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Abstract
Background: Little is known about how early awareness is enhanced via a community-based active detection of dementia in
comparison with the passive detected dementia through routine clinical practice.

Methods: To assess the extent of the awareness, the adjusted detection ratio, the ratio of prevalence to incidence was developed by a
Bayesian regression model based on a sample of 183 participants from community-based active survey and 1,921,308 subjects from
clinical practice.

Results: Given 2.91% prevalence estimated from passive detection and 6.59% prevalence on active survey, and 1.83 % incidence for
those aged 65 years or older, the detection ratios were higher in active survey than passive detection for those aged 65-79 years (4.23,
95% CI: 2.68-6.69) versus (1.45, 95% CI: 1.43-1.47). Similar �ndings were also observed for those aged 80 years

Conclusions: Active community-based detection was approximately three times that of passive detection due to the enhanced
awareness of early detection of dementia.

Keywords: Dementia; Early detection; Prevalence; Incidence

Background
To gain a better understanding of awareness of dementia play an important role in early diagnosis and treatment of dementia.
Developing an indicator for such a purpose is helpful for the re�ection of the extent of awareness in the underlying population. The
simple indicator of prevalence to incidence (detection ratio) was useful in neuroepidemiological study. Incidence rate is a fundamental
measurement related to the etiology of the disease whereas prevalence is affected by patients’ behavior related to awareness and
early detection. For example, by using this indicator, women are more likely to seek medical attention than men from a door-to-door
survey of Parkinson disease[1].

A wide range of dementia prevalence from 1.8–10.5% [2, 3, 4, 5] among different countries in the elderly aged 65 and older was noted.
The variation of incidence across countries still exists but seems smaller than that of prevalence. The combined both �gures in terms
of the ratio of prevalence to incidence may provide a good indicator for awareness of detecting dementia and health care quality for
treating dementia patients. It is postulated that higher detection ratio was attributed to the earlier diagnosis through active detection
based on a community-based survey.

We aimed to estimate the detection ratio of dementia by age and gender using the prevalence of dementia obtained from a
community-based active survey and incident dementia estimated through population-based health-insurance-registry.

Methods

Study design
The cross-sectional study design for estimating the prevalence of dementia was conducted by active community-based survey and by
passive survey through routine clinical practice. Additionally, a prospective cohort study was conducted, following a normal cohort
with free of dementia over time, to identify newly incident cases based on a population-based health-insurance-registry data to
ascertain the incidence of dementia.

Data sources
There are two data sources for estimating the prevalence of dementia by different detection methods that are described as follows.

Passive survey for dementia (Population-health-insurance-registry)
The �rst data for estimating prevalence were based on data derived from the National Health Insurance (NHI) system in Taiwan
initiated since 1995. It has covered more than 99% of the total population [6] and approximately 97% of hospitals and clinics have
contracted with the NHI [7]. In addition to the utilization of the NHI database for public policy use, this dataset can be dealt with a
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longitudinal follow-up national cohort embracing 23 million insured people. The dataset covered information on all medical service,
such as ambulatory care claims, inpatient claims, and prescriptions [8].

Data from medical records of patients with dementia who had visited health service locations during the period from 2000 to 2003
were computerized and is conceptualized as a passive survey for detecting dementia among the underlying Taiwanese population.

Active survey for dementia (Community-based survey on dementia)
To estimate the prevalence of dementia though active detection method, an active survey with three-phase design was conducted.
Subjects in this study were derived from a community-based integrated screening program in 2013 in Tainan, the southern area of
Taiwan. A total of 183 participants were enrolled in our investigation.

Instruments in active survey
The Chinese versions of the Mini Mental State Examination (MMSE) and AD8 questionnaire [9] were used. The details of assessing
the performance of MMSE and AD8 described as follows. The MMSE is a brief test of mental status. The score on MMSE ranges from
0 to 30 with lower values indicative of greater cognitive impairment. The AD8 is a brief, sensitive screening tool that reliably
differentiates between dementia and non-dementia at the very mild stage. The score on AD8 was range from 0 to 8 with higher values
indicative of greater cognitive impairment.

