.

As measures of validation, we assessed correlations of mCAIDE with Framingham and 

Hachinski risk scores in the clinical sample. Both risk scores are based on a combination 

of cardiovascular risk factors. The mCAIDE was correlated with both Framingham 

(r=0.61, p<0.001) and Hachinski risk scores (r=0.34, p<0.001). The mCAIDE discriminated 

between cognitive impairment and no impairment in the community sample. The mCAIDE 

discriminated cases (MCI or dementia) and controls similarly to Framingham and better 

than Hachinski in the clinical sample (Figure 1). In addition, mCAIDE was correlated in the 

clinical sample with CAIDE (r=0.54, p<0.001) while its ability to predict cases was slightly 

better (ROCmCAIDE=0.78, 95%CI: 0.71–0.85 vs. ROCCAIDE=0.71, 95%CI: 0.61–0.80).

Relationship of mCAIDE to Cognitive Performance

Mean differences in performance on global and domain-specific cognitive tests across 

mCAIDE quartiles as well as coefficient estimates from generalized linear models are 

presented in Table 4. Being in higher mCAIDE quartiles was associated with lower global 

cognitive performance (i.e., MoCA) and verbal fluency in the community sample, although 

for MoCA only the top quartile group was different from the bottom quartile group while for 

Animal Naming a clearer stepwise relationship was observed (βQ2vsQ1=−2.7±1.1, p=0.017; 

βQ3vsQ1=−3.2±1.2, p=0.008; and βQ4vsQ1=−4.9±1.1, p<0.001). In the clinical sample, higher 

mCAIDE risk scores were associated with lower global cognition (i.e., MoCA), and poorer 

performance on tests of episodic and working memory, language, attention, processing 

speed, executive function, visual perception, and visual-spatial abilities after correction for 

multiple testing. When performance on all tests was aggregated, we found overall cognitive 

function to decrease with increasing mCAIDE score (βQ3vsQ1=−3.7±0.8, p<0.001 and 

βQ4vsQ1=−4.9±0.9, p<0.001). Overall cognitive performance was similar between mCAIDE 

risk scores of 6–8 and ≤5 (βQ2vsQ1=−0.7±0.8, p=0.396).

Each point increase in mCAIDE was associated with a 17% increase in the odds for 

cognitive impairment (OR=1.17; 95%CI: 1.05–1.30) in the community sample and with a 

24% increase (OR=1.24; 95%CI: 1.10–1.41) in the clinical sample (Figure 2). The effect 

Tolea et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2021 September 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in the clinic sample was higher than in the community sample, possibly due to the more 

extensive cognitive testing and the ability to assign diagnoses.

Relationship of mCAIDE to Diagnoses

Findings related to the ability of mCAIDE to discriminate between severity stage and 

dementia etiologies are presented in Table 5. Average mCAIDE score increased with 

severity of cognitive impairment. Odds for MCI-AD were increased by 22%, those for 

MCI-DLB by 65%; those of AD by 69%, while those for non-AD dementia (DLB or VCID) 

by more than 85% for each point increase in mCAIDE. We found mCAIDE to discriminate 

well between controls and dementia cases regardless of cause (AUCs above 0.80). The 

mCAIDE also showed good discrimination between MCI-DLB and controls (AUC=0.80, 

95%CI: 0.68–0.92), as well as between VCID and both MCI etiologies (AUCMCI-AD=0.76; 

95%CI: 0.64–0.88 and AUCMCI-DLB=0.74; 95%CI: 0.57–0.91). A cutoff score of ≥7 on 

the mCAIDE (67.1% of the sample) offered the best combination of sensitivity (0.76), 

specificity (0.71), and positive predictive value (PPV; 0.92). This cut-off score had a 

specificity of 0.71 for discriminating MCI-DLB, AD, LBD, and VCID from controls with 

sensitivities of 0.79, 0.87, 0.86, and 0.90, respectively. The best combinations of PPV and 

NPV were found for AD vs controls (0.73 and 0.85, respectively) and for LBD vs controls 

(0.80 and 0.78, respectively).

Finally, presented in Table 6 are examples of risk profiles based on mCAIDE scores of 0, 

7, and 14 representing the lowest, the middle, and the highest mCAIDE scores, respectively. 

