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Summary

This study shed light on the amount and structure of utilization and medical expenses on
Shanghai permanent residents based on big data, simulated lifetime medical expenses through
combining of expenses data and life table model, and explored the dynamic pattern of aging
on medical expenditures. 5 years were taken as the class interval, the study collected and did
the descriptive analysis on the medical services utilization and medical expenses information
for all ages of Shanghai permanent residents in 2015, simulated lifetime medical expenses by
using current life table and cross-section expenditure data. The results showed that in 2015,
outpatient and emergency visits per capita in the elderly group (aged 60 and over) was 4.1 and
4.5 times higher than the childhood group (aged 1-14), and the youth and adult group (aged
15-59); hospitalization per capita in the elderly group was 3.0 and 3.5 times higher than the
childhood group, and the youth and adult group. People survived in the 60-64 years group,
their expected whole medical expenses (105,447 purchasing power parity Dollar) in the rest
of their lives accounted for 75.6% of their lifetime. A similar study in Michigan, US showed
that the expenses of the population aged 65 and over accounted for 1/2 of lifetime medical
expenses, which is much lower than Shanghai. The medical expenses of the advanced elderly
group (aged 80 and over) accounted for 38.8% of their lifetime expenses, including 38.2%
in outpatient and emergency, and 39.5% in hospitalization, which was slightly higher than
outpatient and emergency. There is room to economize in medical expenditures of the elderly
people in Shanghai, especially controlling hospitalization expenses is the key to saving medical
expenses of elderly people aged over 80 and over.
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1. Introduction

China had entered an aging society by the end of the
last century. According to "2015 Statistical Bulletin of
National Economy and Social Development", people
aged 60 and over accounted for 16.1% (222.00 million)
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of the total population, and people aged 65 and over
accounted for 10.5% (183.86 million) of the total
population in 2015 in China (/). Shanghai is one of the
Chinese cities where population aging emerged earliest.
It showed that people aged 60 and over accounted
for 30.21% (4.36 million) of Shanghai's registered
population in 2015 (2). As age increases, health status
and medical demands change correspondingly, while
along with social and economic development, income
improvement and medical technology progresses,
the impact of population aging on medical expenses
has become an enormous challenge for the healthcare
system.

Healthcare demands are considerable, and growing
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with an aging population. Take Shanghai as an
example, Xu (2005) found that the overall health status
of elderly people was below average, 70-80% of elderly
people aged 60 and over had chronic diseases, and the
prevalence of the elderly was 4.2 times higher than the
total (3).The direct consequence of high prevalence
of chronic disease is mounting medical expenditures.
Yan (2013) reported that the proportion of medical
expenses for the elderly was 75.2% of total family
medical expenses in 2006 (4), and Tao (2010) revealed
the prevalence of chronic disease was 73.76%among
the elderly in the Nanhui District of Shanghai in
2010 (5). A study in Hubei Province by Zhang (2015)
showed similar results (6). Therefore, some studies
took population aging as the factor driving increasing
medical expenses. Huang (2012) indicated that the
growth of the aging population was one of the factors
leading to medical expenses soaring, especially the
rising death rate in the population aged 65 and over (7).
However, other studies found that increasing medical
expenditures were affected by multiple factors, aging
was one of these but not the most important one. Wang
(2014) thought that aging would gently release the
demands for medical services in the elderly population,
but the income improving, medical insurance expanding
and technology progressing would rapidly boost
medical expenses (8). Ma (2015) realized that gender,
age, marriage status and urban-rural disparities all had
an appreciable impact on medical expenditure in elderly
people (9). Yu (2011) conducted a study based on panel
data from 20 provinces from 2002-2008, and found that
population aging could only explain 3.9% of per capita
increased medical expenses, and 5.7% of per capita
increased medical expenses rates (/0).

