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APOE e4 Genotype and Cigarette Smoking in Adults with Normal
Cognition and Mild Cognitive Impairment: A Retrospective
Baseline Analysis of a National Dataset

Raj K. Kalapatapu, MD and Kevin L. Delucchi, PhD
Department of Psychiatry, University of California, San Francisco, CA, USA

San Francisco Veterans Affairs Medical Center, San Francisco, CA, USA

Abstract
Background—APOE e4 genotype is known to be a risk factor for Alzheimer's disease and
atherosclerosis. Recently, published evidence has shown that APOE e4 genotype may also be
associated with the cessation of cigarette smoking.

Objectives—The aim of this retrospective analysis was to explore whether any past smoking
outcomes differed based on APOE e4 genotype in a large national dataset.

Methods—Data were extracted from the National Alzheimer's Coordinating Center's
longitudinal Uniform Data Set study. We limited this retrospective baseline analysis to the normal
cognition (n = 2,995) and mild cognitive impairment (n = 1,627) groups that had APOE genotype
and smoking data. Since this was an exploratory retrospective analysis, we conducted descriptive
analyses on all variables based on APOE e4 genotype. We controlled for demographic, clinical,
medication, and neurocognitive data in the analyses.

Results—In both the normal cognition group and the mild cognitive impairment group, e4
carriers and e4 non-carriers did not significantly differ on total years smoked, age when last
smoked, and the average # of packs/day smoked during the years they smoked. In both groups, e4
carriers and e4 non-carriers differed on various neurocognitive measures.

Conclusion—These data do not support the recently published evidence of the association
between APOE e4 genotype and smoking outcomes.

Scientific Significance—Larger prospective clinical trials are needed to further explore the
relationship between APOE genotype and smoking outcomes.
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Introduction
The epsilon-4 (e4) allele of the apolipoprotein E (APOE) gene is known to be a risk factor
for Alzheimer's disease (1–4) and atherosclerosis (5). Recently, published evidence has
shown that APOE e4 genotype may be associated with the cessation of cigarette smoking
(6). Ashare et al. (2012) analyzed data from 917 cigarette smokers of European ancestry
across three smoking cessation clinical trials. They hypothesized that e4 carriers exhibit
changes in brain structure/function that may lead to reduced cognitive control over
behaviors, such as smoking. Among smokers over the age of 60, they found that e4 carriers
were less likely to quit smoking and relapsed more quickly to smoking compared with e4
non-carriers. Their study is the first known study to examine the relationship of APOE
genotype with cigarette smoking relapse.

Ashare et al.'s exciting findings prompted us to conduct a retrospective baseline analysis of
APOE e4 genotype and smoking outcomes in a data set from the National Alzheimer's
Coordinating Center (NACC) (7), which serves as a repository for data collected from adults
participating in studies at the 29 Alzheimer's Disease Centers throughout the United States.
The longitudinal Uniform Data Set (UDS) (8–11) study began in September 2005 and
contains demographic, clinical, neurocognitive and genetic data. The UDS sample consists
of participants with normal cognition, mild cognitive impairment, and a dementia such as
Alzheimer's disease. The aim of this retrospective analysis was to explore whether any past
smoking outcomes differed based on APOE e4 genotype.

At this time, we limited this retrospective analysis of the UDS to the normal cognition group
(n = 2,995) and the mild cognitive impairment group (n = 1,627) that had APOE genotype
and smoking data. Compared with e4 non-carriers, we hypothesized that e4 carriers (in both
the normal cognition group and the mild cognitive impairment group) would have a
significantly greater total number of years smoked and a later age when last smoked (i.e.,
quit). Though this was a retrospective analysis and retrospective analyses have substantial
limitations by their very nature (12, 13), we nevertheless felt this was a timely analysis to
conduct given Ashare et al.'s new and intriguing findings.

Methods
Study Setting and Measures

Data were extracted from NACC's (7) longitudinal UDS (8–11). Data were contributed by
29 Alzheimer Disease Centers (ADCs) from across the United States. The ADCs conduct
clinical and biomedical research on Alzheimer's disease and related disorders. The data
collection used for this analysis began in 9/2005 and had a freeze date of 12/1/2012.

