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Abstract

China is aging rapidly, and the number of Chinese elderly with dementia is expected to rise. This
paper projects, up to year 2060, the number of Chinese elderly within four distinct cognitive
states. A multi-state population model was developed using system dynamics and parametrized
with age–gender-specific transition rates (between intact, mild, moderate and severe cognitive
impairment and death) estimated from two waves (2012 and 2014) of a community-based cohort
of elderly in China aged ≥65 years (N = 1824). Probabilistic sensitivity analysis and the bootstrap
method was used to obtain the 95% confidence interval of the transition rates. The number of
elderly with any degree of cognitive impairment increases; with severe cognitive impairment
increasing the most, at 698%. Among elderly with cognitive impairment, the proportion of very
old elderly (age ≥ 80) is expected to rise from 53% to 78% by 2060. This will affect the demand
for social and health services China.
Copyright © 2017 System Dynamics Society
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Introduction

Dementia is a syndrome that results in the progressive deterioration of
cognitive function, most commonly caused by Alzheimer’s disease (AD). At
advanced stages, it can lead to disability and dependence (Alzheimer’s
Disease International and Alzheimer’s Australia, 2014). Globally, it was
estimated that 47.5 million people had dementia in the year 2015 (World
Health Organization, 2015). Coupled with an increasing dementia prevalence
with age, this is a huge cause of concern in China, where the world’s largest
population is aging rapidly. In 2015, there were 131 million Chinese elderly
aged ≥65 years, accounting for 22 percent of the elderly population in the
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world (United Nations, 2015). As the population continues to age, the number
of Chinese elderly with dementia is expected to rise at an unprecedented rate.
With an inexorable progression, the risk of mortality and disability increases

(Ishizaki et al., 2006; Wang et al., 2010). A recent study found that while both
mild and moderate to severe cognitive impairment (CI) is associated with an
increased risk for mortality, the latter has a greater limiting effect on life expec-
tancy (Sachs et al., 2011). Common risk factors for dementia include age, sex,
environmental factors and lifestyle (Chen et al., 2009) but can varywith ethnic-
ity (Kalaria and World Federation of Neurology Dementia Research G, 2008;
Venketasubramanian et al., 2011; Catindig et al., 2012). Another risk factor is
mild CI, the intermediate state between normal cognitive aging and dementia
(Petersen et al., 1999). Currently, there is no substantially effective pharmaco-
logical treatment for dementia (Raina et al., 2008), though behavioral interven-
tions can moderate progression (Rapp et al., 2002; Buschert et al., 2011;
Tsolaki et al., 2011; Hwang et al., 2012). Understanding the progression of CI
can guide the development of programs to assist patients and families, andwill
facilitate targeting new treatments that may delay the onset of dementia.
Total cost of dementia in Chinawas approximated to be US $45 billion (med-

ical cost: US $9 billion; non-medical cost: US $4.5 billion; informal care cost:
US $31 billion) in 2015 (Alzheimer’s Disease International and Alzheimer’s
Australia, 2014), and individuals with a higher degree of CI accrue greater costs
(Coughlin and Liu, 1989; Leicht et al., 2011). Besides increased healthcare uti-
lization among elderly with CI (Weiler et al., 1991; Zhu et al., 2013), their care
needs vary with degree of impairment. Callahan et al. (1995) found that elderly
primary care patients with moderate to severe CI were more likely than those
with mild and no impairment to visit the emergency department and have
higher hospitalization rates, but had fewer outpatient visits than those mildly
or not impaired. Day-to-day functioning also differs by cognitive states. Mildly
impaired elderly may require assistance only with complex tasks such as man-
aging finances, whereas those moderately impaired may require assistance
performing household tasks, and those severely impaired are likely to require
assistance with daily activities such as dressing oneself (Mungas, 1991). Care
hours required by individuals with dementia increase with severity (Riley
et al., 2012) and can have negative outcomes on caregivers. Excess caregiver
burden is associated with depression (Papastavrou et al., 2007; Malhotra
et al., 2012), poor physical health (Beach and Schulz, 1999) and reduced labor
force participation (Wilson et al., 2007; Arksey and Glendinning, 2008) among
caregivers. This has huge implications on caregiving in China, where a large
majority of elderly with dementia are cared for at home by their family (Dai
et al., 2013). Thus, analyzing the growth in number of cognitively impaired el-
derly by cognitive status can help policy planners pre-empt changes in de-
mand, facilitating the planning of health and social care.
Epidemiological studies on CI in China on a national level is limited. Most

