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Background: We evaluated the cost-effectiveness of the screening in

mainland China for Alzheimer’s disease (AD) patients aged over 60.

Methods: Individuals in mainland China, received an initial screening by

questionnaire on mental state, and those with scores deemed suspicious for

AD were referred to diagnostic tests. A 9-state Markov model was developed

to simulate the disease progression of a cohort of 100,000 subjects aging from

60 to 80. In addition, several scenarios were analyzed to assess the robustness

under different screening frequency, starting age, the duration of drug effects,

and the health status of subjects.

Results: The ICER of AD screening was 26413.77 USD per QALY [quality-

adjusted life-year (QALY)] compared with no screening. The number of deaths

and severe AD cases who did not receive treatment averted by screening

accounted for 0.076 and 0.006% of the total population, respectively, and

the net monetary benefit was 128.29 USD per capita. Under the thresholds

of one and three times the gross domestic product per capita, the probability

of screening being cost-effective was approximately 18 and 77%, respectively.

The ICER decreased to 18132.96USD per QALY when the drug effect was

prolonged, and increased when the frequency of screening was increased, the

starting age was postponed, and patients suffering from comorbidities were

more. However, the number of severe AD cases and deaths declined when

the screening frequency increased.

Conclusion: Screening for AD in individuals over 60 can reduce the numbers

of severe AD cases and deaths and may be cost-effective, depending on

factors such as screening frequency, starting age of screening, and duration

of drug effects. Additionally, mild cognitive impairment (MCI) is an important

stage at which the burden of progression to AD may be reduced and the

cost-effectiveness of screening may be improved.
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mild cognitive impairment, quality-adjusted life-year, incremental cost-effectiveness
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Introduction

Almost a fifth (18.70% in 2020) of China’s population is aged
over 60, and 13.50 are over 65 (National Bureau of Statistics,
2021). There are 15.07 million cases of dementia among the
senior individuals (≥60 years) in China, with 9.83 million of
those (65.23%) diagnosed as Alzheimer’s disease (AD) (Zhou M.
et al., 2019; Zhang et al., 2020), making China the country with
the highest number of AD patients worldwide (Ferri et al., 2005;
Ballard et al., 2011). In addition, 15.5% of the old adults suffer
from mild cognitive impairment (MCI) (Jia et al., 2020). The
annual costs of treating AD in China reached 167.74 billion USD
in 2015 and are expected to exceed 1,887.18 billion USD by 2050
(Jia et al., 2018).

AD is a progressive neurodegenerative disorder that
includes cognitive dysfunction, executive dysfunction, and
personality and behavior changes. As AD worsens, patients
gradually lose the ability to communicate, bowel and bladder
control decreases, and the loss of the ability to swallow causes
malnutrition and increases the risk of aspiration. In patients
with AD, the risk of dying from infections, pressure sores, and
pneumonia is greater than in healthy individuals (Boccardi et al.,
2018). In 2019, the number of deaths from AD-related causes in
China accounted for 19.8% of AD-related deaths worldwide, and
the age-standardized mortality was 23.3 out of 100,000, slightly
higher than the global average (Rujing et al., 2021). Moreover,
the incubation period of AD is long, originally presenting
as MCI in memory and thinking and the appearance of AD
biomarkers in the brain. One study reported that 32% of patients
with MCI over the age of 65 progressed to dementia within
5 years, while the other subset returned to normal cognitive
function or remained stable. MCI should therefore be monitored
to prevent AD-type dementia (Gatz et al., 2006).

Early diagnosis and intervention are effective ways to
reduce the burden of AD. Potential promoters of AD, such
as depression and vitamin resistance, can be detected and
treated to improve the therapeutic outcome (Ballard et al.,
2011). Early and accurate intervention may slow, halt,
or prevent the progression or onset of AD and delay the
associated morbidity (Chang and Silverman, 2004). At present,
the diagnosis of AD mainly includes clinical evaluation,
brain imaging, and laboratory findings. Clinical evaluation
requires cognitive assessment, behavior assessment, and
functional assessments, primarily using scales. Commonly used
scales include the Mini-Mental State Examination (MMSE),
the Montreal Cognitive Assessment, and Addenbrooke’s
Cognitive Examination. Behavior assessment scales include
the Neuropsychiatric Inventory and the Neuropsychiatric
Inventory-Questionnaire. Common tools of functional
assessment include the Instrumental Activities of Daily Living
scale and Basic Activities of Daily Living scale. Brain imaging
includes structural and functional imaging, and laboratory
workups include cerebrospinal fluid tests and blood tests,

which are mainly used to detect biomarkers of AD (Yifeng and
Peiyuan, 2018; Jinzhou et al., 2021). A complete AD diagnosis
should contain all these tests, but the associated costs are a
public health concern worth evaluating.

An economic evaluation of opportunistic AD screening
in South Korea was conducted using a Markov model in
2004; whether the screening was cost-effective depended on
the severity of the disease, the treatment effect, the stage-
specific treatment cost, age at screening, and the value of social
willingness to pay (Yu et al., 2015). A static decision model
constructed in 2014 to evaluate a one-time dementia screening
program for the old individuals in the United Kingdom
concluded that the program may be cost-effective and would be
better with improvements in treatment and care (Dixon et al.,
2015). However, there is still a gap in the field of AD screening
in mainland China, and studies to date have focused on verifying
the efficacy of diagnostic tools rather than evaluating AD
screening as a public health service for the elderly (Yang et al.,
2018; Yining et al., 2021).

Under this circumstance, the present study evaluated the
effectiveness and cost-effectiveness of AD screening in mainland
China, with a view to providing evidence for public health
decision-making.

Materials and methods

Study design

The objective of this study was to assess the effectiveness of
the AD screening program over no screening. Considering that
patients with AD will gradually lose the capacity for self-care and
therefore incur non-medical expenses, we conducted this study
from a societal perspective.