The variables in this analysis were from the baseline initial visit packet form (14) when a
participant was enrolled in the UDS study. All UDS forms are freely accessible to the public
on the NACC website (15). Demographic data (from form A2 and the derived variables
form (16)) included age, sex, ethnicity, race, marital status, and living situation. Clinical data
(form A5) included cardiovascular disease, cerebrovascular disease, Parkinsonian features,
other neurological conditions, medical/metabolic conditions, depression, substance abuse
and psychiatric disorders, Hachinski Ischemic score (form B2) (17), and Geriatric
Depression Scale (form B6) (18). The derived variables form (16) was used for medication
data and APOE genotype. The neurocognitive battery (form C1) included the Mini-Mental
State Examination (MMSE) (19), Logical Memory Immediate & Delayed (20), Digit Span
Forward & Backward (20), Category Fluency Animals & Vegetables, Trail Making Test
Parts A & B, Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit Symbol (21), and
Boston Naming Test (22).
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As of the 12/1/2012 data freeze, the number of participants in the entire longitudinal NACC
UDS was 27,196 (23). For this analysis, we only selected those participants who had APOE
e4 genotype data collected and who were determined to have either a “normal cognition” or
any type of “mild cognitive impairment” final diagnosis (form D1). [Mild cognitive
impairment consisted of any of the 4 subtypes: amnestic memory impairment, amnestic
memory impairment plus one or more other domains, non-amnestic single domain, non-
amnestic multiple domains.] Of those participants, we then only selected those participants
who reported any history of cigarette smoking. The cigarette smoking variables for this
analysis included the total years smoked, the age when last smoked (i.e., quit), and the
average # of packs/day smoked during the years they smoked (categorized in the NACC
UDS as “1 cigarette - <½ pack”, “½ - < 1 pack”, “1 - <1½ packs”, “1½ - 2 packs”, and “≥ 2
packs”). The final total number of participants with normal cognition was 2,995, and the
final total number of participants with any type of mild cognitive impairment was 1,627.

Statistical analysis
Consistent with Ashare et. al. 2012, we categorized participants with no e4 alleles as “e4
non-carriers” and participants with 1 or 2 e4 alleles as “e4 carriers”. All analyses were
conducted using IBM SPSS Statistics version 20 (Armonk, NY) and SAS version 9.3 (Cary,
NC). Since this was an exploratory retrospective analysis, we primarily conducted
descriptive analyses on all variables based on APOE e4 genotype and considered p-values <
0.05 as statistically significant. The raw scores on each neurocognitive measure were
converted to standardized z-scores using the web-based normative calculator for the UDS
(adjusted for age, sex, and years of education) (24). [The online supplementary material
section from this previous publication (24) contains a downloadable Microsoft Excel file;
the raw score for each neurocognitive measure can be entered into this Excel file, and a z-
score is calculated.]

For the main smoking analyses, we initially conducted the analyses without controlling for
any variables. Then, to determine if variables that significantly differed between e4 non-
carriers and e4 carriers might be the result of confounding by differences between the
groups, we added demographic, clinical, medication, and neurocognitive measures using a
general linear model, which allowed us to control for any cluster effects by Alzheimer
Disease Center. The dependent variable was each of the smoking measures, and we included
the variables that significantly different between e4 non-carriers and e4 carriers in the
analysis. We also conducted the smoking analyses by age category (18–30, 31–40, 41–50,
51–60, 61–70, 71–80, 81–90, >90); we divided the age categories until age 60 consistent
with Ashare et al. 2012, with further 10-year age increments above age 60 due to having a
larger sample size than Ashare et al. 2012. For all of the main smoking analyses, we
considered p-values < 0.01 as statistically significant due to the number of analyses being
conducted.