International research showed that the growth rate
of medical expenses per capita in the elderly population
was higher and increased faster than other age groups.
An investigation by Cutler &Meara (1998) found that
between 1953-1987, the average medical expense
growth rate of people aged 65 and over was 8%, higher
than the population aged 1-64 (4.7%) (1/1). Waldo
&Lazenby (1984) (12), Buchner &Wasem (2006)
(13) illustrated that population aging would aggravate
the burden of medical expenses. The reason was that
when age increased, health status got worse, which
led to rising medical services demands and expenses.
Reinhardt (2003) found that population aged 65 and
over was 3 times more that population aged 34-44 (14).
Lassman et al. (2014) drew the conclusion that medical
expenses per capita in the elderly was 5 times more that
the children group (/5). Alemayehu (2004) adopted a
lift table model, using cross sectional medical expenses
and death data of every single individual enrolled, to
construct a hypothetical current population longitudinal
medical expenses data from birth to death. It was noted
that from 65 and over, the expected medical expenses
accounted for 1/2 of lifetime medical expenses, and

females were 1/4 higher than males (/6).

From the comparison of domestic and oversea
studies, it is notable that the domestic studies had
the following weaknesses: First, in regard to the data
source, majority of studies are sampling surveys, few
are whole sample studies, and are not able to represent
the whole population. Second, in terms of the methods,
most are qualitative analysis, few are quantitative
studies. The statistics measurements and modeling
need to be explored, especially when there is a lack
of mature method references for measuring lifetime
medical expenses. Moreover, some attribution studies
used general regression analysis, but general regression
analysis, analysis of variance or analysis of covariance
do not conform to the characteristics of medical
services utilization and medical expenses, since medical
expenses may be a non-normal distribution.

There is a greater need for the elderly population
and medical expenses evidence to support elderly
policies in China. With the development of health
information technology, medical big data is gradually
captured, therefore exploring information to serve
policy making is optimal. In regard to methodology, the
internationally recognized method has matured after
nearly a half century of development. It is appropriate
to use a life table to conduct the study on population
aging and medical expenses, and to provide evidence
references for policy making. This study shed light on
the amount and structure of utilization and medical
expenses in Shanghai permanent residents based on big
data, constructed using hypothetical "lifetime" medical
expenses through a combination of life table model and
cross-sectional medical expenses data, and explored
the dynamic pattern of aging on medical expenses.
Shanghai permanent residents refers to residents who
live in Shanghai for over 6 months, while Shanghai
registered residents refers to residents registered with
Shanghai Public Security Bureau. In 2015, Shanghai
registered residents were 24.15 million, Shanghai
permanent residents were 14.43 million (2).

2. Data and Methods
2.1. Data

Data of this study was collected from the entitlement
of use of the Health Information Web of Shanghai
Municipal Health and Family Planning Commission
Information Center. Take 5 years as the class interval,
gather the medical services utilization and medical
expenses information for all ages of Shanghai
permanent residents in 2015. Simulate lifetime medical
expenses by using current life table and cross-section
medical expenses data. In the life table, take age 0-1 as
a separated group from the group aged 0-4, since the
medical services utilization of infants is different from
other children. The data was classified by outpatient
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and emergency visits, and hospitalization. All medical
institutions in Shanghai were covered, including
hospitals, community health centers, maternal and child
health hospitals, specialized disease prevention and
control institutions, and outpatient departments. In this
study, the elderly group was defined as population aged
60 and over, population aged 1-14, 15-59 was defined
as the childhood group, and the youth and adult group,
respectively. Shanghai total population of current life
table data (5 years as the class interval) in 2015 was
gathered by Shanghai Center for Disease Control and
Prevention Center.

2.2. Descriptive analysis

Take 5 years as the class interval, describe the age and
gender structure of Shanghai permanent residents, and
the distributions in outpatient and emergency visits,
hospitalization utilization and expenses per capita.

2.3. Life table model

Current life table and cross-sectional medical expenses
data were used to construct hypothetical lifetime
medical expenses. It was assumed that the technology,
prices and other factors which would affect the
healthcare service costs were kept constant, therefore
the disease prevalence, incidence, development process
and healthcare service costs did not change for ongoing
time, and the age distribution of medical expenditures
could present the hypothetical lifetime distribution of
medical expenditures. The advantage of a life table
model is that it eliminates the impact from confounding
factors, including healthcare service prices, technology
development, etc.

In the lifetime medical expenses model, the lifetime
expenditure per capita at a given age a, projected
from birth 0, the lifetime expected cost referred to
the expenditure remaining after age a to death of the
hypothetical life table person. Two kinds of lifetime
expected costs at birth were estimated as follows:

(1) Lifetime expected cost at birth (LECB) Per
capita LECB is the lifetime expected cost divided by
the original cohort of 100,000 people. Lx is the person
years lived by the cohort in the age interval x. Cx is per
capita medical cost at the age interval x (x = 0-, 1-, 5-,
10-, .., 90-).