The minimum age at screening and time horizon of the
study were set from epidemiological findings in China and
the characteristics of AD progression. First, the prevalence
of AD in China increases in those over 40 and rises rapidly
in individuals aged 70–74 (Rujing et al., 2021). Second, AD
typically develops from mild to severe in six phases: β amyloid-
positive, subjective cognitive decline, MCI, mild AD, moderate
AD, and severe AD. The first three are termed preclinical
stages. Approximately 3 years elapse from MCI to AD and
10 years from mild AD to severe AD (No authors listed.,
2020; Autism spectrum disorder, 2021). MCI patients are at
higher risk of developing AD than individuals with normal
cognitive function, highlighting the importance of treating MCI
to prevent progression to AD (Langa and Levine, 2014). We
therefore set the age at which subjects entered the model at
60 years. The average life expectancy in China is 77.3 years, and
therefore the simulation continued until the target population
was 80 years old or died. The size of the cohort was 100,000.
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The primary outcome indicator was the incremental cost-
effectiveness ratio (ICER) and the secondary outcome indicators
were the numbers of patients with severe and untreated AD
that were avoided, the number of deaths avoided, and the net
monetary benefit per capita. Net monetary benefit refers to
the difference between the amount that the target population
is willing to pay for the quality-adjusted life-year (QALY)
gained and the cost incurred for it. The threshold used for the
calculation of net monetary benefit was three times the GDP per
capita in China in 2020 (34,106 USD) (Hongchao et al., 2020).
Currency conversion was based on the 2021 exchange rate of 1
USD = 6.3725 CNY.

Screening strategies

The strategy was a two-step screening, that is, using scale
scores initially and providing diagnostic tests for individuals
deemed positive for AD from the scale scores. All individuals
aged > 60 years in mainland China were eligible to participate.
The subjects and their insiders filled in the scale questionnaire
under the guidance of general practitioners and received clinical
diagnosis and examination by specialists in tertiary hospitals
when the scale score indicated suspicion for AD.

The initial screening tool was the MMSE, the most widely
used short cognitive test scale so far and the most commonly
used assessment tool for dementia screening, cognitive grading,
and outcome evaluation in clinical trials (Folstein et al.,
1975; Tangalos et al., 1996; Lees et al., 2014; Tsoi et al.,
2015). The diagnosis cut-off point was ≤ 22 for individuals
lacking literacy, ≤ 23 for individuals with a primary school
education, ≤ 24 for individuals with a secondary school
education, and ≤ 26 for individuals with a university education.

Model overview

Diagnostic tests included a physician’s examination,
laboratory tests of bodily fluids (blood biochemistry,
folic acid, serum vitamin B12, serum amylopsin, syphilis
antibodies, thyroid function, and cerebrospinal fluid),
and brain examination (magnetic resonance imaging and
electroencephalography) (Jinzhou et al., 2021).

Natural history and Markov model
Screening was seen as taking actions on the disease early.

The initial state of screening was equal to the natural state
without screening. It was assumed that all patients diagnosed
with AD by the screening would be treated. In addition, because
the specificity of the screening tools is less than 100%, false
positives may occur. This study assumed that false-positive
subjects were treated for only 1 year and then considered to
regain normal cognitive function. Given that the time interval

FIGURE 1

Markov model. NTM, not taking medicine; TM, taking medicine.

between the symptoms being noticed and the diagnosis of AD
was about 1.5 years (Rimmer et al., 2005), we also assumed
that patients diagnosed through the screening were treated
2 years earlier than those who did not participate in the
screening.

Both MCI and AD were included in the model. Subjects
developed the disease following the sequence of normal
cognitive function, MCI, and AD. AD was classified as
mild, moderate, or severe according to the clinical dementia
rating scale (Morris, 1993; Fuh et al., 2004). This scale
grades the patients from responses to questions about six
areas of cognitive function given by the patients themselves
or their representatives. The scores are 0 (normal), 0.5
(problematic), 1 (mild injury), 2 (moderate injury), 3 (severe
injury), 4 (critical injury), and 5 (fatal injury). In our
study, a score of 1 was defined as mild AD, a score
of 2 as moderate AD, and a score of 3–5 as severe
AD.

The model was constructed in Excel (Microsoft, Redmond,
WA, USA) and the Markov states included normal cognitive
function, MCI, mild AD, moderate AD, severe AD, and
death. The four disease states were subdivided according to
whether patients received treatment. The initial status was
calculated by the prevalence of MCI and AD in the 60-year-
old population, as well as by the proportion of mild, moderate,
and severe AD patients. It was assumed that no one received
treatment at the beginning. Figure 1 is a diagram of the
model.

The length of the cycle in the model was 1 year. At the
end of each cycle, subjects in each state could transit to the
next state or die according to the transition probability. Drug
therapy could reduce the transition probabilities (Neumann
et al., 1999a; Fuh et al., 2004). At the same time, considering
that there are currently no long-term clinical trials of
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related therapeutic drugs, we set the duration of drug effects
at 3 years in the base case analysis, i.e., the transition
probability of those who were treated was equal to that of
patients who never received treatment (Burns et al., 2007;
Homma et al., 2009; Yu et al., 2015; Birks and Harvey,
2018).

Model parameters
Clinical inputs
Prevalence and the proportion of Alzheimer’s disease patients
in all stages

The prevalence of MCI was obtained from a systematic
review of individuals over 60 in 22 of the 34 provinces in China.
That study also stratified the findings by age, sex, and region.
We used the age-specific and region-specific data (Xue et al.,
2018). The prevalence of AD was derived from a meta-analysis
of individuals over 55 in China, which pooled 51 studies and
stratified the prevalence by age, geographical location, and other
factors (Zhu et al., 2019). The proportion of AD patients was
obtained from the “Investigation report on the diagnosis and
treatment status of AD patients in China,” which is the first
survey on AD diagnosis and treatment in 30 provinces and was
released at the 13th Healthy China Forum on April 28, 2021
(Autism spectrum disorder, 2021).

