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Abstract

Objective—To identify approximately 500 cases of incident cognitive impairment (ICI) in a
large, national sample adapting an existing cognitive test-based case definition and to examine
relationships of vascular risk factors with ICI.

Method—~Participants were from the REGARDS study, a national sample of 30,239 African-
American and white Americans. Participants included in this analysis had normal cognitive
screening and no history of stroke at baseline, and at least one follow-up cognitive assessment
with a three test battery (TTB). Regression-based norms were applied to TTB scores to identify
cases of ICI. Logistic regression was used to model associations with baseline vascular risk
factors.

Results—We identified 495 participants with ICI out of 17,630 eligible participants. In
multivariable modeling, income (OR 1.83 CI 1.27,2.62), stroke belt residence (OR 1.45 ClI
1.18,1.78), history of transient ischemic attack (OR 1.90 CI 1.29,2.81), coronary artery
disease(OR 1.32 Cl 1.02,1.70), diabetes (OR 1.48 Cl 1.17,1.87), obesity (OR 1.40 CI 1.05,1.86),
and incident stroke (OR 2.73 CI 1.52,4.90) were associated with ICI.
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Conclusions—We adapted a previously validated cognitive test-based case definition to identify
cases of ICI. Many previously identified risk factors were associated with ICI, supporting the
criterion-related validity of our definition.
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epidemiology; risk factors; methods; cognitive disorders; mild cognitive impairment; cognitive
aging; stroke

Introduction

5.4 million people in the United States have clinically significant cognitive impairment and
about 12% of those progress to dementia annually (Plassman et al., 2008). Development of
treatments that delay progression of cognitive impairment is of enormous public health
significance, as such interventions would delay the onset of dementia and its attendant
functional and financial losses (IOM, 2009; Sloane et al., 2002). Identification of risk factors
and biomarkers associated with development of cognitive impairment could assist in
diagnosis and may also be helpful in developing strategies for prevention and treatment
(Revkin, Shear, Pouleur, Ryder, & Orloff, 2007; Vasan, 2006). Large-scale epidemiological
studies that have thousands of subjects provide the most diverse samples and most robust
risk factor and biomarker information available; however, these projects are typically
lacking a clinical diagnosis component due to the high costs associated with this procedure.

In this paper, we demonstrate how a large epidemiological study may efficiently use
cognitive data to identify clinically relevant incident cognitive impairment (ICI) and relate
risk factors and a representative biomarker to this endpoint. Our goal was to identify
approximately 500 cases of ICI in the REasons for Geographic and Racial Differences in
Stroke (REGARDS) study, a national cohort of 30,239 African-American and white
Americans, to be used in future nested case-control studies investigating biomarkers and
ICI. We describe our methodology for identifying ICI in REGARDS using telephone
administered cognitive tests during follow up as a basis for classification. To our knowledge,
this is the first application of this method of identifying clinically meaningful cognitive
impairment in such a large cohort using telephone-administered tests. Based on previously
reported risk factors for cognitive decline and dementia, we expected ICI identified with this
case-selection method to be associated with vascular risk factors and additional socio-
demographic factors, supporting the validity of our definition. We also report on the
association of C-reactive protein (CRP) with ICI, as it is an inflammation biomarker
currently used in clinical settings to assess cardiovascular risk, and is also associated with
risk of dementia(Ravaglia et al., 2007; Schmidt et al., 2002), and cognitive dysfunction
(Mooijaart et al., 2011; Tilvis et al., 2004). Study of CRP also provides an example of how
we can investigate baseline biomarker levels in relation to ICI.

Neuropsychological tests are useful for characterizing cognitive ability and have utility in
clinical classification and diagnosis (Howieson DB & MD, 2007; Jacova, Kertesz, Blair,
Fisk, & Feldman, 2007; Petersen, Stevens, et al., 2001). In particular, an approach to
classification of individuals based solely on cognitive test scores called the absolute score
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method has high concordance to consensus diagnoses panels using multiple sources of
information including history, interview, physical and neurological examination, laboratory
tests, and neuroimaging (lvnik et al., 2000). The absolute score method utilizes a single
score (i.e., a cut-score) on each test that defines normalcy vs. impairment. Ivnik et al. (Ivnik
et al., 2000) found that this approach was superior to other solely cognitive score-based
approaches (e.g., difference scores, change scores, and profile variability) in identifying
clinically diagnosed patients. This absolute scores approach to case definition offers a means
to define cases in the absence of a clinical diagnostic process. In this paper, we adapt and
apply the Mayo absolute score method of case definition to the telephone-based cognitive
battery used in REGARDS. We then use the adapted case definition to examine
relationships of ICI with known vascular risk factors.

