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The Present and Future Dementia Burden in China: Kinship-Based

Projections and Global Comparisons

Abstract

China has the largest number of patients with dementia in the world, and the rate of growth
is expected to escalate further as the population ages. The majority of dementia patients rely
on their families for care and assistance. Using demographic models of kinship, we provide
quantitative estimates of the burden of dementia, from 1990 up to 2050, by illustrating the num-
ber of kin accessible to dementia patients, the dementia prevalence among kinship networks,
and the dependency ratio of kin with dementia to working-age kin without dementia. We then
compare the estimates of dementia burden across 194 countries and territories, accounting for
historical trends in, and future projections of, mortality, fertility, and dementia prevalence. Our
findings suggest that, unlike other aging societies, China’s aging crisis is exacerbated by the
fact that, in addition to the alarming rise in the number of older adults in need of care, the num-
ber of potential family caregivers is also dropping at an unprecedented pace. The increase in
dementia dependency ratio is expected to exceed the increases in most other countries across
East Asia, Western Europe, and the United States. These findings have important implications
for understanding the evolution of care networks for older adults in China over time and from a

cross-country comparative perspective.
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Introduction

Alzheimer’s disease and related dementias (hereafter referred to as dementia) constitute an enor-
mous challenge for patients, their caregivers and family members, and society as a whole. At
a population level, numerous studies have documented the causes and consequences of demen-
tia, its variation across time and place, and its growing impact on the economy and healthcare
systems (Baumgart et al. 2015; Nichols et al. 2022; Pedroza et al. 2022). Dementia profoundly
changes the lives of patients and those of their families and relatives (Schulz and Martire 2004).
Those effects depend, among other things, on the structure of kinship networks: the numbers,
age distributions, and social roles of the relatives of a person with dementia.

Following the framework developed by Freedman et al. (2024), we study how demographic
transitions affect the dynamics of kinship structure and how structural changes in kinship net-
works influence dementia caregiving. Specifically, we estimate the dementia prevalence and the
availability of potential caregivers for an average individual in the historical past and projecting
them into the future. Our primary focus is on China, and we then contextualize the China case
through a global comparison. China has the largest number of dementia patients in the world,
and this number is expected to grow rapidly in the coming years due to the unprecedented pace
of population aging. The number of those living with dementia has increased over fourfold in
the past three decades, from 3.68 million in 1990 to 15.33 million in 2019, and this number is
expected to triple to 45.54 million in 2050 (Nichols et al. 2022). While a significant amount
of research has documented the increased rate of dementia cases and the associated economic
costs at the national level (Chan et al. 2013; Jia et al. 2020; Nichols et al. 2019; Sohn 2023), the
familial implications of dementia in kinship networks have yet to be fully explored.

Of particular importance is the number of potential family caregivers available to individ-

uals with dementia, as well as the number and relations of one’s family members who may



20

21

22

23

24

potentially experience dementia throughout their lifetime. Thus, the burden of dementia (and
many other diseases) in China, and in rapidly aging populations worldwide, is fundamentally
a kinship problem. The kinship network determines the number of potential family caregivers,
and how many families and relatives are affected by the occurrence of dementia among their
kin. For example, an individual may, in young adulthood, have a grandmother with dementia,
have a parent with dementia in middle age, and have a spouse or a sibling with dementia in their
own older age. This age pattern may vary across population subgroups stratified by kin type,
gender, race, socioeconomic status, and place of residence, and it will likely have significant
consequences for social inequality (Alburez-Gutierrez et al. 2022; Chung and Hepburn 2018;
Feng, Song, and Caswell 2024; Friedman, Freedman, and Patterson 2023; Jiang 1995; Song
and Caswell 2022; Verdery and Margolis 2017; Zhou, Verdery, and Margolis 2019). While the
availability of relatives is not the sole determinant of the provision of care (which also depends
on the health care system, the costs and access to institutional care facilities, and the cultural
norms of family responsibilities) all those factors must operate within the context of the kinship
network. That network is crucial for both the care needs of older adults and the support of
caregivers, as consistently emphasized in previous demographic analyses (Cheng et al. 2013;
Cleary et al. 2022; Freedman et al. 2024; Reyes, Schoeni, and Freedman 2021).

The expected kinship network of a focal individual is an outcome of the mortality and fer-
tility schedules to which the population is subject. The recent development of kinship models
allows us to analyze these demographic trends and predict how kinship structures might evolve
(Caswell 2019; Caswell and Song 2021). We use the time-varying version of this kinship model
to project kinship structure based on observed and projected changes in mortality and fertility
schedules from 1950 to 2050. China’s rapidly changing demography makes this time-varying
approach particularly useful (Wang 2011; Peng 2011).

By applying the age-specific dementia prevalence rates to the age distributions of various kin
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types, we calculate the burden of dementia care for individuals. This burden varies depending
on a person’s age, their kin’s ages, and their relatedness to different kin types. In general, older
cohorts will face a greater burden than younger ones. We introduce an index called the dementia
dependency ratio (DDR), which calculates the ratio of the number of kin with dementia to
the number of kin without dementia who are potential caregivers. The DDR is an individual
property. To evaluate the burden of dementia at the population level, we average the age-specific
DDR over the age distribution of the population. After computing results for China, we compare
the index across a wide range of countries.

Our results show that China will experience among the fastest-growing dementia burdens in
the world in the next three decades. In 2050, China’s age-weighted DDR is projected to rise to
approximately 18 times its 1990 level, marking one of the most rapid increases ever recorded,
surpassed only by Singapore’s expected climb of roughly 24 times. This trend is largely driven
by rising numbers of dementia cases and shrinking kinship networks. Given China’s immense
population size and its relatively underdeveloped public health support system, the challenges
faced by China will be substantially more formidable than those of many other countries. The
results also underscore the need for future research to redirect its focus from merely the total
count of dementia cases to a more comprehensive assessment of dementia burden from a demo-
graphic perspective. The kinship approach offers new insights into the economic and healthcare

impacts of dementia in a rapidly aging context.

Background

Population Aging and Dementia in China

China’s population is aging at an unprecedented rate. Its three-and-a-half decade long history of
the One-Child Policy, along with its remarkable economic take-off following the 1978 economic

reforms, has led to a sustained fertility decline and a rapid increase in life expectancy (Cai

3



20

21

22

23

24

25

and Feng 2021; Chen and Liu 2009; Wang 2011). This ongoing demographic transition will
eventually turn China’s population pyramid upside-down. Even assuming, against the trend,
a gradual and moderate recovery of fertility, the proportion of the population aged 65 years
and above is expected to increase from 191 million in 2020 to 395 million in 2050, eventually
accounting for 30.1% of the total population (United Nation 2022). This accelerated aging of
the population will lead to substantial pressures on the fiscal capacity and the social welfare
system in China. Cai, Wang, and Shen (2018) estimated that maintaining an average social
welfare generosity at the 2014 level, public health spending will more than double and pension
spending will more than triple from 2015 to 2050. Assuming that China manages to maintain its
economy at the 2020 level, the spending on public health and pension alone would consume as
much as 82.8% of the government revenue by 2050. The impact that the COVID-19 pandemic
has had on China’s birth rate and economy would only precipitate the tipping point of the
potential fiscal crisis.

The increasing prevalence of dementia is one of the greatest challenges facing China’s ag-
ing population. China has the largest population of dementia patients (Jia et al. 2020), with
many of them undiagnosed (Lang et al. 2017), and this number is expected to climb as the pop-
ulation ages. In 2017, dementia became the fifth leading cause of death in China, following
stroke, ischemic heart disease, chronic obstructive pulmonary disease, and lung cancer (Zhou
et al. 2019). There is no effective cure for dementia, and sufferers eventually require assistance
as the disease progresses. The disease thus poses a heavy economic and healthcare burden
on patients and their families. A 2015 survey of 81 representative hospitals, nursing homes,
and care facilities across 30 provinces in China reported an average annual cost of dementia
care per patient of $19,144.36, amounting to a national total of $167.74 billion annually (Jia et
al. 2018). Indirect costs, such as financial loss sustained by patients themselves or their informal

caregivers account for 51.9% of the total cost, while the direct medical costs (such as medica-
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tion and hospitalization) and non-medical costs (such as costs of transportation and healthcare
equipment) account for 32.5% and 15.6%, respectively.

As the demand for dementia care rises, the traditional family structures that have long sup-
ported care for older adults in China are also undergoing significant changes. Despite the long
history of preference for large families and intergenerational co-residence in China, the average
household size has shrunk from 4.41 in 1982 to 3.44 in 2000 and 2.62 in 2020 (China National
Bureau of Statistics 2021). Moreover, with a total fertility rate of 1.3 in 2020, China now has
one of the lowest fertility rates, similar to its East Asian neighbors (China National Bureau of
Statistics 2021). The three-and-a-half-decade-long strict One-Child Policy and the changing
fertility preferences have significantly altered the kinship network (Wang, Cai, and Gu 2013;
Wang, Gu, and Cai 2016). Scholars have long warned that the One-Child Policy would signif-
icantly weaken family and kin structures in Chinese families, leading to the disappearance of
many kin ties for the most affected generations (Bongaarts and Greenhalgh 1985). For example,
an only child has no siblings, and the children of two only-child parents have no aunts or uncles.
Additionally, a significant number of parents may be left without a surviving child in old age if
their only child passes away prematurely.

These demographic shifts have profound implications for the future of caregiving in China.
Microsimulation studies and formal demographic models have predicted an unavoidable decline
in both family size and kin availability(Hammel et al. 1991; Jiang 1995; Verdery 2019; Yang
1992). Verdery (2019) shows that China has reached an era of peak family, in which the number
of extended family members remains high but is projected to drop in the coming years. By the
year 2050, two-fifths of the population under 50 will be only children. The kinless population,
defined as those without spouses or children, will reach around 25 million (Verdery 2019).
Moreover, massive rural-to-urban migration has split families, as many adult children have

migrated to metropolitan regions for better opportunities, leaving their older parents behind in
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rural villages (Liang 2016; Lin and Tang 2023; Wang and Mason 2007). The percentage of
individuals over 65 living alone is expected to increase to 14% in rural areas and 11% in urban
areas in 2050 (Zeng et al. 2008). Overall, the number of dementia cases is expected to rise due
to population aging, at the same time that the number of available family caregivers, particularly

those who are not in old age themselves, decreases.

The Demography of Dementia Caregiving

Family plays a key role in caring for older adults worldwide, especially those with dementia (Jia
et al. 2020; Livingston et al. 2017; Wang et al. 2019). According to a large-scale survey from
China, about 84.9% of dementia patients were cared for by family members, 8.3% lived alone,
4.9% received care from hired nannies, and only 2% were receiving formal care in nursing
homes or hospitals(Jia et al. 2016). Several factors contribute to the low utilization of formal
care in China. First, formal care provided by nursing homes or hospitals is often not covered
by medical insurance, making it financially inaccessible for many families (Wang, Cheung, and
Leung 2019). Second, dementia care services are often inadequate and fragmented. While home
care in developed urban areas is supplemented by community-based services, such support is
scarce in rural and underdeveloped regions, further restricting access to formal care (Quail et
al. 2020). Furthermore, cultural norms rooted in filial piety also discourage families from using
nursing homes, as it is seen as a departure from traditional caregiving (Chang, Schneider, and
Sessanna 2011). These intertwined factors collectively contribute to the limited use of formal
care services and the enduring significance of family care within kinship networks in the context
of dementia care in China.