Parametric and non-parametric analyses were conducted, and non-parametric results are
presented where appropriate. We checked each variable for extreme values (defined as a
standardized z-score of >3.29 or < −3.29); extreme values were adjusted to the next highest
value, and adjusted results are presented when differing from original results. Since there is
the potential of missing data when data are being collecting from 29 different ADCs, we
present the varying sample size on which every analysis is based.
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Results
Normal cognition group

Table 1 presents demographic, clinical and medication data for the normal cognition group.
Most participants were in their 70's and female, had approximately 15 years of education,
married, and White. e4 carriers were significantly younger than e4 non-carriers. Compared
to e4 carriers, significantly more e4 non-carriers were White, Hispanic, living alone, had
Parkinsonian features, urinary incontinence, a greater Hachinski Ischemic score, and likely
to be taking an antiadrenergic agent, a diuretic, and an antiparkinson medication. Compared
to e4 non-carriers, significantly more e4 carriers were Black/African-American, had
hypercholesterolemia, and likely to be taking a non-steroidal anti-inflammatory medication.
e4 carriers and e4 non-carriers did not significantly differ on any other demographic, clinical
or medication variable (p > 0.05). Table 2 presents the mean z-scores for the various
neurocognitive measures. Most z-scores for both e4 carriers and e4 non-carriers were greater
than 0. Compared to e4 non-carriers, e4 carriers performed significantly worse on Logical
Memory A (Immediate & Delayed), the Trail making test Part B, and the Boston Naming
Test.

Table 3 presents the main smoking outcomes. Though e4 carriers and e4 non-carriers
initially differed significantly on total years smoked and age when last smoked, these
differences became non-significant once the variables that significantly differed between e4
non-carriers and e4 carriers (Tables 1 and 2) were entered as covariates. e4 carriers and e4
non-carriers did not significantly differ on the average # of packs/day smoked during the
years they smoked. We also compared total years smoked, age when last smoked, and the
average # of packs/day smoked during the years they smoked between e4 carriers and e4
non-carriers by age category. e4 carriers and e4 non-carriers did not significantly differ on
total years smoked, age when last smoked, and the average # of packs/day smoked during
the years they smoked in any age category (all values p > 0.01; total years smoked and age
when last smoked data presented in Table 4).

Mild cognitive impairment group
Table 5 presents demographic, clinical and medication data for the mild cognitive
impairment group. Most participants were in their 70's and male, had approximately 15
years of education, married, and White. e4 carriers were significantly younger than e4 non-
carriers. Compared to e4 carriers, significantly more e4 non-carriers were Hispanic, living
alone, had Parkinsonian features, a greater Hachinski Ischemic score, and likely to be taking
a beta-blocker. Compared to e4 non-carriers, significantly more e4 carriers were married,
living in a single family residence, had depression within the past 2 years, and likely to be
taking a medication meant for Alzheimer's disease. e4 carriers and e4 non-carriers did not
significantly differ on any other demographic, clinical or medication variable (p > 0.05).
Table 6 presents the mean z-scores for the various neurocognitive measures. All z-scores for
both e4 carriers and e4 non-carriers were less than 0. Compared to e4 non-carriers, e4
carriers performed significantly worse on the MMSE, Logical Memory A (Immediate &
Delayed), and Category Fluency. Compared to e4 carriers, e4 non-carriers performed
significantly worse on the Trail making test Part A.

Table 7 presents the main smoking outcomes. e4 carriers and e4 non-carriers did not
significantly differ on total years smoked, age when last smoked, and the average # of packs/
day smoked during the years they smoked (all values p > 0.01). These non-significant results
remained even when comparing by age category (all values p > 0.01; total years smoked and
age when last smoked data presented in Table 8).
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Discussion
This report is a retrospective baseline analysis of APOE e4 genotype and smoking outcomes
in 2,995 participants with normal cognition and 1,627 participants with mild cognitive
impairment, which was prompted by Ashare et al.'s 2012 recent findings (6). Contrary to our
hypotheses, e4 carriers and e4 non-carriers in both the normal cognition group and the mild
cognitive impairment group did not significantly differ on total years smoked, age when last
smoked, and the average # of packs/day smoked during the years they smoked.

Our findings were likely different from Ashare et al. due to several factors. First, the
participants in this analysis were not part of a cigarette smoking cessation clinical trial, but
rather part of a longitudinal study focusing on cognitively impaired populations. Second, the
smoking outcomes relied on recalling details about smoking which occurred decades ago in
many cases. For example, recall in the mild cognitive impairment group would most likely
be limited by the cognitive impairment, and this may limit the reliability of the smoking
variables in the mild cognitive impairment group. The fact that a significant percentage of
participants in the mild cognitive impairment group were taking a medication for
Alzheimer's disease provides evidence that the cognitive impairment was affecting them
enough to warrant such a pharmacologic intervention.