Method

Participants

Participants in this study were drawn from the REGARDS Study (Howard et al., 2005),
which aimed to identify factors underlying excess stroke mortality in the Southeastern U.S.
(North Carolina, South Carolina, Georgia, Tennessee, Mississippi, Alabama, Louisiana, and
Arkansas, known as the “Stroke Belt”) and among African-Americans. Higher stroke
mortality has been observed in the stroke belt since the 1940s (Lanska, 1993) and has been
the subject of much investigation in the stroke research community(Perry & Roccella,
1998). REGARDS participants were recruited by random selection of telephone humbers
from a commercially available nationwide list (Genesys Inc., Daly City, CA). One person
from each household was identified and eligibility was assessed via computer assisted
telephone interview (CATI) by a centrally trained staff at the Survey Research Unit (SRU)
at the University of Alabama at Birmingham, which provides telephone interviews for the
Behavioral Risk Factor Surveillance System, and other national phone surveys. Exclusion
criteria were 1) race other than African-American or white, 2) Hispanic ethnicity, 3) active
treatment for cancer, 4) medical conditions that would prevent long-term participation, 5)
difficulties with hearing, articulation, comprehension of English language, or general
confusion that interfered with assessment 6) residence in or inclusion on a waiting list for a
nursing home, or 7) inability to communicate in English. Interviewers using standardized,
computer-programmed scripts and real-time data entry were trained and certified by the
SRU. Cognitive assessment interviews were monitored routinely by a supervisor for
ongoing quality control.

Once eligibility was established, verbal consent was obtained. Study procedures and
methods of data collection are outlined in Table 1. Following consent, medical history,
including risk factor evaluation, was collected by CATI, which provided a high level of
quality control and standardization (Table 1). About one month following the telephone
interview, participants underwent an in-home examination conducted by Examination
Management Services, Inc. (EMSI), which included written consent, height, weight, and
blood pressure measurements, resting electrocardiogram (ECG), medication inventory, and
fasting blood and urine samples. EMSI examiners were trained at their local offices by
centrally-trained supervisors on REGARDS-specific procedures. Samples were processed in
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the field by EMSI and shipped to the Central Laboratory at the University of Vermont where
they were processed further and frozen. Lab work was performed by technicians blinded to
the identity, risk factor and outcome status of the participants. Results from specimens
collected in this manner were validated using a paired samples technique (Gillett et al.,
2014). ECG tracings were mailed to a core laboratory at Wake Forest University School of
Medicine where they were visually inspected for technical errors and were given a quality
grade. ECGs were then coded using the Standard Minnesota ECG Classification by trained
physician electrocardiographers, and all abnormalities were re-read by a second physician
electrocardiographer. Methods were approved by the institutional review boards of all
participating institutions.

From January 2003 to October 2007, the study enrolled 30,239 Americans = 45 years of age.
Race distribution in the sample was 58% white and 42% African-American. Gender
distribution was 45% male and 55% female. Regional distribution was 56% residing in the
Stroke Belt and 44% residing in the other 40 contiguous United States. Participants were
considered lost to follow up if they could not be reached at 4 consecutive scheduled calls.
Contact of listed proxies, Lexis-Nexis searches, and 2 formal letters to the participant’s last
known address were used to attempt contact when a participant misses a call. Attrition rates
are low in REGARDS. As of April 2011, 3785(12%) of 30,239 participants were considered
lost to follow up.

Cognitive Assessment

Approximately 100 telephone interviewers were carefully trained by the SRU to administer
a telephone-based computer-assisted assessment of cognitive function. Interviewers’
performance was continually monitored by SRU supervisors and group meetings were held
periodically with REGARDS operations Center personnel to discuss questions and unusual
circumstances. REGARDS includes a two-level assessment (Table 1): 1) the Six-ltem
Screener(C. M. Callahan, F. W. Unverzagt, S. L. Hui, A. J. Perkins, & H. C. Hendrie, 2002)
(SIS) added to the baseline assessment in December 2003 and then performed annually; and
2) a three test battery (TTB) introduced in 2006 and performed at 2 year intervals, which
includes Word List Learning (WLL), Word List Recall (WLR) (Morris et al., 1989) and
Animal Fluency (AF) (Rosen, 1980). WLL and WLR were administered on the same call,
whereas AF originally was administered on a different call to reduce the burden of testing on
each call. The SIS is a brief screening measure with 3 temporal orientation items and
delayed recall of 3 objects. Scores range from 0-6 with a score of 4 or fewer correct
indicative of cognitive impairment. The SIS has been validated against clinical diagnoses of
dementia and mild cognitive impairment (74% sensitivity and 80% specificity for both
groups combined versus cognitively normal elders) (C. M. Callahan, F. W. Unverzagt, S. L.
Hui, A. Perkins, & H. C. Hendrie, 2002) and has been used to document cognitive
impairment in older patients seen in emergency departments (Wilber, Lofgren, Mager,
Blanda, & Gerson, 2005) and older depressed patients in a large randomized controlled trial
(Steffens et al., 2006). The WLL is the total number of words recalled on a 10-item, three-
trial word list learning task (range 0-30); WLR is the number of words recalled after a filled
delay (range 0-10). Both immediate and delayed recall are decreased in Alzheimer and
frontotemporal dementia(Wicklund, Johnson, Rademaker, Weitner, & Weintraub, 2006). AF
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measures ability to name as many animals as possible in 60 seconds; such semantic fluency
is decreased in mild cognitive impairment (MCI) (Nutter-Upham et al., 2008) and may help
screening accuracy of the Mini Mental State exam for MCI and non-Alzheimer disease
dementia (Kim et al., 2014). These measures are widely used in observational and
interventional studies of cognitive aging and dementia. Scoring of the WLL and WLR was
completed by calculating summaries of valid responses captured in real time by interviewers
during the telephone-based assessments. AF responses were digitally recorded for later
playback and scoring by trained technicians who were certified by a PhD level expert scorer
who conducted a second scoring for each scorer’s first 50 files. Agreement of .88 or higher
was required for certification. Ongoing quality control was conducted on 10% of each
scorer’s files. Exact agreement between each scorer and the expert scorer consistently
exceeded 95%.