Procedures in active survey
The procedures of the three-phase study design is composed of three steps: (1) Step1: The AD8 screening questionnaire is a brief
informant-based measure used by participants (2) Step2: The Chinese versions of the MMSE used by psychologist (3) Step3: The
participants was diagnosed by neurologists using the NIA-AA (National Institute on Aging Alzheimer's Association) guideline in 2011:
Criteria for all-cause dementia. There are total 6 psychologist and 3 neurologists participated in the screening.

Measurements for cognitive status in active survey
The cut point of MMSE was 21 for distinguishing dementia or not. The cut point of AD8 for distinguishing dementia cases was greater
than 2 in all age group.

Data used for ascertaining incident dementia
In addition to estimating the prevalence of dementia by different detection methods, we also estimated incidence by identifying a
normal cohort after excluding those with preexisting dementia in the year of 2000 based on a population–based health– insurance –
registry data. The cohort study design began at the year of 2000. We followed the normal cohort free of dementia from 2000 to 2003
to identify newly diagnosed (incident) cases. We used International Classi�cation of Diseases, Ninth Revision, Clinical Modi�cation
(ICD-9-CM) and prescription codes to identify dementia patients from the NHI database. Total of 99,609 incident cases were
diagnosed with dementia (ICD-9-CM code 290, 290.40, 331.0). The total follow-up person-years were 5,445,586.

Data Collection
Regarding active community-based survey, we collected all information on the variables involved with three phases, which included
demographic characteristics, the scores of AD8, the scores of MMSE, and the clinical diagnosis of dementia. For the passive survey
data, we collected data on age, gender, location of clinic visit, date of clinic visit and date of diagnosis. Most patients with dementia
would visit their neurologist at least annually.

Statistical analysis
We �rst estimated age-gender-speci�c prevalence based on the cross sectional data in the year of 2000. We also estimated the
prevalence of dementia based on a community based survey to represent the prevalence dementia through early detection. We
estimated the incidence rate of dementia based on a cohort that was dementia-free at entry to the study (2000) and followed them up
until the end of 2003. To identify newly diagnosed cases, we computed person-years based on the underlying population at risk. The
age speci�c incidence of dementia during the period 2000–2003 was calculated as the number of new cases of dementia divided by
the number of person-years at risk given as 5-year age band starting at age 65 years. The numbers of person-years contributed by
each subject who had no dementia was calculated by the time from taking the time between the date of entry into study and the date
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of the end of study. For subjects with dementia the numbers of person-years was calculated by the time from the date at entry of study
to the date of �rst diagnosed as dementia, the date of death for subjects who were dead before the end of follow-up, or the date of the
end of study, whichever came �rst. The effects of age, gender, and geographic areas on the incidence of dementia were assessed by
using a multi-variable Poisson regression model.

The detection ratio was estimated by using both prevalence and incidence �gures. For adjusting the detection ratio for dementia, the
Bayesian method was developed and given the premise that prevalence follows a Binominal distribution and incidence follows a
Poisson distribution. Based on the framework of generalized linear model, the relationship between the detection ratio and the
covariates of interest, e.g. age, gender, and geographic area was regressed through a logarithm link function. After assessing the
interaction terms in Bayesian regression model, a strong interaction between age and gender was noted. Therefore, the models
strati�ed by gender are presented. For a better understanding of the difference of detection ratios between passive and active survey,
we also developed a Bayesian regression model making allowance for estimating the detection ratios of two survey methods.