A low risk profile would be best described as a younger, educated, and fit female with 

BMI, blood pressure, and cholesterol within normal limits. In contrast, the highest risk 

might be seen in older, less educated, and less physically active males, with elevated blood 

pressure, BMI, and cholesterol levels. Several scenarios conferring an intermediate risk 

profile are presented separately for females and males. In both samples, a dose-response 

relationship was found for risk of cognitive impairment and mCAIDE risk profile. In 

addition, we found that mCAIDE’s ability to discriminate MCI cases from both non-AD 

dementia cases and controls may be best captured at the highest mCAIDE risk profile (p 

HighvsLow mCAIDE=0.003 for VCID vs. MCI-AD; p=0.037 for VCID vs MCI-DLB; p=0.035 

for MCI-DLB vs controls. In addition, we found that mCAIDE’s ability to discriminate MCI 

cases from controls was improved at the highest mCAIDE risk level (p=0.018 for MCI-AD 

and p=0.035 for MCI-DLB).

Discussion

This study was designed to develop a modified CAIDE that could easily be utilized in 

community-based dementia screening programs and the clinical setting especially when 

extensive neuropsychological testing is not possible and lab results may not be available 

at the time of the office visit. Using non-invasive clinical (e.g., systolic blood pressure), 

self-reported (e.g., history of high cholesterol), and brief performance-based measures (i.e., 

mPPT) of physical functionality, we found mCAIDE, which was developed in a community­

based sample [19, 34] to be a robust indicator of cognitive impairment in community­

dwelling otherwise healthy older adults, which discriminates well between dementia severity 
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levels and may be helpful in differentiating MCI due to different etiologies from cognitively 

normal controls, particularly at the highest levels of mCAIDE. We found mCAIDE’s case 

discrimination power to be slightly better than that of CAIDE likely due to differences in 

the contribution and the measurement of individual components and their modification to 

better fit US populations of older adults. Moreover, our findings also point to an ability to 

discriminate between MCI and controls and between dementia and MCI that is captured 

best at the highest levels of mCAIDE risk. A cut-off of ≥7 was found to have the best 

discrimination value. These results suggest potential for mCAIDE as a tool that HCP could 

use to determine the need for a cognitive assessment of their patients, particularly of those 

testing at the higher end of the mCAIDE score, assessment that could be done in house or 

referred out to dementia clinics

While age and education had the greatest contribution to CAIDE, physical fitness/

functionality was the strongest contributor to mCAIDE suggesting that individual 

contributions can shift due to differences in study population risk factors. This provides 

support for mCAIDE as an alternative tool to capture the significant contribution of physical 

functionality/fitness to cognitive impairment and dementia [35, 36].

While CAIDE was found to predict future risk of dementia among middle aged adults with 

relatively low levels of educational attainment [16], our goal here was to assess its ability 

to capture concurrent cognitive impairment in a diverse sample of community-dwelling 

older adults. Additionally, the education cut-offs of CAIDE were not applicable to most 

US populations. By keeping the same analytical approach to derive the CAIDE risk score 

while modifying the way some of the risk factors are measured (e.g., labs replaced with self­

report), we found evidence that mCAIDE consistently captures overall cognitive impairment 

as well as impairment in cognitive domains commonly affected in dementia. This increases 

mCAIDE’s utility in primary care practices, epidemiological surveys, and community field 

work where labs may not be available. Although the cognitive outcomes being studied 

differed, mCAIDE was similarly ‘powered’ to detect dementia, with an AUC of at least 0.78, 

suggesting good discrimination. Our approach to derive a global cognitive score was similar 

to other studies reporting links between higher dementia risk as measured by the CAIDE and 

greater decline in executive function, language, and global cognitive scores [17]. The ability 

of mCAIDE to predict future decline and development of cognitive impairment needs to be 

evaluated using a longitudinal approach.

Our method of assessing the impact of a late-life risk index of cognitive impairment 

was similar to the Cardiovascular Health Cognition Study [37]. Although not specifically 

assessed as a modified CAIDE, selection of risk factors included in the dementia risk score 

index reflected the sample being studied and included self-reported and performance-based 

measures of health and functionality. In our study, we included self-reported history of 

high cholesterol and performance on mPPT, a proxy measure for physical functionality. 

To keep in line with the dichotomization scheme used in the CAIDE algorithm, we used 

the published cutoff mPPT score of ≥12 [32]. A total of 30% of our community sample 

was unfit (mPPT<12), which is comparable with reports from the CDC that >25% of older 

adults are physically inactive [38]. Test-retest and inter-rater reliability of the mPPT is high 

with reported Cronbach’s coefficients of 0.96 and 0.99, respectively (p<0.001) [39], and in 
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early-stage AD, mPPT can help identify individuals with insufficient aerobic capacity to 

perform activities of daily living [40]. Our decision to use mPPT is supported by evidence 

of significant correlations between physical activity and physical functionality in older 

adults [41–44]. Self-reported measures of physical activity may be less robust in measuring 

commonly performed light or moderate activities [45]. Instead, performance-based measures 

such as the mPPT, which only take 5–10 minutes to complete, can easily be completed 

in clinical and community-based research settings and provide a valid measure of physical 

functionality.

