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ORIGINAL ARTICLE
Healthcare burden of cognitive impairment: Evidence from a Singapore

Chinese health study
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ABSTRACT

Background: Cognitive impairment (Cl) raises risks
for unplanned healthcare utilisation and expenditures
and for premature mortality. It may also reduce risks
for planned expenditures. Therefore, the net cost
implications for those with CI remain unknown.

Method: We examined differences in healthcare
utilisation and cost between those with and without
Cl. Using administrative healthcare utilisation and
cost data linked to the Singapore Chinese Health
Study cohort, we estimated regression-adjusted
differences in annual healthcare utilisation and costs
by Cl status determined by modified Mini-Mental
State Exam. Estimates were stratified by ex ante
mortality risk constructed from out-of-sample Cox
model predictions applied to the full sample, with
a separate analysis restricted to decedents. These
estimates were used to project differential healthcare
costs by Cl status over 5 years.

Results: Patients with Cl had 17% higher annual
cost compared to those without Cl (SGD4870 versus
SGD4177, P<0.01). Accounting for the greater
mortality risk, individuals with Cl cost 9% to 17%
more over 5 years, or SGD2500 (95% confidence
interval 1000-4200) to SGD3600 (95% confidence
interval 1300-6000) more, depending on their age.
Higher cost was mainly due to more emergency
department visits and subsequent admissions
(i.e. unplanned). Differences attenuated in the last
year of life when costs increased dramatically for
both groups.

Conclusion: Ageing populations and higher rates of
Cl will further strain healthcare resources primarily
through greater use of emergency department visits
and unplanned admissions. Efforts should be made to
identify at risk patients with Cl and take appropriate
remediation strategies.
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CLINICAL IMPACT

What is New

e Our study demonstrates that individuals with
cognitive impairment tend to experience
higher rates of unplanned healthcare utilisation,
such as visits to emergency departments and
subsequent hospital admissions.

e Additionally, those with cognitive impairment
face significantly higher overall healthcare costs
when compared to individuals without cognitive
impairment.

Clinical Implications

® These findings confirm the growing concern
regarding the burden of cognitive impairment
on healthcare systems, especially within
ageing populations, as evidenced by increased
healthcare utilisation and escalating costs.

INTRODUCTION

Individuals with cognitive impairment (Cl) are
predisposed to injuries, infections and treatment
complications,” have poorer treatment compliance,
and face greater difficulties with post-discharge
care.?  These challenges, exacerbated by
comorbidities,** lead to poorer ambulatory care
management, reduced contacts with primary and
outpatient care providers, and greater use of
emergency department (ED) visits, more unplanned
admissions, and longer length of inpatient stays.””
Roughly two-thirds of those with Cl will also develop
dementia.®

The above suggests that rising rates of ClI
will increase health expenditures. Yet, this is not
necessarily the case as those with Cl have higher
mortality risk.”'? Those with CI may also be less
aggressively treated and therefore less likely
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to receive life-extending treatments, such as
dialysis, cancer treatments or surgeries.’®' This
may result both because these patients face greater
difficulty adhering to treatment guidelines, such
as post-surgical care and because surrogate
decision-makers may be less inclined to pursue
life-extending or elective treatments for someone
with CI.">'® Hence, while unplanned healthcare
utilisation is likely greater for those with Cl, planned
utilisation may be less due to both the mortality
effect and the possible attenuation of planned care.
Therefore, whether those with Cl have higher or
lower expenditures than those without is ultimately
an empirical question.