Most people with dementia receive informal care at home primarily from their spouses
and children (Wang et al. 2019). Using the China Health and Retirement Longitudinal Study

(CHARLS), Hu and Ma (2018) found that among those over 60 receiving informal care, 41.7%
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were cared for by a spouse only, and 27.0% by children only. For those who were never married,
divorced, separated, or widowed, 70.9% received care exclusively from children (Hu and Ma
2018). Caregiving expectations also remain strong even for those who do not currently require
care. Among the general population of older adults, 60.3% expect long-term support from
their children when needed, nearly double the rate in the U.S (Cheng 2017). Extensive research
from various contexts highlights that dementia caregiving places a significant strain on families,
leading to physical, psychological, and emotional stress for caregivers (Brodaty and Donkin
2009; Chan 2011; Freedman et al. 2022; Ory et al. 1999; Patterson et al. 2023). This challenge
is especially pronounced for caregivers in low- and middle-income countries like China, where
support systems, as well as knowledge and skills related to dementia care, are limited (Chan
2011; Wang et al. 2019). However, there is relatively little knowledge about the prevalence of
dementia within kinship networks from a caregiver perspective, or the expected probability of
having a family member with dementia based on an individual’s age or other socio-demographic
characteristics—information that is crucial for anticipating caregiving needs, guiding public
health planning, and informing social policies to support family caregivers.

Although extended family members are not the primary caregivers for individuals with de-
mentia, their role cannot be overlooked (Furstenberg 2020; Furstenberg et al. 2020). They often
serve as important substitutes, stepping in when primary caregivers are unavailable or during
emergencies (Reed et al. 2023; Sun 2014). According to CHARLS, 6.4% of old adults receiv-
ing informal care were cared for exclusively by relatives other than a spouse or children, while
12.3% received care from a combination of other relatives along with a spouse or children. In
the absence of children or a spouse, extended family members can take on the primary caregiv-
ing role. Among single older adults who received informal care, 29.1% were cared for by other
relatives (Hu and Ma 2018). The anticipated importance of extended family members grows

as the rates of childlessness, unmarried individuals, and domestic and international migration
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continue to rise (Sun 2014; Verdery 2019; Zhou, Verdery, and Margolis 2019). Furstenberg
(2020) argues that kinship has been a “neglected topic” in recent decades, partly because of the
lack of availability of data on patterns and the frequency of contact and exchanges among kin.
In this study, we address the question of how changing kinship networks and dementia
prevalence combine to reshape the dementia burden landscape in China. We calculate both the
expected burden experienced by an average individual and the potential availability of family
caregivers. Our analyses span both past trends and future projections and consider both primary
and extended kin. China presents a compelling case not only due to its large and rapidly growing
population of dementia patients but also because of the rapid demographic transitions resulting
from family planning policies and economic development, which have fundamentally reshaped
its kinship structure. We then situate China within a global context, demonstrating how its
unique demographic changes have created a significant gap in dementia care demands. Before

presenting our results in detail, we outline our analytic approach in the next section.

Projecting the Kinship Network and the Dementia Burden

Changes in kinship structures impact caregiving arrangements and the well-being of older adults
(Freedman et al. 2024; Murphy 2010; Schulz et al. 2016; Wachter 1997; Wolf 1994). These
shifts in family dynamics play a pivotal role in determining how older adults receive care and
support as they age. To analyze the dementia burden, formal demographic models offer a valu-
able framework for quantifying the implications of these changes in terms of kinship networks.
These models leverage data on mortality, fertility, and other demographic rates to calculate and
understand the dynamics of kinship. Below we describe the analytical framework that charac-

terizes the evolving landscape of caregiving for older adults.
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The Kinship Network of Individuals

Notation The following notation is used throughout this paper. Matrices are denoted by upper
case bold characters (e.g., U) and vectors by lower case bold characters (e.g., a). Vectors are
column vectors by default; x' is the transpose of x. The bold vector 1 is a vector of ones, and
the matrix I is the identity matrix. When necessary, subscripts are used to denote the size of
a vector or matrix; e.g., I, is an identity matrix of size w x w. The notation ||x|| denotes the
1-norm of x, that is, the sum of the absolute values of the entries of x.

The matrix kinship model on which we rely has been presented in a series of papers, each of
which extends the demographic processes that can be incorporated (Caswell 2019, 2020, 2022;
Caswell and Song 2021; Caswell, Margolis, and Verdery 2023). Because we are interested in
changes in kinship, beginning in the past and continuing into the (projected) future, our analysis
is based on the version of the model that incorporates time-varying demographic rates.

The model describes the kinship network of an individual, referred to as Focal. The model
treats each type of kin as a population. As Focal ages, her kinship network develops through
the births and deaths of each type of kin. Our one-sex definitions of kin include mother, grand-
mother, great-grandmother, daughter, granddaughter, great-granddaughter, sisters, cousins, aunts,
and nieces.

The age structure of each type of kin is projected using the matrix formulation of rates of
survival and fertility. The population of any type of kin is subsidized; that is, new members
of the population of one type of kin come not from the reproduction of those kin, but from the
reproduction of some other type of kin (e.g., new sisters of Focal arise not from the reproduction
of her current sisters, but from the reproduction of her mother).

Let k(x,t) denote the age distribution for a generic type of kin:

k(z,t) = kin of type k at age = of Focal at time ¢ (1)



The kin vector is projected from time ¢ to ¢ + 1 by a survival matrix U, and a fertility matrix
F;, both of dimensions w X w (i.e., the number of age groups). The survival and fertility rates

may vary with time. For example with three age classes, so that w = 3, we have

0 0 0 fie fo fa
Ut - Pt 0 0 Ft == 0 0 0 (2)
0 pa [psi 0O 0 O

where p;; is the survival probability and f;; the fertility rate of age class i at time ¢.'
The kin at age x 4 1 of Focal at time ¢ + 1 include the survivors of the kin of age z at time ¢.
These survivors are obtained by multiplying the age distribution k(x, t) by the survival matrix

U,. New individuals are produced according to a recruitment vector 3(x, t) such that
k(z+1,t+1) = Uk(z,t) + B(x, t) r=0,...,w t=0,...,T 3)

The recruitment vector 3(z, t) has one of two forms. For some kin (e.g., older sisters of Focal),

there is no recruitment of new members after the birth of Focal, so that

/B(xvt> =0. (4)

For some types of kin,
Bz, t) = Fik*(z, 1) &)

which applies the fertility at time ¢ to the age structure vector of the kin k* that provides the
subsidy. For example, younger sisters (n) of Focal are produced by reproduction of the mothers
(d) of Focal, so

n(z+1,t+1)=Umn(x,t) + F,d(x,t) (6)

The model must specify a set of two boundary conditions. One gives the kinship network of
Focal, over all ages, at the earliest time point in the projection. The other specifies the kinship

network of Focal at her birth over all time points. For some kin the latter boundary condition is

1. The optional (w, w) cell in U, describes an open final age interval.

10
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zero (e.g., Focal can have no children at birth), for others, it is not (e.g., Focal may have older

sisters at birth). For details on these conditions, see Caswell and Song (2021).

Selection of Kin Types. Defining what constitutes a kinship network is challenging due to the
growing diversity of family structures and cultural variations (Furstenberg 2020; Goody 1996).
While the matrix kinship model can be extended to include any chosen set of kin types, we
limit our analysis to those blood-related ties that are both the most common and most likely to
be present for the focal individual during her lifetime. This includes first-degree kin (children
and parents), second-degree kin (grandchildren, grandparents, and siblings), and third-degree
kin (great-grandchildren, great-grandparents, aunts, uncles, nieces, and nephews). As will be-
come clearer in the results section, we present the kin structure and dementia prevalence within
kinship networks by kin type. In constructing the dementia dependency ratio, we provide two
methods of aggregation: one aggregating all the common kin types mentioned above, and an-

other aggregating only parents and their children (including the focal individual).

Approximating Male and Female Kin. The vector k(z,t) gives the age structure of female
kin in maternal lines of descent. To fully compute the age distributions of both male and female
kin through all lines of descent, would require a two-sex model incorporating both male and
female mortality and fertility schedules (Caswell 2022). However, approximate results for both
sexes can be obtained by treating males and females as identical, and multiplying the kin vectors
k(z,t) by a set of factors suggested by Goodman, Keyfitz, and Pullum (1974), called the ‘GKP
factors’ by Caswell (2022). In this approximation, daughters are multiplied by 2 to give childen,
granddaughters multiplied by 4 to give grandchildren, mothers multiplied by 2 to give parents,
grandmothers multiplied by 4 to give grandparents, sisters multiplied by 2 to give siblings,
and so on. In the absence of full sets of male and female vital rates, the GKP factors offer

the best alternative for approximating the full kin counts. Prior studies have shown that the

11



GKP factor approximation is largely comparable to the two-sex model or data from population
registers. However, relying solely on female vital rates for kin population estimates can lead
to overestimation due to females’ relatively lower mortality rates (Alburez-Gutierrez, Williams,

and Caswell 2023; Caswell 2022; Song and Caswell 2022).

The Dementia Dependency Ratio of an Individual

As an individual, Focal has kin both with and without dementia. The numbers of kin in these
categories will differ among kin types because the age distributions differ among kin types, and
change as Focal ages.

The number of kin with dementia is calculated from the age-specific prevalence of dementia
in the population 2. Let ¥ be a vector containing age-specific prevalences. The expected number

of kin with dementia at age x of Focal at time ¢ is
y(a,t) = WT(t) k(z, t). (7

This calculation can be modified to give the number of kin with dementia within a specified age
range (e.g., kin in the working ages from 16 to 64) by setting all elements of W except those
corresponding to those ages to zero.

From the numbers of kin with dementia, we calculate the probability that Focal, at age z and
time ¢, has at least one relative with dementia, using a Poisson approximation *, as in Song and
Mare (2019) and Song, Campbell, and Lee (2015). If the expected number of kin with dementia

at time ¢ is y(¢), under the Poisson assumption the probability of having at least one such kin is

P(at least one kin with dementia) = 1 — e~¥(®). (8)

2. Since, in this study, the male kin population is approximated based on the female kin population, we apply
the average of female and male dementia prevalence rates to the sum of the female and male kin population to
obtain the number of kin with dementia.

3. The Poisson approximation assumes that having kin with dementia is rare and independent, but we acknowl-
edge that this may underestimate the probability, as dementia can be genetic and not fully independent within a
kinship network.