Third, since this was a post-hoc analysis, the original UDS study only included limited
variables on substance abuse. We were only able to analyze the smoking outcomes captured
in the UDS initial visit forms at baseline. Fourth, the mean age of our sample in both groups
was about 25 to 30 years greater than Ashare et al.'s sample. The attitudes on smoking
cessation may have varied with the age group, as noted in previous research (25–27).
Finally, most of the participants in this analysis had comorbid medical issues, which may
have influenced one's length of smoking or motivated one's quit date.

Though we have highlighted several limitations of our analysis, our analysis has some
strengths compared to Ashare et al. First, we were able to analyze a much larger sample size
(approximately 5 times larger). Second, we had access to a full neurocognitive assessment
that confirmed a participant's cognitive status, instead of relying only on self-reported
cognitive symptoms. Third, the racial diversity of this sample consisted of Black/African-
American and Hispanic individuals, in addition to White individuals. Previous research has
shown that race can influence the APOE genotype's effect on cognition (28–30). Finally, we
had sex differences in the normal cognition group versus the mild cognitive impairment
group, and sex differences are known to influence smoking outcomes (31–33).

We offer some thoughts on what these data may mean. First, perhaps APOE e4 is only
relevant in those with a formal diagnosis of nicotine dependence but not in those who are
non-dependent smokers [e.g., “chippers” (34)]. Since a measure like the Fagerstrom Test of
Nicotine Dependence (FTND) was not used in this dataset, we only know whether the
individuals in this analysis were cigarette smokers and not whether they carried a formal
diagnosis of nicotine dependence. Ashare et al.'s data included the FTND and individuals
with nicotine dependence. Thus, the stage of cigarette smoking might be an issue (35);
maybe APOE e4 genotype doesn't matter in cigarette smokers overall, but only matters in
those with nicotine dependence.

Next, perhaps APOE e4 and cigarette smoking are interacting indirectly at best and affecting
some other clinical outcome, versus directly affecting each other. As an example, previous
literature shows that APOE genotype and cigarette smoking interact to affect coronary heart
disease risk (36). Maybe these data were not sufficient for capturing such indirect
interactions. Finally, variants in genes such as nAChR, CYP2A6, COMT (37–48) — and
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many others — have been associated with cigarette smoking. Perhaps APOE e4 is simply
not associated with any aspect of cigarette smoking, and other genes are important instead.

Conclusions
These data do not support the overall notion that APOE e4 genotype may be associated with
smoking outcomes. Potential future directions include larger prospective clinical trials
confirming or refuting our results, exploring other APOE alleles, and confirming detailed
smoking histories with an informant. We hope our analysis catalyzes other research groups
to explore the relationship between APOE genotype and smoking outcomes in much greater
detail.
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Table 1

Demographic, clinical and medication data
a
 at the baseline visit – Normal cognition group based on final

diagnosis.

No APOE e4 alleles 1 or 2 APOE e4 alleles
Significance between groups

Mean (S.D.
b
) or %

Age (years) 73.4 (9.8) (n = 2131) 70.4 (9.7) (n = 864) Uc
 = 755,070.0, z = −7.72, p <0.0001

Years of Education 15.4 (3.0) (n = 2118) 15.6 (2.9) (n = 857) U = 934,450.5, z = 1.29, p = 0.20

Female 59.7% (from total n of
2131)

60.9% (from total n of
864) χ2(1) = 0.36, p = 0.55

White 86.1% (from total n of
2122)

81.9% (from total n of
861) χ2(1) = 8.49, p = 0.004

Black or African-American 10.0% (from total n of
2122)

13.2% (from total n of
861) χ2(1) = 644, p = 0.01

Hispanic 5.1% (from total n of
2125)

2.7% (from total n of
862) χ2(1) = 8.80, p = 0.003

Married 56.1% (from total n of
2103)