We address this question by quantifying
differences in healthcare utilisation and costs for
those with and without ClI using a retrospective
analysis of a population-based cohort, the
Singapore Chinese Health Study cohort, linked to
administrative healthcare records.”™ Our primary
analysis compared utilisation and costs between
those with and without Cl. We expect that those
with Cl will have higher utilisation and costs
associated with ED visits and unplanned admissions
(i.e. through the ED) but will have lower utilisation
and costs associated with outpatient visits and
planned hospital admissions (i.e. not through the
ED). Moreover, we expect that the hypotheses
for outpatient visits, ED visits and unplanned
admissions are more likely to hold for those
at greater ex ante risk of dying because ClI
complicates treatment for other conditions and
ambulatory care management. On the other hand,
the hypothesis for planned admissions is more likely
to hold for those at lower ex ante risk of dying as
these patients face less urgency for life-extending
treatment. In the last year of life we expect cost
differences between those with and without ClI
to attenuate, both because those with Cl are less
likely to receive life-extending treatments and
because those without Cl are likely to be much
more expensive than in non-terminal years.”#"

As a secondary analysis, we combined the
expenditure and survival estimates to quantify
the expected 5-year per capita burden of Cl for
varying ages between 65 and 90. We hypothesised
that the 5-year burden of Cl will attenuate with
increasing age due to increased mortality risk
attributable to Cl. These results will help policy-
makers better understand drivers for end-of-life
costs and budget for future health expenditures that
will come with Singapore’s ageing population.

METHOD

The Singapore Chinese Health Study is a
longitudinal cohort study that recruited 63,257
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Chinese residents aged 45-74 years and residing
in public housing estates during recruitment from
1993 to 1998; at the time of recruitment, about 86%
of Singapore population resided in these estates.™
Trained interviewers used a structured questionnaire
to collect information on usual diet, lifestyle factors
and medical history from consenting participants.
Our study focused on respondents of the third
follow-up interview (n=16,947), conducted from
2014 to 2016, which examined cognitive function
among the participants using the Singapore-
modified version of the Mini-Mental State Exam
(SM-MMSE).” Although an MMSE cut-off point
of 23 to 24 is usually used to define Cl in Western
countries,® previous studies have showed that
MMSE score is significantly affected by education
level.?#2 As education level in our population was
generally low, we used education-specific cut-off
points from the Shanghai Dementia Survey which
had a comparable education level with our study
population.?' Individuals with Cl were identified by
SM-MMSE scores <18, <21 and <25 for those with
no formal education, with primary school education,
and with secondary school or higher education,
respectively. Vital status as of 31 December 2019
and date of death were obtained from linkage with
the Singapore Registry of Births and Deaths.

Healthcare utilisation and cost

Data on healthcare utilisation and costs from 2014
to 2019 were obtained by linking the Singapore
Chinese Health Study (SCHS) cohort to administra-
tive data from the Ministry of Health. The latter
captures cost and utilisation data from public and
private acute hospitals in Singapore for admissions,
day surgeries, hospital outpatient visits and visits to
government-run polyclinics.?

Healthcare utilisation was examined in terms
of having any visits, number of visits and length
of stay for hospital admissions. We consider all ED
visits and all hospital admissions following an ED
visit as unplanned. Healthcare costs were taken
from the non-subsidised bill amount and adjusted
to 2021 Singapore dollars (SGD) using the
healthcare consumer price index.

Burden estimation

We used regression analysis to estimate the
differences in healthcare utilisation and cost
between cognitively impaired and cognitively intact
individuals, controlling for potential confounders,
including age, gender, education, residence type,
whether they lived alone, health conditions (e.g. body
mass index and self-reported chronic conditions),
and year-fixed effects. Probit regression was used
for the probability of having at least 1 visit or
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admission. Negative binomial regression was used
for number of visits and length of inpatient stay.

A 2-part model was used to quantify healthcare
cost a year from the survey date to account for
the fact that many individuals do not utilise ED
or inpatient services.?* The first part is a probit
model which estimated the probability of having a
positive cost. The second part is a generalised linear
regression model (GLM) with log link function and
gamma-distributed errors that estimated non-zero
costs.? For the analysis of cost in the last year of
life, we found the GLM with log link function and
gamma-distributed errors to be a reasonable fit as
the probability of having a positive cost was high.

Since Cl was assessed only once for the SCHS
cohort in the third follow-up survey, our primary
analysis focused on estimating Cl burden in the
12-month period immediately after survey to test
our hypotheses on differences in utilisation and
costs over different healthcare settings as a function
of Cl status. To investigate the extent to which our
hypotheses hold for those with different underlying
risk of dying, we conducted a stratified analysis by
the 12-month ex ante mortality risk—defined here
as the out-of-sample predicted probability of dying
as discussed in the following paragraph—running
separate regressions for those in the top 25%
risk and those in the bottom 75% risk. For
comparisons of healthcare utilisation and cost
in the last year of life, we assumed that decedents
who were cognitively intact during the interview
remained so until death.