Attribute parameters for screening and diagnosis
We included participation rate, the sensitivity and specificity

of the MMSE, and diagnostic tests. Because of the lack of
experience on relevant screening and the difficulty in obtaining
real-world values, we set the participation rate at 80% (National
Health Commission of the People’s Republic of China., 2020)
according to the policies. The sensitivity and specificity of the
MMSE were obtained from an economic evaluation of screening
for AD in South Korea, and the sensitivity and specificity were
81.00 and 80.50%, respectively (Yu et al., 2015). For lack of data,
the sensitivity and specificity of diagnostic tests were assumed
to be 90% following an economic evaluation of screening for
dementia in South Korea (Yu et al., 2015).

Transition probability
The incidence of MCI was used as the transition probability

from normal cognitive function to MCI and derived from a
cohort study of 16,921 healthy subjects over 55 years of age in
four regions of China. The subjects were selected at random
and followed for 4.5 years and the age-specific incidence of
MCI was reported (Yuan et al., 2016). The transition probability
of MCI patients was obtained from another cohort study in
Shanghai, China, which followed 400 MCI patients for 3 years
(Zhou B. et al., 2019). A study in Taiwan provided the annual
transition probability of each AD stage from 365 patients with
AD and an average follow-up period of 29 months. This study
also measured the effect of cholinesterase inhibitors on the
probabilities, but the transition probability from moderate AD
to mild AD was not affected by the drug (Fuh et al., 2004).

TABLE 1 Age-specific natural mortality rate (China Statistics Press,
2018).

Age Mortality

60–64 1.00%

65–69 1.63%

70–74 2.95%

Visit rate
The visit rate of patients with MCI was derived from the

data of the neurology outpatient clinic of a general hospital in
Chongqing province (Tingting, 2017). The visit rate of patients
with AD (21.1%) and MCI (2.8%) were obtained from a national
cross-sectional study including 46,011 subjects over 60 years old
in China (Jia et al., 2020).

Mortality
Both age-specific natural mortality and disease-related

mortality were included in the model. Disease-related mortality
had been reported in the studies that detailed transition
probabilities. The age-specific natural mortality was derived
from the China Population and Employment Statistics
Yearbook of 2017 (China Statistics Press, 2018).

Utility
The utility of healthy subjects and those who are died was

set as 1 and 0, respectively. The utility of MCI originated from
a cross-regional study in the United States that surveyed 679
patients in 13 regions using the Health Utility Index (HUI) mark
2 (Neumann et al., 1999b). And the utilities of AD patients
derived from a survey among 416 subjects aged 65 years or older
using EQ-5D in South Korea (Yu et al., 2015).

Supplementary Table 1 and Table 1 list the model
parameters in detail.

Costs

Costs included direct medical costs, direct non-medical
costs, indirect costs, intangible costs, and screening costs. Direct
medical costs refer to medical service fees, examination fees,
drug costs, and hospitalization costs. Direct non-medical costs
include the costs of transportation, accommodation, meals,
nutrition, healthcare equipment, and formal care. Indirect costs
were defined as the loss of wages of patients and their caregivers
and intangible costs included the anxiety and pain experienced
by patients. Screening costs involved the costs of the project,
scale measurement costs, and diagnostic examination fees.
Direct costs, indirect costs, and intangible costs were obtained
from an economic burden study conducted in 81 centers in
30 provinces in China, which reported the annual costs of
treatment per capita according to the severity of AD (Yan et al.,
2019). It was assumed that patients did not have comorbidities
in base case studies. The costs incurred by patients who do not
receive treatment refer to the indirect costs, nutrition costs, and
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TABLE 2 Cost parameters.

Parameters Value (USD) Lower (USD) Upper (USD) Distribution Resource

MCI, untreated 8.5 6.4 10.7 Gamma Nuo et al., 2012

MCI, treated 8469.9 467.8 779.6 Gamma

Mild AD, treated 12137.4 9103.4 15172.3 Gamma Yan et al., 2019

Moderate AD, treated 12810.9 9608.2 16013.6 Gamma

Severe AD, treated 22529.4 16897.0 28161.7 Gamma

The proportion of direct medical costs 32.51% − − − Jia et al., 2018

The proportion of direct non-medical costs 15.62% − − −

The proportion of indirect costs 51.87% − − −

AD, untreated 13375.6 10031.7 23407.2 Gamma Jia et al., 2018

False positive 155.5 116.7 272.2 Gamma

Program 72185.2 54138.9 126324.0 Gamma File

Scale per person 8.2 6.1 14.3 Gamma File

Diagnostic test per person 152.4 114.3 266.7 Gamma File calculation

healthcare equipment costs reported by a study on economic
burden in China (Jia et al., 2018). The unit costs of the initial
screening using the scales and the diagnostic tests were the
median of the prices in all the provinces in mainland China
or from expert opinion. The costs of items such as publicity
and administration referred to other screening programs in
China. The prices were inflated to 2021 prices using the CPI
(Consumer Price Index) in China (National Bureau of Statistics
of China, 2018) and were reported in United States dollars.
Table 2 lists the cost parameters. The checklist and specific
prices of diagnostic tests was shown in Supplementary Table 2,
and the constitutions of costs of untreated patients were listed in
Supplementary Table 3, while the CPI in each year were listed
in Supplementary Table 4.

Sensitivity analysis

The uncertainty of the parameters was verified by sensitivity
analyses, and the results of deterministic sensitivity analysis are
presented as tornado figures. In probabilistic sensitivity analysis,
a Monte Carlo simulation was conducted to draw from the
distributions of all parameters randomly for 10,000 iterations,
where the transition probabilities and utility followed the beta
distribution and the costs followed the gamma distribution.
Net monetary benefit was used to calculate the probability that
the screening was cost-effective. The results of probabilistic
sensitivity analysis are presented as scatter plots and cost-
effectiveness acceptability curve.