59.0% (from total n of
860) χ2(1) = 2.08, p = 0.15

Living alone 36.7% (from total n of
2120)

31.6% (from total n of
862) χ2(1) = 6.98, p = 0.008

Parkinsonian features 2.3% (from total n of
2126)

0.7% (from total n of
863) χ2(2) = 8.45, p = 0.004

Hypercholesterolemia 45.6% (from total n of
2106)

51.7% (from total n of
847) χ2(2) = 11.33, p = 0.003

Urinary incontinence 11.8% (from total n of
2126)

8.6% (from total n of
863) χ2(2) = 6.53, p = 0.04

Hachinski Ischemic score 0.77 (1.09) (n = 2051) 0.68 (1.15) (n = 840) U = 804,552.5, z = −3.10, p = 0.002

Antiadrenergic agent 8.4% (from total n of
2099)

6.0% (from total n of
853) χ2(1) = 5.12, p = 0.02

Diuretic 19.4% (from total n of
2099)

16.2% (from total n of
853) χ2(1) = 4.16, p = 0.04

Non-steroidal anti-inflammatory medication 26.4% (from total n of
2099)

31.2% (from total n of
853) χ2(1) = 6.94, p = 0.008

Antiparkinson medication 3.5% (from total n of
2099)

1.2% (from total n of
853) χ2(1) = 11.80, p = 0.001

a
Sample sizes vary due to missing data in the dataset.

b
S.D. = standard deviation

c
U = Mann-Whitney test, with corresponding z-statistic
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Table 2

Neurocogmtive data
a
 at the baseline visit – Normal cognition group based on final diagnosis.

No APOE e4 alleles 1 or 2 APOE e4
alleles Significance between z-scores

of groups
Mean (S.D.) of z-score

MMSE Total Score 0.45 (1.10) (n = 2032) 0.36 (1.23) (n = 824) t(1382.76) = 1.83, p = 0.07

Logical Memory A: Immediate – Story units recalled 0.38 (1.03) (n = 1999) 0.26 (1.04) (n = 810) t(2807) = 2.60, p = 0.009

Logical Memory A: Delayed – Story units recalled 0.39 (1.02) (n = 1983) 0.30 (0.99) (n = 801) t(2782) = 2.12, p = 0.03

Digit Span Forward: Length −0.01 (0.97) (n =
2002) −0.03 (0.98) (n = 809) t(2809) = 0.29, p = 0.77

Digit Span Backward: Length 0.17 (1.02) (n = 2004) 0.09 (1.03) (n = 810) t(2812) = 1.76, p = 0.08

Category Fluency: Total # of animals named in 60
seconds 0.01 (0.97) (n = 2025) −0.03 (1.02) (n = 818) t(2841) = 0.99, p = 0.32

Category Fluency: Total # of vegetables named in 60
seconds 0.93 (1.19) (n = 2003) 0.87 (1.23) (n = 808) t(2809) = 1.15, p = 0.25

Trail making test – Part A – Total # of seconds to
complete

−0.06 (0.99) (n =
1994) −0.11 (1.06) (n = 815) t(2807) = 1.17, p = 0.24

Trail making test – Part B – Total # of seconds to
complete −0.10 (1.0) (n = 1982) −0.20 (1.02) (n = 810) t(2790) = 2.58, p = 0.01

WAIS-Digit Symbol – Total # of items correctly
completed in 90 seconds 0.34 (1.03) (n = 1885) 0.31 (1.04) (n = 772) t(2655) = 0.56, p = 0.57

Boston Naming Test – 30 Odd-numbered items total
score

−0.21 (0.91) (n =
1993) −0.30 (0.95) (n = 810) t(2801) = 2.33, p = 0.02

a
Sample sizes vary due to missing data in the dataset.
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Table 3

Smoking data
a
 at the baseline visit – Normal cognition group based on final diagnosis.