Survival estimation

A stratified Cox proportional-hazards model,
controlling for the same set of predictors used in
the burden estimation, was used to estimate survival
differences attributed to Cl, as well as generate
ex ante mortality risk predictions. Stratification
was performed over cancer status, which failed
the proportional hazards test based on Schoenfeld
residuals. To obtain ex ante mortality risk, we
implemented a 10-fold out-of-sample prediction
procedure that involved randomly partitioning the
sample into 10 equal-sized subsamples. For each
subsample, the survival model was fitted on the
other 9 subsamples and out-of-sample predictions
were generated for the withheld subsample.

Expected 5-year cost

We projected the expected total 5-year cost
of cognitively impaired and cognitively intact
individuals beginning at ages 65, 70, 75, 80, 85
and 90 years to investigate any offsetting effects
of increased mortality for older individuals.
The projections were based on 3 sets of age-
specific predictive margins over Cl status: (1) annual
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survival probabilities; (2) total end-of-life cost in the
last 12 months of life; and (3) annual non-end-of-life
cost. Predictive margins were averaged over those
whose ages were within 2 years of the reference
age to ensure other covariates such as health
conditions are representative (e.g. predictive
margin for a 70-year-old is averaged over those
aged 68 to 72). The expected 5-year cost for an
individual is then the probability-weighted sum
of end-of-life and non-end-of-life costs in each
year, with costs beyond the first year discounted
at 3% per annum. Standard errors and 95%
confidence intervals were calculated based on
2000 bootstrap replications. Similar to the analysis
of the end-of-life costs, the projections assumed
Cl status remains unchanged throughout this

period.

RESULTS

Table 1 presents the demographic and health
characteristics of individuals participating in the
third SCHS follow-up interviews. Approximately
14% of respondents had evidence of Cl based
on the SM-MMSE scores. These individuals were
more likely to be female, older, less educated,
and residing in 3-room flats or smaller. They were
also more likely to be unhealthy, have a higher
risk of cardiovascular disease, and more likely to
have reported being diagnosed with hypertension,
diabetes, stroke, arthritis and Parkinson’s. However,
they were also less likely to have reported having
high cholesterol, gout and cancer. By the end of
2019, individuals with Cl were more than twice as
likely to have died than those without CI.

The first 2 columns of Table 2 report the
regression-adjusted healthcare utilisation and
costs incurred within a year from interview.
Overall, individuals with Cl were more likely than
those without Cl to have at least one visit to the
ED (26% versus [vs] 20%, P<0.01) and at least 1
unplanned admission (18% vs 13%, P<0.01). On
average, individuals with Cl spent 1.22 more days
in the hospital than those without (P<0.01), and
these days were mostly attributed to unplanned
admissions. In terms of total healthcare costs,
individuals with Cl cost about SGD700 or 17%
more per year than those without Cl (SGD4870
vs SGD4177, P<0.01), which were largely driven
by higher costs for unplanned admissions. Costs
for outpatient visits were significantly lower
for individuals with Cl (P<0.05). There were no
differences in utilisation or costs of planned
admissions. Utilisation and cost of ED without
admission were significantly higher for individuals
with Cl (P<0.05).

Columns 3 to 6 of Table 2 report results stratified
by ex ante mortality risk (see Supplementary
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Table 1. Sample characteristics by vital and cognitive impairment Materials Tables $1 and S2 for fitted survival model

status. and its discriminative power). Approximately 35%
Cognitive status No ClI al of thoge with hlghgr mortality rlsk.haoll Cl, while
(n=14,504) (n=2443) only 8% of those with lower mortality risk had CI.