12



Focal has kin both with and without dementia, and the burden of dementia experienced
by Focal is measured by a dependency ratio. The familiar demographic dependency ratio is
calculated as the ratio of those not considered part of the labor force (younger than 15 or older
than 65) relative to those considered to be part of the labor force (16—64) and thus supporting
the dependant ages.

Here we calculate a corresponding dementia dependency ratio for each type of kin:

b ith d ti t
DDR(z. t) — nu.m er wi e@en ia _ y(x,t) . ©)
number without dementia aged 16-64 (1 — W5_44)k(z, )

The dementia dependency ratio can be interpreted as a measure of the burden that kin with
dementia place on kin without dementia in working ages*.

In our main results, we include all common kin types introduced in the previous section.
We carried out an additional analysis that limits the types of kin to children and parents. The
results show a similar significant rise of DDR in China when compared to other countries as

those presented in Figure 6. We present these results in online Appendix Figures S2 and S3.

The Dementia Burden of a Population

The kinship network and the dementia dependency ratio are expected properties of a Focal
individual at a given age x. A population is a collection of such individuals, of different ages,
with an age structure given by, say, n(t).

The population dependency ratio is obtained by averaging the age-specific values over the
age distribution.

Then the age-weighted, population dependency ratio is

> . (t)DDR(z, t)
[n(t)]l

4. Note that alternative measures of dependency can easily be imagined and are easily calculated. For example,
Chung and Alexander (2019) proposed a similar Kin Dependency Ratio (KDR) index, which is defined as the ratio
of the number of plausibly dependent kin at Focal age x to the number of plausibly non-dependent kin at Focal age
x. Also note that this index can be calculated for any type of kin, or any combination of types of kin, as desired.

DDR,,,,(t) = (10)

13
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This quantity is the expected dementia dependency ratio of an individual selected at random
from the population.

The population ratio DDR,,(¢) gives the expected dementia burden of the population at
time ¢ and permits comparison across populations of different countries and at different times.
As is done with standardized mortality calculations, a standard age distribution could be used

for n(t) across all countries. We do not explore this here.

Data Sources and Estimation

Our analyses are based on mortality and fertility schedules from the 2022 Revision of the United
Nations World Population Prospects (UNWPP) (United Nation 2022), starting in the year 1950
and continuing from the year 2021 to 2050 as a projection of future rates. The time-zero bound-
ary condition k(x,0) was obtained by a time-invariant calculation using the rates of 1950 and
the distribution of ages at maternity in 1950 based on the UN’s estimate of births by age of the
mother. The age-zero boundary condition specifies k(0, ¢) for each year; it was calculated from
the appropriate kin at time ¢ — 1 (see Table 1 of Caswell and Song 2021). Thus, when we report
kinship results for a particular year (e.g., 1990), the results reflect the changing mortality and
fertility schedules in China from 1950 up to that year.

We draw on period fertility and mortality estimates for China and 194 other countries from
the year 1950 to 2021 documented in the 2022 UNWPP. The 2022 UNWPP provides age-
specific fertility and mortality estimates for each single-year age group. For projected estimates
up to the year 2050, we choose the medium-variant projections of fertility and mortality rates
provided by the UN. The medium-variant projection refers to the median of several thousand
distinct trajectories of each demographic component derived using the probabilistic model that
takes into account the historical variability in fertility and mortality of each country (United

Nation 2022). According to the medium fertility scenario, China’s fertility is expected to re-

14



bound gradually and moderately to 1.4 from 2022 to 2050 after reaching a historical low of 1.2
in 2021.

To estimate the prevalence of dementia, we draw on data from the 2019 Global Burden of
Disease (GBD 2019), which provide forecasted estimates of the prevalence rate of Alzheimer’s
disease and other types of dementia by age, sex, and year. The Global Burden of Disease uses a
Bayesian meta-regression model to estimate age- and sex-specific prevalence rates and provides
the mean value out of 1,000 draws from their model °. The Bayesian models provide a meta-
analysis of 43 published studies on dementia in China. These data can be downloaded through
GBD’s Data Input Sources Tool. We did not use the public version of the GBD data as the data
exclude dementia induced by other clinical disorders, including Down syndrome, Parkinson’s
disease, clinical stroke, and traumatic brain injury. Instead, we use updated dementia prevalence
rates provided in Nichols et al. (Nichols et al. 2022) that include all forms of dementia. We use
the mean-value dementia prevalence estimates throughout our analyses. Because the demen-
tia prevalence rates were estimated in the five-year age group, we used linear interpolation to
impute single-year age-specific prevalence rates. Table S1 in the online appendix summarizes
sources, data types, time coverage, and age ranges for data used in our analyses.

We carried out our calculations using the R package DemoKin (Williams et al. 2022). This
package implements the calculations developed in Caswell (2019, 2020, 2022) and Caswell and

Song (2021), which are presented in those papers as MATLAB programs.

5. Four risk factors for dementia—high body mass index, high fasting plasma glucose, smoking, and years of
education—have been included in the dementia projection (Nichols et al. 2022).
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Results
Changing Kinship in China

Compared to 1990, Chinese people in 2019 are expected to have fewer grandchildren and great-
grandchildren but are more likely to have living parents, grandparents, and great-grandparents.
For instance, the average number of children for Focal aged 30 has decreased from 1.78 in 1990
to 1.20 in 2019 and is projected to decrease to 0.58 by 2050. In contrast, the estimated average
number of grandparents for Focal age 30 has risen from 0.69 in 1990, to 1.70 in 2019, and is
expected to reach 2.33 by 2050.

*#% Figure 1 About Here ***

However, the change in the number of kin between 1990, 2019, and 2050 does not follow
a monotonic trend for certain types of kin, especially among older individuals. For example,
Focal at 80 years old is expected to have 3.71 children in 1990, 3.96 children in 2019, and 1.79
children in 2050. This nonlinear pattern largely results from the rise and fall of fertility and
mortality rates since the 1950s: the immediate fertility drop following the Great Leap Forward
Famine (1959-1961), the baby boomers born from 1962 to 1964, the subsequent long-running
fertility decline following the Later-Longer-Fewer family planning campaign in the 1970s, and
the more stringent One-Child Policy between 1980 and 2016 (Cai 2010, 2008; Feeney and
Feng 1993; Peng 1987; Whyte, Feng, and Cai 2015). Nevertheless, as Focal at the age of 40
in 2019 reaches 80, they will have fewer accessible kin of various types, such as children or
grandchildren, than Focal at age 80 in 2019. This pattern reflects the ongoing decline in fertility
rates, with generations born earlier experiencing higher levels of fertility.

These estimates of kinship structure are important as they reveal not only the number of spe-
cific kin types that Focal is expected to have across various life stages during different periods

but also the maximum number of available kin of specific types that could potentially provide
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care when Focal develops dementia or other illnesses. We also present a table that shows the
number of kin of Focal at different ages in the online appendix Table S2. In the following sec-
tion, we employ the projected dementia prevalence rates from the Global Burden of Disease

(GBD) study to estimate the prevalence of dementia in Focal’s kinship network.

Abundance of dementia in the kinship network

Figure 2 depicts age-specific dementia prevalence rates in 1990, 2019, and 2050 estimated
by the Dementia Forecasting collaborators in the Global Burden of Disease Study (Nichols
et al. 2022). Figures 2B and 2C display the projected number of dementia cases by age of
Focal, as well as the total count of dementia cases for the years 1990, 2019, and 2050. The
sources of data are described in the Methods section and Table S1 in the online appendix.
Per age, dementia prevalence grew considerably between 1990 and 2019. For example, 7 out
of 100 people aged 80 had dementia in 1990, and this number increased to 10 out of 100 in
2019. The rise in dementia prevalence in China over the last three decades has been well
reported, reflecting increased longevity and improved diagnostic criteria (Chan et al. 2013; Jia
et al. 2020). Between 2019 and 2050, the projected age-specific dementia prevalence rate shows
only a small increase. However, the proportion of people with dementia in the population is
expected to increase dramatically by 2050, because the population as a whole is expected to be

much older.
*#% Figure 2 About Here ***

Combining the prevalence and kin age distributions we obtain the expected number of kin
with dementia. Figure 3A presents the expected number of kin with dementia as a function of
Focal’s age in 1990, 2019, and 2050. These results suggest that the number of kin with de-

mentia has increased substantially between 1990 and 2019 and is expected to further increase
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over the next three decades. Over time, individuals would have more grandparents and great-
grandparents with dementia at younger ages, parents and aunts/uncles with dementia at middle
age, and children, siblings, nieces/nephews, and cousins with dementia at older ages. As indi-
viduals live longer and have older kin, they would not only experience dementia themselves but
also become subject to the ripple effect of dementia within their kinship networks.

The probability of having at least one relative of each type with dementia, as a function of
the age of Focal, is shown in Figure 3B. Nearly half of individuals born in 2050 can expect
to have at least one great-grandparent with dementia at birth. Among individuals at age 30 in
2050, 25% are expected to have at least one grandparent with dementia; among those at age
60, 16% will have parents with dementia; and among those aged 75, 15% of them will have
siblings with dementia, 23% will have aunts and uncles with dementia, and more than 65% will
be expected to have cousins with dementia. Given the elevated prevalence of dementia within
kinship networks, it is highly possible that the majority of the population will experience its

direct or indirect consequences at some point in their lives.

*#%* Figure 3 About Here ***

The increase in the number of kin with dementia is a result of both the rising prevalence
of dementia and population aging. To clarify the relative importance of these two factors over
time, we use the Kitagawa method (1955) to decompose the change in the number of kin with
dementia into contributions from changing prevalences (rate effect) and changing age distribu-
tions. Figures 4A and 4B present the decomposition results for different types of kin for two
time periods, 1990-2019 and 2019-2050. The overall size of the colored region in each figure
represents the change in the number of kin with dementia between two anchoring years. The
red region indicates the portion of change due to shifts in the age distribution of a certain type

of kin, while the blue region indicates the portion of change attributable to changes in the preva-

18



20

21

22

23

lence of dementia within that specific type of kin. Between 1990 and 2019, the rate and the age
effects jointly determine the increase in kin with dementia as each plot appears as a combina-
tion of red and blue regions. Between 2019 and 2050, the age effect is expected to dominate the
increase in kin with dementia, with the red regions accounting for nearly all of the changes ob-
served. The dominant age effect suggests that, despite a mild projected increase in age-specific
dementia rates from now until 2050, the demand for dementia caregiving is expected to increase

disproportionately due to the rapidly changing kinship age structure alone.
*** Figure 4 About Here ***

Dementia Burden in China and Globally

The components of the Dementia Dependency Ratio DDR(z), and the DDR itself, are shown
in Figure 5 for the years 1990, 2019, and 2050. The age-specific DDR(x) values presented
in Figure 5C indicate that the DDR among the kin of Focal is higher when Focal is younger
than 25 and older than 60. For example, the dementia dependency ratio among the kin of an
individual close to retirement age at age 65 is 0.7 in 1990 and 2.4 in 2019, indicating a more
than threefold increase. The DDR values are expected to increase dramatically in the next three
decades. By 2050, the dementia dependency ratio among the kin of an individual aged 65 will
have more than tripled from 2.4 in 2019 to 7.3 in 2050. The dramatic increase in DDR is
driven by two factors: the increase in the number of kin who have dementia (Figure 5A) and
the decline in kinship size over time (Figure 5B). For example, the expected number of kin with
dementia for an individual at age 65 will increase by 43.6% (= 1.12/0.78 - 1) between 2019 and
2050, whereas the number of kin aged 16 to 64 without dementia will decline by 52.5% (=1 -
15.5/32.6).

