
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Methods in Neuroepidemiology 

 Neuroepidemiology 2006;27:177–187 
 DOI: 10.1159/000096131 

 Socio-Demographic Variation of Dementia Subtypes 
in China: Methodology and Results of a Prevalence 
Study in Beijing, Chengdu, Shanghai, and Xian 

 Zhen-Xin Zhang   

 a, b     Gwendolyn E.P. Zahner   

 a     Gustavo C. Román   

 h     Xie-He Liu   

 f     

Cheng-Bing Wu   

 e     Zhen Hong   

 d     Xia Hong   

 a, b     Mao-Ni Tang   

 f     Bing Zhou   

 d     

Qiu-Ming Qu   

 e     Xiao-Jun Zhang   

 g     Hui Li   

 c  

   Departments of a   Clinical Epidemiology and  b 
   Neurology, Peking Union Medical College Hospital, and 

 c 
   Department of Epidemiology, Peking Union Medical College,  Beijing ,  d 

   Department of Neurology, 
Huashan Hospital, Fudan University,  Shanghai ,  e 

   Department of Neurology, The First Hospital, Xian University,  Xian , 
 f 

   Department of Psychiatry, The First Hospital, Huaxi Medical College,  Chengdu , and  g 
   Department of Neurology, 

Tongren Hospital,  Beijing , PR China;  h 
   Department of Medicine/Neurology, University of Texas Health Science Center,

 San Antonio, Tex. , USA
 

justed model, a gender education interaction indicating a 
female preponderance in the highest education group. 
North-south variation for VaD was age-dependent. In the 
fully adjusted model, for AD, widowed had significantly 
higher prevalence odds; for VaD, widowed persons and mi-
norities had significantly lower prevalence odds; profession-
als had statistically significant and borderline lower preva-
lence odds for both VaD and AD; sales-service occupations 
had significantly lower odds for AD only.  Conclusion:  We ob-
served variations in prevalence for AD and VaD in different 
regions and demographic groups in China that persisted af-
ter controlling for potential confounding factors. Sociode-
mographic factors are probable surrogates for conditions 
such as lifestyle, environment, comorbidities, and life expec-
tancy.  Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Worldwide, the number of elderly people in develop-
ing nations currently exceeds that of industrialized na-
tions. Projections from the World Health Organization 
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 Abstract 
  Objective:  To characterize sociodemographic variations in 
the prevalence of AD and VaD in China.  Methods:  Data were 
collected in a 1997–1998, cross-sectional, door-to-door prev-
alence survey of 34,807 community residents ages  6 55 
years in Beijing, Shanghai, Chengdu and Xian. Initial diagno-
ses of AD and VaD were assessed by clinicians using stan-
dardized protocols, according to the NINCDS-ADRDA and 
NINDS-AIREN criteria; diagnoses were confirmed after 6 
months by repeating neuropsychological evaluations. Prev-
alence odds ratios were estimated in logistic models adjust-
ing for survey design, age, and other sociodemographic fac-
tors.  Results:  We identified 732 prevalent cases of AD and 
295 cases of VaD. Adjusting for all sociodemographic factors 
concurrently, prevalence odds of AD and VaD were higher in 
northern versus southern China. Age trends for AD appeared 
different in western and eastern China. AD also showed an 
age-adjusted elevation among women and, in the fully ad-
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indicate a trend towards further aging of developing 
countries  [1] . Nonetheless, there is a dearth of epidemio-
logical data in developing countries on diseases of aging 
including dementia  [2] .

  Population-based epidemiological studies in Western 
countries report minimal geographic variation in the 
prevalence of the two major dementia subtypes, Alzhei-
mer’s disease (AD) and vascular dementia (VaD)  [3–7] . 
In comparison, previous prevalence studies in China and 
other East Asian countries have reported lower figures 
than those of Europe and North America    [8–14] ,   as well 
as different patterns in the frequency of the major sub-
types seen in East Asia. Whereas AD predominates in 
Europe and North America, an excess of VaD over AD 
has been reported in Japan and Northern China  [11, 15] . 
Although methodological factors such as completeness of 
case ascertainment could explain this variation, most in-
vestigators believe that differences in ethnic, cultural and 
socioeconomic could modify the underlying risk factors 
for dementia explaining the differences observed in East 
Asian populations. Many of these factors may be chang-
ing with economic development in different nations and 
regions in this part of the world  [16, 17] .

  Previously, we reported our findings from a large mul-
ticenter, population-based study of dementia in China in-
dicating that the overall prevalences of AD and VaD cur-
rently approximate those of Western countries  [18] . We 
provide here a detailed account of our study methodol-
ogy and report sociodemographic variations in the prev-
alence of AD and VaD within China in four large and 
diverse regional centers: Beijing (northeast), Xian (north-
west), Shanghai (southeast), and Chengdu (southwest).

  Methods 

 Study Areas 
 The four areas of China studies in this project were selected to 

represent regional variations in environmental conditions, natu-
ral resources, economic development, diet, culture, and lifestyle. 
These four regional centers cover a total of 34 urban districts and 
36 rural counties. In 1994, the total population of these four cen-
ters was 39.6 million, and the proportion of elderly persons aged 
65 years and older was 7.7% in Beijing, 11.5% in Shanghai, 6.8% 
in Chengdu, and 5.3% in Xian. The life expectancy at birth is lon-
ger in eastern China (72.9 years in Beijing, 74.9 years in Shanghai) 
than in the west (67.4 years in Xian, 66.3 years in Chengdu)  [19] . 
In general, China’s northern regions (Beijing, Xian) have more 
severe climate than the southern areas near the Yangtze River ba-
sin (Chengdu, Shanghai). Eastern China (Beijing, Shanghai) is 
more economically developed than western China (Xian, Cheng-
du). China has experienced an exponential economic growth in 
the last few decades. In 1994, the value of gross annual industrial 

output (in billion Yuan – in 1994, USD 1 equalled approximately 
Chinese Yuan 8.27) was 20.4 in Beijing, 42.6 in Shanghai, 10.3 in 
Chengdu, and 3.9 in Xian. The corresponding figures for agricul-
ture were 14.4, 14.0, 12.8 and 5.7  [19] .