There may be some reticence to using self-reported high cholesterol during clinic visits 

and prevalence studies due to its under-estimation of hypercholesterolemia [46]. However, 

under-reporting is lower among older adults [47] and may be even lower in dementia 

patients for whom informants such as family members are valuable sources of health 

information when making accurate diagnoses and planning treatment strategies [48, 49]. 

In our test sample, input from collateral sources was required on medical history, likely 

minimizing under-reporting of high cholesterol.

Age and education ranges for the three categories included in mCAIDE were modified 

to reflect their respective distribution in our training sample. While these were different 

from those used in the CAIDE, cutoff points were defined similarly using tertiles. Scores 

assigned to each risk group category were lower than those in the CAIDE suggesting a 

lower impact of age and education in predicting concurring cognitive impairment in our 

study. Reports from longitudinal studies suggesting that age differences in cognition are less 

robust than those derived from cross-sectional studies [50] would suggest against the former 

supposition. On the other hand, age is recognized as the strongest risk factor for dementia, 

therefore supporting a stronger effect on risk of developing dementia than on likelihood of 

concurrent cognitive impairment. For education, given that comparison groups are widely 

different between CAIDE and mCAIDE, it is expected that greater differences in dementia 

risk would exist between those with 0–6yrs vs ≥10yrs of education (i.e., CAIDE) than 

the differences in cognitive impairment between those with >16yrs vs <12yrs of education 

(mCAIDE). In addition, education was only marginally significant in our logistic regression 

model used to derive the mCAIDE, therefore explaining the lower scores assigned for 

education.

Cardiovascular risk factors are among the strongest predictors of cognitive impairment, 

particularly of AD and VCID etiology, and may be relevant in DLB which often has 

comorbid AD and vascular pathology. Observational studies suggest an important role for 

individual coronary risk factors such as hypertension [51] on cognitive decline in later life. 

Hypertension may increase the risk of cognitive impairment by 20% [2] and is associated 

with small vessel disease [3], white matter hyperintensities, and subsequent cognitive 

decline [4–7]. Hypercholesterolemia may play a role through atherosclerosis and interaction 

with ApoE and amyloid deposition [8, 9]. There is conflicting evidence on the role obesity 

may play, however obesity may influence dementia risk through vascular and inflammatory 

mechanisms [10–12] as well as diminishing physical functionality [52]. In addition, late 

middle-age cardiovascular risk indexes were found to predict cognitive decline in later life 

suggesting a cumulative effect of these risk factors on cognition [17]. We found mCAIDE 
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to correlate well with other cardiovascular risk scores (e.g., Framingham and Hachinski) 

suggesting that its impact on cognitive impairment is due in a large part to cardiovascular 

risk factors, particularly lifestyle related factors such as physical fitness and functionality. 

There is consistent evidence for a protective effect of high physical activity against cognitive 

decline and dementia, particularly for AD [53], which may be due to reduced stress [54] and 

improved oxygen and nutrients to the brain via increased cerebrovascular integrity [55].

Other dementia risk scores based on vascular risk profiles in late life have been proposed 

as valuable tools to identify older adults at risk for AD. In a cohort of older adults free 

of cognitive impairment, the probability of AD increased with higher vascular risk scores 

either self-reported or lab-derived [56]. However, our interest was in assessing the value 

of the CAIDE dementia risk score modified to include late-life easily measurable risk 

factors as an indicator of cognitive impairment in cross-sectional large-scale studies with 

clinic visits done in the community where more invasive measures of cardiovascular risk 

may not be feasible. As these analyses are cross-sectional, we have not demonstrated that 

mCAIDE can predict the risk of future dementia, however, our findings support its use 

in dementia screening programs as a robust marker of cognitive impairment that deserves 

further evaluation.

Moreover, our findings suggest that mCAIDE could also assist clinicians during the 

first diagnostic visit to identify older adults at-risk for cognitive impairment. Despite the 

requirement for cognitive evaluation as part of the Medicare Annual Wellness Visit, a recent 

Alzheimer Association Special Report [57] suggests that Annual Wellness Visits are not a 

common practice and that cognitive evaluations are not often performed or documented. 