studies that focus on enumerating the prevalence of mild CI or dementia are
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small scale and not generalizable to the population (Ding et al., 2014; Su et al.,
2014), resulting in a large variability in the reported prevalence. A review and
meta-analysis by Nie et al. (2011) found that the prevalence of mild CI in Chi-
nese elderly ranged from 2.4 to 35.9 percent. Other studies investigating the
risk factors of CI in Chinese elderly have also been inconclusive. Chen et al.
(2011) reported a higher risk of dementia in females, whereas Li et al. (2007)
reported no gender difference in risk. Very few studies document the progres-
sion of CI in Chinese elderly over time (Huang et al., 2005; Xie et al., 2012).
Projections on the number of elderly with CI in future are also lacking. Most
are simply obtained by applying current prevalence rates to the projected Chi-
nese population (Wu et al., 2013; Alzheimer’s Disease International and
Alzheimer’s Australia, 2014; Li et al., 2015), or aggregated with other develop-
ing countries (Ferri et al., 2005). Furthermore, some projections focus on el-
derly formally diagnosed with AD or dementia (Ferri et al., 2005; Wu et al.,
2013; Alzheimer’s Disease International and Alzheimer’s Australia, 2014),
without distinguishing degree of CI, which is strongly related to distinct be-
havioral features and care needs.
In light of these pressing issues and the dearth of published evidence, this

paper aims to project the number of elderly within four distinct cognitive
states—intact, mildly, moderately and severely impaired—by considering
the transition rates from one state to another, in a Chinese population of
elderly aged ≥65, up to the year 2060.

Methods

To project the number of elderly Chinese and their corresponding cognitive
status up to the year 2060, a dynamic multi-state population model was devel-
oped. The model required standard demographic data and estimates of transi-
tion rates between five states: intact, mild CI, moderate CI, severe CI and
death. Demographic data were obtained from the National Bureau of Statistics
of China and transition rates were derived from a large community-based
study of Chinese elderly adults in longevity areas of the Chinese Longitudinal
Healthy Longevity Survey (CLHLS). Written informed consent was obtained
from all participants or their proxies. The Ethics Committees of Peking Uni-
versity and National University of Singapore approved this study.

Dynamic multi-state population model

The dynamic multi-state population model is a system dynamics (SD) model
with explicit health states (Figure 1). It was constructed on Vensim DSS
(Ventana Systems, Harvard, MA, USA) (Lutz and Goujon, 2001; Samir and
Lentzner, 2010; Lutz et al., 2014; Ansah et al., 2015). SD models have

J. P. Ansah et al.: Projecting the number of elderly with Cognitive Impairment in China 3

Copyright © 2017 System Dynamics Society
DOI: 10.1002/sdr

 J. P. Ansah et al.: Projecting the number of elderly with Cognitive Impairment in China 91



been widely used to investigate the burden of chronic illnesses such as cardio-
vascular disease (Homer et al., 2010), diabetes (Jones et al., 2006) and in
population health (Homer et al., 2004; Milstein et al., 2010). In the model,
the Chinese population was divided into five groups: population < 65 years
old, intact elderly, elderly with mild CI, elderly with moderate CI and elderly
with severe CI. Within each group, the population was further subdivided into
a two-dimensional vector (subscript): age (single age cohorts from newborn to
age 0–64 for the <65 group, and single age cohorts from age 65–100 and
older for the intact, mild CI, moderate CI and severe CI groups) and gender.
The population < 65 increases via births and immigration and decreases
via deaths, emigration and becoming elderly (i.e. aged ≥65). Births were
calculated using the female reproductive age cohort (fecund women aged
15–49) and their corresponding fertility rates. Deaths were calculated based
on the mortality rates for each age cohort obtained from life tables (National
Bureau of Statistics of China, 2013). Emigration rate was estimated by calibra-
tion. At the end of each year, the surviving population in each age cohort ages
and flows to the subsequent cohort, with the exception of the final age cohort
(aged 100 and older). The aging process is conceptually straightforward, as
illustrated by Figure 2. Babies born (births) are moved to a stock of newborns,
and then immediately moved to the age 0–1 cohort. At the end of each year
(cohort length), the surviving population in each cohort is moved to the next
cohort, except for the last cohort (age 100 and older). The population age
100 and older remains in that cohort and decreases via death.
In the population model, the equations that shift the population at the end of