*** Figure 5 About Here ***
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The rapid increase in dementia dependency burden seen in China, as illustrated in Figure
5, might not be an isolated case. To gain a broader perspective, we situate China in a global
context. Specifically, we conduct similar DDR calculations for 194 countries worldwide. To
perform the analyses, we rely on two key data sources: dementia prevalence estimates from the
Global Burden of Disease database and demographic rates, such as age-specific fertility and
mortality and population age distribution, from the United Nations (Nichols et al. 2022; United
Nation 2022). We then develop a population-level dependency burden index called DDR,,,
using age-specific DDR weighted by the population age distribution. Results in Appendix Table
S3 show the population-level DDR,,.,,() for all countries, at five time points: 1990, 2019, 2030,
2040, and 2050.

Figure 6 shows a series of heat maps, one for each year from 1990 to 2050, to visualize
population-level DDR,,,,,() across countries at each of those times. In 1990, DDR,,,, is highest
in Europe and North America. Notably, United States and Sweden had the highest value at 1.8.
By contrast, China’s DDR,,, was one of the lowest at 0.4, similar to countries such as Morocco
and South Africa in the same year. Fast forwarding to 2019, the global landscape of DDR,,
has shifted. Japan now leads the ranking with a DDR,,,, level of 5.8. China’s DDR,,, increased
appreciably to 1.7, similar to Ireland and Chile in that year.

The most dramatic changes in DDR,,,,(¢) are projected for 2050. China’s DDR,,,, is ex-
pected to be among the highest globally, reaching a level of 7.2. This value surpasses those

projected in 2050 for many well-known aging societies such as Germany (6.4) and France (5.9).
*** Figure 6 About Here ***

To better understand changes in DDR,,,(¢) during the period of 1990 to 2050, we sum-

marize these changes in Figure 7.5 The figure highlights the dramatic increase that China is

6. Appendix Table S3 also documents the fold change in the population-level DDR,,, () between 1990 and
2019, and from 2019 to 2050.
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expected to experience. By 2050, China’s DDR,.,,(?) is projected to be approximately 18 times
higher than it was in 1990, indicating one of the fastest growth rates globally. Only Singapore is
projected to see a more dramatic rise, with a roughly 24-fold increase. However, the sheer size
of China’s population adds another layer of complexity to this challenge. While Singapore may
experience a similar growth rate in DDR,,,,(¢) , the number of Chinese people with dementia
will be far greater due to its massive population base. Furthermore, China’s public health sup-
port system is currently underdeveloped, raising further concerns about its ability to cope with
this rapidly growing demographic shift.

Although studies suggest that North Africa, Sub-Saharan Africa, and the Middle East may
experience the highest increases in dementia cases in the next three decades (Nichols et al. 2022),
many low-income countries in these areas maintain low values of DDR,.,,(¢) and exhibit min-
imal changes. For instance, in 1990, Niger had the lowest recorded DDR,,.,(¢) at 0.2, and this
figure hardly changed by 2019, and it is projected to rise to only 0.3 by 2050. This persis-
tently low DDR,,,,(¢) in low-income countries can be attributed to high fertility rates, which
contribute to expansive kinship networks for individuals with dementia. However, the low val-
ues may also result from potential underestimation of dementia prevalence within these regions
because very few studies have examined aging and cognitive function in low-income countries

due to data limitations (Kohler et al. 2023).

*** Figure 7 About Here ***

Discussion and Conclusion

China has the highest number of people living with dementia in the world. As China’s popu-
lation continues to age, dementia is expected to remain a significant social and public health

concern for the foreseeable future. While the majority of older adults with dementia are cared
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for by family members, shrinking family size and changing kinship structures are undermining
the traditional family care arrangements. Furthermore, some recent evidence shows that the
unit cost of dementia care in China has doubled from 2000 to 2019 and is predicted to double
again within the next two decades (Pedroza et al. 2022). The compound effects of increasing
dementia cases, smaller families, and rising costs may exacerbate the impact on individuals,
families, and the wider society. With the rising demand for dementia care in China, the present
study illustrates the evolving accessibility of potential care provided by family members, who
offer an alternative care source to professional providers and healthcare institutions.

Using demographic models of kinship, we estimate kin availability and prevalence of de-
mentia among individuals’ kinship networks. We find the probability that an individual has a
close family member with dementia rises significantly. For example, among people aged 30,
the likelihood of having at least one living grandparent with dementia grew from 5% in 1990 to
nearly 30% in 2050, whereas among those aged 50, the likelihood of having at least one living
parent with dementia climbed from 3% to 11%. What has been driving this rise? Our decom-
position analysis indicates that both increasing dementia prevalence and changes in kinship age
structure contribute to the trend, though their relative impacts vary over time. From 1990 to
2019, rising dementia prevalence and an aging kinship network jointly boosted the probabil-
ity of having a close relative with dementia. However, from 2019 to 2050, the rapid aging of
kinship networks will emerge as the dominant factor.

Furthermore, the number of kin available to older adults for caregiving will plummet over
the next three decades. Factoring in changing kinship sizes and structures, our kin-based indices
of dementia dependency ratios shed more light on the impact of demographic change on the de-
mentia caregiving demand. Our results suggest that the dementia caregiving burden in China
is expected to climb 18-fold, one of the most dramatic projected changes for any country. For

example, in 1990, an individual of age 80 would have had 0.4 kin with dementia (considering
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all types of kin and kin of different ages) and 35.1 working-age, dementia-free kin (defined as
kin aged 16 to 64 without dementia). In 2019, an 80-year-old Focal would have had 1.2 kin
with dementia and 29.9 kin who were dementia-free and could have been care providers. Look-
ing ahead to 2050, these figures are expected to change to 2.2 kin with dementia but only 11.6
dementia-free kin’. Taken together, these trends suggest that even a significant breakthrough
in reducing dementia prevalence may not be sufficient to offset the growing dementia caregiv-
ing demands. As the number of affected relatives increases and the pool of potential family
caregivers shrinks, the traditional reliance on family-based care will face increasing pressure,
highlighting the need for stronger institutional support and policy interventions.

By incorporating the kin ties beyond the nuclear family, our study also joins the research
agenda on building the demography of kinship (Furstenberg 2020; Furstenberg et al. 2020) and
rethinking family networks and support structures, especially in an era of extended shared life-
times among kin and heightened caregiving demands. This is particularly relevant for China,
where a third of families are one-child families (Cai and Feng 2021). A promising direction for
future research would be to examine the frequency and intensity of exchanges between distant
kin, such as cousins, nieces, and nephews, for the one-child generation and their parents, ex-
ploring the extent to which kin from alternative family forms may substitute for nuclear family
members.

This study has several limitations. First, we treat the population as a homogeneous group
with a single set of demographic rates and dementia prevalences, despite variations in fertility,
mortality, and dementia rates by socioeconomic factors such as educational attainment, hukou
status, and place of residence (Crimmins et al. 2018; Jiang 1995; Luo, Zhang, and Pan 2019;
Ruiz et al. 2023; Zhang, Song, and Chen 2022; Zhang 2006). Furthermore, families with a his-

7. It is also worth noting that because kinship models are projections of the consequences of the demographic
rates conditional on these hypotheses, they are not expected to duplicate the results found from empirical censuses
of kin (as noted explicitly by Goodman, Keyfitz, and Pullum (1974)). Rather, they capture the main effects of the
demographic structure against which the effects of violations of these assumptions can be evaluated.

23



20

21

22

23

24

25

tory of dementia may have members with a higher genetic risk and share environmental factors
that increase dementia risk, leading to greater caregiving demands within these family networks
compared to others (Loy et al. 2014). These factors would lead to variations in the estimates of
kinship structure and dementia burden that are overlooked in the current study. In the Chinese
context, previous research has found that older adults with lower education and rural hukou
status have lower cognitive function and experience faster cognitive decline (Ruiz et al. 2023;
Zhang, Song, and Chen 2022). Although they may have larger kinship networks compared to
the urban educated population (Jiang 1995), they remain vulnerable due to limited access to
public support, including pensions, health insurance, and care facilities. Future research may
investigate the complex interaction between kinship and other social factors to identify the most
vulnerable, hard-to-reach groups with limited access to health care. Multistate matrix kinship
models (Caswell 2020) and micro-simulations (Zagheni 2015) could be promising approaches
for improving our analysis by capturing population heterogeneity in kinship compositions and
dementia rates.

Second, our demographic models of kinship consider only common biological kin ties, ex-
cluding spouses, in-laws, and kin from other alternative family forms such as step-kin, adopted
family members, and voluntary kin. Models incorporating spouses would be a valuable addi-
tion because they are more likely than children and other biological kin to live with the person
with dementia (Hu and Ma 2018) and are often better equipped to provide care due to their
closer emotional bond with the dementia patient (Evans and Lee 2014; Hayes, Boylstein, and
Zimmerman 2009). However, the impact of omitting spouses and in-laws on our estimates
remains unclear, as they can be both caregivers and care recipients of dementia, which may
balance out their overall effect on the caregiving burden. It is also worth noting that spouses
of dementia patients are likely to be “hidden patients” themselves, as they often face their own

health issues (Liu et al. 2019). In addition, caregiving is often gendered. In the Chinese context,
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daughters-in-law are a significant source of care for older adults (Cong and Silverstein 2008),
as they are traditionally expected to move into the husband’s family household. However, this
tradition has weakened under China’s rapid demographic and social changes. Recent empiri-
cal evidence indicates a growing involvement of daughters in caregiving (Hu 2017; Lei 2013).
Some studies even suggest that daughters now provide as much, if not more, support than sons
(Silverstein, Gans, and Yang 2006; Xie and Zhu 2009; Zeng et al. 2016). Fictive or voluntary
kin from alternative family forms can also play an important role, particularly for older adults
who lack children, spouses, or siblings, or during times when nuclear family members are un-
available (Furstenberg et al. 2020; Reed et al. 2023; Sun 2014). Caregiving exchanges within
these kin-like relationships are often overlooked or underreported due to limitations in existing
data collection practices(Furstenberg 2020). As a result, models that exclude non-biological
kin may overstate the caregiving burden placed on biological relatives. Future research us-
ing large-scale household-level microdata, in-depth qualitative interviews, or other innovative
data collection approaches could provide valuable insights into how family complexity shapes
dementia caregiving in China and beyond.