  Target Population 
 The target population consisted of all persons ages  6 55 years 

in 1997 living in the administrative regions of Beijing, Shanghai, 
Chengdu, and Xian. Eligible persons for inclusion in the study 
were residents who: (1) were listed in the 1996 population census 
of community registry offices (CROs) and who resided in the 
community of registration in the year preceding the survey date; 
or (2) were not listed in the CRO, but resided for at least one year 
preceding the survey date in the household of first degree relatives 
who were registered in the CRO; or (3) were current residents of 
a chronic care home listed in the CRO on the survey date. We ex-
cluded residents who were unregistered or who lived with regis-
tered relatives for less than 1 year, and persons on the 1996 regis-
tration lists who had been absent from the community in the 
month preceding the survey date.

  Sampling Procedures 
 The sample was drawn according to a stratified, multistage, 

cluster sampling design. Fifteen super-strata were formed corre-
sponding to the four regional centers and rural-suburban-urban 
counties and districts subsumed within each region. Using tables 
of random numbers to choose elements within each superstra-
tum, we selected a total of 14 predominantly urban districts and 
19 predominantly rural counties as the first sampling stage. With-
in these counties/districts, a random sample of urbanized sectors 
(n = 37) and rural townships (n = 53) were chosen, followed by a 
random sample of urbanized communities (n = 76) and rural vil-
lages (n = 106) within the chosen sectors/townships. In each sam-
pled community, an updated CRO population list for 1996 was 
obtained. A total of 34,807 persons met the eligibility criteria, and 
were invited to participate in the study.

  Clinical Interviewer Training 
 A total of 63 interviewers, including university hospital neu-

rologists, neuroepidemiologists, neuropsychologists, psychia-
trists, and medical students, were recruited from the four region-
al centers and were grouped into working teams by region. Each 
regional fieldwork team included two or more senior clinicians 
(total = 14; 22% of interviewers) and three or more mid-level cli-
nicians (total = 19; 30% of interviewers). The supervisor and two 
other interviewers from each team received 1-week training on 
the study protocol in Beijing, followed by 1–2 weeks of commu-
nity fieldwork with the team headed by the lead hospital (PUMCH) 
in Beijing. The rest of the clinical field interviewers were trained 
by their supervisor at the regional sites. All interviewers com-
pleted a pilot study in a nonsampled community in their own re-
gion before engaging in fieldwork. At the completion of training, 
the inter-rater reliability of the Chinese mini-mental status ex-
amination (C-MMSE)  [20]  and of other cognitive tests was as-
sessed using ratings of a videotaped model interview. Inter-rater 
reliability coefficients (correlations) of the C-MMSE for all field 
interviewers exceeded.90. To ensure consistency over time and 
place, post-training sessions were held every 6 months, and the 
Principal Investigator and supervisors closely monitored field-
work in all regions during the study.
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  Recruitment and Informed Consent 
 Participation in the population survey was voluntary and in-

volved multiple levels of approval by collaborating hospitals and 
community leaders at regional and local levels. Approvals were 
obtained before community residents were contacted for the 
study. In each randomly selected community or village, an initial 
meeting was held with community leaders to explain the purpose 
of the study. The community leaders were shown documents from 
the Chinese Science and Technology Research Board (CSTRB) 
approving the ethical and safety standards of the research proce-
dures, and, as necessary, additional authorization by local hospi-
tals or regional health officials. After local leaders granted per-
mission, flyers describing the study were posted in participating 
neighborhoods. Announcements about the study were also made 
in local civic meetings. Participation in the survey was encour-
aged but it was emphasized that individuals were free to refuse to 
participate without untoward consequences. Consent to partici-
pate was obtained orally.

  Using standard survey procedures, eligible households were 
contacted door-to-door up to three times by clinical researchers 
who were trained in the CSTRB-approved fieldwork procedures. 
Because elderly persons are often reluctant to be interviewed by 
young physicians or medical students, a senior research physician 
routinely visited the home after an initial refusal to determine the 
potential respondent’s final interest in enrolling in the study and 
reasons for nonparticipation. At later intervals, clinical research-
ers also returned to communities to seek eligible persons who had 
not been located earlier or to trace individuals living in nursing 
homes outside the study area. Participation rates for screening 
interviews with eligible respondents in the randomly sampled 
communities ranged from 73% to 100%, and averaged 94% for all 
communities in the study.

  Diagnostic Assessment Procedures 
 A door-to-door multiphase diagnostic assessment protocol 

was used for case ascertainment. A detailed flow chart of demen-
tia assessment procedures is given in Zhang et al.  [18] . The main 
steps are summarized below.

   Phase I: Dementia Screening.  Phase I involved a door-to-door 
screening survey conducted by teams of trained clinical inter-
viewers. All phase I participants were administered the following 
tests: C-MMSE  [20, 21] , activities of daily life (ADL)  [22, 23] , De-
mentia Symptom List  [24] , and a questionnaire eliciting demo-
graphic information, personal and medical history, family his-
tory for dementia in first-degree relatives, and a brief physical and 
neurological examination. The C-MMSE cut-points were estab-
lished in a population-based pilot study conducted by the lead 
hospital in Beijing  [20] . The optimal C-MMSE cut-points were the 
lowest 10th percentile scores for three different educational levels: 
 ̂  19 for those with no formal education,  ̂  22 for those with  ̂  6 
years of education, and  ̂  26 for those with 7+ years of education. 
Screening validity of these cut-points was confirmed in the Bei-
jing pilot study in 76 patients with clinically demonstrated de-
mentia and 1,878 nondemented urban subjects (sensitivity = 
90.8%, specificity = 93%, positive predictive value (PPV) = 34.3, 
negative predictive value (NPV) = 99.6)  [20] . Screening inter-
views were completed in 34,807 elders, including 8,694 in Beijing, 
4,850 in Xian, 15,910 in Shanghai and 5,353 in Chengdu. The sam-
ple included only 80 persons (0.2%) in nursing homes.