Because the SIS was added 11 months after enrollment began, there were 3218 participants
(18% of the cohort) who did not have a SIS score at baseline for whom we considered the
first administered SIS the baseline SIS. Median time between enrollment and first SIS for
these participants was 2.0 years with 90% completing the first SIS by 2.2 years after
enroliment.

Measurement of Covariates

Baseline demographic and health behavior variables were self-reported, collected via CATI
and included age, race (African-American or white), gender (male or female), education
(categorized as <HS, high school, some college, college and above), yearly income
(categorized as <$20,000, $20,000-34,999, $35,000-74,999, = $75,000 or refused), region
(categorized as stroke belt or non-stroke belt), cigarette smoking (categorized as never, past,
or current), alcohol intake (categorized as none, moderate [<14 drinks per week for men, <7
drinks/week for women] or heavy [>14 drinks/week for men, >7 drinks/week for women]),
and physical activity level (categorized as any weekly exercise vs. none). Presence of
vascular disease or vascular risk factors was collected at baseline via CATI or during the in-
home physical examination (see Table 1) and included: self-reported history of transient
ischemic attack (TI1A); history of coronary artery disease (CAD), including myocardial
infarction by self-report or electrocardiogram (ECG), or self-reported history of coronary
revascularization (stenting, coronary artery bypass surgery, or percutaneous transluminal
coronary angioplasty); atrial fibrillation (self-reported or by ECG); left ventricular
hypertrophy (LVH) by ECG; body mass index (BMI) calculated from height and weight
measurements; hypertension (systolic blood pressure>140 mmHg or diastolic blood pressure
>90 mmHg on average of 2 measurements, or self-reported use of hypertension medication);
dyslipidemia (total cholesterol = 240 mg/dL, LDL = 160, HDL < 40 or self-reported lipid-
lowering drug use); and diabetes (fasting glucose =126 mg/dL, nonfasting glucose =200
mg/dL, or self-reported use of diabetes medications). C-reactive protein (CRP) was
measured in plasma samples collected at baseline using a validated, high-sensitivity, particle
enhanced immunonephelometric assay (N High Sensitivity CRP, Dade Behring Inc.,
Deerfield, IL; interassay CVs 2.1-5.7%). The definitions and procedures used for stroke
adjudication have been previously published (Howard et al., 2011). In brief summary,
reports of possible stroke during follow-up generated a request for retrieval of medical
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records that were centrally adjudicated by physicians. Stroke events were defined following
the World Health Organization (WHO) definition (“Stroke--1989. Recommendations on
stroke prevention, diagnosis, and therapy. Report of the WHO Task Force on Stroke and
other Cerebrovascular Disorders,” 1989) and classified as hemorrhagic or ischemic. Events
not meeting the WHO definition but with symptoms lasting <24 hours and neuroimaging
consistent with acute ischemia were classified as clinical strokes.

Case Definition of Incident Cognitive Impairment (ICI)

We developed a case definition of ICI that aimed to identify approximately 500 cases of ICI
to be used in a subsequent nested case control study of biomarkers and risk of ICl in
REGARDS. The sample size was set a priori at N=500 to allow appropriate statistical

power, cost efficiency, and to include a wide range of age, race, gender, and education levels
in the case group. Ivnik et al. (Ivnik et al., 2000) previously demonstrated that an absolute
score approach, in which a cut-score for impairment was identified for each cognitive test,
produced the highest rates of correspondence to a clinical diagnosis of cognitive impairment
compared to other solely test-based approaches including difference scores, profile
variability, and change scores. Participants’ most recent TTB assessment that had been
obtained, scored, and included in the REGARDS dataset as of April 2011 was used to define
impairment. To determine the cut-scores for each of the tests in the TTB, age, education,
gender, and race were regressed onto each TTB score. The resultant beta weights were used
to generate predicted scores for each participant. Participants scoring more than 1.5 SD units
below his or her predicted score on at least 2 of 3 of the TTB measures at the most recent
assessment were identified as having ICI (n = 577). We selected a threshold of 1.57 SD
units, which is slightly more restrictive than the typical 1.50 threshold, to achieve the desired
sample size. Importantly, the threshold we used selected subjects with clinically significant
cognitive performance below expectation, producing a case group that is more clearly below
expectation than the traditional 1.50 SD cut-off.