Scenario analysis

We conducted four scenario analyses. Scenario 1 used a
screening frequency of 5 and 10 years. In scenario 2, the duration

of drug effect was extended to life, i.e., the transition probability
of patients receiving treatment would always be lower than that
of patients who do not receive treatment. In scenario 3, we
adjusted the starting age of screening to 65 and 70 years, and in
scenario 4, patients could suffer from comorbidities. The costs
of treatment were derived from the same studies used in the
base case analysis. The distinction was that patients at this time
may suffer from one to five comorbidities as well. We used the
weighted average costs calculated according to the number of
patients. Table 3 lists the parameters adjusted for each scenario.

Results

Base case analysis

The base case analysis showed that the costs increased by
289.44USD per person after screening was implemented, but
the health benefits also increased by 0.011QALYs accordingly.
That is, the additional cost of one unit of QALYs gained
from screening was 26413.77USD, which was higher than the
economic threshold of one time the GDP per capita (11,368.69
USD) but lower than three times the GDP per capita (34,106.08
USD). Compared with no screening, the number of deaths and
severe AD cases who did not receive treatment avoided by
screening accounted for 0.076 and 0.006 %of the total cases,
respectively. The net monetary benefit was 128.29 USD per
person per year. Tables 4, 5 detail the findings.

Sensitivity analysis

Figure 2 depicts the results of the deterministic sensitivity
analysis. Factors such as transition probabilities from MCI
to AD and normal cognition no matter whether the patients
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TABLE 3 Scenario inputs.

Parameter Value Lower Upper Distribution Resource

Prevalence in Scenario3 MCI, 70∼80 18.46% 17.93% 18.99% Beta Xue et al., 2018

AD, 65∼69 0.85% 0.60% 1.21% Beta Zhu et al., 2019

AD, 70∼74 2.08% 1.61% 2.68% Beta

Scenario4 The cost of mild AD (USD) 15076.1 11307.1 18845.2 Beta Yan et al., 2019

The cost of moderate AD (USD) 18615.4 13961.5 23269.2 Beta

The cost of severe AD (USD) 28829.5 2163.5 36036.9 Beta

TABLE 4 Results of base case analysis.

Costs (USD) QALYs Incremental costs (USD) Incremental QALYs ICER (USD)

Screening 24048.22 8.694 289.44 0.011 26413.77

No screening 23758.78 8.683

TABLE 5 Secondary outcomes of the scenario analyses.

Death avoid
(n, %)

Untreated severe
AD avoid (n, %)

NMB/USD

Base case 76 (0.076%) 6 (0.006%) 128.29

Every 5 years 1,080 (1.080%) 416 (0.416%) −65.11

Every 10 years 431 (0.431%) 119 (0.119%) −416.83

Drug effects 241 (0.241%) 1 (0.001%) 383.93

From65 105 (0.105%) 18 (0.018%) 45.10

From 70 264 (0.264%) 88 (0.088%) −2685.34

would receive treatment, annual costs of untreated patients
and expenses of patients of varying severity, treatment rate
after screening and prevalence of AD influenced the cost-
effectiveness of the screening greatly. The ICER was relatively
low when the transition probability from MCI to AD before
patients receiving treatment was high or when the transition
probability from MCI to normal cognition after treatment was
high, or when the treatment ratio of MCI patients after screening
was high. Additionally, when the annual costs of untreated AD
patients took the maximum value, the ICER of screening was
negative.

Figures 3, 4 depict the results of the probabilistic sensitivity
analysis. It could be found that 68% of the scatters were below
the line of 3 times the GDP per capita. When the economic
threshold was set at one time the GDP per capita, the probability
of the screening being cost-effective was approximately 18%.
When the threshold was raised to three times the GDP per
capita, the probability increased to approximately 77%.

Scenario analysis

Tables 5, 6 list the results of the scenario analysis. Increasing
the frequency of screening was shown to improve the health
benefits, with screening every 5 and 10 years increasing 0.040

and 0.021 QALYs, respectively. These two strategies would
prevent some deaths (1.080 and 0.431%, respectively) and
the number of patients with severe AD (0.416 and 0.119%,
respectively) as well, but the ICER exceeded the threshold of
three times the GDP per capita. When the duration of drug effect
was extended, either the percentage of deaths avoided (0.241%)
or the net monetary benefit per person (383.93 USD) increased,
with the ICER decreasing to 18132.96 USD per QALY. When
the starting age of screening was delayed, the number of deaths
and severe AD cases remained lower than the numbers in the
scenario without screening. However, the ICER exceeded the
threshold of three times the GDP per capita. The health benefits
did not change when patients had comorbidities, but the ICER
increased significantly to 43173.63 USD per QALY, above the
economic threshold of three times the GDP per capita.

Discussion

We found that the community screening program for AD
in mainland China had the capacity to increase health benefits
and reduce the incidence of severe AD and death. However,
instead of saving costs as expected, the project increased the
expenditures, possibly through the cost of screening itself
and the higher expenses of treating the disease. Even so,
AD screening remained cost-effective at a threshold of three
times the GDP per capita, and the potential health benefits
increased with frequent screening and longer duration of drug
effect. Nonetheless, although the increase in the screening
frequency appeared to favor health outcomes, the ICER
increased accordingly, perhaps because once AD develops, it
is almost impossible for patients to return to normal. In other
words, the disease requires lifetime treatment. In addition, so
far no drug has been identified that can halt the progression
of AD (Lawlor et al., 2018; Craft et al., 2020; Koch et al., 2020;
Kehoe et al., 2021). Therefore, a higher frequency of screening
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FIGURE 2

Deterministic sensitivity analysis.

FIGURE 3

Probabilistic sensitivity analysis.

increases the costs of disease treatment. Accordingly, the degree
of the impact of screening frequency on the medical expenses
was greater than the degree of the impact on health benefits.
The influence of drug efficacy on the results was consistent
with our expectations; as more patients receive treatment, fewer
cases progress to moderate or severe AD when the duration
of therapy is extended to life. In this case, the quality of life
could be improved and the costs of treatment could be reduced.
In addition, we assumed that patients would be treated until
the end of the simulation, while some studies proposed that

patients would discontinue the treatment once they progressed
to severe AD (Getsios et al., 2012). The ICER declined to
15600.18 USD per QALY after taking this assumption into
consideration. This illustrates that improving the efficacy of
the medicine favors the cost-effectiveness of the screening. We
also found that the transition probabilities in the MCI stage
exert a great impact on the results, further demonstrating the
importance of the preclinical phase of AD. At the same time,
an early starting age of screening is beneficial to the cost-
effectiveness of the screening as well, perhaps because early
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FIGURE 4

Cost-effectiveness acceptability curve.