No APOE e4
alleles

1 or 2 APOE
e4 alleles Significance between groups

Mean (S.D.) or %

Total years smoked 23.0 (15.2) (n
= 2093)

21.7 (15.0) (n
= 837) U = 833,007.50, z = −2.08, p = 0.038

Age when last smoked (i.e., quit) 42.6 (14.0) (n
= 1883)

41.0 (13.8) (n
= 753) U = 662,323.50, z = −2.64, p = 0.008

Average # of packs/day smoked when

participants smoked
b

1 cigarette – <½ pack 33.6% 35.2%

χ2(4) = 4.69, p = 0.32

½ – < 1 pack 31.0% 32.0%

1 – <1½ packs 18.0% 17.3%

1½ – 2 packs 8.0% 8.4%

≥ 2 packs 9.3% 7.0%

Total years smoked
c 22.7 (0.34) (n

= 1824)
22.1 (0.54) (n

= 737) p = 0.25

Age when last smoked
d 42.2 (0.33) (n

= 1642)
41.7 (0.52) (n

= 670) p = 0.35

a
Sample sizes vary due to missing data in the dataset.

b
“No APOE e4 alleles” total n = 2045; “1 or 2 APOE e4 alleles” total n = 830

c
Means/standard errors are adjusted for all of the following covariates which were different between the groups (Tables 1 and 2): Age, White,

Black or African-American, Hispanic, Living alone, Parkinsonian features, Hypercholesterolemia, Urinary incontinence, Hachinski Ischemic score,
Antiadrenergic agent, Diuretic, Non-steroidal anti-inflammatory medication, Antiparkinson medication, Logical Memory A: Immediate, Logical
Memory A: Delayed, Trail making test Part B, Boston Naming Test.

d
Means/standard errors are adjusted for all of the following covariates which were different between the groups (Tables 1 and 2): Age, White,

Black or African-American, Hispanic, Living alone, Parkinsonian features, Hypercholesterolemia, Urinary incontinence, Hachinski Ischemic score,
Antiadrenergic agent, Diuretic, Non-steroidal anti-inflammatory medication, Antiparkinson medication, Logical Memory A: Immediate, Logical
Memory A: Delayed, Trail making test Part B, Boston Naming Test.
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Table 4

“Total years smoked” and “Age when last smoked” data
a
 by age category at the baseline visit – Normal

cognition group based on final diagnosis.

No APOE e4 alleles 1 or 2 APOE e4 alleles

Significance between groups
Mean (S.D.)

Total years smoked

Age 18–30 6.4 (3.9) (n = 7) 7.0 (2.6) (n = 3) t(8) = −0.23, p = 0.82

Age 31–40 11.8 (7.5) (n = 4) 5.0 (1.0) (n = 3) t(5) = 1.52, p = 0.19

Age 41–50 14.3 (10.2) (n = 20) 14.4 (8.2) (n = 9) U = 91.5, z = 0.071, p = 0.95

Age 51–60 17.5 (13.6) (n = 133) 17.2 (12.7) (n = 92) U = 6,115.0, z = −0.006, p = 1.00

Age 61–70 20.1 (13.8) (n = 618) 20.5 (13.5) (n = 330) U = 104,480.5, z = 0.63, p = 0.53

Age 71–80 24.5 (15.2) (n = 816) 22.6 (15.7) (n = 265) U = 99,702.5, z = −1.91, p = 0.056

Age 81–90 26.1 (16.0) (n = 431) 26.2 (16.6) (n = 127) U = 27,352.0, z = −0.01, p = 1.00

Age > 90 27.1 (18.8) (n = 64) 41.5 (24.6) (n = 8) U = 359.0, z = 1.85, p = 0.064

Age when last smoked

Age 18–30 23.3 (3.5) (n = 3) 24.5 (2.1) (n = 2) t(3) = −0.41, p = 0.71

Age 31–40 24.5 (9.2) (n = 2) 25.7 (5.5) (n = 3) t(3) = −0.18, p = 0.87

Age 41–50 30.5 (8.3) (n = 13) 30.4 (7.8) (n = 7) t(18) = 0.029, p = 0.98

Age 51–60 34.5 (11.7) (n = 98) 34.1 (11.6) (n = 73) U = 3,492.5, z = −0.26, p = 0.79

Age 61–70 39.0 (12.6) (n = 559) 40.0 (12.8) (n = 303) U = 88,296.5, z = 1.03, p = 0.30

Age 71–80 44.0 (13.7) (n = 741) 41.9 (13.9) (n = 243) U = 81,958.5, z = −2.10, p = 0.036

Age 81–90 46.7 (14.2) (n = 405) 46.6 (14.9) (n = 116) U = 23,236.5, z = −0.18, p = 0.86

Age > 90 48.5 (16.2) (n = 62) 58.0 (6.7) (n = 6) t(11.9) = −2.8, p = 0.018

a
Sample sizes vary due to missing data in the dataset.
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Table 5

Demographic, clinical and medication data
a
 at the baseline visit – Mild cognitive impairment group based on

final diagnosis.

