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Abstract

Residents aged 55 years or older from 27 communities and two settlements in Xilingol League of
Inner Mongolia were selected for participation in an Alzheimer’s disease epidemiological
investigation from June 2008 to June 2009, including 3 259 Mongolians and 5 887 Han Chinese.
The Mongolian subjects in the Alzheimer’s disease group were at age of 55 years or older (on
average), and more of them were male, illiterate and/or had a history of coronary artery disease
and/or diabetes compared with the Mongolian subjects in the non-Alzheimer’s disease group. The
Han Chinese subjects in the Alzheimer’s disease group were at age of 55 years or older (on
average) and more of them were women, illiterate and/or had a history of coronary artery disease,
and less of them had a history of alcohol consumption compared with the non-Alzheimer’s disease
group. Non-conditional multivariate stepwise logistic regression identified that male gender,
increasing age and having a history of diabetes and/or coronary heart disease were associated with
higher odds of Alzheimer’s disease among Mongolians while having an educational background
was associated with lower odds (OR = 0.259, 95%CI 0.174-0.386). Among the Han Chinese
subjects, male gender, increasing age and having a history of coronary heart disease and/or
hypertension was associated with higher odds of Alzheimer’s disease, while having an educational
background was associated lower odds (OR = 0.271, 95%CI 0.192-0.381). The results also
indicated that extremely heavy smoking may be a risk factor for Alzheimer’s disease in Mongolian
males aged over 55 years. There was no significant difference in smoking habits between the
Mongolian and Han Chinese subjects with Alzheimer’s disease.
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Research Highlights

(2) This large-scale epidemiological investigation of Alzheimer’s disease showed that male gender,
increasing age, and a history of diabetes and/or coronary heart disease were independent Alz-
heimer’s disease risk factors for Mongolians, while having an educational background was a pro-
tective factor. (2) Among the Han Chinese subjects, male gender, increasing age and a history of
coronary heart disease and hypertension were independent Alzheimer’s disease risk factors, while
having an educational background was a protective factor.
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INTRODUCTION

Studies have investigated the relationship between
smoking and dementia™ . However, there are few data
regarding Alzheimer’s disease epidemiology and its re-
lated risk factors in the western part of China, especially
in the regions inhabited by minority ethnic groups, which
leads to limited Alzheimer’s disease prevention in these
regions. The Inner Mongolia Autonomous Region is one
such region where no Alzheimer’s disease epidemiolog-
ical investigation has been conducted.

The present study is the first large-scale Alzheimer’s
disease epidemiological investigation of the population
aged 55 years or older in the Inner Mongolia Autono-
mous Region farming area undertaken to investigate the
correlation between smoking and Alzheimer’s disease.

RESULTS

Quantitative analysis of experimental subjects

10 035 individuals were recruited for the study. Of them,
9 266 completed the survey and 769 withdrew from the
study, including 561 Han Chinese, 192 Mongolian and 16
from other nationalities. Of the 9 266 individuals who
completed the survey, data from 120 individuals of na-
tionalities other than Mongolian and Han Chinese were
excluded. Therefore, 3 256 Mongolian and 5 887 Han
Chinese were included in the final analysis. All subjects
were aged 55 years or older.

Comparison of the demographics of Mongolian and
Han Chinese subjects

No significant differences were found between the
Mongolian and Han Chinese subjects in terms of sex
distribution, blood pressure or proportion of subjects
with normal body mass, but there were significant dif-
ferences in the history of alcohol intake and smoking
(Table 1).

Comparison of Alzheimer’s disease risk factors be-
tween Mongolians and Han Chinese subjects

Among the Mongolian subjects, compared with the
non-Alzheimer’s disease group, those in the Alz-
heimer’s disease group were older (on average), more
were illiterate, more had history of coronary artery dis-
ease and/or diabetes and fewer were male (P < 0.01,
Table 2).

Among the Han Chinese subjects, compared with the
non-Alzheimer’s disease group, those in the Alzheimer’s
disease group were older (on average), more were illit-
erate, more had a history of coronary artery disease, and
fewer were male and/or had a history of alcohol intake (P

< 0.01; Table 3).