each year from one cohort to another for the population < 65 years old are

Fig. 1. Dynamic multi-state population model
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illustrated in Eqs (1)–(4). Equations (1) and (2) show the aging process for the
population under 65 years of age. The equations have two-dimensional
vectors (Sex and ageUnder65) which are replicated for every vector combina-
tion to ensure consistent mapping. Age under 65 years herein comprise
newborn, and age0 to age64. Equation (1) applies to the aging process for
newBorn, while that for age0 to age64 is represented by Eq. (2). At the end
of each simulation time (which is a year)—represented herein as cohort
length—the population in each cohort is divided by the cohort length and
shifted to the subsequent age cohort. This process is represented by Eq. (3).
However, to ensure that the population cohort age64 does not age (since the
last age cohort for population under 65 is age64), aging is herein assumed to
be absent, thus represented by zero, as depicted by Eq. (4). To ensure that this
age cohort (age64) does not accumulate beyond that age, we created an
outflow “becoming65” to move those aged 64 at the end of the year to the
health state “intact”.

population under 65 Sex;newBorn½ � tð Þ
¼ population under 65 Sex;newBorn½ � t � dtð Þ
þ birth Sex½ � � aging popUnder65 Sex;newBorn½ �ð Þ�dt (1)

population under 65 Sex;AllButYoungest½ � tð Þ
¼ population under 65 Sex;AllButYoungest½ � t � dtð Þ

þ aging popUnder65 Sex;PreviousCohort½ �ð
�aging popUnder65 Sex;AllButYoungest½ �
�netMigration Sex;AllButYoungest½ �
�deaths Under65 Sex;AllButYoungest½ �
�becoming 65 Sex;AllButYoungest½ �Þ�dt (2)

Fig. 2. Population aging process
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agingpopUnder65 Sex;AgeUnder64½ � ¼ population under 65 Sex;AgeUnder64½ �
cohortLength AgeUnder64½ �

(3)

agingpopUnder65 Sex;Age64½ � ¼ 0 (4)

The transition across health states (i.e. intact, mild, moderate and severe CI)
also has two dimensional vectors, i.e. sex and elderly. Like the previous
equations, the transition from one age cohort to the other happens at the end
of the simulation time (year). The transition from one health state to the other
is determined by age (elderly) and gender-specific transition rate for each
health state. This ensures that when an individual transitions from one health
state to the other at the end of each year, that individual also moves to the
proper age and gender group. Equations (5)–(16) show the equations used in
the “intact” health state. Equations for the entire model can be found in the
online supplementary material (supporting information).

Intact Sex;Elderly½ � tð Þ ¼ Intact Sex;Elderly½ � t � dtð Þ
þ agingIntact Sex;pElderly½ � � agingIntact Sex;Elderly½ �ð
þ becoming 65 Sex;Age64½ ��ageSubscript Sex;Elderly½ �ð Þ
þMildToIntact Sex;Elderly½ � � IntactDeath Sex;Elderly½ �
�intactToMild Sex;Elderly½ �
�intactToModerate Sex;Elderly½ �
�intactToSevere Sex;Elderly½ �Þ�dt

(5)

agingIntact Sex;Age 64½ � ¼ 0 (6)

agingIntact Sex; yElderly½ � ¼ intact Sex; yElderly½ �
cohortLength yElderly½ � (7)

AgingIntact Sex;Age 100 and over½ � ¼ 0 (8)

becoming65 Sex;Age64½ �

¼ population under 65 Sex;Age64½ ��becoming65 subscript Sex;Age64½ �
cohortLength Age 64½ � (9)

ageSubscript Sex;Age65½ � ¼ 1 (10)

ageSubscript Sex;AgeOver65½ � ¼ 0 (11)
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MildToIntact Sex;Elderly½ � ¼ Mild CI Sex;Elderly½ �
�Mild To Intact Transition Rate Sex;Elderly½ �
� 1þ effect of intervention on transition ratesð Þ

(12)

IntactDeath Sex;Elderly½ � ¼ Intact Sex;Elderly½ �
�intact To Death Transition Rate Sex;Elderly½ � (13)

intactToMild Sex;Elderly½ � ¼ Intact Sex;Elderly½ �
�intact To Mild Transition Rate Sex;Elderly½ �
� 1� effect of intervention on transition ratesð Þ