   Phase II: Preliminary Clinical Diagnostic Assessment.  Phase II 
yielded a preliminary diagnosis for persons with possible and 
probable dementia. Phase II interviews were conducted with per-
sons scoring below the cut-point on the C-MMSE for their educa-
tional level and all those who could not complete the screening 
tests. Following a standard protocol, clinical interviewers collect-
ed detailed medical histories, conducted standard neurological 
examinations, and performed a set of conventional neuropsycho-
logical tests to assess memory, language, attention, orientation, 
visual perception, construction, and executive function, using the 
following instruments: the Fuld Object Memory Test  [25] ,   Cate-
gory Verbal Fluency Test  [26] , Block Design Subset of Wechsler 
Intelligence Scale for Children-Revised  [27] ,   and Digit Span of the 
Wechsler Adult Intelligence Scale  [28] . When these conventional 
neuropsychological assessments did not yield a confirmed diag-
nosis of cognitive impairment, additional assessments were un-
dertaken using the Clinical Dementia Rating Scale  [29] , the Chi-
nese Clinical Memory Scale  [30] , and the Clock Drawing Test  [31] . 
The Hamilton Depression Rating Scale  [32] , the Neuropsychiatric 
Inventory  [33] , and Hachinski’s ischemic scale  [34]  were com-
pleted to distinguish AD from related dementing disorders. The 
Global Deterioration Scale (GDS) was used to classify dementia 
severity  [35] . Interference with social or professional life was as-
sessed with the Pfeffer questionnaire  [36] . Proxy (caregiver) in-
terviews were completed when some physical impairment, illness, 
or severe dementia prevented the respondent from completing the 
standard neuropsychological test. A caregiver questionnaire de-
veloped in an earlier Shanghai study  [37]  was used to identify 
cognitive impairment in these persons.

  During the evening of each workday, the clinical interviewing 
teams held a clinical conference to review each set of examination 
results. Diagnoses were made independently by each clinician ac-
cording to the standardized criteria described below. In case of 
discordant diagnoses or when further evidence of cognitive im-
pairment was needed for differential diagnosis of dementia sub-
type, a senior clinician returned to the household the following day 
to reexamine respondents with supplemental neuropsychological 
tests. If a diagnosis could still not be confirmed, the participant was 
referred to a research hospital for further evaluation.

  Of the 34,807 persons who completed screening interviews, a 
total of 3,950 screened positive and were enrolled in phase II. 
About 2/3 of them (n = 2,476; 62.7%) received the standardized 
phase II neuropsychological assessment; the remainder were as-
sessed with caregiver interviews (n = 1,474, 37.3%).

   Phase III: 6-Month Diagnostic Confirmation . The validity of 
the diagnosis was confirmed by re-examination at least 6 months 
after the phase II assessment. All the aforementioned screening 
tests and diagnostic examinations were re-administered to every 
phase II participant exhibiting partial evidence of dementia that 
volunteered for re-examination and could be traced. If a proxy 
examination was completed in phase II but the participant’s dis-
ability had remitted at the time of the phase III examination, the 
participant was asked to complete the C-MMSE to determine 
whether conventional neuropsychological assessments would be 
undertaken. Phase III clinical re-assessments were completed for 
3,504 persons (88.7%).

   Final Diagnoses.  The final diagnoses were made by the senior 
research physicians in a conference at each site after the phase III 
examination. The final diagnosis was based on all available data, 
including complete history, examination findings, test results, 
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temporal course, and relevant medical documentation or labora-
tory tests. If respondents were lost to follow-up at any phase, the 
final diagnoses were based on all available clinical data from ear-
lier clinical examinations and tests. CT/MRI was not used rou-
tinely for the differential diagnosis of dementia subtypes.

  Diagnostic Criteria for Classification of Dementia Subtypes 
 The diagnostic criteria used in this study were the NINCDS-

ADRDA  [38]  for probable or possible AD, and the NINCDS-AI-
REN  [39]  for probable or possible VaD. The NINCDS-AIREN cri-
teria identify patients with clinical and/or neuroimaging evidence 
of cerebral infarctions contributing to dementia, as well as demen-
tia syndromes following a recognized cerebrovascular event (post-
stroke VaD). It excludes concomitant processes other than demen-
tia from cerebrovascular disease (CVD). This group also includes 
persons for whom there was no clear temporal relationship be-
tween stroke and dementia, or persons who had a subtle onset and 
variable course, but displayed evidence of relevant CVD (from neu-
roimaging studies, if available). If the relationship between stroke 
and dementia was indistinct, we required at least two ischemic ep-
isodes by history, with a positive neurological examination or neu-
roimaging studies. Based on the characteristics of CVD and its re-
lationship to cognitive functions, these patients were classified by 
the NINCDS-AIREN for probable or possible VaD. The Hachinski 
score was also used as a reference to identify VaD cases.

  Using DSM-IV  [40]  and ICD-10  [41]  criteria as well as other 
previously published descriptions, we excluded other causes of 
dementia, such as normal pressure hydrocephalus, Lewy body de-
mentia, progressive supranuclear palsy, and the fronto-temporal 
dementias. Exclusions also encompassed diagnoses of depression 
or other psychiatric disorders assessed by the brief psychiatric in-
terview and the Hamilton Depression Rating Scale    [32] . Persons 
with depression or mental retardation were excluded from all de-
mentia diagnostic ratings.

  Cases Missed by C-MMSE Screening 
 To determine how many cases may have been missed by the 

C-MMSE screen, we estimated the predictive value of negative 
screening scores (PVN) in a random sample of 3–4% of partici-
pants at each center who screened negative in phase I. A total of 
1,008 persons (3.2%) were randomly selected from the 30,857 C-
MMSE screen negatives in phase I. These subjects received the full 
phase II/III diagnostic assessments by clinical raters who were 
blind to their initial screening status. The PVN of the C-MMSE 
was found to be 97.6% for AD and 99.7% for VaD. Controlling for 
age-gender-and education differences across sites, site-specific 
variation in screening sensitivity for dementia was found at only 
one center (Chengdu), which underdiagnosed dementia com-
pared to other sites (Wald test = 6.095, d.f. = 1, p = 0.14).