Statistical Analysis

The analytic sample consisted of 17,630 participants free of stroke and cognitive impairment
at the time of first SIS assessment and who had at least one assessment with the TTB during
follow-up (Figure 1). Exclusions from the analytic sample were as follows: 1) prevalent
stroke (N=1958), 2) missing baseline cognitive assessment with the SIS (N=409), 3)
prevalent cognitive impairment on the SIS (N=2319), 4) insufficient cognitive testing during
follow up to determine cognitive status (N=7786), and 5) anomalous data (N=56). As TTB
measures originally were not all completed in the same phone call, participants may have
only completed part of the TTB at the time of the data lock for the present analyses.
Exclusions based on insufficient testing were as follows: 1) no TTB testing (N=5098); 2)
score on only 1 TTB measure (N=2348); or 3) score on 2 TTB measures but scores were
discordant (i.e., one score below threshold and one score above threshold, N=340). A
statistical algorithm was used to define incident cognitive impairment status based solely on
TTB score without regard to risk factor status. Analysis of risk factor associations with ICI
status was performed only after the case group was identified.
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After cases were selected, we compared baseline characteristics of participants with ICI to
the remainder of the analytic sample. Chi square tests were used for dichotomous or nominal
variables, and t-tests for continuous variables. A logistic regression model was used to
calculate odds ratios (OR) and 95% confidence intervals (CI) of ICI for vascular and
demographic risk factors, first in a univariable fashion and then in multivariable models.
Model 1 included income, region, smoking status, alcohol use, exercise, diabetes,
hypertension, dyslipidemia, history of TIA, atrial fibrillation, LVH, CAD, BMI category and
CRP =90™ percentile. Model 2 added incident stroke during follow up prior to the most
recent cognitive assessment. Incident stroke was not censored, as it may be in the causal
pathway between vascular risk factors and ICI. A sensitivity analysis was performed where
participants with incident stroke were excluded from the analysis. Age, race, gender, and
education were not included in the multivariable models as these factors were accounted for
in the regression-based approach to case definition. In multivariable models, participants
with missing data were excluded from analysis. In order to reflect traditional definitions of
ICI based on mild cognitive impairment, we re-analyzed the data using a more liberal cut-
point of —1.50 SD from predicted score and there was no material difference in any results
(data not shown).

A total of 495 participants were identified as having ICI including 412 with scores below the
cut-off on WLL and WLR; 27 with scores below cut-off on WLL and AF; 13 with scores
below cut-off on WLR and AF; and 43 with scores below cut-off on WLL, WLR, and AF
(see Figure 2). All participants included in the analytic sample had a SIS of 5 or 6 at
baseline; mean (SD) SIS score was 5.78 (0.41). Mean scores on the most recently
administered TTB and number of participants for whom it was the first, second, or third
administration are listed in Table 2.

Baseline characteristics of participants with and without ICI are listed in Table 3.
Participants with ICI tended to have lower income, residence in the stroke belt, reported
current smoking, no alcohol consumption, no weekly exercise, and were obese. Participants
with ICI also had higher prevalence of diabetes, hypertension, LVVH, and history of TIA or
CAD. They also had higher systolic blood pressure, BMI, and CRP. As expected based on
the use of demographically-adjusted cognitive scores for case definition, there were no
group differences in age, race, gender, or education.

Results from the univariable and multivariable modeling are shown in Table 4. In
univariable analyses, low income, residence in the stroke belt, current smoking, alcohol
abstinence, no weekly exercise, diabetes, hypertension, LVH, history of TIA, CAD, obesity,
CRP =90t percentile and incident stroke were all associated with higher odds of ICI. In
multivariable model 1, those in the lowest income group (<$20,000/year) had 84% higher
odds of ICI compared to those in the highest group (>$75,000/year). Residence in the stroke
belt region was associated with 45% higher odds of ICI. Diabetes was associated with 49%
higher odds of ICI, and those with a self-reported history of TIA at baseline were almost
twice as likely to have ICI as those who did not report TIA. CAD was associated with 33%
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higher odds of ICI. Obese participants had 39% higher odds of ICI than normal weight
participants.

In the time between the first SIS and the most recent TTB assessment, 190 participants
survived an incident stroke; 177 of these did not have ICI and 13 had ICI. Those surviving
an incident stroke had a 2.6-fold increased risk of ICI (OR 2.58, Cl 1.46, 4.57) in an
unadjusted model and about 2.7-fold increased risk in a multivariable model (Table 4). The
addition of incident stroke to the multivariable model did not attenuate the associations of
income, region, CAD, diabetes, or TIA with ICI (Table 4). When we excluded participants
with incident stroke, the direction and magnitude of observed associations did not change
(data not shown).

To estimate confounding effects of age, race, gender, and education given their association
with other covariates, we conducted sensitivity analyses in which these variables were added
to model 2. Results were largely unchanged: income, region, diabetes, obesity, and history
of TIA remained independent predictors of ICI, the association of CAD became borderline
(OR 1.28, C1 0.99, 1.66), and alcohol abstinence emerged as an independent predictor of ICI
(moderate alcohol consumption compared to abstainers OR 0.77, Cl 0.61, 0.97).