Table 1 Comparison of the demographics of Mongolian
and Han Chinese subjects = 55 years old living in the Inner
Mongolia farming area

Mongolian Han Chinese

Item (n=3259) (n=5887)

65.6+7.5  66.6£7.8  0.000
Male [n (%)] 1141(44.2) 2568(43.6) 0.737
History of alcohol intake [n (%)] 897(27.5) 1 396(23.7) 0.000
Smoking [n (%)] 1234(37.9) 1927(32.7) 0.000

Age (meanxSD, year)

Systolic blood pressure 139.8+22.9 138.7+21.5 0.025
(mean+SD, mm Hg)
Diastolic blood pressure 86.8+13.2 86.3+12.5 0.067

(mean+SD, mm Hg)

Hypertension [n (%)] 1726(53.0) 3222(54.7) 0.109

1 mm Hg = 0.133 kPa.

Table 2 Comparison of clinical data between Alzheimer's
disease (AD) and non-AD groups among the Mongolian
subjects = 55 years old living in the Inner Mongolia farming
area

- AD Non-AD p
(n=151) (n=23108)
Age (meanzSD, year) 72.3+7.1 65.3+7.4 0.000

Male [n (%)] 46(30.5)

llliteracy [n (%)] 112(74.2) 1 006(32.4) 0.000

History of alcohol intake [n (%)] 40(26.5) 858(27.6) 0.771

Systolic blood pressure 140.9+27.9 139.7+22.7 0.534
(mean+SD, mm Hg)

1395(44.9) 0.000

Diastolic blood pressure 85.7+14.4  86.91+13.1 0.254
(mean+SD, mm Hg)
Hypertension [n (%)] 71(47.0) 1462(47.0) 0.996

Coronary artery disease [n (%)] 31(20.5)
Diabetes [n (%)] 8(5.3)

334(10.8)  0.000
63(2.0)  0.007

1 mm Hg = 0.133 kPa.

Table 3 Comparison of clinical data between Alzheimer’s
disease (AD) and non-AD groups among Han Chinese
subjects = 55 years old living in the Inner Mongolia farming
area

AD Non-AD

Item (n=288) (n=5599) ©
Age (meanzSD, year) 75.4+7.2 66.2+7.5 0.000
Male [n (%)] 79(27.4) 2 489(44.4) 0.000
llliteracy [n (%)] 242(84.0) 5586(40.8) 0.000

History of alcohol intake [n (%)] 50(17.4) 1 346(24.0) 0.009
Systolic blood pressure 139.4+22.6 138.7+21.5 0.543
(mean+SD, mm Hg)

Diastolic blood pressure 85.6+12.4 86.4+12.5 0.268
(mean+SD, mm Hg)
Hypertension [n (%)] 140(48.6) 2525(45.1) 0.243

Coronary artery disease [n (%)] 33(11.5)
Diabetes [n (%)] 15(5.2)

4.7(7.3)  0.008
270(4.8)  0.776

1 mm Hg = 0.133 kPa.

Correlation between smoking and Alzheimer’s dis-
ease

1571



Zhang CY, et al. / Neural Regeneration Research. 2012;7(20):1570-1577.

The smoking rate was 37.86% and 32.70% among the
Mongolians and the subjects of Han Chinese ethnicity.
Smoking habits of Mongolian Alzheimer's disease and
non-Alzheimer’s disease groups by sex is shown in Ta-
ble 4.

Table 4 Results of univariate unconditional logistic re-
gression analysis of the relationship between smoking and
Alzheimer’s disease among Mongolian subjects = 55 years
old

Iltem B SE Wald Sig OR 95%ClI

Male

Mild smoking -0.2300.430 0.286 0.593 0.794 0.342-1.846
Moderate smoking 0.3010.453 0.441 0.507 1.351 0.556-3.286
Heavy smoking 0.0020.561 0.000 0.998 1.002 0.334-3.006
Extremely heavy  1.0580.421 6.301 0.012 2.880 1.261-6.576
smoking

Female

Mild smoking 0.2910.273 1.138 0.286 1.338 0.784-2.284
Moderate smoking 0.6940.392 3.136 0.077 2.001 0.929-4.311
Heavy smoking 0.8600.450 3.645 0.056 2.363 0.977-5.711
Extremely heavy  0.2440.741 0.108 0.742 1.276 0.299-5.456
smoking

Mild smoking: < 26.7 pack-years; moderate smoking: > 26.7-40.5
pack-years; heavy smoking: > 40.5-55.5 pack-years; extremely
heavy smoking: > 55.5-156 pack-years.