  Statistical Analysis 
 All analyses were survey design-based and were conducted us-

ing the SUDAAN Version 8.0  [42]  sample survey software. For 
purposes of analysis, the survey was treated as a stratified, two 
stage design. Because several first stage districts and counties were 
chosen with certainty (thereby precluding variance estimation), 
urbanized sectors and rural townships served as the Primary Sam-
pling Units (PSU’s). Weights were formed by multiplying selection 
probabilities of the three sampling stages together with the inverse 
of the participation rate among eligible persons ages  6 55 in each 

sampled community. Weight distributions were examined within 
each regional center for outliers, and clusters with weights exceed-
ing the 95th quantile were combined with nearest neighbors in 
order to smooth the weight distributions. Estimates of sample 
characteristics, including means and proportions, were weighted 
to the target population; frequencies were scaled to the original 
sample size. Standard errors (SE) were estimated using Taylor se-
ries and are consistent with the sample design.

  We examined sociodemographic variation and potential con-
founding in logistic regression models using SUDAAN Proc Lo-
gist. Prevalence odds ratios (pOR) and 95% confidence intervals 
(CI) accounting for sampling design and confounding by covari-
ates were calculated from model coefficients. Separate logistic 
models were developed for AD and VaD. In each model, illness 
status (prevalent case/non case) was the outcome (dependent) 
variable; sociodemographic factors were the predictor (indepen-
dent) variables. Our models included factors that were previously 
reported to be associated with risk or prognosis of AD or VaD, 
including regional effects (north-south and east-west contrasts), 
gender, age (10-year intervals), ethnicity (Han Chinese versus 
other), rural-urban residence, occupation (farmer, non-farm la-
borer, government administrator, professional manager, sales ser-
vice, housewife), marital status (married, widowed, other), and 
education ( ! 1, 1–6, 7–11, 12+ years).

  We adjusted for different levels of confounding in separate lo-
gistic models using increasingly stringent controls. Crude (unad-
justed) associations between socio-demographic factors and de-
mentia outcome were estimated by entering each socio-demo-
graphic factor individually as predictor variable without covariates 
(pOR unadj ). To compute age-adjusted associations (pOR age-adj ) we 
used logistic models entering each socio-demographic factor with 
age in 10-year intervals. To control for confounding among all 
demographic variables we estimated fully-adjusted prevalence 
odds ratios (pOR full-adj ) in multivariable models with all regional 
effects and sociodemographic factors as predictor variables. Tests 
of interactions between all characteristics with age and gender 
were performed in fully adjusted logistic models with forward, 
stepwise selection. Only statistically significant (p  ! 0.05) interac-
tions were retained in the final, fully adjusted model.

  Results 

  Table 1  summarizes the major characteristics of the 
study sites. All sociodemographic characteristics dis-
played statistically significant regional variation (p  !  
0.01), except gender. Age showed significant north-south 
variation, with proportionately more persons  6 65 years 
in southern compared to northern regions. The western 
regions had significantly more laborers (farm and non-
farm), rural residents, persons with no formal education, 
and widows than the eastern centers. The sample was al-
most entirely ( 1 98%) represented by the ethnic group 
Han Chinese.

  A total of 732 cases of AD and 295 cases of VaD were 
identified in the final diagnoses. CT/MRI was used in 
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half (50.9%) of cases diagnosed as VaD and but only in 
6.8% of AD cases. As expected, the mean HIS for AD 
(1.5, n = 531) was lower than for VaD (10.4, n = 230). The 
proportion of the population older than 65 years with 
AD ranged from 1.8 to 2.2% across the four regions, and 
was 2.0% for all regions combined. For VaD, the corre-

sponding regional range was 0.4–1.2%, and was 0.8% 
overall in the study population. Zhang et al.  [18]  provides 
additional details about AD and VaD prevalences, in-
cluding age standardization and adjustment for screen-
ing errors.

Table 1. Characteristics of the study population in four regional centers of China

Characteristic Beijing
(N.E. region)

Xian
(N.W. region)

Shanghai
 (S.E. region)

Chengdu
(S.W. region)

Total

% SE n % SE n % SE n % SE n % SE n
Total sample 8,694 4,850 15,910 5,353 34,807

Sex
Men 47.0 0.7 3,974 43.9 1.6 2,040 45.9 1.3 7,183 46.6 1.0 2,552 46.2 0.6 15,749
Women 53.0 0.7 4,720 56.1 1.6 2,810 54.1 1.3 8,727 53.4 1.0 2,801 53.8 0.6 19,058

Age
55–64 50.4 4.0 4,203 48.6 1.4 2,222 37.5 3.0 5,521 39.6 1.8 2,206 43.7 1.8 14,152
65–74 37.0 3.2 3,186 35.3 1.3 1,780 41.5 1.0 6,744 40.9 1.7 2,083 39.2 1.3 13,793
75–84 10.9 1.2 1,117 14.7 0.9 769 17.4 1.7 3,030 15.6 2.4 862 14.4 0.8 5,778
85+ 1.7 0.3 188 1.4 0.2 79 3.6 0.4 615 3.8 0.4 202 2.7 0.2 1,084

Education, years
<1 31.0 5.6 3,235 52.1 5.5 2,448 34.6 4.7 5,518 42.0 4.6 2,405 36.1 2.8 13,606
1–6 28.2 5.1 2,696 27.3 1.1 1,392 32.3 1.5 5,040 43.4 2.2 2,360 32.1 2.1 11,488
7–12 19.4 2.9 1,610 16.4 2.7 833 25.5 3.0 4,081 12.9 2.6 537 20.4 1.8 7,061
12+ 21.5 9.6 1,153 4.2 2.6 177 7.5 1.5 1,271 1.7 0.5 51 11.5 3.7 2,652
Unknown 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0 0 0