Compared with those participants who were excluded due to missing data, participants in the
analytic sample were more likely to be white, female, have higher income, have more
education, be nonsmokers, and have lower BMI. They were also more likely to reside
outside the stroke belt, report alcohol use and weekly exercise, and less likely to have
diabetes, history of TIA, hypertension, dyslipidemia, atrial fibrillation, L\VVH, or CAD, and
had lower CRP (Supplemental Table 1).

Discussion

In this study we adapted a previously validated absolute scores case identification
methodology (Ivnik et al., 2000) to identify 495 individuals with clinically important ICI
over 3.4 years follow up within the REGARDS national cohort study. We used a
demographically-adjusted, regression-based norms modification of the absolute scores
approach. Our study has important epidemiologic implications as it shows how a test-based
method can be adapted to define cognitive impairment in the absence of a physician-lead
diagnostic clinical assessment. The extension of this method to a brief telephone-based test
allowed us to assess thousands of geographically diverse participants. Among participants
with intact global cognitive status at enrollment, subsequently attaining absolute scores
greater than 1.5 SD below one’s demographically matched peers on two or three out of three
more detailed cognitive tests is clinically meaningful since this threshold is consistent with
conventions used to define mild cognitive impairment (Petersen, 2004; Petersen et al., 2010;
Petersen, Doody, et al., 2001; Petersen et al., 1995; Petersen et al., 1999; Winblad et al.,
2004), and meets criteria for both severity (level) and pervasiveness (number of tests) of
impairment. Taking the definition we developed using a more stringent cutpoint of scores
>1.57 SD from predicted norms based on age, sex, race and education, we identified
associations of previously identified risk factors for cognitive impairment to support of the
validity of our method. While these findings do not indicate immediate use of this type of
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cognitive testing in practice, we have identified a clinically relevant level of ICI that was
related to baseline risk factors, an important demonstration of the validity of the case
definition. Our findings also add to the building evidence that vascular health plays a role in
cognitive function and suggest that some risk factors for cognitive impairment may be
modifiable and targeted with interventions. Patients with these risk factors warrant increased
clinical suspicion, and risk of cognitive impairment may be another motivating factor for
patients to improve their vascular health.

Univariable analyses showed an association of several risk factors with development of ICI:
lower income, stroke belt residence, current smoking, alcohol abstinence, absent exercise,
diabetes, high systolic blood pressure, and history of hypertension, TIA, LVH, and CAD,
obesity, incident stroke, and high levels CRP. Multivariable analyses revealed independent
relationships of lower income, stroke belt residence, obesity, incident stroke, and history of
diabetes, TIA, and CAD with risk of ICI. These associations did not change when incident
stroke was excluded as a covariate, suggesting that clinically recognized stroke is not the
sole mechanism underlying the association of these risk factors with ICI and that cases of
ICI are not limited to those with post-stroke cognitive dysfunction.

This work builds on previous research on cognitive impairment in REGARDS. When ICI
was defined using SIS scores, age, race, gender, education, and stroke belt residence were all
independent predictors of incident impairment (Wadley et al., 2011) as were elements of the
Framingham Stroke Risk Score including systolic blood pressure, antihypertensive
medication, diabetes, LVH, atrial fibrillation, heart disease, and smoking(Unverzagt et al.,
2011). The consistency in pattern and magnitude of associations across these REGARDS
studies is notable given the differences in how ICI was defined and use of demographic
adjustment of cognitive scores in the present investigation.

Low income was strongly associated with ICI in our study. Socioeconomic status is
generally understood as a surrogate for many unmeasured individual characteristics and has
been associated with a wide variety of health outcomes (Pickett & Pearl, 2001). Others have
shown that low income is associated with increased risk of Alzheimer disease (Evans et al.,
1997). One prospective study of the relationship of socioeconomic factors to cognitive
function found that higher income was associated with less cognitive decline over 4 years
even after adjustment for vascular and health comorbidities suggesting that pathways outside
general physical health contribute to cognitive outcomes (Koster et al., 2005; Lee, Buring,
Cook, & Grodstein, 2006).

Our finding that diabetes is related to cognitive decline has been corroborated by many
(Alonso et al., 2009; Carmelli et al., 1998; Comijs et al., 2009; Debette et al., 2011; Wessels
etal., 2011; Yaffe et al., 2011), but not all (Cherbuin et al., 2009; Knopman, Mosley,
Catellier, & Coker, 2009; Yaffe et al., 2009) studies. The underlying mechanism may be
through buildup of glycation end products in the brain (Yaffe et al., 2011) leading to
subcortical and cortical ischemia and brain dysfunction.

Our finding of a protective effect of moderate alcohol consumption has been reported in
other studies of cognitive impairment and dementia (Anstey, Mack, & Cherbuin, 2009;
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Ganguli, Vander Bilt, Saxton, Shen, & Dodge, 2005; Mukamal et al., 2003; A. Ruitenberg et
al., 2002; Stampfer, Kang, Chen, Cherry, & Grodstein, 2005) (Hendrie, Gao, Hall, Hui, &
Unverzagt, 1996). Likewise TIA (Pendlebury, Wadling, Silver, Mehta, & Rothwell, 2011)
and obesity (Debette et al., 2011; Kivipelto et al., 2005; Whitmer, Gunderson, Barrett-
Connor, Quesenberry, & Yaffe, 2005; Xu et al., 2011) have been linked to cognitive decline
and dementia.