TABLE 6 Results of scenario analyses.

Costs (USD) QALYs Incremental costs (USD) Incremental QALYs ICER (USD)

Scenario1 the frequency of screening

Every 5 years 25345.18 8.723 1586.40 0.040 39752.84

Every 10 years 24969.14 8.704 210.37 0.021 58145.74

No screening 23758.78 8.683

Scenario 2 the duration of drug effects

Screening 25782.84 8.730 348.29 0.019 18132.96

No screening 24434.55 8.711

Scenario3 starting age

From 65 20893.94 7.137 302.41 0.009 33174.27

No screening 20591.53 7.128

From 70 19545.77 5.022 487.62 0.012 39408.72

No screening 19058.16 5.010

Scenario4 patients with complications

Screening 28063.66 8.694 473. 09 0.011 43173.63

No screening 27590.56 8.683

screening can delay deterioration, further avoiding medical
expenditures.

In addition, the cost-effectiveness of screening is affected
by the components of the costs. First, comorbidities increase
the direct medical costs, expanding the degree to which
costs could reduce the cost-effectiveness of the screening,
resulting in significant improvement of the ICER. Second,
the high proportion of indirect costs and intangible costs
favors the cost-effectiveness of the screening, and these
costs account for approximately 51% of the economic
burden of AD in China (Jia et al., 2018). This may
be attributable to the psychological burden and wage

loss incurred by both patients and caregivers whether
patients receive medication or not. Therefore, screening
reduces the costs incurred by patients without medication
and reduces their probabilities of progression, thereby
decreasing the cost required to obtain another unit of
QALYs.

However, it should be noted that there are 34 provinces of
various environments and lifestyles in China, so the prevalence
of the disease and its economic burdens would vary by
geographical region. The prevalence of MCI ranges from 2.4 to
27.8% (Qiu et al., 2003; Jiang et al., 2019; Deng et al., 2021),
while the prevalence of AD fluctuates between 1.33 and 5.98%
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(Lü et al., 1998; Li et al., 2003). The annual cost per person
fluctuates greatly between 2,384 and 19,144.36 USD (Wang
et al., 2008; Xu et al., 2017; Jia et al., 2018). Therefore, the cost-
effectiveness of implementing AD screening programs may vary
by region.

The relevant studies cited focused mainly on the
pathogenesis and treatment of AD, and evidence on the
effectiveness and cost-effectiveness of AD screening is lacking.
A few studies have looked at patients with dementia, without
grouping them by the fundamental causes such as AD. The
present study is an early investigation into the cost-effectiveness
of AD screening projects in China, where the disease has a
relatively complete clinical pathway and the study considers
MCI status as well. In addition, the time horizon of the
study is sufficiently long. Moreover, several scenarios were
assessed to evaluate the impact of screening frequency, starting
age, and comorbidities on the results. We also validated
the importance of the preclinical status of AD in reducing
the disease burden.

Some limitations should be noted. First, we had limited
sources of published data related to AD screening, so the
model was based on several assumptions and does not
fully reflect real-world conditions. Second, the study was
influenced to some extent by the quality of the second-
hand data. For example, studies on the economic burden
of AD in China differed in their findings, which may
have affected our results. Additionally, the environmental
and cultural differences between provinces require
discussion on local screening strategies. Despite certain
deficiencies, this study still provides evidence for public
health decision-making in China and reference values
for future studies.

Conclusion

In China, the screening for AD in individuals aged over 60
can reduce the number of severe cases and deaths and may be
a cost-effective choice. Improving the frequency of screening
can increase the health benefits, but the cost-effectiveness of
the screening should be discussed by threshold. Improving the
efficacy of medical therapies for AD favors the cost-effectiveness
of the screening programs. In addition, MCI is an important
stage during which the disease burden can be reduced and the
cost-effectiveness of screening can be improved.

Data availability statement

The original contributions presented in this study are
included in the article/Supplementary material, further
inquiries can be directed to the corresponding author/s.

Author contributions

YR made contribution to the conception and design of
the study, the analysis and interpretation of the data, and
the original writing and editing of the manuscript. DZ made
contribution to the design of the study and the interpretation
of the data. QX made contribution to the acquisition of the data
and the review of the manuscript. WT made contribution to the
design of the study and the review and editing of the manuscript.
All authors also agreed both to be personally accountable for the
author’s own contributions and to ensure that questions related
to the accuracy or integrity of any part of the work and approved
the submitted version.

Funding

This work was supported by the General Program of
National Natural Science Foundation of China (grant no.
72174207), Key Projects of National Natural Science Foundation
of China (grant no. 71734003), and Youth Project of National
Natural Science Foundation of China (grant no. 71603278).

Acknowledgments

We thank Liwen Bianji (Edanz) (www.liwenbianji.cn/) for
editing the English text of a draft of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnagi.2022.968842/full#supplementary-material

Frontiers in Aging Neuroscience 09 frontiersin.org

https://doi.org/10.3389/fnagi.2022.968842
http://www.liwenbianji.cn/
https://www.frontiersin.org/articles/10.3389/fnagi.2022.968842/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2022.968842/full#supplementary-material
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-14-968842 September 22, 2022 Time: 15:9 # 10

Ren et al. 10.3389/fnagi.2022.968842

References

Autism spectrum disorder (2021). Investigation report on the diagnosis and
treatment status of Alzheier’s disease patients in china.