Extremely heavy smoking was identified as a risk
factor of Alzheimer’s disease (OR = 2.880) among
male Mongolian subjects. Among female Mongolian
subjects, there were borderline associations between
moderate smoking (P = 0.077, OR = 2.001, 95% CI
0.929-4.311), heavy smoking (P = 0.056, OR = 2.363,
95% CI 0.977-5.711) and Alzheimer’s disease risk.
Among the Han Chinese subjects of both sexes, there
were no significant associations between smoking habit
and Alzheimer’s disease risk (Table 5).

Table 5 Univariate unconditional logistic regression analysis
of the relationship between smoking and Alzheimer's disease
among Han Chinese subjects = 55 years old

Iltem B SE Wald Sig OR 95%Cl

Male

Mild smoking 0.1170.291 0.162 0.688 1.124 0.635-1.989
Moderate smoking 0.332 0.404 0.674 0.412 0.7180.325-1.585
Heavy smoking 0.190 0.349 0.297 0.586 1.209 0.610-2.398
Extremely heavy  0.186 0.388 0.230 0.632 1.204 0.563-2.578
smoking

Female

Mild smoking -0.012 0.307 0.002 0.968 0.988 0.541-1.804
Moderate smoking—0.001 0.522 0.000 0.998 0.999 0.359-2.777
Heavy smoking 0.066 0.600 0.012 0.912 0.936 0.289-3.034
Extremely heavy 0.8610.626 1.892 0.169 2.3650.694-8.064
smoking

Mild smoking: < 26.7 pack-years; moderate smoking: > 26.7-40.5
pack-years; heavy smoking: > 40.5-55.5 pack-years; extremely
heavy smoking: > 55.5-156 pack-years.

Relationship between Alzheimer’s disease and
smoking among the subjects of the Mongolian and
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the Han Chinese groups

The distribution of smoking habits in the Alzheimer’s
disease and the non-Alzheimer’s disease groups by na-
tionality is shown in Table 6.

Table 6 Distribution of smoking habits by Alzheimer’s
disease (AD) and non-AD group and nationality [n (%)]

Mongolian Han Chinese
Item _ a
AD group Non-AD AD group Non-AD
group group
Non-smoking 89(58.9) 1936(62.3) 216(75.0) 3 748(66.9)
Mild smoking 26(17.2) 597(19.2) 33(11.5) 792(14.1)

Moderate smoking 15(9.9)  253(8.1) 12(4.2) 424(7.6)

Heavy smoking 10(6.6)  185(6.0) 15(5.2) 372(6.6)

Extremely heavy  11(7.3) 137(4.4) 12(4.2) 263(4.7)
smoking

Number in bracket represents percent.

There was no significant difference in the number of mild
smokers, heavy smokers or extremely heavy smokers
between the Mongolian and Han Chinese subjects.
However, there was a borderline significant difference in
the number of non-smokers and moderate smokers (x* =
3.081, P = 0.079; x* = 3.642, P = 0.056).

Multivariate logistic regression analysis of factors
associated with Alzheimer’s disease

To gain further insight into the relationship between
smoking, other relevant factors and Alzheimer’s dis-
ease, the present study conducted a non-conditional
multivariate stepwise logistic regression. The inde-
pendent variables tested were age, gender, educational
background, alcohol intake, blood pressure, history of
diabetes and/or coronary heart disease. Male gender,
increasing age, and having a history of diabetes and/or
coronary heart disease were associated with higher
odds of Alzheimer’s disease, while having an educa-
tional background was associated with lower odds of
Alzheimer’s disease among the Mongolians (Table 7).
Among the Han Chinese group, male gender, increasing
age and a history of coronary heart disease and/or hy-
pertension were associated with higher odds of Alz-
heimer’s disease, while having an educational back-
ground was associated with lower odds of Alzheimer's
disease (Table 8).