(14)

IntactToModerate Sex;Elderly½ � ¼ intact Sex;Elderly½ �
�intactToModerateTransitionRate Sex;Elderly½ �
� 1� effect of intervention on transition ratesð Þ

(15)

IntactToSevere Sex;Elderly½ � ¼ intact Sex;Elderly½ �
�intactToSevereTransitionRate Sex;Elderly½ �
� 1� effect of intervention on transition ratesð Þ

(16)

Assumptions

Fertility rate
2010–2014 total fertility rates of China from the National Bureau of Statistics
of China were used in the model. Fertility rate in 2014 was assumed to
remain constant throughout the projection period, because a change in
fertility (newborns after 2014 will not be 65 years by 2060) will have no
impact on the simulation by year 2060.

Mortality rate
Age-specific mortality rates from the 2010 China Population Census were
applied to the model. Mortality rates for the population < 65 used age-specific
mortality rate from the National Bureau of Statistics of China for 2010 and
2013 World Health Organization (WHO) age-specific mortality rate for China
(we used WHO numbers because no official statistics were found). A future
mortality decline of 7% per annum was assumed from 2013. The mortality
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rate for the population ≥ 65 was estimated from the CLHLS data, and the likely
changes were accounted for using the bootstrap estimates.

Cognitive state transition rates
Cognitive state transition rates were estimated only for those ≥65 years, as this
paper focuses on elderly cognition. In addition, the model allows for transi-
tion between the cognitive states, except for improvement in cognition from
moderate and severe CI (Kryscio et al., 2006; Tyas et al., 2007). A 10 percent
improvement across cognitive state transition rates (except transition to
deaths) was assumed and simulated, as part of the sensitivity analysis, to sim-
ulate the likely impact of future behavioral and pharmacological interventions
on cognitive impairment.

Data and estimation of transition rates

CLHLS is an ongoing longitudinal survey established in 1998. Baseline and
follow-up surveys were conducted in half of the counties and cities in the
selected 22 provinces in 1998, 2000, 2002, 2005, 2008–09, 2011–12 and
2014. Home interviews were conducted to collect data on demographics,
socioeconomic, lifestyle and dietary behaviors, health status, disease, cogni-
tion function and physical performance. Participants’ survival status was
ascertained during the follow-up survey. Details of this survey can be found
elsewhere (Gu, 2002). Cognitive transition rates were estimated using data
from the 2012 and 2014 waves of the CLHLS. These two waves were specifi-
cally chosen as they were follow-up surveys of a closed cohort, as compared
to other waves in which new participants were recruited into the survey. In
addition, the 2011–2014 waves used in this study has the highest follow-up
rate (62.1 percent) compared to other waves with response rates ranging from
47.78 to 56.39 percent. The final sample consisted of 1824 Chinese elderly
(814 men and 1010 women) aged ≥65 who answered the Chinese Mini Mental
State Examination (MMSE).
Fertility rates, mortality rates and demographic data used to populate the

model were obtained from the National Bureau of Statistics of China (2013).
Cognitive transition rates were estimated using data from the 2012 and 2014
waves of the CLHLS. Information on death, the absorbing health state, was
included in the 2014 wave. Cognitive functions of the elderly were measured
using the Chinese version of the MMSE (Folstein et al., 1975; Katzman et al.,
1988), which is widely used to assess cognitive status. It consists of 30 items,
with scores ranging from 0 to 30. Higher scores indicate better cognition.
MMSE assesses participants’ orientation, memory, attention, calculation,
language, and written and visual construction. Cognitive function was
classified as follows: intact (MMSE score ≥ 24), mild CI (18–23), moderate
CI (10–17) and severe CI (≤9) (Tombaugh and McIntyre, 1992).
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Using the longitudinal data, the rates of transitioning from one cognitive
state to another or death, with the exception of improvement in cognitive
states from both moderate and severe CI, was estimated for the overall sample
(Kryscio et al., 2006; Tyas et al., 2007). To estimate 1-year transition probabil-
ities from two waves of survey conducted over a 2-year gap (2012 and 2014),
we employ a method adapted from the SAS code of a study by Cai et al.
(2010). This allows us to circumvent the lack of data in the year 2013 with
minimal assumptions by assigning a cognitive state to the participants in year
2013. In doing so, the following rules were applied: (1) if the participant had
the same cognitive state in both 2012 and 2014, then we assume he/she has
been in that particular cognitive state in 2013 since there is no information
on transition from the survey; or (2) if the participant was in different cogni-
tive states in 2012 and 2014, then the transition is assumed to occur randomly
between 2012 and 2014 (i.e. cognitive state in 2013 can be the same as that in
2012: transition occurred at the end of 2013 or the beginning of 2014; or cog-
nitive state in 2013 can be the same as that in 2014: transition occurred at the
end of 2012 or the beginning of 2014). Equation (17) below, with age and sex
as covariates, was used to estimate the transition rate. The equation was
solved with multinomial logistic regression models using the “multinom”