Results
Table 1 shows age-speci�c prevalence and incidence of dementia estimated from both population-health-insurance-registry-based
data and active community-based survey in Taiwan. The overall prevalence rate for subjects aged 65 years and older was 2.9% from
the former database, which was lower than 9.29% estimated from a community-based survey. Age-speci�c prevalence rate increased
with age, being double in every �ve-year age band until 80 years of age, and soared up to approximately 20% in the eldest category
(90+). The similar prevalence trend but only two age bands was estimated from a community-based survey.
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Table 1
Age and gender speci�c prevalence and incidence rate of dementia

Gender Age Prevalent
Case

Total
Population

Prevalence
%

Incident
case

Person
years

Incidence
%

Detection ratio
(Prevalence/Incidence)

Male 65–69 2620 333391 0.79 5757 983219 0.59 1.34

  70–74 4247 326658 1.3 10349 948879 1.09 1.19

  75–79 6000 205981 2.91 13622 575801 2.37 1.23

  80–84 6564 94920 6.92 11009 248459 4.43 1.56

  85–89 5041 38710 13.02 6279 93985 6.68 1.95

  90+ 3445 11363 30.32 2278 23246 9.8 3.09

Subtotal   27917 1011023 2.76 49774 2873587 1.73 1.6

Female 65–69 2850 325651 0.88 5803 960760 0.6 1.47

  70–74 5203 255964 2.03 8976 742221 1.21 1.68

  75–79 7198 172188 4.18 11695 481181 2.43 1.72

  80–84 6481 93801 6.91 11098 245000 4.53 1.53

  85–89 4101 45555 9 7730 109449 7.06 1.27

  90+ 2132 17126 12.45 4563 33389 13.67 0.91

Subtotal   27965 910285 3.07 49865 2571999 1.94 1.58

All 65–69 5470 659042 0.83 11560 1943978 0.59 1.41

  70–74 9450 582622 1.62 19325 1691100 1.14 1.42

  75–79 13198 378169 3.49 25317 1056982 2.4 1.45

  80–84 13045 188721 6.91 22107 493459 4.48 1.54

  85–89 9142 84265 10.85 14009 203434 6.89 1.57

  90+ 5577 28489 19.58 7291 56635 12.87 1.52

Total   55882 1921308 2.91 99609 5445586 1.83 1.59

                 

Active Survey
Data

             

  65–79 11 135 8.15* 56202 4692060 1.2 6.79

  80–
90+

6 51 11.76* 43407 753528 5.76 2.04

  total 17 183 9.29* 99609 5445586 1.83 5.08

*Prevalence was estimated from other active survey study

Following a normal �xed cohort from the year 2000 (excluding those who had dementia before 2000), 99,609 incident dementia were
ascertained during the follow-up period from 2000 to 2003. The incidence rate of total dementia was 1.83%. Incidence rate of
dementia increased with age, doubling in every 5-year age bands similarly seen in the �gures of prevalence. The incidence of dementia
was approximately 19 times higher among persons older than 90 years compared with those between 65 and 69 years of age. The
gender-speci�c incidence was slightly higher in females (19.4‰) than males (17.3‰).
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As mentioned in methodology, the detection ratio enabled us to assess the extent of awareness of detecting dementia. The age-
speci�c active detection ratio of dementia are presented in the last column of Table 1. Using the national �gures from NHI (passive
survey data), the overall detection ratio for dementia was 1.53 years in our study. The older the age of dementia, the detection ratio
was larger. In contrast, the detection ratios based on a community-based survey (active survey) were larger than those estimated form
the NHI data

We also compared age-speci�c incidence rate of dementia in four main areas in Taiwan, we found there was difference across four
areas of Taiwan. It seems that north Taiwan has higher incidence rate than east Taiwan. The �nding suggests urban area had higher
incidence rate of dementia than rural area in Taiwan. Table 2 shows the effects of age, gender, area on the risk of incidence rate of
dementia by univariate and multivariate Poisson regression model. The results show that age, gender and geographic area were
associated with dementia.