DISCUSSION

Many factors are related to the pathogenesis of Alz-
heimer’s disease. Known risk factors include increasing
age, and a family history of Alzheimer’s disease. Not yet
fully established risk factors include traumatic brain injury,
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gender, educational level™, marital status, occupation,
region and race, mild cognitive impairment, vascular risk
factors®*%, inflammation, economic level, lifestyle, oc-
cupational exposure, estrogen, heavy metals, trace el-
ements, and stress*4,

Table 7 Multivariate logistic regression analysis of factors
associated with Alzheimer’s disease among Mongolian
subjects aged = 55 years

Iltem B SE Wald Sig OR 95%Cl

Gender 0.972 0.235 17.057 0.000 2.643 1.667-4.193
Age 0.096 0.012 68.638 0.000 1.101 1.076-1.126
Educational ~ -1.349 0.203 44.190 0.000 0.259 0.174-0.386
background

Alcohol intake -0.432 0.250 2.990 0.084 0.649 0.397-1.059

Diabetes 1.342 0.418 10.276 0.001 3.825 1.684-8.686
Coronary heart 0.446 0.225 3.921 0.048 1.562 1.005-2.430
disease
High blood -0.089 0.178 0.250 0.617 0.915 0.645-1.298
pressure
Smoking
Mild 0.011 0.246 0.002 0.965 1.011 0.624-1.639
Moderate 0.479 0.316 2.297 0.130 1.613 0.869-2.994
Heavy 0.320 0.367 0.758 0.384 1.377 0.670-2.827
Extremely 0.245 0.378 0.421 0.516 1.278 0.610-2.678
heavy

Educational background: primary school education or higher.

Table 8 Multivariate logistic analysis of factors associated
with Alzheimer’'s among Han Chinese subjects aged = 55
years

Iltem B SE Wald Sig OR 95%Cl

Gender 0.906 0.188 23.317 0.000 2.475 1.713-3.575
Age 0.132 0.009 223.203 0.000 1.141 1.122-1.161

Educational  -1.307 0.175 56.045 0.000 0.271 0.192-0.381
background

Alcohol intake -0.134 0.207 0.410 0.522 0.876 0.584-1.314
Diabetes 0.405 0.296 1.877 0.171 1.500 0.840-2.676
Coronary heart 0.562 0.210 7.145 0.008 1.754 1.162-2.649
disease

High blood -0.322 0.131 5.998 0.016 1.369 1.061-1.767
pressure

Smoking

Mild 0.111 0.223 0.249 0.619 1.113 0.722-1.729
Moderate -0.277 0.338 0.670 0.413 0.759 0.391-1.471
Heavy 0.225 0.306 0.539 0.463 1.252 0.687-2.281
Extremely 0.007 0.348 0.000 0.985 1.007 0.509-1.991

heavy

Educational background: primary school education or higher.

In addition, toxic substances contained in tobacco such
as carbon monoxide, nicotine, tar and a large number of
free radicals, lead to vasoconstriction and enhance
monocyte adhesion to endothelial cells which further
increase oxidative damage and vitamin metabolism, thus
increasing the risk of Alzheimer’s disease™?". The rela-