No APOE e4 alleles 1 or 2 APOE e4 alleles
Significance between groups

Mean (S.D.) or %

Age (years) 74.5 (9.9) (n = 928) 73.2 (8.0) (n = 699) U = 288,707.0, z = −3.80, p <0.0001

Years of Education 14.6 (3.5) (n = 926) 15.0 (3.2) (n = 695) U = 335,822.0, z = 1.53, p = 0.13

Female 43.2% (from total n of 928) 43.9% (from total n of 699) χ2(1) = 0.08, p = 0.78

White 82.9% (from total n of 925) 82.9% (from total n of 696) χ2(1) < 0.001, p = 0.99

Black or African-American 10.9% (from total n of 925) 13.1% (from total n of 696) χ2(1) = 1.77, p = 0.18

Hispanic 8.3% (from total n of 926) 3.6% (from total n of 698) χ2(1) = 15.15, p < 0.0001

Married 61.7% (from total n of 924) 71.3% (from total n of 697) χ2(1) = 16.3, p < 0.0001

Living alone 26.9% (from total n of 926) 21.6% (from total n of 698) χ2(1) = 5.92, p = 0.015

Living in single family residence 86.4% (from total n of 926) 91.1% (from total n of 698) χ2(1) = 8.68, p = 0.003

Parkinsonian features 4.8% (from total n of 925) 2.2% (from total n of 695) χ2(2) = 7.64, p = 0.006

Depression within past 2 years 30.0% (from total n of 922) 35.2 % (from total n of 696) χ2(2) = 4.83, p = 0.03

Hachinski Ischemic score 1.11 (1.47) (n = 917) 0.9 (1.16) (n = 693) U = 297,206.0, z = −2.42, p = 0.015

Beta-blocker 24.9% (from total n of 925) 19.7% (from total n of 696) χ2(1) = 6.09, p = 0.014

A medication meant for Alzheimer's 19.9% (from total n of 925) 30.7% (from total n of 696) χ2(1) = 25.3, p < 0.001

a
Sample sizes vary due to missing data in the dataset.
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Table 6

Neurocogmtive data
a
 at the baseline visit – Mild cognitive impairment group based on final diagnosis.

No APOE e4 alleles 1 or 2 APOE e4 alleles Significance between z-scores
of groupsMean (S.D.) of z-score

MMSE Total Score −0.94 (1.99) (n = 879) −1.29 (2.01) (n = 625) t(1529) = 3.34, p = 0.001

Logical Memory A: Immediate – Story units recalled −0.67 (1.11) (n = 860) −1.11 (1.12) (n = 633) t(1478) = 7.64, p < 0.001

Logical Memory A: Delayed – Story units recalled −0.78 (1.15) (n = 848) −1.31 (1.15) (n = 632) t(1478) = 8.84, p = 0.001

Digit Span Forward: Length −0.35 (1.04) (n = 867) −0.28 (1.04) (n = 645) t(1510) = −1.22, p = 0.22

Digit Span Backward: Length −0.28 (0.96) (n = 866) −0.33 (0.99) (n = 645) t(1509) = 1.06, p = 0.29

Category Fluency: Total # of animals named in 60
seconds −0.74 (0.90) (n = 871) −0.73 (0.95) (n = 650) t(1519) = −0.33, p = 0.74

Category Fluency: Total # of vegetables named in 60
seconds −0.03 (1.14) (n = 862) −0.18 (1.11) (n = 642) t(1502) = 2.58, p = 0.01