Table 2
Effects of Age, gender, geographic on the risk of incidence rate of

dementia by Poisson regression model

Variable Univariate Multivariate

RR (95%CI) P-value RR (95%CI) P-value

Age   < .0001   < .0001

65–69 1.00   1.00  

70–74 1.02 (0.99, 1.04)   1.01(0.99, 1.04)  

75–79 1.03 (1.01, 1.06)   1.03(1.01, 1.05)  

80–84 1.05 (1.03, 1.08)   1.05(1.03, 1.07)  

85–89 1.09 (1.06, 1.12)   1.09(1.06, 1.12)  

90+ 1.14( 1.11, 1.18)   1.14(1.11, 1.18)  

Gender 1.01 (1.00, 1.02) 0.2003 1.01(1.00, 1.03) 0.0450

Area   0.0057   0.0146

Central 1.00   1.00  

North 1.02(1.00, 1.04)   1.01(1.00, 1.04 )  

South 1.00(0.98, 1.01)   0.99(0.98, 1.02)  

East 1.03(0.99, 1.07)   1.02(0.97, 1.06)  

Table 3 shows the adjusted detection ratios of dementia. After adjusting for area, the detection ratio increased from 1.20 (95%
Con�dence Interval (CI)1.15–1.24) for 70–74 age group to 3.27 (95% CI 3.13–3.41) for 90 + age group in males. The 1.45 (95% CI
1.41–1.49) of detection ratio was higher in northern area than three other areas in males as shown in Table 3. The opposite results
were noted for females with the detection ratio decreasing from 1.69 (95% CI 1.63–1.74) for 70–74 age group to 0.90 (0.86–0.94) for
90 + age group after adjusting area. The detection ratios in females were higher than males in all areas.
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Table 3
Adjusted detection ratios of dementia measured by passive survey

Variables Regression Coe�cient
(2.5%, 97.5%)

Adjusted Detection Ratios
(2.5%, 97.5%)

Male    

Intercept 0.197(0.145, 0.248)  

Age    

65–69 baseline 1.35(1.29, 1.41)

70–74 -0.12(-0.176, 0.063) 1.20(1.15, 1.24)

75–79 -0.091(-0.145, 0.037) 1.23(1.19, 1.27)

80–84 0.141(0.087, 0.195) 1.55(1.51, 1.60)

85–89 0.36(0.304, 0.417) 1.93(1.86, 2.00)

90+ 0.886(0.823, 0.949) 3.27(3.13, 3.41)

Area    

Central baseline 1.20(1.17, 1.24)

North 0.186(0.15, 0.222) 1.45(1.41, 1.49)

South 0.096(0.056, 0.136) 1.32(1.29, 1.37)

East -0.322(-0.417, 0.228) 0.87(0.80, 0.96)

     

Female    

Intercept 0.251(0.2, 0.302)  

Age    

65–69 baseline 1.47(1.41, 1.54)

70–74 0.137(0.082, 0.191) 1.69(1.63, 1.74)

75–79 0.152(0.1, 0.205) 1.71(1.66, 1.76)

80–84 0.032(-0.021, 0.085) 1.52(1.47, 1.57)

85–89 -0.148(-0.204, 0.091) 1.27(1.22, 1.32)

90+ -0.492(-0.557, 0.428) 0.90(0.86, 0.94)

Area    

Central baseline 1.37(1.32, 1.41)

North 0.211(0.175, 0.247) 1.69(1.64, 1.73)

South 0.025(-0.015, 0.066) 1.40(1.60, 1.44)

East 0.889(0.807, 0.97) 3.32(3.07, 3.59)

Table 4 shows the adjusted detection ratios for passive survey and active survey. Active detection ratios increased from 1.45 (95% CI
1.43–1.47) for 65–79 age group to1.64 (95% CI 1.61–1.66) for 80 + age group in passive survey. Active detection ratios increased
from 4.23 (95% CI 2.68–6.69) for 65–79 age group to 4.77 (95% CI 3.02–7.54) for 80 + age group in active survey.
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Table 4
Adjusted detection ratios of dementia in comparison between passive and active survey

Variables Regression Coe�cient
(2.5%-97.5%)

Adjusted Detection Ratios
(2.5%-97.5%)

     

Intercept 0.252(0.220, 0.283)  

Age 65–79 vs. Age 80+ 0.120(0.100, 0.140)  