tionship between nicotine and cognitive decline in Alz-
heimer’s disease has been extensively studied®?. Con-
tinued nicotine consumption in human and animal mod-
els can lead to brain amyloid accumulation in specific
regions and the presence of amyloid beta accumulation
has been found®?. Nicotine also has large effects on
brain development®. Nicotine not only causes destruc-
tion of the coordination of cell proliferation and differenti-
ation, but also interferes with normal cell division such as
neurite growth, cell migration and recognition®®”. Some
researchers believe that nicotine in cigarettes can im-
prove cognitive function®”, increase nicotine receptor
sites and resist the formation of Ap-fiber neurons, playing
a protective role for nerve cells. It can also increase re-
lease of acetylcholine, dopamine, norepinephrine, glu-
tamate and other neurotransmitters to promote learning
and memory and improve cognitive performance!?®%%.
There has been great controversy regarding the rela-
tionship between smoking and Alzheimer’s disease. The
mechanism of increased or decreased risks of dementia
associated with cigarette smoking remains unclear. Ad-
vanced studies are required to investigate whether
smoking is a protective factor against Alzheimer’s dis-
ease, or whether smokers die earlier because of other
systemic diseases, consequently affecting their preva-
lence of Alzheimer’s disease. In a cohort study with a
5-year follow-up by Wang et al !, the mortality rate of
smokers who developed dementia was 3.4 times that of
non-smokers with dementia. That is, smokers died earli-
er after being diagnosed with dementia, so that
non-smokers with Alzheimer’s disease are more prone to
being assigned to the Alzheimer’s disease group in a
cross-sectional or case-control study because of their
longer life-span. This would lead to a higher proportion of
non-smokers than smokers in the Alzheimer’s disease
group, and the conclusion that “smoking has a protective
effect on the development of Alzheimer’s disease” could
be drawn, a so-called “survival bias”. Launer et al
summarized the results of four prospective studies from
Denmark, France, Netherlands and the UK regarding the
relation between smoking and Alzheimer’s disease. The
study included 13 147 individuals with a 2-year fol-
low-up. The results showed that compared with nev-
er-smokers, among former smokers the relative risk of
developing Alzheimer’s disease did not increase (RR =
1.2, 95% CI 0.8-1.5), while the risk was increased
among current smokers (RR = 1.7, 95% CI 1.2-2.5).
However, some researchers believe that nicotine in the
cigarettes could enhance cognitive performance®®".
Wang et al ¥ conducted a case-control study in Stock-
holm that included 198 patients with Alzheimer’s disease
and 343 non-demented elderly individuals as controls.
The results showed that compared with the age-matched
control group, smoking had a protective effect against
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Alzheimer’s disease (OR = 0.6, 95% CI: 0.4-1.1). How-
ever, smokers did not have decreased risk of developing
Alzheimer’s disease (HR = 1.1, 98% CI: 0.5-2.4) com-
pared with non-smokers. Further analyses showed that
the smokers’ mortality rate was higher than that of the
non-smokers among the Alzheimer’s disease patients
(HR = 3.5, 98% CI 1.4-8.8). In the normal control group,
the smokers’ mortality rate was not different to that of
non-smokers (HR = 0.8, 98% CI: 0.5-1.2). Deng et al **!
conducted a 2-year follow-up study of 2820 people older
than 60 years from Chongging, China. There were 121
patients with dementia, including 84 (69%) patients with
Alzheimer’s disease, 16 (13%) with vascular dementia,
and 21 (17%) with other dementia. After adjusting for
potential confounders (age, sex, educational level, blood
pressure, and alcohol consumption), current smokers
had higher risks of developing Alzheimer’s disease (RR
=2.72; 95% CI 1.63-5.42) and vascular dementia (RR =
1.98; 95% CI 1.53-3.12) compared with people who had
never smoked. Compared with non-smokers, heavy
smokers had the highest relative risk of developing Alz-
heimer’s disease (RR = 3.03; 95% CI 1.25-4.02); fol-
lowed by moderate smokers (RR = 2.56; 95% ClI
1.65-5.52). Another study by Wang et al ** demon-
strated a double-edged effect of smoking on Alzheimer’s
disease. On one hand, smoking had a protective effect
against developing Alzheimer’s disease; on the other
hand, smoking had interactions with vascular diseases,
which could increase the risk of developing Alzheimer’s
disease by affecting the risk of vascular events.