function in R (v3.2.1):

ln
pij

pii

� �
¼ β0ij þ β1ij ·age þ β2ij ·age

2 þ β3ij ·Sex (17)

where pij is the transition rate from the current state i to state j (i≠ j), where
i corresponds to intact, mild, moderate or severe cognitive impairment and
j corresponds to the same states as well as death. Transition rates were disag-
gregated according to age (single age cohort from age 65 to 100 and older) and
gender (female, male).
A simple test was implemented to validate the transition rates estimated.

First, a microsimulation was developed in Vensim. This microsimulation
was initialized with synthetic baseline data similar to CLHLS data. The
microsimulation had only two states—intact and CI—over 2 years (baseline
to wave 1; wave 1 to wave 2) including death from year 1 to 2, and the model
was simulated to generate individual-level data for 6000 elderly, over 2 years
(time 0, 1 and 2 years). Individual outcomes and aggregate outcomes of popu-
lation fractions in either states were recorded. Using the above-mentioned
regression method, in which year 1 state is imputed, transition rates were
estimated. The resultant transition rates were then used to populate a simple
aggregated SD model. Results from both the microsimulation and SD model
were compared to ensure that the two approaches produce similar results
(see supporting information supplementary material for the microsimulation
and SD model comparison), indicating that the method is robust and reliable.
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Probabilistic sensitivity analysis

After computing point estimates for the transition rates from the multinomial
logistic regression model above, the bootstrap method was used to estimate
the likely distribution of transition rates to obtain the 95 percent confidence
interval around these point estimates. First, we rescale sampling weights so
that they sum to 100 percent, and then use the weights as probabilities to
draw respondents (by identification, ID) with replacement using the “sample”
function in R (v3.2.1). Each respondent (ID) may be drawn once, more than
once or not at all in the sampling. This process was repeated 1000 times to
obtain 1000 datasets, which are then used to estimate the transition rates.
Next, transition rates were estimated using the 1000 samples with the
multinomial logistic regression model. Based on the 1000 sets of estimated
transition rates, the distribution of age- and sex-specific transition rates
and 95 percent confidence intervals (empirical intervals) were obtained.
Transition rates from the bootstrap analysis was used as input to the
sensitivity analysis to obtain the likely variation in the projected number of el-
derly with cognitive impairment.

Results

Transition rates by age and gender

Point estimates of the age- and gender-specific cognitive impairment rates of
transition from one cognitive state to another or death are presented in
Figure 3. For both sexes, the rate of transitioning to a poorer cognitive state
or death increases with age, while the rate of transitioning to an improved cog-
nitive state (i.e. from mild to intact) decreases with age. Transition rates from
intact to mild, moderate or severe CI are higher in females than in males. This
is also similar for transition rates from mild CI to intact or death, and from se-
vere CI to death. In contrast, transition rates from intact to death, mild CI to
moderate or severe CI, and moderate CI to severe CI are higher for males than
in females. Further, the transition rate from moderate CI to death for males de-
creases to a level lower than females at very old age (about 97 years old).

Steady state fractions

To ensure that the long-term results are meaningful, the system dynamics
model was also set to equilibrium with a fixed population to estimate the
steady-state fraction of the population in each CI state. This was done by
removing the aging process from the model to reduce the complexity of
the equations as inflows to a stock equal outflows at equilibrium. Transition
rates estimated from empirical data were maintained, and equations (see
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supporting information) were analytically derived for the stocks: intact, mild
CI, moderate CI and severe CI. Results show that, at equilibrium, the fraction
of elderly with mild, moderate and severe CI are 2.43, 1.161 and 3.139
percent, respectively. This suggests that, at equilibrium, 6.729 percent of the
elderly in China will have CI.