It could be drawn that per capita LECB at the age
interval x:

LECB=35, (ij”)

The relative lifetime expected cost at the age
interval x (RLECB):

RLECB,=LECB./LECB=%3% , (chx) /3o 0(%)

lo lo

(2) Lifetime expected cost for survivors (LECS) Per
capita LECS is the lifetime expected cost divided by

the cohort of people who survived at the age interval x,
since some people could die before this age interval x.

We could conduct that per capita LECS at the age
interval x:

CxLy.

LECS.=X22 (%)

lg
The relative lifetime expected cost for survivors at
the age interval x (RLECB):

RLECS,=LECSJ/LECS/=Y%%, (C’l‘:")/ %5 (%)

3. Results
3.1. Demographic characteristics

There were 24.15 million permanent residents in
Shanghai in 2015. 2.17 million were the childhood
group aged 0-14, which accounted for 9.00% of the
total population; 17.27 million were the youth and adult
group aged 15-59, which accounted for 71.50% of the
total population; 4.71 million were the elderly group
aged 60 and over, which accounted for 19.50% of the
total population. Among the elderly group, taking 5
years as class interval, the group aged 90 and over had
the least population, 0.11 million accounted for 0.43 of
the total. Figure 1 shows the age and gender distribution
in Shanghai population in 2015.

3.2. Medical services utilization and expenses

From outpatient and emergency visits point of view, the
per capita visits in 2015 changed as the age went up,
with multi peaks. The group aged 20-24 had the lowest
per capita visits (0.81 times), which increased with
rising age. After age 60, the per capita visits boosted
remarkably, with per capita visits 1.6 times/month, and
reached the highest value when at the group aged 80-
84, with per capita visits 3.8 times/month, then slightly
dropped. The per capita visits of the children, youth and
adult and elderly group in 2015 were 6.0, 5.4 and 24.5
times, respectively. The number of the elderly group
was 4.1 and 4.5 times higher than the children, youth
and adult group.

Figure 2 represents the age and gender distribution
in Shanghai per capita outpatient and emergency
visits, and hospitalization in 2015, Figure 2A refers to
outpatient and emergency visits, while Figure 2B refers
to hospitalization. As per the figure, the per capita
outpatient and emergency visits was slightly higher in
the group aged 5-9, then decreased. After age 60, it was
notable that the per capita outpatient and emergency
visits increased fast, and kept dropping after age 80.
The per capita hospitalization presented a rough "U"
shape trend, with high values at the two ends and low in
the middle. The per capita hospitalization of childhood,
youth and adult and elderly groups in 2015 were 0.07,
0.06 and 0.21 times, respectively. The number of the
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Figure 1. Shanghai population distribution by 5 year intervals and gender, in 2015 (Unit: Million people).
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Figure 2. Shanghai per capita outpatient and emergency visits & hospitalization by 5 year intervals and gender in 2015 (Unit:
Frequency). (A), Outpatient and emergency visits; (B), Hospitalization.

elderly group was 3.0 and 3.5 times higher than the
children, youth and adult groups.

Figure 3 illustrates the age distribution pyramid of
Shanghai permanent residents and medical expenses. It
is notable that as age increases, the population shrinks,
while the medical expense is distinctly increasing

in general. Comparing with the permanent residents
structure, the elderly population as 19.5% of total
population, and accounted for 52.2% of total outpatient
and emergency visits, and 45.3% discharged patients,
which indicated that the elderly group consumes more
medical resources. Moreover, the expenditure by age

www.biosciencetrends.com



623 BioScience Trends. 2017; 11(6):619-631.

e
=
o
o m Resident population
g’ male
<
" Resident population
female
OMedical expenses
male
OMedical expenses
female
(%) 15.00 10.00 5.00 0.00 5.00 10.00 15.00

Figure 3. The age distribution pyramid of Shanghai permanent residents and medical expenses by 5 year intervals in 2015

(Unit: %).

distribution pattern had a similar tendency as services
utilization by age, but a relatively higher concentration.
The elderly population as 19.5% total population
accounted for 63.2% of outpatient and emergency
expenses, and 52.8% hospitalization expenses.