Individuals with the same ClI status but with higher

Panel A: Demographics risk of dying over the next year had substantially
Men, % 414 370 higher healthcare utilisgtion and costs in.aII
settings. Among those with lower mortality risk,

Age, mean 72.0 76.7 ED and unplanned inpatient utilisation remained

significantly higher for individuals with Cl. However,

Level of education, % . X
the difference in total costs was smaller and not

None 18.0 24.0 statistically significant. This is because despite

Primary 453 e having significantly higher costs for unplanned

admissions, individuals with Cl had significantly
Secondary and above 367 34.4 lower costs for planned admissions. Healthcare

burden associated with Cl was also generally larger

Living alone, % 78 79 in absolute terms for those with higher mortality

Housing type, % risk. Incremental ED visits and unplanned

admissions associated with Cl were relatively

HDB 1-2 room 4.2 68 greater and more statistically significant in

HDB 3-room 30.6 36.4 magnitude for this group. Similar results were found

for healthcare costs. Additionally, high mortality

HDB 4 room 381 361 risk individuals with CI incurred significantly lower
HDB 5 room or exec 243 190 outpatient costs than those without (SGD187,

P<0.05). Total costs associated with Cl was
Private or others 27 7 SGD1177 (P<0.01) for those with higher mortality

Panel B: Health measures risk; but for those with lower mortality risk it was

only SGD251 and not statistically significant.
BMI group, % Alternative estimates restricted to a subsample

of those with matched Cl propensity scores

<18.4 (underweight) 6.5 7.2 . . T
(Supplementary Materials Table S3) yielded similar
18.5-22.9 (low CVD risk) 42.2 39.9 findings.
23.0-27.4 (moderate CVD risk) 206 407 Table 3 reports the regression-adjusted healthcare
utilisation and costs incurred in the last year
=27.5 (high CVD risk) 108 122 of life. Utilisation of ED and inpatient service
High blood pressure, % 619 66.1 settings Were'su.bstantially higher than Table 2 but
were more similar between Cl status. Although
Heart attack/angina/heart failure, % 9.6 10.1 the lack of statistically significant differences may
Coronary bypass/angioplasty, % 71 74 be partly due to the smaller sample size, we note

that the absolute difference between those with

Stroke, % 4.7 8.1 and without Cl was also smaller. Outpatient visits

Diabetes, % 220 2% 1 and planned admissions at the end of life

were significantly lower for individuals with CI.
High cholesterol, % 57.6 53.1 Unplanned inpatient costs were also lower for

individuals with Cl. There was little difference in

Gout, % 6.2 4.3 . .
costs by place of service or overall in the last
Cancer, % 6.8 5.6 year of life.
Chronic lung disease, % 10 0.8 Table 4 presents the expected 5-year total
healthcare cost by age and CI status. Costs
Arthritis, % 18.4 201 increase with starting age and were significantly
Kidney failure, % 13 16 higher for individuals with Cl by about SGD2500

to SGD3600 (i.e. SGD500 to SGD720 per year),
Parkinson’s disease, % 0.5 1.2 based on the 95% bootstrapped confidence

Deceased by 2019, % uy 176 intervals. The incremental cost associated with

Cl rose initially with age, peaking at around age

BMI: body mass index; Cl: cognitive impairment; CVD: 80 before falling. A breakdown of the survival
cardiovascular disease
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Table 2. Healthcare utilisation and cost, a year after the interview.

Ex ante mortality risk All Bottom 75% Top 25%
(n=16,939) mortality risk mortality risk
(n=12,703) (n=4236)
Cognitive status No ClI Cl No ClI Cl No ClI Cl

Panel A: Any visit/admission, %

Outpatient 941 93.6 93.2 93.2 96.6 96.5
Emergency department 19.7 25.7™ 16.0 18.7" 30.9 40.2™
Emergency department without admission 9.6 12.0™ 8.6 10.0 12.4 1617
Inpatient 16.3 21.9™ 12.6 15.0" 27.5 36.1™
Planned inpatient 6.1 6.3 5.2 4.5 8.9 9.7