Residence
Rural 24.2 9.6 3,599 69.9 10.5 2,958 30.1 13.0 4,882 56.0 12.0 3,731 35.7 6.7 15,170
Urban 75.8 9.6 5,095 30.1 10.5 1,892 69.9 13.0 11,028 44.0 12.0 1,622 64.3 6.7 19,637

Marital status
Married 82.0 2.1 6,691 70.0 2.2 3,377 77.7 1.8 12,159 70.3 3.7 3,683 77.4 1.4 25,910
Widowed 16.6 2.0 1,827 28.7 2.2 1,411 20.4 1.7 3,394 27.1 3.9 1,530 20.8 1.3 8,162
Other 1.2 0.2 128 1.3 0.2 62 1.9 0.2 352 2.4 0.3 134 1.6 0.1 676
Unknown 0.3 0.2 48 0.0 0.0 0 <0.1 <0.1 5 0.2 <0.1 6 0.1 0.1 59

Ethnicity
Han 97.1 0.5 8,408 99.4 0.2 4,817 99.6 0.1 15,831 99.7 0.1 5,337 98.6 0.2 34,393
Meng, Hui, other 2.9 0.5 286 0.5 0.2 32 0.4 0.1 79 0.3 0.1 16 1.3 0.2 413
Unknown 0 0 0 <0.1 <0.1 1 0.0 0.0 0 0.0 0.0 0 <0.1 <0.1 1

Occupation(prior to retirement)
Farm laborer 20.8 7.5 3,165 65.8 9.6 2,796 27.1 9.6 4,473 52.9 11.7 3,525 32.5 5.3 13,959
Non-farm laborer 33.9 11.3 2,488 14.2 3.8 917 46.7 6.9 7,129 30.9 9.1 1,202 36.4 5.3 11,736
Government, military

official 16.0 4.1 1,075 9.0 4.1 448 9.4 1.7 1,483 6.4 2.6 209 11.4 1.6 3,215
Professional, managerial 20.4 9.5 1,186 4.3 1.5 210 8.8 1.7 1,434 3.0 1.0 98 11.8 3.6 2,928
Sales, servic 1.8 0.5 185 1.5 0.2 113 3.7 0.6 682 2.3 0.8 119 2.6 0.3 1,099
Housework 7.0 1.1 588 5.1 0.8 366 4.2 0.2 709 4.5 1.6 200 5.4 0.6 1,863
Unknown 0.2 0.1 7 0.0 0.0 0 0 0 0 0.0 0.0 0 0.3 0.2 7

Dementia
AD 1.8 0.2 177 2.0 0.2 99 2.2 0.2 328 2.2 0.1 128 2.0 0.1 732
VaD 1.1 0.2 121 1.2 0.2 51 0.6 0.1 98 0.4 <0.1 25 0.8 0.1 295

All percents are weighted to the target population.



 Zhang   /Zahner   /Román   /Liu   /Wu   /Hong   /
Hong   /Tang   /Zhou   /Qu   /Zhang   /Li   

Neuroepidemiology 2006;27:177–187182

Table 2. Logistic regression analysis of sociodemographic predictors of Alzheimer’s dementia in China1

Independent variables and effects Number
of AD
cases

Prevalence
rate weighted
by cluster
sample, %

Model I: no covariate
adjustment2

Model II: 
age adjusted3

Model III: full co-variate
adjustment and significant
(p < 0.05) interaction terms4

OR 95% CI OR 95% CI OR 95% CI

Age group, years 55–64 (ref.) 29 0.2 1.0 1.0, 1.0 1.0 1.0, 1.0
65–74 155 1.2 6.7 3.9, 11.6 5.2 2.9, 9.4
75–84 328 5.8 33.1 17.5, 62.7 20.6 10.3, 41.3
85+ 220 23.3 164.6 84.2, 321.8 82.9 36.9, 186.1

Gender male (ref.) 218 1.3 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
female 514 2.6 2.0 1.5, 2.5 1.9 1.4, 2.4 1.3 0.9, 1.8

Education, years <1 (ref.) 512 3.9 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
1–6 129 1.1 0.3 0.2, 0.4 0.5 0.4, 0.6 0.6 0.4, 1.0
7–12 69 1.0 0.2 0.2, 0.4 0.5 0.4, 0.7 0.6 0.3, 1.0
12+ 22 0.7 0.2 0.1, 0.3 0.4 0.2, 0.8 0.6 0.3, 1.3

Residence urban (ref.) 370 1.7 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
rural 362 2.6 1.5 1.2, 1.8 1.4 1.2, 1.7 1.0 0.7, 1.5

Marital status married (ref.) 280 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
widowed 438 5.4 5.2 4.0, 6.8 1.7 1.4, 2.2 1.4 1.1, 1.7
other 11 2.5 2.3 1.0, 5.3 1.9 0.7, 4.8 2.0 0.8, 5.0

Ethnicity Han (ref.) 725 2.0 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
other 7 1.1 0.5 0.2, 1.4 0.6 0.3, 1.3 0.6 0.3, 1.4

Occupation farm laborer (ref.) 358 2.8 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
non-farm laborer 204 1.7 0.6 0.4, 0.8 0.7 0.5, 1.0 0.9 0.5, 1.5
official 30 0.9 0.3 0.2, 0.5 0.5 0.3, 0.9 0.7 0.3, 1.5
professional 25 0.6 0.2 0.1, 0.3 0.4 0.2, 0.8 0.4 0.2, 1.0
sales, service 13 1.1 0.4 0.2, 0.7 0.3 0.2, 0.6 0.4 0.2, 1.0
housework 102 5.7 2.1 1.3, 3.4 1.0 0.7, 1.5 0.9 0.5, 1.6