3.3. Permanent resident lifetime expected medical costs
3.3.1. Outpatient and emergency

In the life table lifetime outpatient and emergency
expenses, the per capita expenses and per capita expenses
of deaths were growing as age increased, in general. The
tendency of per capita expenses was relatively smooth,
while the tendency of per capita expenses of deaths
showed a slight fluctuation. The group aged 0-1 had zero
death expenses, this could be due to that most infant
deaths happened in hospitalization, and in 2015 there
were no infant deaths during outpatient and emergency
visits.

From the results, it is worth noting that the per capita
lifetime expected outpatient and emergency cost and the
per capita lifetime expected outpatient and emergency
cost of survivors declined as age was increasing, and the
later slightly exceeded the former. It indicated that for
the older group, there was less lifetime expected medical
expenditure that an individual can consume. Table
1 presents the simulated results of lifetime expected
outpatient and emergency costs. The per capita lifetime

expected outpatient and emergency cost from birth was
81,042 purchasing power parity (PPP) Dollar, when
people survived to age 60, per capita lifetime expected
outpatient and emergency cost of the group aged 60-64
was 62,776 PPP Dollar.

Figure 4A shows the age group distribution of per
capita medical expenses and lifetime expected costs
in outpatient and emergency, and Figure 4B shows
the proportion of per capita lifetime expected cost of
survivors in per capita lifetime expenses. In outpatient
and emergency, as age increases, the per capita expenses
of both overall population and deaths roughly increased,
whilst the per capita expected cost of both overall
population and the survivors declined, however the per
capita outpatient and emergency expenses distinctly fell
in the group aged 90 and over. The proportion of per
capita lifetime expected cost of survivors in per capita
lifetime expected cost in group aged 60-64 was 77.5%,
illustrated that when people reached the age 60-64, one
individual's expenses from now to death accounted for
77.5% of this person's whole lifetime outpatient and
emergency expenses, which meant that almost eighty
percent of outpatient and emergency expenditures was
used in the elderly period after 60.

3.3.2. Hospitalization

From Table 2 we can draw the conclusion that
compared with outpatient and emergency, the per capita
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Figure 4.Per capita medical expenses and lifetime expected cost by age groups in outpatient and emergency(Unit:
PPP Dollar) (A), and the proportion of per capita lifetime expected cost of survivors in per capita lifetime expenses in
outpatient and emergency by S year intervals (Unit: %) (B). PPP, purchasing power parity.

hospitalization expenditure of deaths was higher, and
not only far exceeded the per capita outpatient and
emergency expenditure of deaths, but also exceeded
per capita hospitalization expenditures. The per capita
lifetime expected hospitalization cost from birth was
58,540 PPP Dollar, and accounted for 72.2% of the per
capita lifetime expected outpatient and emergency cost
from birth (81,042 PPP Dollar).The highest per capita
expenditure of deaths appeared in the group aged 1-4,
which was 45,095 PPP Dollar. It is noteworthy that,
although the per capita hospitalization expenditure was
increasing, the per capita hospitalization expenditure of
deaths distinctly dropped with ascending age, and the
relatively higher value emerged before the group aged
55-60, almost exceeding 20,000 PPP Dollar per capita.
Figure 5A refers to the age group distribution of

per capita medical expenses and lifetime expected
cost by age groups in hospitalization, and Figure 5B
presents the proportion of per capita lifetime expected
cost of survivors in per capita lifetime expenses for
hospitalization. As age increases, the change of per
capita hospitalization expenses of deaths was sharper
than that in outpatient and emergency expenses, with
3 peaks appearing at groups aged 1-4 (45,095 PPP
Dollar), 25-29 (37,270 PPP Dollar), and 35-59 (28,958
PPP Dollar). Meanwhile, the per capita hospitalization
expenses escalated mildly, and the per capita lifetime
expected hospitalization cost of both overall population
and the survivors dropped smoothly, and at group
aged 90 and over, the per capita lifetime expected
hospitalization cost of survivors edged up. The share
of the per capita lifetime expected hospitalization
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Figure 5. Per capita medical expenses and lifetime expected cost by age groups in hospitalization(Unit: PPP Dollar) (A),
and the proportion of per capita lifetime expected cost of survivors in per capita lifetime expenses in hospitalization by 5

year intervals (Unit: %) (B). PPP, purchasing power parity.