Although 90% of providers believed there were benefits to dementia screening, only 50% 

assessed cognition as part of their evaluation and only 40% were familiar with cognitive 

testing tools. Providers however collect many of the mCAIDE items as part of the electronic 

health record and their physical examinations. Addition of the mPPT to examine physical 

functionality also dovetails well with the providers evaluation of frailty and falls risk in 

older adults. Completing the mCAIDE first to identify at-risk individuals could provide a 

two-staged approach and led to increase cognitive testing which is infrequently documented 

in electronic health records, particularly in minority and economically disadvantaged 

populations [58].

These findings need to be interpreted with several potential limitations in mind. Other 

dementia risk scores that have been proposed were derived based on risk factors identified in 

the study sample. We took the approach of using the existing CAIDE scoring system, which 

was developed in a longitudinal study and applying it to a cross-sectional sample. This 

could explain the lack of significance for some of the risk factors included. Alternatively, 

the different measurement method may also help explain these results. For example, 

self-reported hypercholesterolemia may lead to under-reporting of hypercholesterolemia 

particularly in those older adults for whom reliable informants are not available. Input on 

patient medical history from a collateral source of information when available can help 

reduce the likelihood of underreporting. To further reduce this risk when informant input 

is not available, studies relying on self-reported measures of high cholesterol should also 

account for statin use, which would help reduce both underreporting and non-committal 
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responses. However, our goal was to assess whether a CAIDE modified to include easily 

measurable risk factors would be effective at detecting presence, severity, and possibly cause 

of cognitive impairment in dementia screening research studies and potentially flagging 

patients in the primary care setting for a cognitive evaluation or be used in the field for data 

collection. Most cases in our clinical sample were MCI, AD, and DLB. We had fewer VCID 

cases and therefore the ability of the mCAIDE to discriminate this type of dementia was 

limited by sample size but ORs/AUCs suggest that mCAIDE should detect VCID. Studies 

with larger samples of VCID are needed to further confirm this. There were differences 

between the two datasets analyzed in this study in terms of the racial and ethnic distribution 

of participants, which suggest the need to assess the mCAIDE in other diverse samples. 

Last, since this study was community-based, we did not collect genetic (i.e., ApoE) markers 

or other neurodegenerative disease biomarkers such as measurements of amyloid or tau. This 

should be an area of future research.

Several strengths of the study should also be acknowledged. A two-step analytic approach 

was taken in this work increasing the confidence in our results and their applicability 

to different populations. The mCAIDE was developed in a community-based sample of 

older adults and then validated in a clinic-based sample. While the community sample 

was only assessed with two cognitive screens, the clinic-based sample underwent a 

comprehensive neuropsychological evaluation modeled after the UDS battery and diagnoses 

were determined based on published guidelines.

Findings from this study support the use of CAIDE modified to include easily measurable 

risk factors not just as a method to predict risk of dementia but also to determine likelihood 

of presence of cognitive impairment early in the disease process. With its reliance on 

sociodemographics, vital signs, self-reported medical history, and a very brief performance­

based measure of fitness, the mCAIDE can easily and with little restrictions be applied to 

other community-based dementia screening programs, epidemiological studies, or clinical 

patient care. The mCAIDE may help ascertain cases including MCI in population-based 

research studies, offers a quick method to identify primary care patients in need of a 

cognitive evaluation, and suggests targets for lifestyle modification interventions to reduce 

symptoms and slow down dementia progression.
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Figure 1. 
Case discrimination (cognitively impaired vs controls) by mCAIDE, CAIDE, Framingham, 

and Hachinski risk score.

Panel a – case discrimination by mCAIDE (community sample). Panel b – case 

discrimination by mCAIDE (clinical sample). Panel c– case discrimination by Framingham 

score (clinical sample). Panel d – case discrimination by CAIDE risk score (clinical sample). 

Panel e – case discrimination by Hachinski risk score (clinical sample). In the community 

sample, case discrimination was based on presence of cognitive impairment (versus no 

cognitive impairment) while in the clinical sample on presence of MCI or dementia (versus 

controls) as determined by diagnosis.
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Figure 2. 
Odd ratios of cognitive impairment associated with one-unit increase in mCAIDE.

Notes: Cognitive impairment defined as being impaired on both MoCA and Animal 

Naming; Pop. 2=clinical sample. Cognitive impairment was defined as being in the bottom 

quartile of the global Z-score.
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