Region north 276 1.8 0.8 0.7, 1.1 1.3 1.0, 1.7 1.3 1.0, 1.7
south (ref.) 456 2.2 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0

Region east (ref.) 505 2.0 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
west 227 2.2 1.1 0.9, 1.3 1.0 0.9, 1.2 0.2 0.1, 0.6

Age ! region 55–64, east (ref.) 25 0.2 1.0 1.0, 1.0
65–74, east (ref.) 118 1.3 1.0 1.0, 1.0
75–84, east (ref.) 217 5.6 1.0 1.0, 1.0
85+, east (ref.) 145 21.4 1.0 1.0, 1.0
55–64, west (ref.) 4 0.1 1.0 1.0, 1.0
65–74, west 37 1.0 3.4 1.3, 8.8
75–84, west 111 6.0 4.8 1.6, 14.9
85+, west 75 28.2 6.8 2.0, 22.9

Gender ! M, <1 (ref.) 84 3.1 1.0 1.0, 1.0
education M, 1–6 (ref.) 83 1.3 1.0 1.0, 1.0

M, 7–12 (ref.) 38 0.8 1.0 1.0, 1.0
M, >12 (ref.) 13 0.5 1.0 1.0, 1.0
F, <1 (ref.) 428 4.1 1.0 1.0, 1.0
F, 1–6 46 0.9 0.8 0.4, 1.5
F, 7–12 31 1.2 1.8 0.9, 3.8
F, >12 9 1.0 2.1 1.1, 4.0

Ref. = Reference category.
 1 All logistic models are based on the full study sample size of 34,807. 2 Model I adjusts for no additional covariates. 3 Model II adjusts for age group 

(4 levels) as a covariate. 4 Model III covariates (and levels) include age group (4), gender (2), education (4), rural-urban residence (2), marital status (3), 
ethnicity (2), occupation (6), north-south (NS) contrast (2), east-west (EW) contrast (2), age group-by-EW (8), and gender-by-education (8). 
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Table 3. Logistic regression analysis of sociodemographic predictors of vascular dementia in China1

Independent variables and effects Number 
of VaD
cases

Prevalence
rate weighted
by cluster
sample, %

Model I: no covariate
adjustment2

Model II:
age adjusted3

Model III: full covariate
adjustment and
significant (p < 0.05)
interaction terms4

OR 95% CI OR 95% CI OR 95% CI

Age group 55–64 (ref.) 59 0.4 1.0 1.0, 1.0 1.0 1.0, 1.0
years 65–74 119 0.8 2.0 1.5, 2.7 2.0 1.0, 4.0

75–84 97 1.8 4.4 2.9, 6.7 8.6 5.4, 13.8
85+ 20 1.7 4.1 2.5, 6.8 11.1 6.3, 19.4

Gender male (ref.) 150 0.9 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
female 145 0.7 0.9 0.7, 1.1 0.9 0.7, 1.1 0.8 0.6, 1.1

Education <1 (ref.) 146 1.1 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
years 1–6 91 0.8 0.7 0.5, 0.9 0.8 0.6, 1.1 0.8 0.6, 1.1

7–12 45 0.6 0.6 0.3, 0.9 0.7 0.5, 1.2 1.0 0.5, 1.7
12+ 13 0.3 0.3 0.1, 0.8 0.4 0.1, 1.2 0.8 0.3, 2.2

Residence urban (ref.) 159 0.7 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
rural 136 0.9 1.3 0.9, 1.9 1.3 0.8, 1.9 0.8 0.4, 1.6

Marital married (ref.) 217 0.8 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
status widowed 70 0.9 1.1 0.8, 1.5 0.7 0.5, 0.9 0.6 0.5, 0.9

other 5 0.7 0.9 0.4, 2.2 0.8 0.3, 2.1 1.0 0.4, 2.4

Ethnicity Han (ref.) 292 0.8 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
other 3 0.5 0.6 0.3, 1.1 0.6 0.3, 1.2 0.5 0.3, 1.0

Occupation farm laborer (ref.) 131 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
non-farm laborer 105 0.8 0.8 0.5, 1.2 0.8 0.6, 1.2 0.6 0.3, 1.1
official 25 0.8 0.7 0.4, 1.4 0.8 0.4, 1.6 0.5 0.2, 1.2
professional 10 0.1 0.1 0.1, 0.4 0.2 0.1, 0.5 0.1 0.03, 0.4
sales, service 5 0.5 0.5 0.1, 2.0 0.4 0.1, 1.9 0.4 0.1, 1.7
housework 19 1.2 1.2 0.7, 2.0 0.9 0.5, 1.7 0.7 0.3, 1.5

Region north 172 1.1 2.1 1.6, 2.9 2.5 1.9, 3.5 4.0 2.1, 7.7
south (ref.) 123 0.5 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0

Region east (ref.) 219 0.8 1.0 1.0, 1.0 1.0 1.0, 1.0 1.0 1.0, 1.0
west 76 0.7 0.9 0.6, 1.2 0.8 0.6, 1.1 0.8 0.6, 1.2

Age ! 55–64, south (ref.) 46 0.2 1.0 1.0, 1.0
region 65–74, south (ref.) 75 0.4 1.0 1.0, 1.0

75–84, south (ref.) 46 1.4 1.0 1.0, 1.0
85+, south (ref.) 5 1.7 1.0 1.0, 1.0
55–64, north (ref.) 13 0.6 1.0 1.0, 1.0
65–74, north 44 1.4 1.0 0.5, 2.3
75–84, north 51 2.4 0.4 0.2, 0.9
85+, north 15 1.5 0.2 0.1, 0.5

Ref = Reference category.
 1 All logistic models are based on the full study sample size of 

34,807. 2 Model I adjusts for no additional covariates. 3 Model II 
adjusts for age group (4 levels) as a covariate. 4 Model III covari-

ates (and levels) include age group (4), gender (2), education (4), 
rural-urban residence (2), marital status (3), ethnicity (2), occupa-
tion (6), north-south (NS) contrast (2), east-west (EW) contrast 
(2), age group-by-NS (8).
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  Socio-Demographic Variation 
 Results of the logistic regression models for AD and 

VAD are presented in  tables 2  and  3 , respectively.