Ballard, C., Gauthier, S., Corbett, A., Brayne, C., Aarsland, D., and Jones, E.
(2011). Alzheimer’s disease. Lancet 377, 1019–1031. doi: 10.1016/S0140-6736(10)
61349-9

Birks, J. S., and Harvey, R. J. (2018). Donepezil for dementia due to Alzheimer’s
disease. Cochrane Database Syst. Rev. 6:D1190. doi: 10.1002/14651858.CD001190.
pub3

Boccardi, V., Ruggiero, C., Patriti, A., and Marano, L. (2018). Diagnostic
Assessment and Management of Dysphagia in Patients with Alzheimer’s Disease. J
Alzheimers Dis. 50, 947–955. doi: 10.3233/JAD-150931

Burns, A., Gauthier, S., and Perdomo, C. (2007). Efficacy and safety of donepezil
over 3 years: an open-label, multicentre study in patients with Alzheimer’s disease.
Int. J. Geriatr. Psychiatry. 22, 806–812. doi: 10.1002/gps.1746

Chang, C. Y., and Silverman, D. H. (2004). Accuracy of early diagnosis and its
impact on the management and course of Alzheimer’s disease. Expert. Rev. Mol.
Diagn. 4, 63–69. doi: 10.1586/14737159.4.1.63

Craft, S., Raman, R., Chow, T. W., Rafii, M. S., Sun, C. K., Rissman, R. A., et al.
(2020). Safety, Efficacy, and Feasibility of Intranasal Insulin for the Treatment
of Mild Cognitive Impairment and Alzheimer Disease Dementia: A Randomized
Clinical Trial. JAMA Neurol. 77, 1099–1109. doi: 10.1001/jamaneurol.2020.1840

Deng, Y., Zhao, S., Cheng, G., Yang, J., Li, B., Xu, K., et al. (2021). The
Prevalence of Mild Cognitive Impairment among Chinese People: A Meta-
Analysis. Neuroepidemiology. 55, 79–91. doi: 10.1159/000512597

Dixon, J., Ferdinand, M., D’Amico, F., and Knapp, M. (2015). Exploring the
cost-effectiveness of a one-off screen for dementia (for people aged 75 years in
England and Wales). Int. J. Geriatr. Psychiatry. 30, 446–452. doi: 10.1002/gps.4158

Ferri, C. P., Prince, M., Brayne, C., Brodaty, H., Fratiglioni, L., Ganguli, M.,
et al. (2005). Global prevalence of dementia: a Delphi consensus study. Lancet 366,
2112–2117. doi: 10.1016/S0140-6736(05)67889-0

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). Mini-mental state”.
A practical method for grading the cognitive state of patients for the clinician.
J. Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)90026-6

Fuh, J. L., Pwu, R. F., Wang, S. J., and Chen, Y. H. (2004). Measuring Alzheimer’s
disease progression with transition probabilities in the Taiwanese population. Int.
J. Geriatr. Psychiatry. 19, 266–270. doi: 10.1002/gps.1076

Gatz, M., Reynolds, C. A., Fratiglioni, L., Johansson, B., Mortimer, J. A., Berg,
S., et al. (2006). Role of genes and environments for explaining Alzheimer disease.
Arch. Gen. Psychiatry. 63, 168–174. doi: 10.1001/archpsyc.63.2.168

Getsios, D., Blume, S., Ishak, K. J., Maclaine, G., and Hernández, L. (2012).
An economic evaluation of early assessment for Alzheimer’s disease in the
United Kingdom. Alzheimers Dement. 8, 22–30. doi: 10.1016/j.jalz.2010.07.001

Harvan, J. R., and Cotter, V. (2006). An evaluation of dementia screening in the
primary care setting. J. Am. Acad. Nurse Pract. 18, 351–360. doi: 10.1111/j.1745-
7599.2006.00137.x

Homma, A., Imai, Y., Tago, H., Asada, T., Shigeta, M., Iwamoto, T., et al. (2009).
Long-term safety and efficacy of donepezil in patients with severe Alzheimer’s
disease: results from a 52-week, open-label, multicenter, extension study in Japan.
Dement. Geriatr. Cogn. Disord. 27, 232–239. doi: 10.1159/000203887

Hongchao, L., Guoen, L., and Shanlian, H. (2020). Hina Guidelines for
Pharmacoeconomic Evaluations 2020. Beijing: China Market Press.

Jia, J., Wei, C., Chen, S., Li, F., Tang, Y., Qin, W., et al. (2018). The cost of
Alzheimer’s disease in China and re-estimation of costs worldwide. Alzheimers
Dement. 14, 483–491. doi: 10.1016/j.jalz.2017.12.006

Jia, L., Du, Y., Chu, L., Zhang, Z., Li, F., Lyu, D., et al. (2020). Prevalence, risk
factors, and management of dementia and mild cognitive impairment in adults
aged 60 years or older in China: a cross-sectional study. Lancet Public Health
5:e661–e671. doi: 10.1016/S2468-2667(20)30185-7

Jiang, H., Xiao-min, W., Kai-Yong, H., Yu-kun, Z., Xiang-Min, W., Yong-Fen,
G., et al. (2019). Study on prevalence of and influencing factors of mild cognitive
impairment among elderly people in communities of Nanning. Chin. J. Dis. Cont.
Prev. 23, 313–317.

Jinzhou, T., Hengge, X., and Luning, W. (2021). Chinese guideline for the
diagnosis and treatment of Alzheimer’s disease dementia(2020). Chin. J. Geriatr.
40, 269–283.

Jixing, W., and Zhenxing, Z. (2005). Investigation on health care status of
dementia patients over 55 years old in in urban and rural areas of Beijing. Chin. J.
Rehabil. 2005, 158–160.