Active Survey vs. Passive Survey 1.071(0.614, 1.530)  

     

Passive Survey    

Age 65–79   1.45(1.43, 1.47)

Age 80+   1.64(1.61, 1.66)

     

Active Survey    

Age 65–79   4.23(2.68, 6.69)

Age 80+   4.77(3.02, 7.54)

The detection ratio of dementia in our study were also compared with other community studies. Table 5 shows the prevalence,
incidence, and ratio of dementia in Taiwan and other community-based studies. Generally speaking, these community-based survey
led to active detection of dementia as the majority of detection ratio was higher than 3 in contrast to only 1.59 in the current passive
survey. It is also very interesting to note that the earlier the era like the Denmark and Sweden study the lower the detection ratio.
However, different diagnosis criteria in in different periods may also account for this disparity.
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Table 5
Prevalence, incidence, and ratio of dementia in Taiwan and other community-based studies

Study Study
Period/
Countries

Age
Range

N for
Prevalence
study

N for
Incidence
study

Area Prevalence
%

Incidence
%

Detection ratio
(Prevalence/Incidence)

Current
(Passive
survey)

2000 ~ 
2003/
Taiwan

65+ 1921308 1921308 Urban/Rural 2.91 1.83 1.59

Current
(Active
survey)

2013/
Taiwan

65+ 183 1921308 Rural 9.29 1.83 5.08

Chen et al.
[18]

2004/
Taiwan

65+ 1308 1921308 Urban/Rural 10.55 1.83 5.77

Sun et al.
[19]

2011 ~ 
2013/
Taiwan

65+ 10432 1921308 Urban/Rural 8.14 1.83 4.45

Andersen
et al.[12]

1985 ~ 
1993/
Denmark

65–
84

3299 3086 Urban 7.10 2.95 2.40

Yoshitake
et al. [13]

1985/
Japan

65+ 887 826 Sub-rural 6.7 1.8 3.72

Fratiglioni
et al. [14]

1987/
Sweden

75+ 1810 1473 Urban 13.2 4.00 3.30

Fillenbaum
et al. [15]

1986 ~ 
1987/
USA

68+
/65+*

363 1093 Urban/Rural 7.10 1.93 3.68

Di Carlo et
al.[16]

1992 ~ 
1993/
Italy

65–
84

3497 3208 Urban/Rural 8.26 1.33 6.20

Bermejo-
Pareja et
al.[17]

1994 ~ 
1995/
Spain

65+ 5278 3891 Urban/Rural 5.79 1.28 4.52

Chen et al.
[20, 21]

2001 ~ 
2003/
China

65+ 2917 1526 Rural 7.2 1.47 4.90

*Prevalence and incidence investigation for aged over 68 and over 65, respectively

Discussion
This study, to our knowledge, is the �rst large scale population-based study of detection ratio of dementia simultaneously estimate the
prevalence and incidence of dementia in the same study. Our �ndings have signi�cant implications for the etiology, patient behavior,
infrastructure, and quality of health care for dementia. The detection ratio re�ected the extent of enhancing awareness of dementia.
The larger the ratio, the better awareness was enhanced. Low awareness of dementia has been ascertained in routine health insurance
health care system as the active detection ratio of community-based survey (active detection method) was greater than that of health
insurance heath care system (passive detection method). The crude detection ratio in our NHI study and community study were 1.59
and 5.08. The similar �ndings in adjusted detection ratio were 1.45(95%CI 1.43–1.47) and 4.23(95%CI 2.68–6.69) for aged 65–
79 years in our active and passive survey, respectively. The possible cause may be attributed to the unawareness of family members
on dementia and led to a delay treatment. Several prospective longitudinal studies have demonstrated serious de�ciencies in the
healthcare system’s ability to recognize dementia and most dementia remains unrecognized in the primary care setting. Persons with
mild dementia are more likely to go unrecognized by physicians and family (over 90%) than persons with moderate to severe dementia
(over 70%); however, those with early disease hold the best opportunity treated with available medications [10, 11]. This postulate is
supported by our �ndings through a population –insurance –registry-based study that underdiagnosed dementia in contrast to other
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studies based on a community active detection survey like our community-based survey. This invokes the consideration of
community-based screening for dementia in order to enhance awareness and also early detection and treatment of dementia in
Taiwan.