Trail making test – Part A – Total # of seconds to
complete −0.82 (1.75) (n = 860) −0.58 (1.46) (n = 647) t(1488.32) = −2.85, p = 0.004

Trail making test – Part B – Total # of seconds to
complete −1.13 (1.63) (n = 829) −1.06 (1.57) (n = 632) t(1459) = −0.87, p = 0.38

WAIS-Digit Symbol – Total # of items correctly
completed in 90 seconds −0.49 (1.11) (n = 829) −0.52 (1.10) (n = 611) t(1438) = 0.56, p = 0.58

Boston Naming Test – 30 Odd-numbered items total
score −0.96 (1.53) (n = 863) −0.87 (1.38) (n = 639) t(1443.84) = −1.10, p = 0.27

a
Sample sizes vary due to missing data in the dataset.
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Table 7

Smoking data
a
 at the baseline visit – Mild cognitive impairment group based on final diagnosis.

No APOE
e4 alleles

1 or 2 APOE
e4 alleles Significance between groups

Mean (S.D.) or %

Total years smoked 23.9 (15.8)
(n = 854)

22.8 (14.5) (n
= 641) U = 265,732.00, z = −0.97, p = 0.33

Age when last smoked (i.e., quit) 43.9 (14.6)
(n = 777)

42.4 (13.6) (n
= 593) U = 216,534.50, z = −1.91, p = 0.056

Average # of packs/day smoked when

participants smoked
b

1 cigarette – <½ pack 35.0% 30.6%

χ2 = 5.24, p = 0.64

½ – < 1 pack 29.8% 34.0%

1 – <1½ packs 17.1% 18.3%

1½ – 2 packs 8.6% 8.9%

≥ 2 packs 9.5% 8.2%

a
Sample sizes vary due to missing data in the dataset

b
“No APOE e4 alleles” total n = 846; “1 or 2 APOE e4 alleles” total n = 638
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Table 8

“Total years smoked” and “Age when last smoked” data
a
 by age category at the baseline visit – Mild cognitive

impairment group based on final diagnosis.

No APOE e4 alleles 1 or 2 APOE e4 alleles

Significance between groups
Mean (S.D.)

Total years smoked

Age 18–30 3.0 (n = 1) None Not applicable

Age 31–40 18.0 (1.4) (n = 2) None Not applicable

Age 41–50 17.1 (11.3) (n = 7) 29.5 (6.4) (n = 2) t(7) = −1.43 p = 0.20

Age 51–60 18.0 (13.4) (n = 68) 18.5 (13.0) (n = 38) U = 1,318.0, z = 0.17, p = 0.86

Age 61–70 22.3 (14.1) (n = 186) 22.3 (14.0) (n = 184) U = 17,096.5, z = −0.015, p = 0.99

Age 71–80 25.4 (16.7) (n = 356) 23.0 (14.7) (n = 305) U = 50,346.5, z = −1.61, p = 0.11

Age 81–90 23.3 (15.3) (n = 200) 23.9 (15.0) (n = 103) U = 10,554.0, z = 0.35, p = 0.73

Age > 90 33.8 (16.6) (n = 34) 29.8 (15.5) (n = 9) t(41) = 0.65 p = 0.52

Age when last smoked

Age 18–30 None None Not applicable

Age 31–40 None None Not applicable

Age 41–50 35.2 (12.2) (n = 5) 46.5 (5.0) (n = 2) t(4.74) = −1.75, p = 0.14

Age 51–60 36.4 (11.8) (n = 53) 35.9 (12.6) (n = 29) U = 755.5, z = −0.13, p = 0.90

Age 61–70 41.9 (12.8) (n = 168) 40.1 (11.9) (n = 166) U = 12,879.5, z = −1.21, p = 0.23

Age 71–80 44.6 (15.1) (n = 327) 42.8 (13.6) (n = 288) U = 43,804.5, z = −1.49, p = 0.14

Age 81–90 45.8 (14.5) (n = 99) 45.8 (14.5) (n = 99) U = 9,783.5, z = 0.49, p = 0.63

Age > 90 55.1 (17.6) (n =33) 52.2 (19.4) (n = 9) t(40) = 0.42, p = 0.68

a
Sample sizes vary due to missing data in the dataset.
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