cost of survivors in the per capital lifetime expected
hospitalization cost was 72.9% in the group aged 60-
64, which was 4.6 points lower than outpatient and
emergency. It showed for people that lived to be in 60-
64, the hospitalization expenses from now to death
accounted for 72.9% of this individual's whole life
hospitalization expenses. From groups aged 60-64
to 70-74, the proportions of hospitalization expenses
from now to death in whole lifetime was below that
of outpatient and emergency in the same age groups,
whilst from age groups 75-79, to 90 and over, the
proportions of hospitalization expenses from now to
death in whole lifetime exceeded the proportions of
outpatient and emergency in the same age groups.
Generally, in the more advanced elderly group, the
proportion of expenses in hospitalization tend to be
higher than that in outpatient and emergency.

3.3.3. Total medical expense

Table 3 combines the outpatient and emergency, and
hospitalization expenditures, and shows the results of
simulated total lifetime expected cost. The per capita
total medical expenses went up with increasing age,
and was below the per capita total medical expenses of
deaths. The per capita lifetime expected hospitalization
cost from birth was 139,551 PPP Dollar, when people
who survived to age 60, per capita lifetime expected
cost of the group aged 60-64 was 105,447 PPP Dollar.
However, since the hospitalization expenses were much
higher than outpatient and emergency expenses, the
per capita total medical expenses of deaths was mainly
affected by per capita hospitalization expenses of deaths,
presenting similar fluctuant features as hospitalization.
After eliminating the deaths, the per capita total expected
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Figure 6. Per capita total medical expenses and total lifetime expected cost by age groups (Unit: PPP Dollar) (A), and the
proportion of per capita total lifetime expected cost of survivors in per capita total lifetime expenses by 5 year intervals

(Unit: %) (B).

cost of survivors wasa bit over the per capita total
expected cost in the same age group.

Figure 6A is the age group distribution of per capita
total medical expenses and total lifetime expected cost,
and Figure 6B refers to the share of per capita total
lifetime expected cost of survivors in per capita total
lifetime expenses. The change of Figure 6A presented
the approximated characteristics of Figure 5A, as age
was trending up, the per capita total medical expenses of
deaths increased, with 3 peaks appearing at groups aged
1-4 (45,715 PPP Dollar), 25-29 (37,862 PPP Dollar), and
35-59 (29,595 PPP Dollar). Meanwhile the per capita
total expenses grew, and the per capita lifetime expected
total cost of both overall population and the survivors
fell. The proportions of per capita total lifetime expected

cost of survivors in per capita total medical expenses
were 75.6% and 38.9%, in groups aged 60-64 and 80-
84, respectively. The share of the group aged 90 and
over reached 22.9%, which meant for people who live
to 90, the total medical expenditure from now to death
accounted for approximately twenty percent of their total
lifetime medical expenditure.

4. Discussion

4.1. Shanghai elderly people had higher shares of
expected medical expenses in lifetime medical expenses

According to the above results, the elderly population
as 19.5% of the total population in Shanghai, not only
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utilized a large portion of medical resources (52.2%
of total outpatient and emergency visits, and 45.3%
discharged patients), but also accounted for more than
half of the medical expenses (63.2% of outpatient and
emergency expenses, 52.8% hospitalization expenses).
In addition, the expenses in elderly age accounted for
a major portion (approximately eighty percent, Figure
6) of lifetime medical expenses, which indicated that
the medical expenses are more concentrated in the
aged phase, and reflected that the elderly population
consumed a larger proportion of medical resources
compared with other groups of the population. In
comparison with other countries, it can be concluded
that although the studies found similar results, the gap
between elderly people and other age groups in medical
expenses was less significant.

For example, the study by Alemayehu (2004)
in Michigan (/6), US showed that the expenses of
population aged 65 and over accounted for 1/2 of
lifetime medical expenses in this region. The analysis
from Shanghai data revealed that in the group aged
60-64, the proportions of per capita expected cost in
per capita lifetime cost in outpatient and emergency,
and hospitalization accounted for 77.5% (Figure 4B)
and 72.9% (Figure 5B), respectively. Excluding the
confounding factors such as study times, it can still
be concluded that the medical expenses in the elderly
population of Shanghai far exceeded the corresponding
rates of Michigan, US.