Kehoe, P. G., Turner, N., Howden, B., Jarutyt, L., Clegg, S. L., Malone, I. B., et al.
(2021). Losartan to Slow the Progression of Mild-to-Moderate Alzheimer’s Disease
Through Angiotensin Targeting: the RADAR RCT. Southampton: NIHR Journals
Library. doi: 10.3310/eme08190

Koch, G., Motta, C., Bonnì, S., Pellicciari, M. C., Picazio, S., Casula, E. P., et al.
(2020). Effect of Rotigotine vs Placebo on Cognitive Functions Among Patients
With Mild to Moderate Alzheimer Disease: A Randomized Clinical Trial. JAMA
Netw Open. 3:e2010372. doi: 10.1001/jamanetworkopen.2020.10372

Langa, K. M., and Levine, D. A. (2014). The diagnosis and management of mild
cognitive impairment: a clinical review. JAMA 312, 2551–2561. doi: 10.1001/jama.
2014.13806

Lawlor, B., Segurado, R., Kennelly, S., Olde, R. M., Howard, R., Pasquier, F.,
et al. (2018). Nilvadipine in mild to moderate Alzheimer disease: A randomised
controlled trial. PLoS Med. 15:e1002660. doi: 10.1371/journal.pmed.100
2660

Lees, R., Selvarajah, J., Fenton, C., Pendlebury, S. T., Langhorne, P., Stott,
D. J., et al. (2014). Test accuracy of cognitive screening tests for diagnosis of
dementia and multidomain cognitive impairment in stroke. Stroke 45, 3008–3018.
doi: 10.1161/STROKEAHA.114.005842

Li, W. B., Wang, Y., and Wei, L. Q. (2003). A survey of prevalence of senile
dementia in retired elderly people. Lit. Inf. Prev. Med. 9, 643–644.

Lü, S. C., Yu, H. M., and Chen, Y. H. (1998). Epidemiological survey of senile
dementia in Dinghai District, Zhoushan City residemts. Chin. J. Psychiatry 4,
33–35.

Morris, J. C. (1993). The Clinical Dementia Rating (CDR): current version and
scoring rules. Neurology 43, 2412–2414. doi: 10.1212/WNL.43.11.2412-a

National Bureau of Statistics (2021). China statistical yearbook (2021). Available
online at: http://www.stats.gov.cn/tjsj/tjcbw/202201/t20220112_1826282.html
(accessed August 19, 2022).

National Bureau of Statistics of China (2018). China population and employment
statistics yearbook. Beijing: China Statistics Press.

National Health Commission of the People’s Republic of China. (2020). Notice
of the General Office of the National Health Commission on Exploring the Special
Services for the Prevention and Treatment of Depression and Senile Dementia.

Neumann, P. J., Hermann, R. C., Kuntz, K. M., Araki, S. S., Duff, S. B., Leon, J.,
et al. (1999a). Cost-effectiveness of donepezil in the treatment of mild or moderate
Alzheimer’s disease. Neurology 52, 1138–1145.

Neumann, P. J., Kuntz, K. M., Leon, J., Araki, S. S., Hermann, R. C., Hsu, M. A.,
et al. (1999b). Health utilities in Alzheimer’s disease: a cross-sectional study of
patients and caregivers. Med Care 37, 27–32. doi: 10.1097/00005650-199901000-
00005

No authors listed. (2020). 2020 Alzheimer’s disease facts and figures. Alzheimers
Dement Epub ahead of print. doi: 10.1002/alz.12068

Nuo, W., Zhanjun, Z., and Dong, C. (2012). Cost-effectiveness analysis of herbal
interventional treatment using Markov model. China J. Chin. Materia Med. 37,
2698–2701.

Qiu, C. J., Tang, M. N., Zhang, W., Han, H. Y., Dai, J., Lu, J., et al.
(2003). [The prevalence of mild cognitive impairment among residents aged
55 or over in Chengdu area]. Zhonghua Liu Xing Bing Xue Za Zhi. 24,
1104–1107.

Rimmer, E., Wojciechowska, M., Stave, C., Sganga, A., and O’Connell, B. (2005).
Implications of the Facing Dementia Survey for the general population, patients
and caregivers across Europe. Int. J. Clin. Pract. Suppl. 17–24. doi: 10.1111/j.1368-
504X.2005.00482.x

Rujing, R., Peng, Y., and Zhihui, W. (2021). China Alzheimer disease report
2021. J. Diagn. Concepts Practice 20, 317–337.

Tangalos, E. G., Smith, G. E., Ivnik, R. J., Petersen, R. C., Kokmen, E., Kurland,
L. T., et al. (1996). The Mini-Mental State Examination in general medical practice:
clinical utility and acceptance. Mayo Clin. Proc. 71, 829–837. doi: 10.4065/71.9.829

Tingting, W. (2017). Research on the Prevalence and Community
Management Strategies of Mild Cognitive Impairment Among the Elderly in
Three Districts of Chongqinng, Ph.D theses. Chongqing: Chongqing Medical
University.

Tsoi, K. K., Chan, J. Y., Hirai, H. W., Wong, S. Y., and Kwok, T. C. (2015).
Cognitive Tests to Detect Dementia: A Systematic Review and Meta-analysis.
JAMA Intern Med. 175, 1450–1458. doi: 10.1001/jamainternmed.2015.2152

Wang, G., Cheng, Q., Zhang, S., Bai, L., Zeng, J., Cui, P. J., et al. (2008).
Economic impact of dementia in developing countries: an evaluation of