Third, we did not account for factors such as the social expectations, cultural significance,
and geographical proximity of kin ties (Lin and Tang 2023; Murphy 2008; Shanas 1973), which
may moderate kin relationships and caregiving dynamics. Among these factors, gender is one
important dimension warranting further consideration. Previous studies indicate that caregiving
for older adults within families is gendered, shaped not only by the caregiver’s gender but also
by the gender of the care recipient and other available family members (Grigoryeva 2017), with
women disproportionately bearing more care responsibilities than men (Carr and Utz 2020;
Silverstein and Giarrusso 2010). The type of support provided to older parents can vary signifi-
cantly by gender, with daughters often offering more emotional and instrumental support, while

sons typically focus on financial assistance (Lei 2013; Zeng et al. 2016). Furthermore, we did
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not account for the institutional contexts in which kin ties are embedded. Studies in Europe
have shown that caregiving for older parents by children is more common in Southern and Cen-
tral Europe than in Northern Europe, where public support systems are stronger (Attias-Donfut,
Ogg, and Wolff 2005; Haberkern and Szydlik 2010). This limitation affects our cross-national
comparison, as we infer the care gap based on kin availability and dementia prevalence among
kinship networks, without considering social norms, health policies, and accessibility of formal
care services.

Future research should examine whether the increasing prevalence of dementia within kin-
ship networks will reinforce existing social inequalities or create new ones, affecting both those
providing care and those at risk of having kin with dementia, and how these dynamics vary
across institutional contexts. From a life course perspective, having grandparents or parents with
dementia at younger ages may temporarily disrupt an individual’s work as he or she takes time
off or adjusts work schedules to provide care for family members. Such disruptions may even
lead to long-term consequences for reduced work performance, diminished career prospects,
and financial strain. The repercussions on labor market outcomes for individuals caring for
relatives with dementia is another critical, yet largely unexplored, area for future research.

Our findings based on demographic estimates have policy implications for national health-
care systems and the well-being of families. Our findings based on demographic estimates have
policy implications for national healthcare systems and the well-being of families. Compared to
other aging societies, the projected increase in dementia care demands in China is both rapid and
large in scale. This challenge is further compounded by the country’s aging kinship structure,
which undermines traditional family-based care. China’s basic medical insurance covers some
dementia-related medical expenses, such as diagnostic tests, hospitalizations, and medications.
However, long-term care and non-hospital services are often not covered (Feng et al. 2020;

Jia et al. 2020; Wu et al. 2016). Furthermore, the existing programs primarily support older
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adults with severe dementia. There are no specific subsidies or support programs for individu-
als experiencing mild cognitive decline or early-stage dementia (Wu et al. 2020; Ye et al. 2024).
In many aging societies, such as Japan, Korea, and Germany, long-term care insurance is a
mandatory component of the social security system (Kang et al. 2023; Spasova et al. 2018; Sun
et al. 2020). While China began piloting long-term care insurance in a limited number of cities
in 2016, it still lacks a comprehensive nationwide system (Feng et al. 2020). To close this gap,
policymakers should consider making equitable access possible across the country to ensure
that individuals, regardless of where they live or their social background, have a fair chance to
benefit from the program. In addition to strengthening formal care policies, it is also urgent for
China to promote and expand informal caregiving networks. While the size of close kinship
networks has declined in recent decades, our findings suggest that a substantial number of ex-
tended family members remain potential caregivers. Expanding caregiver subsidies to include
extended relatives, such as nieces and nephews, could provide much-needed support and alle-
viate the burden on primary caregivers. This approach would also encourage a more flexible,
community-based caregiving model—an essential adaptation for a society where single-child
households become increasingly common. Although we highlight the rapid increase in China’s
dementia caregiving burden from 1990 to 2050, the absolute scale of the dementia caregiving
challenge remains high in rapidly aging societies across East Asia and Europe. For example,
kin-based indices of dementia dependency ratios are consistently higher in Japan and Italy than
in China throughout the estimated years (Figure 6 and Table S3). In our analysis, we focus on
comparing the aggregate dementia caregiving burden across countries. Future research could
apply our analytical framework to other aging contexts to examine the evolving kinship struc-
ture in detail and identify the specific ages at which caregiving demands peak across different

historical periods and into the future 8.

8. Areplication package with the code for all analyses is available at XXX (Link containing author information).
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Figure 5. (A) The Number of Kin with Dementia. (B) The Number of Kin Aged 16—64
without Dementia. (C) The Dementia Dependency Ratio (DDR(z)) as a Function of the
Age of Focal in 1990, 2019, and 2050.

Data sources: Institute for Health Metrics and Evaluation (IHME). Findings from the Global Burden of Disease
Study 2019. Seattle, WA: IHME, 2021; United Nations, Department of Economic and Social Affairs, Population
Division (2022). World Population Prospects 2022 Revision, Online Edition.

Notes: These figures show the estimated number of kin with dementia, the number of kin aged 16-64 without
dementia, and the estimated dementia dependency ratio (DDR) by age of individuals in 1990, 2019, and 2050.
DDR refers to the proportion of family members with dementia to family members without dementia who are at
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risk for providing family care. The mathematical definition of DDR is discussed in the Methods section. The
shaded areas for the blue lines indicate the range of uncertainty in the estimates resulting from different GBD
dementia prevalence and WPP projected fertility scenarios. The shaded areas for the red and gray lines indicate
the range of uncertainty in the estimates resulting from different GBD dementia prevalence scenarios.
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1 Input Data Used for Kinship Estimates
1.1 Demographic Inputs for Analysis

The World Population Prospects (WPP) 2022 serves as the primary data source for the analysis.
The kinship models utilize annual single-year age-specific fertility and mortality rates spanning
the years from 1950 to 2100 for 195 countries and territories. As we discussed in the Materials
and Methods section, the time-varying kinship model also relies on a time-zero boundary con-
dition k(z, 0), which was obtained by the distribution of mother’s ages at childbirth at time 0
implied by the stable population assumption (see equation (3) in Caswell (2019)). Specifically,
we derived this distribution by dividing age-specific birth counts by the total number of births

in a specific year.

1.2 Data Sources and Estimation Methods

The age-specific demographic estimates for the years 1950 to 2022 are derived from a compre-
hensive range of data sources, including 2,890 nationally representative sample surveys, 1,758
censuses, vital registration systems, and surveys conducted between 1950 and 2022. The WPP
2022 applies additional techniques such as smoothing and adjustment methods to address miss-
ing values and generate single-year estimates. These methods aim to enhance the accuracy and

reliability of the demographic data used in the analysis.

1.3 Population Projection Method

The WPP 2022 employs probabilistic projection methods to project population changes from
2022 to 2100. This projection method takes into consideration historical patterns in migration,
death, and fertility rates. Various estimates are produced by the WPP 2022 based on different
assumptions, allowing for a range of possible population scenarios. For our calculations, we

rely on the medium-variant projection, as it represents the most likely future trend among the



different projections presented by the WPP 2022.

1.4 Medium-Variant Projection

The medium scenario, based on the WPP medium-variant projection, takes into account specific
trends for fertility and life expectancy. It predicts a continued decline in fertility rates in coun-
tries where women have, on average, two or more children during their lifetime. Conversely,
it assumes a slight increase in fertility rates in countries where women are currently having
fewer than two children. Additionally, the medium scenario assumes a general improvement
in life expectancy across all countries. Demographic rates based on these assumptions jointly

determine the projected population changes in the medium-variant projection.

1.5 Methodological Details

For a more detailed explanation of the methodologies utilized in the World Population Prospects
2022, we recommend referring to the WPP 2022 Methodology Report (United Nation 2022a).
This report provides comprehensive descriptions and insights into the specific methodologies
employed in estimating historical and projected fertility and mortality rates. The Materials and
Methods section in our main text provides an overview of the demographic models of kinship
utilized in our analysis. However, for a more comprehensive introduction to the models and ad-
ditional model extensions, we recommend referring to the series of publications on the formal
demography of kinship (Caswell 2019, 2020, 2022; Caswell and Song 2021). These publi-
cations delve into detailed explanations and advancements related to the demographic models

employed in our study.



2 Dementia Prevalence
2.1 Dementia Prevalence Inputs, Definition, and Interpolation

Our analyses draw on datasets of female age-specific prevalence rates of Alzheimer’s and other
dementia (hereafter referred to as dementia) for 195 countries and territories. These prevalence
rates, covering the years 1990, 2019, 2030, 2040, and 2050, were estimated by the Global
Burden of Disease (GBD) 2019 Dementia Forecasting Collaborators and published in Nichols
et al. (2022) (see also GBD 2019 Collaborators (2021) and Nichols et al. (2019)).

It is important to note that the dementia prevalence rates used for 1990 and 2019 exhibit a
slight deviation from the estimates provided in the online GBD Results Tool. The online GBD
Results Tool employs a narrower definition, excluding dementia caused by some clinical dis-
eases. Nichols et al. (2022) adopted a broader definition of dementia, encompassing not only
Alzheimer’s disease and other dementia but also dementia caused by Down syndrome, Parkin-
son’s disease, clinical stroke, and traumatic brain injury. We followed the inclusive definition
of dementia in this study as it enables a more comprehensive assessment of the overall burden
of dementia (GBD 2019 Dementia Collaborators and others 2021).

The original dementia prevalence provided by the GBD Dementia Collaborators is grouped
into five-year age intervals. We applied linear interpolation to estimate the prevalence rates for

single-year age groups up to the age of 100.

2.2 Data Sources and Estimation Methods

The GBD (2019) systematically collected all available data on dementia prevalence from cross-
sectional studies, cohort studies, and administrative claims databases. The GBD 2019 identi-
fied 522 sources that reported on dementia prevalence, covering 18 out of 21 world regions.
In the case of China, the prevalence estimate was derived from 43 empirical studies. All

the data sources used in the GBD 2019 are accessible at: http://ghdx.healthdata.org/gbd-2019/

3



data-input-sources.

To estimate dementia prevalence by age, sex, and year for 195 countries and territories,
the GBD study utilized the Disease Modelling Meta-Regression (DisMod-MR) 2.1, a Bayesian
meta-regression tool commonly used for nonfatal modelling (Flaxman, Vos, and Murray 2015).
In addition to the prevalence input, two country-level covariates were incorporated into the
analysis. Age-standardized education was considered as a proxy for general brain health, which
could potentially have a protective effect against dementia. Age-standardized smoking preva-
lence was also included as a covariate, as existing literature has shown a positive relationship
between smoking and dementia.

The data sources for Western Europe, East Asia, high-income Asia-Pacific, and high-income
North America were more abundant compared to other regions. However, there was a lack of
available input data for Oceania, central Asia, or southern sub-Saharan Africa. To address this
limitation, the GBD 2019 used predictions based on surveys that collected data on cognitive
tests and functional limitations. This approach aimed to expand data coverage and provide
additional information in regions where data on dementia prevalence were scarce.