Projecting number of elderly with cognitive impairment

The total number of elderly was projected to increase 214 percent from about
117.6 million in 2010 to approximately 369.1 million by 2060 (Table 1). Of the
369.1 million elderly in 2060, approximately 12% (sensitivity analysis at 95%

Fig. 3. Transition rates across cognitive states. The estimation allows for transition between the cognitive states, except for im-
provements in cognition from moderate and severe CI, represented by blank graphs
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confidence range: 10–19%) were expected to have CI. Thus, the total number
of elderly with CI is projected to rise from approximately 8.9 million in 2010
to 43.7 million (36.1–77.7 million) in 2060 (Figure 4).
The projected number of elderly with mild CI is expected to increase from

4.8 million in 2010 to 18.2 million (12.9–31.4 million) by 2060. Projected
numbers for those with moderate and severe CI are expected to increase from
1.73 million and 2.36 million in 2010 respectively, to 6.75 million (3.1–26.3
million) and 18.8 million (11.2–44.7 million) by 2060, respectively.
Among the elderly with CI, the female proportion is projected to

increase from 56 percent in 2010 to 62 percent (53–66%) by 2060. However,
among those with mild CI, the female proportion is projected to increase from
55 percent in 2010 to 70 percent (60–78 percent) by 2060; while that for
moderate CI rises from 57 percent in 2010 to 69 percent (58–74%) in 2060.
Conversely, for those with severe CI, the female proportion is projected to
decrease from 59 percent in 2010 to 51 percent (44–56 percent) by 2060.
The proportion of young-old (age 65–79), among the elderly with CI, is

projected to decrease significantly from 47 percent in 2010 to 22 percent
(12–30 percent) by 2060, whereas that of the very old (age ≥ 80) is expected to
rise from 53 percent in 2010 to 78 percent (70–88 percent) by 2060 (Table 1).
Lastly, further sensitivity analysis suggests that a 10 percent improvement

across cognitive state transition rates (except transition to deaths) will decrease
the prevalence of mild, moderate and severe CI by 8 percent (6–8 percent), 5
percent (4–6 percent) and 9 percent (8–10 percent), respectively, by 2060.

Discussion

The total population in China is projected to increase from 2010 to 2030 and
then decrease thereafter, similar to the United Nations (UN) projections

Fig. 4. Projected number
of elderly with cognitive
impairment
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(United Nations, 2015). While the recent abolishment of the one-child policy
in China may impact fertility rates, its effects cannot be ascertained at such
an early stage; hence the model assumed a future fertility rate similar to the
observed fertility.
Our results support current literature reporting rising numbers of Chinese

elderly with CI. According to Alzheimer’s Disease International (2014),
the number of Chinese elderly with dementia is projected to increase by
77.7 percent from 2030 to 2050. This is similar to our results, where the sum
of elderly with moderate and severe CI (equivalent to dementia) increased
82.8 percent over the same time period. Using the 2010 China Census, Li
et al. (2015) estimated that 16.5 million Chinese elderly will suffer from
dementia in 2030, which is higher than our projection of 12.9 million Chinese
elderly with moderate and severe CI in 2030. More importantly, projections in
these studies were obtained by applying prevalence rates to the projected
Chinese population, neglecting dynamic movements across different cogni-
tive states, potentially resulting in an overestimation of individuals with CI
(Figure 5). Using the dynamic multi-state population method to project CI
provides a flexible approach for modeling population changes over time,
which facilitates implementation of interventions applicable to specific
population groups of interest: mild, moderate and severe CI. Also, this method
allows for the combination of all the main components of population change
by age and gender with various transitions that the population groups may
experience, while avoiding potential inconsistencies arising from inappropri-
ately defined rates. Lastly, the level of details included in the dynamic multi-
state population method allows for capturing the potential cohort effect,
which is unlikely to be captured in the simple prevalence-based approach.
Most importantly, this method has the ability to estimate reliable uncertainty
bounds that can be placed around point estimates.