Unplanned inpatient 12.6 18.2 9.0 12.3™ 235 31.8™

Panel B: Number of visits/admissions, mean

Outpatient 10.4 10.1" 9.76 9.67 12.4 12.0
Emergency department 0.30 0.46™ 0.22 0.31™ 0.52 0.81™
Emergency department without admission 0.11 0.15™ 0.10 0.12 0.16 0.20™
Inpatient 0.27 0.40™ 0.19 0.24™ 0.49 0.74™
Planned inpatient 0.08 0.08 0.07 0.06 0.13 0.14
Unplanned inpatient 0.18 0.31™ 0.12 0.19™ 0.36 0.60™

Panel C: Length of inpatient stay, mean days

All admissions 1.66 2.88™ 1.00 1.60™ 3.38 5.73™
Planned admissions 0.43 0.50 0.31 0.23 0.78 1.08
Unplanned admissions 1.24 2.45™ 0.71 1.417 2.60 4.86™

Panel D: Costs (2021), SGD

Total 4177 4870 3283 3534 6072 7249
Outpatient 1790 1673 1623 1631 2265 2078"
Emergency department 74 110™ 55 73™ 132 196™
Emergency department without admission 30 36™ 26 29 43 54~

Inpatient 2292 3118™ 1616 1745 4348 5830
Planned inpatient 986 895 844 458™ 1388 1621

Unplanned inpatient 1299 2157 778 1283" 2910 4327

Cl: cognitive impairment
Estimates are regression-adjusted, controlling for factors listed in Table 1 and time-fixed effects. Statistically significant differences between
the cognitively intact and impaired are indicated by asterisks: "P<0.1, "P<0.05, *"P<0.01.

probability and undiscounted cost for each year increased with age. However, higher mortality
reveal what is driving this u-shaped pattern attributable to Cl also increased with age, offsetting
(Supplementary Materials Table S4). The Cl burden the additional costs with an increasingly lower
increased initially with age because incremental probability of surviving. Hence, the projected
costs, both non-end-of-life and end-of-life, costs subsequently fell with age.
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Table 3. Total healthcare utilisation and cost in the last year

of life.

Cognitive status of decedents (n=1454) No CI Cl

Panel A: Any visit/admission, %

Outpatient 97.7 94.8™
Emergency department 89.9 92.4
Emergency department without admission 29.0 31.9
Inpatient 89.7 91.1
Planned inpatient 35.0 26.6™
Unplanned inpatient 84.5 85.8

Panel B: Number of visits/admissions, mean

Outpatient 16.7 13.5™
Emergency department 2.57 2.59
Emergency department without admission 0.41 0.40
Inpatient 2.76 2.65
Planned inpatient 0.63 0.47"
Unplanned inpatient 213 2.17

Panel C: Length of inpatient stay, mean days

All admissions 24.8 26.4
Planned admissions 4.58 4.44
Unplanned admissions 20.3 220

Panel D: Costs (2021), SGD

Total 34,469 33155
Outpatient 3515 2736™
Emergency department 699 697
Emergency department without admission 122 118
Inpatient 30,228 29745

Planned inpatient 7523 6553

Unplanned inpatient 22,847 22927

Cl: cognitive impairment.

Estimates are regression-adjusted, controlling for factors listed in
Table 1 and time-fixed effects. Statistically significant differences
between the cognitively intact and impaired are indicated by
asterisks: "P<0.1, "P<0.05, ""P<0.01.

DISCUSSION

This study quantified the annual and 5-year
per capita burden of Cl for an elderly Chinese
population in  Singapore. Using our annual
estimates and assuming 44,000 individuals have
Cl in Singapore,? the aggregate burden is about
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SGD134 million over 5 years, or SGD27 million
annually. This figure represents only 0.1% of the
nation’s total health expenditure today, but it is
likely to rise dramatically in the future given the
ageing population and rising rate of CL¥
While several cost-of-illness studies have been
published for CI,%33 only 2 studies, both from the
US, focused on its impact on healthcare utilisation
at the end-of-life.”8 Our findings are largely
consistent with results from these studies.