  Regional Effects 
 Significant north-south variation in prevalence was 

observed for both subtypes, but more pronounced for 
VaD than for AD. In crude and age-adjusted associations, 
the prevalence odds of VaD was approximately doubled 
in northern versus southern areas. In the fully-adjusted 
logistic model with south as a whole reference group, a 
significant age-region negative interaction was found, 
whereby VaD odds in northern areas diminished in the 
two oldest age groups (pOR full-adj  = 0.4, 95% CI 0.2–0.9 
for age 75–84 years; pOR full-adj  = 0.2, 95% CI 0.1–0.5 for 
age 85+ years), suggesting the age-dependent north-
south variation in the prevalence of VaD. This pattern is 
shown in  figure 1 , illustrating the age-specific prevalence 
of VaD in northern and southern regions.

  AD prevalence odds in northern and southern
areas did not differ significantly in crude estimates
(pOR unadj.  = 0.8, 95% CI 0.7–1.1); modestly elevated AD 
odds were observed in northern regions in adjusted mod-
els (pOR age-adj  = 1.3, 95% CI 1.0–1.7; pOR full-adj  = 1.3, 95% 
CI 1.0–1.7).

  The East-West regional variation in prevalence was 
less pronounced than the north-south contrast, with 
nonsignificantly lower prevalence odds of VaD in the 
west versus the east. West and East China’s AD
prevalence odds were roughly comparable in crude

(pOR unadj.  = 1.1, 95% CI 0.9–1.3) and age-adjusted
(OR age-adj  = 1.0, 95% CI 0.9–1.2) estimates. With east as a 
whole reference group, an age-region interaction indicat-
ed that AD prevalence odds increased significantly more 
rapidly with age in the west.  Figure 2  shows the age-spe-
cific prevalence of AD in eastern and western regions of 
China.

  Other Sociodemographic Variation 
 Age was the strongest predictor of AD prevalence. We 

observed sharply increasing odds with each age group 
after ages 55–64 years. For ages 65–74 pOR unadj  = 6.7, 95% 
CI 3.9–11.6; ages 75–84 pOR unadj  = 33.1, 95% CI 17.5–62.7; 
ages 85 and older pOR unadj  = 164.6, 95% CI 84.25–321.8. 
The age effects for VaD prevalence peaked in the 75–84 
age group. For ages 65–74 pOR unadj  = 2.0, 95% CI 1.5–2.7; 
ages 75–84 pOR unadj  = 4.4, 95% CI 2.9–6.7; ages 85 and 
older pOR unadj  = 4.1, 95% CI 2.5–6.8. After full adjust-
ment, age trends for both AD ( table 2 ) and VaD ( table 3 ) 
showed significant regional interactions.

  Crude and age-adjusted gender differences in preva-
lence odds were found for AD, showing significantly 
higher in women than men (pOR unadj.  = 2.0, 95% CI 1.5–
2.5; pOR age-adj  = 1.9, 95% CI 1.4–2.4). The corresponding 
VaD prevalence odds were on average lower for women 
than men, but not significantly different.

  Educated persons had significantly lower AD preva-
lence odds after controlling for age (1–6 years education 
pOR age-adj  = 0.5, 95% CI 0.4–0.6; 7–12 years education 
pOR age-adj  = 0.5, 95% CI 0.4–0.7; 12+ years education 

  Fig. 1.  Age-specific prevalence of VaD, north versus south 
 China. 

  Fig. 2.  Age-specific prevalence of AD, west versus east China. 
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pOR age-adj  = 0.4, 95% CI 0.2–0.8). In the model adjusting 
for all covariates, a significant interaction showed a fe-
male preponderance in the group with the highest educa-
tion ( table 2 ). After age and full-adjustment for socio-de-
mographic confounding, no significant educational ef-
fects were observed for VaD.

  Rural areas showed modest elevations of AD preva-
lence compared to urban areas in crude and age-adjusted 
models (pOR unadj.  = 1.5, 95% CI 1.2–1.8; pOR age-adj  = 1.4, 
95% CI 1.2–1.7), but no rural-urban differences were ob-
served in the final model controlling for all demographic 
factors. VaD displayed no significant rural-urban varia-
tion.

  Widowed persons had significantly higher odds of 
 being prevalent cases of AD compared to married per-
sons in all models (pOR unadj.  = 5.2, 95% CI 4.0–6.8;
pOR age-adj  = 1.7, 95% CI 1.4–2.2; pOR fully-adj  = 1.4, 95%
CI 1.1–1.7). Although prevalence odds of VaD among 
widows did not differ from married persons in crude as-
sociations (pOR unadj.  = 1.1, 95% CI 0.8–1.5), significantly 
lower VaD prevalence odds were observed after adjusting 
for age (pOR age-adj  = 0.7, 95% CI 0.5–0.9) and all covari-
ates (pOR age-adj  = 0.6, 95% CI 0.5–0.9).

  No significant associations were observed in any 
 model between ethnicity and AD. A significantly lower 
prevalence of VaD was observed in ethnic minorities 
compared to Han after full covariate adjustment
(pOR fully-adj  = 0.5 95% CI 0.3–1.0).

  Occupational effects were detected for both dementia 
outcomes. For AD, most occupations had lower crude 
and age-adjusted prevalence odds compared to farm la-
borers, except housewives ( table 2 ). In the fully-adjusted 
models, for AD, two occupational groups had signifi-
cantly or borderline lower prevalence odds than farm la-
borers: sales-service workers (pOR fully-adj  = 0.4, 95% CI 
0.2–1.0) and professional workers (pOR fully-adj  = 0.4, 95% 
CI 0.2–1.0). For VaD, all occupations showed lower prev-
alence odds compared to farmers, but these differences 
were statistically significant only in one group, profes-
sional workers (pOR fully-adj  = 0.1, 95% CI 0.03–0.4).