The DisMod-MR 2.1 model incorporated these covariates and leveraged information from
locations within the same region that had available data to generate estimates for locations
with little or no input data. This methodology allowed for more comprehensive estimation of

dementia prevalence across various regions.

2.3 Dementia Prevalence Projection

To project dementia prevalence rates beyond 2019, our analysis relied on forecasted rates for
2030, 2040, and 2050 from data provided in Nichols et al. 2022 (Nichols et al. 2022) by
the GBD 2019 Dementia Forecasting Collaborators. The forecasting method involves two key

components: (1) forecasting dementia prevalence attributable to risk factors and (2) forecasting



risk-deleted dementia prevalence. The final total forecasted dementia prevalence was obtained
by combining these two components.

The GBD first forecasted changes in the prevalence of dementia from 2019 to 2050 at-
tributable to three well-known risk factors: high body-mass index, high fasting plasma glu-
cose, and smoking. Additional risk factors, such as low physical activity, high blood pressure,
low education, alcohol use, and exposure to air pollution, were evaluated for their association
with dementia prevalence. If these risk factors demonstrated significance and their effect direc-
tion aligned with previous evidence, they were included in the forecasting model. The GBD
first forecasted the prevalence of these risk factors from 2019 to 2050 and then predicted risk-
attributable dementia prevalence globally, by world region, and by country.

To quantify risk factors other than education, the GBD developed a summary exposure
value (SEV), which is a risk-weighted prevalence of a particular risk factor exposure. SEV
values range from O to 1, with a value of 0 indicating no risk in a population and a value of
1 indicating a maximum risk. The GBD first computed the yearly rate of change in SEV on a
logit scale for different locations, age groups, sexes, and previous years. Future rates of change
were estimated using a weighted average of previous rates observed throughout the time series.
Years closer to the projected year were given higher weights, indicating their greater influence
on the estimation. Conversely, more distant years were assigned lower weights, implying their
relatively lesser impact on the projected rates of change.

For predicting risk-deleted dementia prevalence, the GBD used linear regression models for
males and females separately. The model included 5-year age groups, world region, and years
of education as predictors. Years of education are assumed to be unchanged after the age of 25
and are held constant within a specific birth cohort based on location and sex.

In order to account for uncertainty, the GBD 2019 employed an additional method of con-

ducting 1,000 draws at each calculation step. This approach enabled the propagation of uncer-



tainty arising from different sources, including input data, correction for measurement errors,
and estimates of nonsampling error. The resulting 95% uncertainty intervals were defined as
the range between the 2.5" and 97.5" ordered values of the draws. For our analysis, we utilized

the mean prevalence estimate derived from these 1,000 draws as the point estimate.

3 Uncertainty Interval

In our analysis, estimate uncertainty can arise from two sources: the projections of age-specific
dementia prevalence and the projections of vital statistics. For our dementia prevalence projec-
tions, we use Nichols et al. (2022), which provide mean estimates as well as lower and upper
bounds of the estimates. These bounds are not confidence intervals but uncertainty intervals
that represent the 2.5th and 97.5th values of the ordered draws from Bayesian models. This
uncertainty is reflected in our projections of total dementia cases, as shown in Figure 2.

For our vital statistics projections, we rely on the medium scenario projections from the
UN’s World Population Prospects (WPP) 2022. According to the WPP, the medium scenario
“corresponds to the most likely population projection based on several thousand simulated fu-
ture trends, each one based on distinct trajectories of fertility and mortality for individual coun-
tries and areas.”

The WPP provides multiple fertility projection scenarios. We incorporate both low and
high fertility scenario projections alongside the medium scenario estimates. The high fertility
scenario projects a TFR that is 0.5 births above the medium scenario, while the low fertility
scenario projects a TFR that is 0.5 births below the medium. This uncertainty is reflected in our
2050 kinship network projections, as shown in Figure 1.

The WPP only provides a single scenario for future mortality changes, which assumes a
continued decline in death rates and an increase in life expectancy. We use this scenario in

kinship projections.



Since our estimate of dementia caregiving burden involves both dementia prevalence and
the size of the kinship network, extra consideration is required when calculating the lower and
upper bounds. We combine low fertility estimates with high dementia prevalence to represent
the lower bound, as this scenario reflects fewer younger generation kin members who could po-
tentially serve as caregivers, alongside a high demand for caregiving from the older generation.
In contrast, the upper bound combines high fertility with low dementia prevalence, representing
a scenario with a larger younger generation of kin members and lower caregiving demands for
the older generation. These uncertainties are now reflected in Figure 3 and Figure 5.

For the decomposition analysis and calculation of DDR,,.,,(?), we use medium scenario pro-

jections for vital statistics and mean estimates for dementia prevalence throughout the analysis.

4 Replication Package

Link:



S Figures and Tables



First degree Second degree Third degree

15

Year
1990

-~ 2019
2050

Kin with dementia
-
o

0.5

0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
Age of Focal

0.0

Fig. S1. Estimated Number of Kin with Dementia, by Degrees of Relatedness, as a Function of
the Age of Focal in 1990, 2019, and 2050

Data sources: Institute for Health Metrics and Evaluation IHME). Findings from the Global Burden of Disease
(GBD) Study 2019. Seattle, WA: IHME, 2021; United Nations, Department of Economic and Social Affairs,
Population Division (2022). World Population Prospects 2022 Revision, Online Edition; GDB 2019 Dementia
Forecasting Collaborators (Nichols et al. 2022).

Notes: The figure shows an individual’s numbers of first-degree kin, second-degree kin, and third-degree kin with
dementia by age of the individual in 1990, 2019, and 2050, respectively. First-degree kin include children and
parents; second-degree kin include grandchildren, grandparents, and siblings; and third-degree kin include great-

grandchildren, great-grandparents, aunts, uncles, nieces, and nephews.
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Fig. S2. (A) The Number of Parents with Dementia. (B) The Number of Siblings Aged
16-64 Without Dementia. (C) The Dementia Dependency Ratio (DDR(x)), restricted to
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parents and siblings, as a Function of the Age of Focal in China in 1990, 2019, and 2050.

Data sources: Institute for Health Metrics and Evaluation (IHME). Findings from the Global Burden of Disease
Study 2019. Seattle, WA: IHME, 2021; United Nations, Department of Economic and Social Affairs, Population
Division (2022). World Population Prospects 2022 Revision, Online Edition.

Notes: These figures show the estimated number of siblings and parents with dementia, the number of siblings and
parents aged 16-64 without dementia, and the estimated dementia dependency ratio (DDR) by the age of Focal
in 1990, 2019, and 2050. The DDR refers to the proportion of siblings and parents with dementia to siblings
and parents without dementia who are at risk for provide family care, conditioning on the survival of Focal. To
calculate the DDR, the denominator is the number of siblings aged 16 to 64 without dementia, while the numerator
is the number of parents with dementia, irrespective of their age. The mathematical definition of DDR is discussed
in the Materials and Methods section.
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Fig. S3. Change in the Population-Averaged Dementia Dependency Ratio DDR(pop) by Coun-
try and Region from 1990 to 2050, Limiting Kin Types to Parents and Siblings

Data sources: Institute for Health Metrics and Evaluation IHME). Findings from the Global Burden of Disease
(GBD) Study 2019. Seattle, WA: IHME, 2021; United Nations, Department of Economic and Social Affairs,
Population Division (2022). World Population Prospects 2022 Revision, Online Edition; GDB 2019 Dementia
Forecasting Collaborators (Nichols et al. 2022).

Notes: This figure presents a heat map of change in DDR(pop) by country from 1990 to 2050. As a robustness
check, in this graph we limit the kin types to parents and siblings, conditioning on the survival of Focal. To calculate
the DDR(z), the denominator is the number of siblings aged 16 to 64 without dementia, while the numerator is the
number of parents and siblings with dementia, irrespective of their age. We apply the method used for estimating
the DDR(x) index for China to other countries. The indexes draw on dementia data from GDB 2019 Dementia
Forecasting Collaborators and data of fertility and mortality rates in the UN’s 2022 Revision of World Population
Prospects (United Nation 2022b). A darker blue color indicates a rapidly increasing dementia burden on kin,
whereas a lighter blue color indicates a slowly increasing burden caused by dementia on kin over time.
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Table S1. Data Sources for Kinship and Dementia Estimates

Data Source Data Type Sex Year Age Range
(1) Mortality, g,
UN’s 2022 World Population Prospects Survey record/Estimate  Female 1950-2021 0-100
UN’s 2022 World Population Prospects Medium variant Female 2022-2050 0-100

(2) Fertility, fz
UN’s 2022 World Population Prospects Survey record/Estimate ~ Female 1950-2021 15-49
UN’s 2022 World Population Prospects Medium variant Female 2022-2050 15-49

(3) Alzheimer’s disease and other dementias
GDB 2019 Dementia Forecasting Collaborators Meta analysis/Estimate ~ Female 1990, 2019, 2050 0-100

Notes: The medium-variant projection refers to the median of several thousand distinct trajectories of each de-
mographic component derived using the probabilistic model of the variability in changes over time based on the
Population Division of the UN; The Global Burden of Disease (GBD) uses the Bayesian meta-regression tool to
estimate prevalence rate, and provide the mean value out of 1,000 draws from their model. We used a revised
dementia prevalence estimates and the 2050 projection directly from the GDB 2019 Dementia Forecasting Col-
laborators. Compared to the estimates from the GBD 2019 public database, the estimates we used also include
dementia that is caused by other clinical diseases such as clinical stroke, Parkinson’s disease, Down syndrome, and
traumatic brain injury. See details in (Nichols et al. 2022). We use the mean-value estimation of dementia preva-
lence throughout our analysis. The input data sources for estimating dementia prevalence in China was derived
from a meta-analysis of 43 peer-reviewed journal articles.
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Data sources: United Nations, Department of Economic and Social Affairs, Population Division (2022). World
Population Prospects 2022 Revision, Online Edition.

Notes: The table presents the expected number of kin of various kinds for a Focal individual at ages 0, 10, 20, 30,
40, 50, 60, 70, 80, and 90 living in 1990, 2019, and 2050. The estimation details are described in the Methods
section. This table corresponds to Figure 1 in the main text.