4.2. The medical expenses of elderly aged 80 and
over was expected to flow to hospitalization, while the
expenses of elderly aged 60-79 was expected to flow to
outpatient and emergency

Our results illustrated that the proportion of per capita
lifetime expected cost of survivors in per capita
lifetime expenses of the advanced elderly (population
aged 80 and over) accounted for 38.9% (Figure 6B)
of their lifetime expenses, including 38.1% (Figure
4B) in outpatient and emergency, and 40.0% (Figure
5B) in hospitalization, which was slightly higher than
in outpatient and emergency. Moreover, the three
advanced age groups, aged 80-84, 85-89, and 90 and
over, all have higher expected hospitalization costs in
lifetime expenses (40.0%, 27.8%, 31.0%, respectively,
Figure 5B), compared with expected outpatient and
emergency costs in lifetime expenses (38.1%, 26.4%,
17.1%, respectively, Figure 4B), while the other elderly
group aged from 60 to 79 represented the opposite.
It is indicated that the expected medical cost in
advanced elderly groups (aged 80 and over) was mainly
concentrated in hospitalization, while the expected
medical cost in the relatively younger elderly people
(aged 60-79) largely flew to outpatient and emergency.
This conclusion is also close to the actual situation in
Shanghai.

There is room for saving medical expenses in
the elderly people in Shanghai, especially in the
hospitalization expenditure of the advanced elderly
population. International experience suggested that
elderly care and rehabilitation has a momentous
function in replacing hospitalization, furthermore
would bring benefits to the health of elderly people in
the future (15,16).

Our study has some limitations: first of all, the
hypothesis in this study is assuming that the technology,
pricing and other factors are stable, and the prevalence,
incidents, development process and costs of disease
do not change with time. Therefore, the life table
model cannot reflect the impact of health technology
development, the outbreak of new disease, perishing of
old disease, and inflation. Secondly, nursing care plays
an important role in the lives of the elderly, however
the nursing care expenditures were not included in
this study. In Shanghai, currently most of nursing care
expenses has been paid out-of-pocket, which applies
difficulty for data collection of our full sample size
study. Further research could investigate the role of
nursing care in the age distribution of expenditures, as
well as how these expenses play out over the lifetime
with medical expenses.

5. Conclusion

The findings of our study extend the knowledge of
age-specific medical expenses, and show a striking
share of elderly people's medical resource utilization
and expenses. Although the lifetime expenses studies
have been well-documented, we have known little
about it, for two reasons: first, most of the studies
were conducted in developed countries, and may not
be applied in developing counties; second, the vast
majority of studies were based on sampling, which
may bring selection bias. This study is an exploration
of lifetime expenses simulation in a relatively more
developed region of China, which has a large population
base with rapidly aging people. Besides, our study
covered all the emergency, outpatient, hospitalization
and medical expenses data in Shanghai in 2015, which
can fully represent the characteristics of medical
spending concentration in the Shanghai population.

We found that the elderly population as 19.5% of
total population in Shanghai, accounted for 63.2%
of outpatient and emergency expenses (52.2% of
total outpatient and emergency visits) and 52.8% of
hospitalization expenses (45.3% discharged patients).
When surviving to age 60, 75.6% of lifetime medical
expenses were expected to be spent at age 60 and over
(Figure 6B), with 77.5% in emergency and outpatient
(Figure 4B), and 72.9% in hospitalization (Figure 5B).
The groups aged 80 and over, have higher expected
hospitalization costs in lifetime expenses (40.0% in
ages 80-84, 27.8% in ages 85-89, and 31.0% in age 90
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and over, Figure 5B) than outpatient and emergency
cost in lifetime expenses (38.1% in ages 80-84, 26.4%
in ages 85-89, and 17.1% in age 90 and over, Figure
4B). Among the advanced elderly (population aged
80 and over), their expected medical expenses were
more concentrated in hospitalization. In addition, our
results have implications for forecasting the expected
medical expenses. We suggested addressing the elderly
population for saving medical resources and expenses,
especially in hospitalization expenditures of the
advanced elderly population.
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