The higher cost among those with Cl resulted
because these individuals utilised more ED and
inpatient services, most of which were unplanned.
As hypothesised, those most at risk of dying had
the greatest difference. This may result from ClI
complicating treatment for other health conditions
such as end-stage renal disease and cancer, which
require good ambulatory care management and
high patient adherence. Among the subset with
lower mortality risk, those with Cl had fewer
planned admissions, shorter associated stays, and
significantly lower costs. This could be due to
efforts on the part of caregivers and providers to
avoid costly and invasive discretionary treatments
for those with Cl. When mortality risk was higher,
utilisation patterns did not appear to differ by
Cl status, perhaps because treatment is less
discretionary in these circumstances.

During the last year of life, we found that
older adults with ClI had fewer outpatient visits and
planned admissions but total cost appeared similar
between those with and without Cl. The similarity
in costs is possibly because of the high and variable
costs associated with dying, which makes it difficult
to tease out costs specifically related to ClI.

Our results show that the bulk of the Cl burden is
from ED visits and unplanned admissions.
Common causes for ED visits among those with
Cl include pneumonia, heart failure, urinary tract
infection and fall-related injuries.** Future research
should investigate the extent to which such cases
can be avoided or diverted to lower-cost outpatient
and community care settings, and whether strategies
to do so are cost-effective.

We also found evidence of lower expenditures
on planned hospitalisations among those with
lower risk of dying, suggesting that doctors or
surrogate decision-makers may be less inclined to
pursue costly elective treatment for patients with ClI.
A better understanding of treatment choices and
their consequences for patients with Cl should be
an area of future research.

This study has several limitations. First, our
estimates are limited to medical costs. They do
not include the cost of private primary care clinics,
nursing homes, other non-institutional care (e.g.
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Table 4. Expected 5-year total healthcare cost (2021, SGD).

Cognitive status No CI (o] Incremental cost

Starting age

65 15,200 17,800 2500
(14,400 to 16,000) (16,000 to 19,600) (1000 to 4200)

70 18,400 21,400 3000

(17,600 to 19,200)

(19,600 to 23,300) (1200 to 5000)

75 21,600
(20,700 to 22,700)

25,000 3400
(23,100 to 27,000) (1300 to 5600)

80 25,000
(23,600 to 26,700)

28,500 3600
(26,500 to 30,900) (1300 to 6000)

85 27,400
(25,400 to 29,900)

30,800 3400
(28,000 to 33,700) (1000 to 6000)

90 28,700
(25,800 to 32,100)

31,300 2700
(28,400 to 34,800) (200 to 5200)

Cl: cognitive impairment.

The 95% confidence intervals are based on 2000 bootstrap replications, reported in parentheses. Costs beyond the first year were

discounted at the rate of 3%.

day care, home care), and large indirect costs
associated with informal caregiving.?** Second,
estimates were based on the Chinese population
in Singapore only, so results may not generalise
to the roughly 25% of the population who is not
Chinese.**? Third, Cl status was measured only
once at the start of the study. Our analysis assumed
those who are cognitively intact remain so until
the end of the analysis period. This attenuates the
burden of Cl because a proportion of those who
were cognitively intact during the survey may later
become impaired, thus increasing costs. Restricting
our ex ante mortality risk analysis to within a year
of the survey reduced this bias, but this approach
was not feasible for the analysis of the last year
of life due to too few deaths. Nevertheless, we
argue that this bias is likely small given the short
follow-up period. Another potential source of bias
is that costly chronic conditions (e.g. cancer) may
have a higher likelihood of being under-reported
or unobserved by individuals with Cl, resulting in
overestimating the Cl burden. However, it is not
clear whether the lower prevalence observed in
our sample is due to misreporting or undiagnosed
cases due to a lack of health screening.

CONCLUSION

The anticipated increase in burden associated with
Cl is a concern for many countries with an ageing
population. We show that this concern is valid but
partly attenuated by greater mortality risk and less
use of planned healthcare services. Regardless,
ageing populations and higher rates of ClI will
further strain healthcare resources. Efforts should
be made to identify the most at-risk patients with
Cl, including which components of CI (e.g.
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behavioural/psychological issues, physical/
functional decline) have the largest impact, and
take appropriate remediation strategies.
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