16



Table S3. Dementia Dependency Ratios and Change in Dementia Dependency Ratios by Coun-
try and Year

Dementia Dependency Ratio x 100 Fold Change in DDRs
1990 2019 2030 2040 2050 t10990 t2(919 t10990
2019 2050 2050

Afghanistan 0.28 0.36 0.41 0.49 0.64 1.28 1.80 2.31
Albania 0.80 1.66 2.39 3.80 5.97 2.08 3.61 7.49
Algeria 0.38 0.74 1.15 1.74 2.81 1.94 3.78 7.33
American Samoa 0.44 0.55 0.73 1.02 1.38 1.24 2.52 3.13
Andorra 1.64 2.88 3.60 5.20 7.56 1.76 2.62 4.61
Angola 0.36 0.36 0.38 0.43 0.51 1.02 1.39 1.42
Antigua and Barbuda 0.70 1.42 2.13 3.11 4.24 2.04 2.99 6.09
Argentina 1.11 1.74 1.93 2.33 3.01 1.57 1.73 2.72
Armenia 0.78 1.67 2.38 3.39 4.89 2.15 2.93 6.28
Australia 1.31 2.70 3.56 4.70 5.71 2.06 2.12 4.36
Austria 1.35 2.59 3.54 477 6.22 1.91 2.40 4.60
Azerbaijan 0.58 0.97 1.30 2.07 3.11 1.67 322 5.37
Bahamas 0.58 1.10 1.55 2.19 2.98 1.89 2.70 5.11
Bahrain 0.54 0.95 1.40 2.20 3.53 1.76 3.73 6.56
Bangladesh 0.28 0.46 0.70 1.07 1.66 1.68 3.57 5.99
Barbados 0.67 1.45 2.13 3.00 3.59 2.17 2.48 5.39
Belarus 1.40 1.99 243 3.21 4.46 1.42 2.24 3.19
Belgium 1.46 2.75 3.29 4.06 4.88 1.87 1.78 3.33
Belize 0.46 0.61 0.81 1.13 1.70 1.34 2.80 3.74
Benin 0.32 0.30 0.31 0.35 0.40 0.93 1.33 1.23
Bermuda 0.84 241 3.49 4.86 5.86 2.86 243 6.94
Bhutan 0.22 0.33 0.47 0.74 1.27 1.48 3.79 5.63
Bolivia (Plurinational State of) 0.33 0.45 0.52 0.67 0.89 1.34 2.00 2.68
Bosnia and Herzegovina 0.91 1.91 2.70 4.13 5.81 2.10 3.05 6.40
Botswana 0.35 0.40 0.48 0.64 0.90 1.14 2.24 2.55
Brazil 0.60 1.25 1.79 2.62 3.80 2.08 3.04 6.31
Brunei Darussalam 0.42 0.80 1.09 1.69 2.57 1.91 3.20 6.12
Bulgaria 1.37 2.15 2.54 3.29 4.25 1.57 1.97 3.11
Burkina Faso 0.28 0.26 0.27 0.31 0.37 0.91 1.42 1.30
Burundi 0.29 0.29 0.30 0.34 0.39 1.01 1.34 1.35
Cote d’Ivoire 0.24 0.26 0.28 0.33 0.41 1.06 1.57 1.67
Cabo Verde 0.27 0.58 0.83 1.30 2.13 2.12 3.68 7.79
Cambodia 0.30 0.51 0.68 0.94 1.30 1.74 2.53 441
Cameroon 0.34 0.29 0.29 0.32 0.39 0.86 1.36 1.16
Canada 1.58 3.05 445 597 7.22 1.93 2.36 4.57
Central African Republic 0.39 0.40 0.40 0.40 0.42 1.03 1.04 1.07
Chad 0.30 0.25 0.24 0.25 0.28 0.81 1.14 0.93

17



Dementia Dependency Ratio x 100 Fold Change in DDRs

1990 2019 2030 2040 2050 t10990 t2(919 t10990

2019 2050 2050
Chile 0.59 1.89 2.61 3.72 5.24 3.18 2.77 8.82

China 0.41 1.69 2.70 4.67 7.21 4.17 4.27 17.81

China, Taiwan Province of China 0.48 1.89 343 5.85 9.11 3.94 4.83 19.06
Colombia 0.43 0.97 1.44 2.17 3.15 223 3.26 7.29
Comoros 0.30 0.29 0.32 0.39 0.48 0.97 1.63 1.58
Congo 0.42 0.40 0.42 0.49 0.60 0.96 1.49 1.43
Costa Rica 0.57 1.26 1.76 2.61 3.88 2.20 3.09 6.79
Croatia 1.41 2.74 3.51 4.38 5.47 1.95 2.00 3.89
Cuba 0.74 1.51 2.10 3.18 4.20 2.04 2.78 5.66
Cyprus 0.81 1.77 2.55 3.44 4.59 2.18 2.59 5.64
Czechia 1.28 2.78 3.64 4.61 5.60 2.18 2.01 4.39
Dem. People’s Republic of Korea 0.54 1.00 1.35 1.72 2.26 1.83 227 4.16
Democratic Republic of the Congo 0.37 0.41 0.40 0.41 0.44 1.09 1.08 1.18
Denmark 1.54 2.27 2.98 3.69 3.96 1.47 1.75 2.56
Djibouti 0.32 0.36 0.44 0.57 0.78 1.11 2.19 242
Dominica 0.54 0.73 1.11 1.67 2.35 1.35 3.24 4.38
Dominican Republic 0.34 0.87 1.22 1.66 2.30 2.54 2.65 6.73
Ecuador 0.39 0.96 1.29 1.84 2.64 2.44 2.75 6.72
Egypt 0.64 0.72 0.82 1.10 1.51 1.14 2.08 2.37
El Salvador 0.35 0.81 1.10 1.55 2.25 2.32 2.78 6.45
Equatorial Guinea 0.38 0.39 0.41 0.48 0.57 1.04 1.44 1.51
Eritrea 0.28 0.36 0.43 0.52 0.65 1.31 1.79 2.35
Estonia 1.57 2.84 3.58 4.33 5.56 1.82 1.96 3.55
Eswatini 0.31 0.35 0.36 0.46 0.60 1.11 1.74 1.94
Ethiopia 0.28 0.33 0.39 0.47 0.61 1.17 1.85 2.16
Fiji 0.31 0.50 0.63 0.76 0.94 1.60 1.87 2.99
Finland 1.20 3.03 3.99 4.89 5.42 2.52 1.79 4.51
France 1.32 3.27 3.98 5.02 592 248 1.81 4.49
Gabon 0.63 0.50 0.53 0.63 0.80 0.80 1.58 1.26
Gambia 0.32 0.33 0.32 0.35 0.42 1.02 1.27 1.30
Georgia 1.15 1.70 1.99 2.49 3.26 1.48 1.92 2.84
Germany 1.42 3.03 4.16 5.19 6.44 2.13 2.13 4.54
Ghana 0.29 0.33 0.39 0.49 0.64 1.15 1.91 2.20
Greece 1.50 2.71 3.26 4.16 5.67 1.80 2.10 3.78
Greenland 0.45 1.22 1.83 2.65 3.23 2.68 2.65 7.10
Grenada 0.48 0.94 1.27 1.68 2.34 1.95 2.50 4.88
Guam 0.45 1.47 2.12 2.79 3.44 3.23 2.34 7.57
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Dementia Dependency Ratio x 100 Fold Change in DDRs

1990 2019 2030 2040 2050 t10990 t2(919 tlo990

2019 2050 2050

Guatemala 0.34 0.64 0.76 1.04 1.50 1.89 2.33 4.40
Guinea 0.34 0.33 0.34 0.37 0.44 1.00 1.31 1.30
Guinea-Bissau 0.34 0.30 0.29 0.34 0.40 0.86 1.33 1.15
Guyana 0.31 0.65 0.89 1.20 1.55 2.08 2.39 4.97
Haiti 0.34 0.36 0.41 0.49 0.62 1.07 1.74 1.85
Honduras 0.30 0.47 0.62 0.89 1.29 1.54 2.76 4.25
Hungary 1.38 2.49 3.04 3.77 4.62 1.80 1.85 3.34
Iceland 1.22 2.09 2.65 3.52 4.39 1.72 2.09 3.60
India 0.28 0.46 0.60 0.84 1.20 1.64 2.59 4.25
Indonesia 0.40 0.59 0.76 1.05 1.49 1.50 2.51 3.76
Iran (Islamic Republic of) 0.45 0.85 1.34 2.20 3.93 1.88 4.61 8.65
Iraq 0.56 0.52 0.60 0.75 0.98 0.94 1.87 1.76
Ireland 0.81 1.63 2.18 3.16 4.38 2.01 2.69 5.40
Israel 0.85 1.73 2.09 251 2.94 2.05 1.70 3.48
Italy 1.71 3.66 4.70 6.35 8.22 2.15 2.24 4.82
Jamaica 0.54 0.61 0.78 1.18 1.82 1.13 2.98 3.37
Japan 1.31 5.717 741 9.07 10.21 442 1.77 7.82
Jordan 0.40 0.63 0.87 1.29 1.95 1.59 3.10 4.93
Kazakhstan 0.70 1.01 1.25 1.57 1.94 1.45 1.91 2.77
Kenya 0.34 0.37 0.41 0.49 0.65 1.08 1.75 1.90
Kiribati 0.32 0.43 0.51 0.61 0.74 1.33 1.71 2.28
Kuwait 0.54 1.00 1.56 2.86 5.07 1.83 5.09 9.33
Kyrgyzstan 0.59 0.74 0.89 1.15 1.53 1.26 2.06 2.60
Lao People’s Democratic Republic 0.32 0.39 0.51 0.69 1.00 1.24 2.56 3.16
Latvia 1.68 2.50 2.98 3.44 433 1.49 1.73 2.58
Lebanon 0.53 1.42 2.12 3.26 4.70 2.67 3.30 8.81
Lesotho 0.44 0.41 0.41 0.46 0.58 0.93 1.42 1.33
Liberia 0.25 0.28 0.29 0.34 0.40 1.11 1.44 1.60
Libya 0.44 0.63 0.85 1.27 2.07 1.44 3.29 4.74
Lithuania 1.50 2.60 3.28 3.99 4.98 1.73 1.91 332
Luxembourg 1.36 2.35 3.01 3.80 4.63 1.72 1.97 3.40
Madagascar 0.26 0.37 0.42 0.53 0.65 1.43 1.76 2.52
Malawi 0.38 0.39 0.40 0.46 0.57 1.02 1.47 1.50
Malaysia 0.38 0.79 1.16 1.67 242 2.08 3.07 6.40
Maldives 0.37 0.55 0.85 1.37 2.52 1.49 4.57 6.82
Mali 0.23 0.26 0.26 0.28 0.31 1.09 1.23 1.34
Malta 0.71 271 4.24 5.55 7.02 3.83 2.59 9.92
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Dementia Dependency Ratio x 100 Fold Change in DDRs