  Discussion 

 Our findings indicate that the burden of AD and VaD 
is not distributed equally in all regions and among all so-
ciodemographic groups in China. Although geographic 
variation in dementia prevalence could result from meth-
odological differences in our study areas, we minimized 
this potential source of bias through uniform standard-

ization of sampling and case ascertainment procedures 
across sites  [18] .

  Prevalence is a measure of disease burden in popula-
tions and is affected by factors such as characteristics of 
the disease and structure of the population. Prevalence 
estimates all cases in a population, including incident and 
surviving cases with onset before data collection. Factors 
that influence life expectancy, incidence, and prognosis 
(survival course or case-fatality after onset) will affect 
prevalence estimates in different areas or population 
groups. The limited access to CT/MRI may also have af-
fected the relative frequencies of dementia subtypes and 
contributed to underdiagnosis of VaD, but the present in-
vestigation had more use of CT/MRI (50.9% for VaD and 
6.8% for AD) than all earlier East Asian studies. We at-
tempted to minimize misclassification error by using a 
final diagnosis of VaD based on a standardized, multi-
phase diagnostic algorithm that included a 6-month con-
firmatory interval, using the NINDS-AIREN criteria. 
These criteria have low sensitivity but are highly specific 
for VaD  [43] . In addition, the 6-month clinical evalua-
tions increased the overall diagnostic accuracy. The ob-
served regional variation of VaD was consistent with the 
regional patterns of the HIS and the north-south varia-
tion in stroke prevalence in China  [44] . In summary, the 
clinical and epidemiological features of VaD and AD sub-
types observed in this study appear to represent the ac-
tual pattern of dementia in China.

  Geographic variation of dementia subtypes in East 
Asia has been attributed to true differences in the under-
lying risk of disease. Jorm and Jolly  [16]    observed that East 
Asian studies exhibited differences in slopes of age curves 
for dementia, whereby the younger age groups exhibited 
lower risk than in other regions of the world, but risk in-
creased more rapidly in successive age groups. Suh and 
Shah  [17]  hypothesized that regional variation in the ra-
tios of VaD and AD in East Asian populations may stem 
from differences in stroke incidence and risk factors for 
cerebrovascular disease. He et al.  [45]    reported that north-
ern cities of China have a threefold higher incidence of 
stroke than southern China, a fact that may be associated 
with different exposures to risk factors such as hyperten-
sion, higher salt diet, alcohol and cigarette consumption. 
Vascular risk factors increase the risk of dementia includ-
ing AD; therefore, these underlying factors may contrib-
ute to our observed north-south regional variation of 
prevalence of dementia subtypes, particularly VaD, and 
they warrant further epidemiologic study in China.

  Western China is less developed than the east, and life 
expectancy at birth is lower in the west than in the east 



 Zhang   /Zahner   /Román   /Liu   /Wu   /Hong   /
Hong   /Tang   /Zhou   /Qu   /Zhang   /Li   

Neuroepidemiology 2006;27:177–187186

 [19] . Consequently the east-west trends observed in our 
study may reflect a higher case fatality rate following on-
set of AD in the youngest age groups, or fewer persons at 
risk of AD surviving until the period of onset. More de-
finitive conclusions will depend on further analyses of 
incidence and mortality rates.

  Our study included a high proportion (36.1%) of illit-
erate uneducated persons, who were found to have high-
er prevalence of AD than educated groups. Numerous 
epidemiological studies have reported that AD preva-
lence is inversely related to education  [46, 47] . In China, 
education is an important factor in defining social class 
strata. After controlling for occupational differences, 
higher education is China is probably a surrogate for 
health care, nutrition, and lifestyle. Observed differences 
in patterns of AD prevalence among educated Chinese 
men and women in our study might reflect biological dif-
ferences and/or unique cultural patterns of China. Prior 
to 1950, access to education among Chinese women was 
restricted to the highest social class.

  China is mainly an agricultural country with over 700 
million rural farmers. At the time of the study, average 
annual per capita rural incomes were approximately USD 
250  [48] , and farmers did not have free health care or 
education. Most non-agricultural occupational groups in 
this study had lower age-adjusted rates of AD than farm-
ers. Pesticide exposure by rural agricultural workers has 
been hypothesized to be a possible risk factor for neuro-
degenerative diseases  [49] . Pesticides were unaffordable 
and rarely used when this elderly population was actively 
engaged in farm labor, suggesting that limited access to 
health care, poor nutrition and other factors associated 
with poverty are more likely to explain the occupational 
variation in this study.

  Selected demographic groups in China appear to have 
different patterns of AD and VaD compared to some 
Western studies. We did not observe the rural–urban 

variation reported in European studies  [49, 50] ,   which 
may be partly explained by our use of statistical controls 
for education and occupation. In addition, no ethnic vari-
ation was observed for AD. Ethnic minorities had a sig-
nificantly lower overall rate of VaD than the Han Chi-
nese. Differences in diet, cultural patterns, alcohol and 
tobacco use, quality of living conditions, and health care 
among ethnic minorities in China are likely to be more 
important in VaD than the genetic determinants report-
ed elsewhere  [51] . AD prevalence was elevated in China 
among widows, consistent with Western studies quoting 
stress and changing social support as underlying factors 
in cognitive decline  [52] . However, lower VaD prevalence 
among widows in China has not been previously report-
ed and may reflect survival differences.

  The demographic trends used to measure burden of 
AD and VaD in China may be time-sensitive. Improved 
standards of living and health care may lead to changes 
in life expectancy and survival in selected population 
groups, resulting in substantial increases in prevalence of 
AD and VaD. Whereas prevalence trends are relatively 
constant in Western countries, health planners in devel-
oping countries may benefit from ongoing monitoring of 
AD and VaD prevalence in different regions and among 
major demographic groups in coming decades. Enhanced 
disease surveillance and reporting systems should be 
coupled with development of innovative, cost-effective 
systems of care for dementia among vulnerable groups in 
developing countries.
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