We found that higher BMI was associated with increased risk of cognitive impairment.
Other investigators noted an inverse relationship where higher BMI was protective against
dementia (Luchsinger, Patel, Tang, Schupf, & Mayeux, 2007; Annemieke Ruitenberg et al.,
2002) (Gao et al., 2011). This difference may be due to the fact that the dementia endpoint
occurs in much older age compared to the ICI endpoint in our study. Factors like frailty,
sarcopenia, and terminal drop are much more prevalent in the oldest-old and overlap with
weight loss, dementia onset, and death.

Hypertension has been consistently associated with cognitive impairment and dementia
(Alonso et al., 2009; Freitag et al., 2006; Kivipelto et al., 2005; Skoog et al., 1996;
Tsivgoulis et al., 2009; Tzourio, Dufouil, Ducimetiere, & Alperovitch, 1999; Verdelho et al.,
2007; Whitmer, Sidney, Selby, Johnston, & Yaffe, 2005) (Liu et al., 2013), and the
interaction between blood pressure and obesity as components of metabolic syndrome has
been implicated in cognitive decline (Wolf et al., 2007; Yaffe, 2007a, 2007b). Hypertension
was not an independent predictor of ICI in this analysis. One explanation for this may be
that hypertension does not exert an effect in the presence of more powerful markers of
advanced vascular disease, as has been shown for hypertension in relation to Left ventricular
hypertrophy (Unverzagt et al., 2011).

Studies of the association of smoking with incident dementia and cognitive decline report
inconsistent results. Some studies report no association of smoking with cognitive decline
(Doll, Peto, Boreham, & Sutherland, 2000; Whittington & Huppert, 1997) while others
reported smokers had higher odds of dementia (Juan et al., 2004; Sabia S & et al., 2012).
Survivor bias, as smokers are more likely to die from other causes before suffering from
dementia, may underestimate the risk(Hernan, Alonso, & Logroscino, 2008). A meta-
analysis concluded that current smoking at baseline was a risk factor for incident AD and
cognitive decline (Anstey, von Sanden, Salim, & O’Kearney, 2007).

CRP =90t percentile was associated with increased risk of ICI in unadjusted analyses but
not in the fully adjusted model Although many longitudinal studies (Engelhart et al., 2004;
Gimeno, Marmot, & Singh-Manoux, 2008; Hoth et al., 2008; Laurin, David Curb, Masaki,
White, & Launer, 2009; Marioni et al., 2009; Yaffe et al., 2003) reported an association of
CRP with cognitive decline, some reported no association (Alley, Crimmins, Karlamangla,
Hu, & Seeman, 2008; Dik et al., 2005; Haan, Aiello, West, & Jagust, 2008). Our findings
suggest that the relationship of CRP with ICI as defined here was confounded by other ICI
risk factors. CRP is increased in other conditions also related to vascular risk factors such as
coronary disease, peripheral artery disease, and stroke. Thus, although inflammation may
have direct neurotoxic effects, its association with ICI may also be due to indirect effects
through other vascular disorders.
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Our study had strengths and weaknesses. As strengths, REGARDS is a large national sample
that is over-represented with African Americans and has excellent characterization of
measured vascular risk factors. In addition, we used age-, education-, gender-, and race-
adjusted regression-based norms to define ICI thus providing a clearer focus on modifiable
and biological risk factors. On the other hand, the large sample (over 30,000 participants)
made it impossible to use a gold standard definition of clinical cognitive disorder (e.g., MCI,
AD dementia) based on standard clinical diagnostic assessment (i.e., physician examination,
laboratory studies, cognitive testing, imaging, and consensus diagnostic panel) due to
prohibitively high costs. The large sample size also dictated our use of a telephone-based
administration format and a brief assessment. While telephone-based cognitive assessment
returns scores that are equivalent to those obtained during in-person assessments (Unverzagt
et al., 2007), a more extensive battery of cognitive function would likely have improved
sensitivity to ICI, and the current study may have misclassified participants as either
impaired or non-impaired. This non-differential misclassification would be expected to
underestimate associations of risk factors with 1CI (Copeland, Checkoway, McMichael, &
Holbrook, 1977).

A limitation of this study is selective attrition of those in poorer health and a non-random
pattern of missing follow-up data. This type of selection bias is common in longitudinal
studies of cognitive outcomes (Euser, Schram, Hofman, Westendorp, & Breteler, 2008). To
the degree that the described biases are present, our odds ratios likely are underestimates of
the actual relationships. To help reduce this bias, we used the “most recent” assessment with
the TTB to identify ICI, allowing us to include participants with only 1 assessment as well
as those with 2 or 3 assessments after baseline. Additionally, we determined impairment by
comparing participants to their peers in age, race, gender, and education, which were factors
associated with exclusion from the analysis (Supplemental Table 1). Despite these
weaknesses, the large sample size (over 17,000 participants) and good representation of risk
categories allowed us to observe significant relationships in predicted directions. The
potential for practice effect was evaluated for those with 2 or 3 test visits, and the analyses
did not find any significant systematic practice effects (data not shown).