1990 2019 2030 2040 2050 t10990 t2(919 t10990

2019 2050 2050
Marshall Islands 0.28 0.33 0.42 0.57 0.77 1.19 2.36 2.80
Mauritania 0.26 0.29 0.32 0.38 0.48 1.11 1.63 1.82
Mauritius 0.42 1.23 1.93 2.89 3.87 291 3.14 9.13
Mexico 0.48 0.76 0.96 1.40 2.08 1.58 2.73 4.31
Micronesia (Fed. States of) 0.33 0.50 0.65 0.88 1.21 1.50 2.43 3.64
Mongolia 0.34 0.58 0.93 1.44 2.40 1.70 4.15 7.06
Montenegro 1.39 2.13 293 3.88 4.90 1.54 2.30 3.54
Morocco 0.41 0.70 1.08 1.71 2.72 1.71 391 6.69
Mozambique 0.30 0.29 0.30 0.36 0.42 0.98 1.46 1.42
Myanmar 0.34 0.49 0.64 0.88 1.19 1.43 243 3.46
Namibia 0.40 0.49 0.49 0.58 0.71 1.22 1.46 1.79
Nepal 0.27 0.37 0.46 0.62 0.91 1.36 2.44 3.33
Netherlands 1.39 2.75 3.66 4.81 5.33 1.98 1.94 3.84
New Zealand 1.12 2.40 3.44 4.72 5.87 2.14 2.45 5.23
Nicaragua 0.33 0.58 0.84 1.22 1.80 1.80 3.07 5.52
Niger 0.21 0.28 0.28 0.29 0.31 1.31 1.14 1.49
Nigeria 0.27 0.23 0.23 0.25 0.29 0.86 1.25 1.07
North Macedonia 0.89 1.71 2.33 3.46 4.78 1.91 2.79 5.34
Northern Mariana Islands 0.40 0.92 1.41 2.30 3.31 2.32 3.60 8.35
Norway 1.60 2.44 3.04 3.99 4.69 1.52 1.92 2.93
Oman 0.58 0.67 0.86 1.24 2.08 1.17 3.09 3.62
Pakistan 0.27 0.31 0.35 0.42 0.53 1.14 1.70 1.94
Panama 0.56 1.24 1.75 2.40 3.26 2.20 2.63 5.78
Papua New Guinea 0.33 0.37 0.43 0.53 0.69 1.11 1.88 2.08
Paraguay 0.48 0.94 1.16 1.51 1.99 1.95 2.13 4.15
Peru 0.33 0.75 1.04 1.50 2.19 2.26 2.94 6.64
Philippines 0.31 0.53 0.68 0.89 1.15 1.69 2.16 3.65
Poland 1.22 2.68 3.61 4.74 6.22 2.19 2.32 5.08
Portugal 1.10 2.39 3.26 4.54 6.28 2.16 2.63 5.69
Puerto Rico 0.89 2.06 3.13 4.48 6.10 2.32 2.96 6.88
Qatar 0.49 0.79 1.22 1.99 3.40 1.61 4.32 6.95

Republic of Korea 0.66 1.82 3.27 5.67 9.55 2.73 5.26 14.37
Republic of Moldova 1.01 1.25 1.55 2.04 2.67 1.24 2.13 2.64
Romania 1.10 2.08 2.63 3.54 4.73 1.89 2.27 4.29
Russian Federation 1.37 2.00 2.53 3.23 4.26 1.45 2.13 3.10
Rwanda 0.25 0.25 0.31 0.42 0.57 0.99 2.32 2.29
Saint Lucia 0.42 0.62 0.90 1.44 2.38 1.46 3.84 5.60
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Dementia Dependency Ratio x 100 Fold Change in DDRs

1990 2019 2030 2040 2050 t10990 t2(919 t10990

2019 2050 2050
Saint Vincent and the Grenadines 0.54 0.99 1.24 1.87 2.75 1.85 277 5.12
Samoa 0.29 0.52 0.64 0.83 1.05 1.82 2.02 3.67
Sao Tome and Principe 0.29 0.36 0.42 0.52 0.64 1.22 1.79 2.18
Saudi Arabia 0.46 0.69 1.05 1.64 2.68 1.49 3.89 5.78
Senegal 0.25 0.30 0.34 0.44 0.58 1.20 1.94 2.34
Serbia 1.28 245 2.99 3.82 4.72 1.92 1.93 3.70
Seychelles 0.49 0.98 1.32 1.91 2.75 2.00 2.80 5.58
Sierra Leone 0.34 0.27 0.29 0.33 0.41 0.82 1.50 1.22

Singapore 0.49 2.11 4.35 8.02 11.57 4.30 5.49 23.60
Slovakia 1.14 2.17 3.07 4.27 5.77 1.91 2.66 5.08
Slovenia 1.36 3.39 4.50 5.81 7.58 2.49 223 5.56
Solomon Islands 0.31 0.38 0.44 0.54 0.70 1.21 1.85 2.25
Somalia 0.28 0.30 0.30 0.32 0.34 1.07 1.12 1.19
South Africa 0.40 0.74 0.87 1.07 1.36 1.85 1.83 3.40
South Sudan 0.25 0.27 0.29 0.33 0.39 1.09 1.44 1.57
Spain 1.62 2.65 3.38 4.76 6.96 1.64 2.63 4.30
Sri Lanka 0.67 1.15 1.67 2.40 3.29 1.71 2.86 4.91
State of Palestine 0.38 0.59 0.76 1.03 1.44 1.53 2.46 3.77
Sudan 0.40 0.53 0.63 0.77 0.92 1.32 1.74 2.29
Suriname 0.30 0.70 1.04 1.44 1.89 2.36 2.70 6.38
Sweden 1.76 2.58 3.08 3.70 4.08 1.47 1.58 2.32
Switzerland 1.64 3.10 4.04 5.17 6.14 1.89 1.98 3.75
Syrian Arab Republic 0.45 0.64 0.78 1.09 1.49 1.40 2.34 3.28
Tiirkiye 0.92 1.34 1.91 2.80 4.16 1.46 3.10 4.54
Tajikistan 0.51 0.55 0.62 0.85 1.21 1.08 2.19 2.37

Thailand 0.49 1.52 2.63 4.40 7.02 3.08 4.60 14.18
Timor-Leste 0.25 0.39 0.45 0.53 0.67 1.57 1.71 2.67
Togo 0.24 0.24 0.27 0.32 0.37 1.00 1.56 1.56
Tonga 0.38 0.59 0.70 0.87 1.09 1.56 1.86 2.90
Trinidad and Tobago 0.46 1.11 1.75 2.51 3.57 2.44 3.21 7.82
Tunisia 0.49 1.17 1.70 2.54 4.03 2.39 343 8.21
Turkmenistan 0.48 0.63 0.78 1.07 1.49 1.30 2.36 3.08
Uganda 0.29 0.23 0.23 0.27 0.34 0.77 1.52 1.17
Ukraine 1.51 2.09 2.59 3.36 4.57 1.38 2.19 3.02
United Arab Emirates 0.49 0.77 1.16 1.88 332 1.58 4.29 6.76
United Kingdom 1.30 2.10 2.64 3.35 4.04 1.62 1.93 3.12
United Republic of Tanzania 0.34 0.39 0.42 0.50 0.61 1.15 1.58 1.82
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Dementia Dependency Ratio x 100

Fold Change in DDRs

1990 2019 2030 2040 2050 t10990 t2(919 t10990

2019 2050 2050

United States of America 1.81 2.99 3.96 5.06 5.87 1.65 1.96 3.25
Uruguay 1.51 2.33 2.62 3.15 4.09 1.55 1.76 2.72
Uzbekistan 0.56 0.65 0.82 1.14 1.66 1.16 2.54 2.95
Vanuatu 0.30 0.47 0.55 0.67 0.87 1.56 1.85 2.88
Venezuela (Bolivarian Republic of) 0.42 0.84 1.06 1.42 1.84 2.01 2.19 4.40
Vietnam 0.54 1.01 1.38 2.00 2.99 1.88 297 5.58
Yemen 0.50 0.43 0.45 0.54 0.74 0.87 1.71 1.48
Zambia 0.34 0.27 0.28 0.34 0.44 0.80 1.62 1.30
Zimbabwe 0.35 0.38 0.39 0.47 0.57 1.10 1.48 1.62

Data sources: Institute for Health Metrics and Evaluation (IHME). Findings from the Global Burden of Disease
(GBD) Study 2019. Seattle, WA: IHME, 2021; United Nations, Department of Economic and Social Affairs,
Population Division (2022). World Population Prospects 2022 Revision, Online Edition; GDB 2019 Dementia

Forecasting Collaborators (Nichols et al. 2022) .

Notes: The table presents dementia dependency ratios (DDRs) for 195 countries and territories in 1990, 2019,
2030, 2040, and 2050 and changes in DDRs between years. We measure the DDR by the ratio of kin with
dementia to kin without dementia in working ages (16-64). The DDR can be interpreted as a measure of the
possible caregiving burden that kin with dementia place on kin without dementia in working ages. We estimate the
DDR for each age group and then weight it by the age distribution of the total population in the observed year to

derive the overall burden at the population level.

22



References

Caswell, Hal. 2019. “The Formal Demography of Kinship: A Matrix Formulation.” Demo-
graphic Research 41:679-712.

.2020. “The Formal Demography of Kinship II: Multistate Models, Parity, and Sibship.”
Demographic Research 42:1097-1144.

. 2022. “The Formal Demography of Kinship IV: Two-sex Models and Their Approxi-
mations.” Demographic Research 47:359-396.

Caswell, Hal, and Xi Song. 2021. “The Formal Demography of Kinship III: Kinship dynamics
with time-varying demographic rates.” Demographic Research 45:517-546.

Flaxman, Abraham D, Theo Vos, and Christopher JL. Murray. 2015. “An integrative metare-
gression framework for descriptive epidemiology.”

GBD 2019 Collaborators. 2021. “Global mortality from dementia: Application of a new method
and results from the Global Burden of Disease Study 2019.” Alzheimer’s & Dementia:
Translational Research & Clinical Interventions 7 (1): €12200.

GBD 2019 Dementia Collaborators and others. 2021. “The burden of dementia due to Down
syndrome, Parkinson’s disease, stroke, and traumatic brain injury: a systematic analysis
for the Global Burden of Disease Study 2019.” Neuroepidemiology 55 (4): 286-296.

Nichols, Emma, Jaimie D Steinmetz, Stein Emil Vollset, Kai Fukutaki, Julian Chalek, Foad
Abd-Allah, Amir Abdoli, Ahmed Abualhasan, Eman Abu-Gharbieh, Tayyaba Tayyaba
Akram, et al. 2022. “Estimation of the global prevalence of dementia in 2019 and fore-
casted prevalence in 2050: an analysis for the Global Burden of Disease Study 2019.” The
Lancet Public Health 7 (2): e105—-e125.

Nichols, Emma, Cassandra EI Szoeke, Stein Emil Vollset, Nooshin Abbasi, Foad Abd-Allah,
Jemal Abdela, Miloud Taki Eddine Aichour, Rufus O Akinyemi, Fares Alahdab, Solomon
W Asgedom, et al. 2019. “Global, regional, and national burden of Alzheimer’s disease

and other dementias, 1990-2016: a systematic analysis for the Global Burden of Disease
Study 2016.” The Lancet Neurology 18 (1): 88—106.

United Nation. 2022a. World Population Prospects 2022: Methodology of the United Nations
population estimates and projections. United Nations, Department of Economic / Social
Affairs, Population Division.

. 2022b. World Population Prospects: The 2022 Revision. United Nations, New York.

23