Fig. 5. Comparison of
projection results with ex-
ternal source
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The forecast significant increase in the number of elderly with CI of all
degrees will have health and social care implications. Given the progressive
nature of CI, and the larger increase in the proportion of elderly with CI of
higher severity, the need for caregiving and healthcare services will rise
drastically. This will result in increased costs associated with informal care
(unpaid family caregivers), social care (community and residential care) and
medical care (healthcare utilization) (Song and Wang, 2010).
The emphasis on filial piety and family units as the center for eldercare in

Asian cultures suggests that cognitively impaired elderly in China are more
likely to be cared for at home (Liu and National University of Singapore,
1998). It is estimated that up to 96 percent of Chinese elderly with dementia
are cared for by family members at home (Dai et al., 2013). Similarly, in the
CLHLS study, the majority of the elderly lived with at least one household
member (78 percent in 2012 and 76 percent in 2014). As the number of elderly
with CI increases, care burden (both formal and informal) is expected to
increase. Further, as the proportion of elderly with severe CI is projected to
increase the most, there will be a more than a proportionate increase in the
care hours required. This will put a strain on caregivers, making them at risk
of the negative health outcomes associated with caregiving, such as depres-
sive and anxiety disorders and weakened immunity (Schulz and Martire,
2004). Hence support systems for informal caregivers can potentially benefit
both caregivers and recipents, and should be implemented. Evidence suggests
that provision of support services at home can decrease institutionalization of
elderly with dementia (Gaugler et al., 2005). Moreover, with an increasing
trend of out-migration of the young, family support systems for rural elderly
are dwindling (Zhang and Goza, 2006). As their cognitive functioning con-
tinues to decline, these elderly will no longer be able to live alone, increasing
the demand for alternative long-term care (LTC) arrangements.
Yet, such arrangements are not well established in China. While it is widely

acknowledged that there is a need for additional formal services such as adult
day care, respite care and institutional care services, the formal LTC system
remains in the preliminary stages of development (Dai et al., 2013). Even in
urban China, there is a significant unmet need for home care services (Wong
and Leung, 2012). Most LTC facilities in China are also not equipped to care
for elderly with CI, and the staff are often inadequately trained in handling
CI needs (Song et al., 2014). The imminent increase in cases of CI from our
results point to the need for improved efforts for such development.
In addition, there is a perceived stigma attached to CI in China. The Chinese

term for AD and dementia, laonian chidai, when translated, means “stupid,
demented elderly”. This has resulted in a discrimination of elderly with CI,
which are characteristic of AD and dementia (Dai et al., 2013). Affected
elderly may delay or not seek treatment because of this negative perception
of the disease (Garand et al., 2009). The resultant lack of support for this group
of elderly, together with declining cognition and function, greatly increases
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the risk of them being socially isolated (Bennett et al., 2006; Wang et al.,
2014). Social isolation has been found to be associated with negative mental
and physical health outcomes, such as cardiovascular disease and dementia
(Berkman et al., 2000; O’Luanaigh et al., 2012). To eliminate the social stigma,
the Ministry of Health of China has reworded laonian chidai to
aerzihaimobing, which is the literal translation of AD (Dai et al., 2013).
However, changes in perception will likely only change slowly.
Another important approach to eliminating CI discrimination is to increase

awareness of the disease. Caregivers often mistake early stages of CI for the
natural memory decline in aging (Dai et al., 2013). As the risk of mortality
increases with CI severity, understanding the disease will also help caregivers
and family members identify it at earlier stage and help elderly seek appropri-
ate treatment. More effort will be needed in training staff to provide the
relevant support. Currently, specialist care for cognitively impaired elderly
in China is lacking, with few memory clinics situated only in large urban
areas. Medical staff are also not competent in identifying CI due to the lack
of formal training (Dai et al., 2013; Hsiao et al., 2015). Therefore, public
education and training of health professionals and caregivers are important
in raising awareness of CI and its management.

Limitation

Due to the limited number of elderly with more than 2 years of education in
the CLHLS, our projection results did not account for education effects.
Moving forward with this study, we aim to include more elderly with higher
educational attainment in our surveys in future.

Conclusion

Using a multi-state dynamic population model facilitated the integration of
available empirical data on CI among elderly in the community; population
dynamics provided credible projections that can facilitate service delivery
and planning of care resources for elderly with CI and their caregivers. The
segmentation of CI patients into mild, moderate and severe subgroups will
help policymakers and planners to identify needs-specific health and social
care services and interventions required to improve wellbeing and quality of
life of elderly with CI and their caregivers to improve health outcomes.
Moreover, the robust projections with uncertainty bounds placed around the
projections will help policymakers to possibly plan within a reliable bound-
ary and avoid the likelihood of over- or under-building of health and social
care services for elderly with CI and their caregivers. In addition, the projec-
tions from this research could be used by policymakers as input to estimate
the likely care burden of CI on families and on China.
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