In summary, we adapted a previously validated cognitive test-based approach to using
regression-based norms to define ICI in a large national cohort. A number of demographic
and vascular risk factors were associated with ICI, some of which are potentially modifiable
and should be a focus of future prevention efforts.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
REGARDS analytic sample, exclusion criteria, and number excluded.

SIS= Six-item Screener; TTB= Three Test Battery, which consists of: WLL= Word List
Learning, WLR = Word List Recall, AF = Animal Fluency.

Anomalous data refers to participants with questionable identity at baseline for whom all
baseline data is unavailable. Prevalent stroke includes participants who reported stroke at the
time of enrollment (N=1930) and those who had a stroke between the time of enroliment and
the first administered SIS (N=28). No baseline cognitive testing refers to participants who
never had a SIS. Prevalent cognitive impairment is defined as those who scored <4 on the
first SIS. Insufficient cognitive testing to determine incident cognitive impairment status
includes participants who never had any of the three tests in the TTB, participants who only
had one of the three tests in the TTB, and participants who had 2 tests in the TTB but were
impaired on one of those and not the other (discordant).
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Figure 2.
Number of participants with scores at or below demographically-adjusted cut-off on the

Three Test Battery.

WLL = Word List Learning, WLR = Word List Recall, AF= Animal Fluency. Numbers are
people who scored >1.57 SD below age-, race-, gender-, and education-adjusted predicted
scores at the most recent occasion of measurement. Shaded area represents those identified
with ICI.
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Incident Cognitive

No Incident Cognitive

Variable” Level Impair ment (N= 495) Impairment (N=17135) p-val ue’™
Age, Mean (SD) Years 64.6 (10.1) 64.0 (8.75) 0.15
Race White 331 (67) 10978 (64) 0.20
Black 164 (33) 6157 (36)
Sex Female 293 (59) 9829 (57)
Male 202 (41) 7306 (43) 0.42
Education < High school 40 (8) 1529 (9) 079
High school 125 (25) 4319 (25) '
Some college 129 (26) 4655 (27)
>College graduate 201 (41) 6632 (39)
Income < $20k 122 (25) 2406 (14)
$20k-$34k 99 (20) 3949 (23)
$35k-$74k 145 (29) 5686 (33) <0.001
$75k and above 57 (12) 3166 (18)
Refused 72 (15) 1928 (11)
Region Belt 324 (66) 9388 (21)
Nonbelt 171 (34) 7747 (45) <0.001
Smoking Status Current 86 (17) 2167 (13)
Past 184 (37) 6790 (40)
Never 224 (45) 8104 (47) 0.01
Missing 1(<1) 74 (<1)
Alcohol Use Heavy 12 (2) 713 (4)
Moderate 137 (28) 6060 (35)
None 335 (68) 10062 (59) <0.001
Missing 11(2) 300 (2)
Exercise Any weekly 305 (61) 11552 (67)
None 184 (37) 5405 (32) 0.01
Missing 6 (1) 209 (1)
Diabetes No 336 (68) 13548 (79)
Yes 140 (28) 3009 (18) <0.001
Missing 19 (4) 578 (3)
Systolic blood pressure, mean (SD) mmHg 128 (18) 127 (16) 0.02
Hypertension No 192 (39) 7559 (44)
Yes 303 (61) 9540 (56) 0.02
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N Incident Cognitive No Incident Cognitive x

Variable Level Impairment (N=495) Impairment (N=17135) p-value
Missing 0(0) 36 (<1)

Dyslipidemia No 188 (38) 6982 (41)
Yes 289 (58) 9570 (56) 0.23
Missing 18 (4) 583 (3)

History of Transient Ischemic Attack No 460 (93) 16459 (96)
Yes 31(6) 587 (3) 0.001
Missing 4(1) 89 (1)

Atrial Fibrillation No 432 (87) 15545 (91)
Yes 47 (9) 1268 (7) 0.07
Missing 16 (3) 322 (2)

Left Ventricular Hypertrophy No 430 (87) 15455 (90)
Yes 56 (11) 1453 (8) 0.03
Missing 9(2) 227 (1)

History of Coronary Artery Disease No 381 (77) 14395 (84)
Yes 99 (20) 2482 (15) <0.001
Missing 15(3) 258 (2)

Body Mass Index, mean (SD) kg/m2 30.0 (6.1) 29.3(6.1) 0.01

BMI Category <18.5 underweight 6 (1) 140 (1)
>18.5 <25 normal 89 (18) 4076 (24)
>=25<30 overweight 169 (34) 6390 (37)
>=30 obese 230 (46) 6425 (38) <0.001
Missing 1(<1) 104 (1)