Frontiers in Aging Neuroscience 10 frontiersin.org

https://doi.org/10.3389/fnagi.2022.968842
https://doi.org/10.1016/S0140-6736(10)61349-9
https://doi.org/10.1016/S0140-6736(10)61349-9
https://doi.org/10.1002/14651858.CD001190.pub3
https://doi.org/10.1002/14651858.CD001190.pub3
https://doi.org/10.3233/JAD-150931
https://doi.org/10.1002/gps.1746
https://doi.org/10.1586/14737159.4.1.63
https://doi.org/10.1001/jamaneurol.2020.1840
https://doi.org/10.1159/000512597
https://doi.org/10.1002/gps.4158
https://doi.org/10.1016/S0140-6736(05)67889-0
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1002/gps.1076
https://doi.org/10.1001/archpsyc.63.2.168
https://doi.org/10.1016/j.jalz.2010.07.001
https://doi.org/10.1111/j.1745-7599.2006.00137.x
https://doi.org/10.1111/j.1745-7599.2006.00137.x
https://doi.org/10.1159/000203887
https://doi.org/10.1016/j.jalz.2017.12.006
https://doi.org/10.1016/S2468-2667(20)30185-7
https://doi.org/10.3310/eme08190
https://doi.org/10.1001/jamanetworkopen.2020.10372
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1371/journal.pmed.1002660
https://doi.org/10.1371/journal.pmed.1002660
https://doi.org/10.1161/STROKEAHA.114.005842
https://doi.org/10.1212/WNL.43.11.2412-a
http://www.stats.gov.cn/tjsj/tjcbw/202201/t20220112_1826282.html
https://doi.org/10.1097/00005650-199901000-00005
https://doi.org/10.1097/00005650-199901000-00005
https://doi.org/10.1002/alz.12068
https://doi.org/10.1111/j.1368-504X.2005.00482.x
https://doi.org/10.1111/j.1368-504X.2005.00482.x
https://doi.org/10.4065/71.9.829
https://doi.org/10.1001/jamainternmed.2015.2152
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-14-968842 September 22, 2022 Time: 15:9 # 11

Ren et al. 10.3389/fnagi.2022.968842

Alzheimer-type dementia in Shanghai. China. J. Alzheimers Dis. 15, 109–115.
doi: 10.3233/JAD-2008-15109

Xu, J., Wang, J., Wimo, A., Fratiglioni, L., and Qiu, C. (2017). The economic
burden of dementia in China, 1990-2030: implications for health policy. Bull.
World Health Organ. 95, 18–26. doi: 10.2471/BLT.15.167726

Xue, J., Li, J., Liang, J., and Chen, S. (2018). The Prevalence of Mild Cognitive
Impairment in China: A Systematic Review. Aging Dis. 9, 706–715. doi: 10.14336/
AD.2017.0928

China Statistics Press (2018). China population and employment statistics
yearbook. Beijing: China Statistics Press.

Yan, X., Li, F., Chen, S., and Jia, J. (2019). Associated Factors of Total Costs
of Alzheimer’s Disease: A Cluster-Randomized Observational Study in China. J
Alzheimers Dis. 69, 795–806. doi: 10.3233/JAD-190166

Yang, C., Dehua, Y., and Rong, Y. (2018). Commonly used screening scales for
cognitive dysfunction and their application in communities in the domestic and
overseas. Chin. General Practice. 21, 1392–1396.

Yifeng, D., and Peiyuan, L. (2018). Chinese Guidelines for the Diagnosis and
Treatment of Dementia and Cognitive Impairment (5): Diagnosis and Treatment
of Mild Cognitive Impairment in 2018. Natl. Med. J. China. 98, 1294–1301.

Yining, G., Wei, W., and Xia, L. (2021). The model of cognitive impairment
screening service in communities in the aging era. Chin. J. Gerontol. 41, 4860–
4864.

Yu, S. Y., Lee, T. J., Jang, S. H., Han, J. W., Kim, T. H., and Kim, K. W. (2015).
Cost-effectiveness of nationwide opportunistic screening program for dementia in
South Korea. J Alzheimers Dis. 44, 195–204. doi: 10.3233/JAD-141632

Yuan, J., Zhang, Z., Wen, H., Hong, X., Hong, Z., Qu, Q., et al. (2016). Incidence
of dementia and subtypes: A cohort study in four regions in China. Alzheimers
Dement. 12, 262–271. doi: 10.1016/j.jalz.2015.02.011

Zhang, Y. Q., Wang, C. F., Xu, G., Zhao, Q. H., Xie, X. Y., Cui, H. L.,
et al. (2020). Mortality of Alzheimer’s Disease Patients: A 10-Year Follow-up
Pilot Study in Shanghai. Can J Neurol Sci. 47, 226–230. doi: 10.1017/cjn.20
19.333

Zhou, M., Wang, H., Zeng, X., Yin, P., Zhu, J., Chen, W., et al. (2019).
Mortality, morbidity, and risk factors in China and its provinces, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet 394,
1145–1158. doi: 10.1016/S0140-6736(19)30427-1

Zhou, B., Zhao, Q., Kojima, S., Ding, D., Higashide, S., Nagai, Y., et al.
(2019). One-year Outcome of Shanghai Mild Cognitive Impairment Cohort
Study. Curr. Alzheimer Res. 16, 156–165. doi: 10.2174/15672050166661811281
51144

Zhu, Y., Liu, H., Lu, X. L., Zhang, B., Weng, W., Yang, J., et al. (2019). Prevalence
of dementia in the People’s Republic of China from 1985 to 2015: a systematic
review and meta-regression analysis. BMC Public Health. 19:578. doi: 10.1186/
s12889-019-6840-z

Frontiers in Aging Neuroscience 11 frontiersin.org

https://doi.org/10.3389/fnagi.2022.968842
https://doi.org/10.3233/JAD-2008-15109
https://doi.org/10.2471/BLT.15.167726
https://doi.org/10.14336/AD.2017.0928
https://doi.org/10.14336/AD.2017.0928
https://doi.org/10.3233/JAD-190166
https://doi.org/10.3233/JAD-141632
https://doi.org/10.1016/j.jalz.2015.02.011
https://doi.org/10.1017/cjn.2019.333
https://doi.org/10.1017/cjn.2019.333
https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.2174/1567205016666181128151144
https://doi.org/10.2174/1567205016666181128151144
https://doi.org/10.1186/s12889-019-6840-z
https://doi.org/10.1186/s12889-019-6840-z
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Economic evaluation of the screening for Alzheimer's disease in China
	Introduction
	Materials and methods
	Study design
	Screening strategies
	Model overview
	Natural history and Markov model
	Model parameters
	Clinical inputs
	Prevalence and the proportion of Alzheimer's disease patients in all stages
	Attribute parameters for screening and diagnosis
	Transition probability
	Visit rate
	Mortality
	Utility

	Costs


	Sensitivity analysis
	Scenario analysis

	Results
	Base case analysis
	Sensitivity analysis
	Scenario analysis

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