The detection-ratio-based statistical regression model was developed to estimate the adjusted detection ratio for the re�ection of
awareness and the quality of care for dementia, making allowance for age, gender, and geographic variation. This novel method takes
into account the associated covariates. The application by this model is also very useful for estimating the degree of enhancement in
detection of disease when the active method is compared with the passive method.

We also compared the detection ratio in the current study with those of other countries in Table 5. The detection ratios were 2.4 in
Denmark [12], 3.72 in Japan [13], 3.30 in Sweden [14], 6.2 in Italy [15], 4.52 in Spain [16], 3.68 in USA [17], and 4.90 in China [2]. The
detection ratios between Japan and USA are close to each other due to the similar study periods of investigation. The Denmark and
Sweden in the similar study periods reported the shorter active detection ratio than others, possibly because the two studies were
conducted in the earlier era and they may not include the mild dementia cases in their investigations. The awareness of early detection
of dementia should be lower in two decades ago. The shortest active detection ratio was 2.4 years in Danish population with age
between 65 and 84 whereas the longer detection ratio (3.3 years) in Sweden elder population (age over 75) was reported. The
inconsistent active detection ratios could be possible due to not only the different age groups of the targeted population but also the
different criteria in dementia diagnosis. The diagnostic criteria as DMS-III-R combined with NINCDS-ADRDA was used in Denmark
study but only DMS-III-R was used in Sweden study. After 1990, the detection ratios were considerably higher. Most of other high
detection ratios studies were based on active community-based survey and had a re�ection of high awareness of early detection of
dementia.

The difference of detection ratio between males and females is explained by the fact that difference in the incidence between males
and females was not substantial before age 90 years of age but the prevalence in young females was higher than males while the
opposite results were noted for the old subject from 80 years onwards. This can account for why the detection ratios were higher in
young females than the old ones but the opposite was noted for subjects from 80 years onward.

In the study, we have also demonstrated age and gender-speci�c incidence and prevalence of dementia in Taiwan. Women had an
increased risk of dementia than men. The difference may be explained by the greater life expectancy in women with dementia
compared with men diagnosed as dementia at the same age.

As age is an independent risk factor for Alzheimer’s diseases (AD), people in this age group of 85 or older are highest risk for AD. Jorm
et al. documented the exponential rise of dementia with age in a number of prevalence studies [22]. From the age of 65 years, the
prevalence double every 5 years. However, our prevalence was considerably lower than other previous studies. The comparisons
across studies should be taken with great caution as the majority of studies were based on an active community-based survey rather
than based on population-based registry data. This can be supported by the fact that the prevalence of dementia form active
community-based survey in our study was raised from 2.91–9.3%, which was close to two other surveys in Taiwan and other studies
in Western countries as shown in Table 5. It should be noted that the awareness of dementia might be lower in developed country.
Llibre et al. found the lower prevalence in some developing countries, such as China and India. Even through active survey of
prevalence, underestimation of the true prevalence of dementia is still possible because they found lower reported scores by
informants for heads of household and male participants in in low-income and middle-income countries [23]. It is very interesting to
note that the variation of incidence still exists but the disparity of incidence was smaller compared with that prevalence. This suggest
the etiology of dementia was not substantially heterogeneous across different racial groups.

Conclusion
In conclusion, we demonstrated that the detection ratio of the active community-based survey was higher than that of a passive
survey obtained from a population-health-insurance-based data. This indicator (detection ratio) provide a new insight into awareness
of early detection of dementia in different medical care systems.

Abbreviations
CI
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Con�dence Interval
MMSE
Mini-Mental State Examination
NHI
National Health Insurance
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