In the present study, among the Mongolian subjects,
55.59% were male and 37.86% were smokers. Among
the Han Chinese subjects, 62.03% were male and
32.70% were smokers. Few studies have focused on the
relationship between the extent of smoking and Alz-
heimer’s disease. Extremely heavy smoking was identi-
fied as an Alzheimer’s disease risk factor (OR = 2.880)
among the male Mongolian subjects. Among the female
Mongolian subjects, moderate (P = 0.077, OR = 2.001)
and heavy smoking (P = 0.077, OR = 1.276) had border-
line significantly higher odds of Alzheimer’s disease than
non-smokers. Among the Han Chinese subjects of both
sexes, there were no statistically significant differences
in the extent of smoking and the prevalence of Alz-
heimer’s disease. We speculate that the increased ex-
tent of smoking among male Mongolians lead to the in-
creased risk of Alzheimer's disease. Extremely heavy
smoking was identified as an Alzheimer’s disease risk
factor in the present study. Similar trends were also
found in the female Mongolian population, in that mod-
erate and heavy smoking had borderline significance in
relation to Alzheimer’s disease risk. However, among
both male and female Han Chinese subjects, there were
no statistically significant differences between the Alz-
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heimer’s disease group and non-Alzheimer’s disease
group in terms of smoking habits. There was a borderline
significant difference between the numbers of Mongolian
and Han Chinese subjects in the non-smoking and
moderate smoking groups. However, there are still many
unknown issues about the nature and mechanism of the
effects of smoking on dementia, and the effects can ei-
ther protect against or increase the risk of developing
dementia. Differences in effects may also be found
among different ethnic groups and races. To gain insight
into the relationship between smoking, other factors
and Alzheimer’s disease, we analyzed the effects of
smoking, age, gender, educational background, social
population factor, alcohol intake, blood pressure, and
history of diabetes and/or coronary heart disease on
Alzheimer’s disease risk by non-conditional multivariate
stepwise logistic regression. The results show that male
gender, increasing age, and having a history of diabetes
and/or coronary heart disease were independently asso-
ciated with higher odds of Alzheimer’'s disease among
the Mongolians, while having an educational back-
ground was identified as a protective factor. Similarly,
for the Han Chinese subjects, male gender, increasing
age, and having a history of coronary heart disease
and/or hypertension was associated with higher odds,
and having an educational background with lower
odds, of Alzheimer’s disease. Smoking can increase
the risk of developing cardiovascular and cerebrovascu-
lar diseases, and is a definite risk factor for vascular
diseases. The risk of developing cerebrovascular diseas-
es among smokers is dramatically higher compared with
non-smokers. In at least some populations, e.g., in
Mongolian men and women, smoking might predispose
the occurrence of Alzheimer’s disease by increasing
vascular events, thus increasing smokers’ risk of devel-
oping Alzheimer’s disease.

SUBJECTS AND METHODS

Design
Epidemiological investigation using stratified randomized
and multistage cluster sampling.

Time and setting

The experiment was conducted in the Inner Mongolia
Autonomous Region, China from June 2008 to June
20009.

Subjects

The study extracted four banners and one city from Xil-
ingol League of Inner Mongolia as first-level sampling
clusters, then extracted four sub-district offices, eight
towns and two sumu from the first-level sampling clusters
as the second-level sampling clusters. Using stratified
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random and stratified multistage cluster sampling, resi-
dents aged 55 years or older were selected from 27
communities and two settlements for participation in this
Alzheimer’s disease epidemiological investigation.
Inclusion criteria: Resident population of the town or
sumu, and non-residents who had lived at least one
month in the town or sumu; those aged 55 years or older;
those who gave their informed consent to participate and
who were able to cooperate with the investigation.
Exclusion criteria: Non-resident population of the town or
sumu and those who had lived there less than 1 month;
those not completing the investigation.

Ten experienced neurologists or physicians of internal
medicine composed the investigators. The diagnostic
process included neuropsychological test forms, ques-
tionnaires and clinical investigations.

Methods

Survey methods

Each subject received a screening questionnaire
(mini-mental state examination) and an interview during
the first phase of the study™®®. We obtained a detailed
medical history from family members and neighbors of
subjects who were suspected to have cognitive impair-
ment. Individuals completed the second phase of diag-
nostic and neuropsychological testing if they met one of
the following criteria: scores on the mini-mental state
examination indicating that they were illiterate (< 19
points), had primary school education (< 22 points), or at
least middle school education (< 26 points); failed to
complete the mini-mental state examination because of
another disease; or, had a normal mini-mental state
examination score, but whose screening personnel or
family members believed that the individual displayed
significant cognitive impairment.

The assessment tools used in the second phase of the
study included the following: Pfeffer’s Outpatient Disabil-
ity Questionnaire, Fuld Object-Memory Evaluation, Rapid
Verbal Ret Rieve, Digit Span, Block Design, the Ha-
chinski Ischemic Scale and the Hamilton Depression
Scale. With subjects for whom the above mentioned
scales could not be used to verify their cognitive im-
pairment, the following assessment tools were used: the
Clinical Memory Scale, Painting Bell, Complex Figure
Test, Clinical Dementia Rating and the Cobbm Index (i.e.,
an assessment of behaviors and psychological state).
We re-evaluated and confirmed the diagnoses for a
randomly selected 4% of the samples who had an
mini-mental state examination score in the normal range
and for whom their families had provided information
about their cognitive and functional abilities.