. ) =90 percentile, mg/L 65 (13) 1601 (9) 0.004

C-Reactive Protein

Missing 30 (6) 994 (6)

*
N (%) unless otherwise noted

Fk

p-values according to pooled t-test for continuous variables, and chi-square test for categorical variables.
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Odds ratios of incident cognitive impairment in univariable and multivariable models.
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Variable Level OR (Cl) unadjusted OR (ClI) Model 1*  OR (CI) Modd 2**
Age Per decade 1.08 (0.97, 1.19) n/a n/a
African-American (white is n/a
Race reference) 0.88 (0.73, 1.07) na
Gender Male (female is reference) 0.93(.077, 1.11) n/a n/a
Education > College graduate reference n/a n/a
Some college 0.91(0.73,1.14)
High school graduate 0.95 (0.76, 1.20)
< High school 0.86 (0.61, 1.22)
Income $75k and above reference Reference reference
$35k—$74k 1.42(1.04,1.93) 1.13(0.81, 1.57) 1.13 (0.81, 1.56)
$20k—-$34k 1.39(1.00, 1.94) 1.07 (0.74, 1.51) 1.06 (0.74, 1.50)
< $20k 2.82(2.05, 3.87) 1.84(1.28, 2.62) 1.83(1.27, 2.62)
Refused 2.07 (1.45, 2.95) 1.62 (1.11, 2.39) 1.62(1.10, 2.38)
Region Stroke Belt (non-belt is 1.56 (1.30, 1.89) 1.45(1.18,1.77) 1.45(1.18,1.78)

reference)

Smoking Status

Never
Past

Current

reference
0.98 (.80, 1.19)
1.43(1.11,1.85)

Reference
1.01(0.81, 1.25)
1.24 (0.92, 1.66)

Reference
1.01 (0.81, 1.25)
1.22 (0.91, 1.64)

Alcohol Use

None
Moderate

Heavy

reference
0.68 (0.56, 0.83)
0.51 (0.28, 0.90)

Reference
0.84 (0.67, 1.06)
0.54 (0.28, 1.07)

reference
0.84 (0.67, 1.06)
0.55 (0.28, 1.08)

Exercise

None (any weekly is reference)

1.29 (1.07, 1.55)

1.11(0.91, 1.37)

1.12 (0.91,1.37)

Diabetes

Yes

2.42(2.24, 2.62)

1.49 (1.18, 1.89)

1.48 (1.17, 1.87)

Systolic Blood Pressure

Per 10 mmHg

1.07 (1.01, 1.12)

n/a

n/a

Hypertension

Yes

1.25 (1.04, 1.50)

0.97 (0.78, 1.20)

0.96 (0.78, 1.19)

Dyslipidemia

Yes

1.12 (0.93, 1.35)

0.98 (0.80, 1.20)

0.98 (0.80, 1.20)

History of Transient Ischemic Attack

Yes

1.89 (1.30, 2.74)

1.91 (1.29, 2.82)

1.90 (1.29,2.81)

Atrial Fibrillation

Yes

1.33 (0.98, 1.80)

1.07 (0.76, 1.52)

1.08 (0.76, 1.52)

Left Ventricular Hypertrophy

Yes

1.39 (1.04, 1.84)

1.16 (0.85, 1.60)

1.15 (0.84, 1.58)

History of Coronary Artery Disease

Yes

151 (1.20, 1.89)

1.33(1.03, 1.71)

1.32(1.02, 1.70)

Body Mass Index (BMI)

Per 1 kg/m2

1.02 (1.01, 1.03)

n/a

n/a
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Variable

Level

OR (Cl) unadjusted

OR (Cl) Modd 1

OR (Cl) Modd 2**

BMI Category

<18.5 underweight
218.5 <25 normal
225 <30 overweight

>30 obese

1.96 (0.84, 4.56)
reference
1.21(0.93, 1.57)
1.64 (1.28, 2.10)

1.66 (0.65, 4.20)
Reference
1.17 (0.88, 1.56)
1.39(1.04, 1.85)

1.70 (0.67, 4.30)
Reference
1.17 (0.88, 1.56)
1.40 (1.05, 1.86)

C-reactive Protein

=90t percentile (<90t
percentile is reference)

1.48 (1.13, 1.93)

1.17 (0.88, 1.57)

1.17 (0.87, 1.56)

Incident Stroke

Yes

258, (1.46, 4.57)

n/a

2.73 (152, 4.90)

Notes: Bold font denotes confidence interval does not include 1, p < 0.05. OR = odds ratio, Cl= 95% confidence interval.

Model 1 is adjusted for income, region, smoking status, alcohol use, exercise, diabetes, hypertension, dyslipidemia, history of TIA, atrial

fibrillation, left ventricular hypertrophy, history of coronary artery disease, BMI category, and CRP >goth percentile. Age, race, sex, and education
were not included in the multivariable model as they were accounted for in the definition of ICI. Continuous BMI and SBP were not included in

multivariable models as they were incorporated in our definition of hypertension and BMI category.

**
Model 2 is adjusted for all of the factors in Model 1 plus incident stroke occurring before the most recent cognitive assessment.
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