The third phase of the study began 6 months after the
first phase. In this phase, we analyzed the assessment
results and made a diagnosis. We scheduled a head CT

scan, MRI or other related laboratory tests for the pa-
tients who had ambiguous data or when it was difficult to
make an accurate diagnosis. We ensured that each di-
agnosis was based on a detailed medical history, physi-
cal examination, test scores, observed trends, repeated
discussions and analyses, a secondary inspection and a
follow-up observation.

Classification of smoking

According to the status of smoking or not, the partici-
pants were divided into a non-smoking group or a
smoking group. Non-smoking was defined as no active
or passive smoking throughout one’s lifetime. Smoking
was defined as smoking every day and more than one
cigarette per day. Participants who smoked occasionally
or smoked less than one cigarette per day were excluded
from the study. According to different smoking habits, the
participants were classified into four groups: mild smok-
ing (£ 26.7 pack-years), moderate smoking ( > 26.7-40.5
pack-years), heavy smoking ( > 40.5-55.5 pack-years),
and extremely heavy smoking ( > 55.5-156 pack-years).
The years of smoking, packs smoked per day, and the
age at which smoking was initiated were recorded. The
guantity of smoking was calculated with pack-years
[packs per day (pack) x number of days of smoking per
year, if a participant smoked every day, then this would
be: packs per day (pack) x 365].

Classification of alcohol intake

The investigation of alcohol intake included assessments
of whether subjects drink alcohol or not, drinking age,
and drinking category. Drinking alcohol indicated that
subjects drink alcohol at least once a week. Drinking
alcohol only during the holidays was not viewed as al-
cohol intake®".

Diabetes and heart disease classification criteria
Coronary heart disease was diagnosed according to the
criteria of the 2005 Prevention Guide of Coronary Heart
Disease®®. Either of the following was viewed as coro-
nary heart disease: (1) related disease diagnosed at rank
1 of class 2 hospitals or higher; (2) a prior definite diag-
nosis of coronary heart disease.

Diabetes was also diagnosed according to the criteria of
the 2005 Prevention Guide of Coronary Heart Disease®®.
Either of the following was viewed as diabetes: (1) re-
lated disease diagnosed at rank 1 of class 2 hospitals or
higher; (2) a prior definite diagnosis of diabetes.
Diagnosis of dementia

Dementia was diagnosed according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders,
4™ edition, by the American Psychological Society™.

Diagnosis of Alzheimer’s disease
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Alzheimer’s disease was diagnosed according to the
criteria of the National Institute of Neurological and
Communicative Disorders and Stroke-Alzheimer’s Dis-
ease and Related Disorders Association®’.

Statistical analysis

The database was established with EPIdata3.1 software
(EpiData Association, Odense M, Denmark). All the
guestionnaires were carefully double-checked, and the
data were input in duplicate by two persons, to ensure
accuracy. Logic and spot checks were used to identify
data entry errors. When errors in data input were identi-
fied, the data were carefully reentered. The database
was locked and managed by a designated person.
Non-Alzheimer's disease participants were assigned as
the control group. The correlation between smoking and
Alzheimer’s disease was investigated among people of
Mongolian and Han Chinese ethnicity living in the Inner

Mongolian farming area who were aged 55 years or older.

Measurement data are expressed as mean + SD, and
enumeration data are expressed as rates. Comparisons
of enumeration data between two groups or among mul-
tiple groups were performed with chi-square tests or
Fisher's exact tests. Comparisons of measurement data
between two groups were performed with single-sample
t-tests or Mann-Whitney tests. Measurement data of
multiple groups were compared with one-way analysis of
variance and appropriate post-hoc tests were used for
intergroup comparisons. Interaction between smoking
and Alzheimer’s disease was analyzed using logistic
stepwise regression, with a variable inclusion and exclu-
sion level of 0.1. Missing values were replaced with ex-
pectation and maximization using SPSS 13.0 software
(SPSS, Chicago, IL, USA).
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