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Abstract

Objective To study age and educational level and their relationship with fall-related injuries in

Shanghai and to analyze the relevant costs.

Methods Multistage cluster sampling was used for the selection of participants and standardized
qguestionnaires were used for the information collection in 2006. Information on cases and deaths
caused by fall-related injuries were obtained from 494 hospitals as well as from the mortality registry

systems from 2001 till 2010.

Results Of 45 857 participates, 674 suffered from fall-related injuries with the largest proportion
among all injuries. The fall-related mortality increased from 10.63 per 100 000 in 2001 to 14.11 per 100
000 in 2010. The under-five mortality rate was the highest among children aged 0-14 years. Mortality
increased dramatically among those aged 55 or above for the female and aged 60 or older for the male.
Individuals with an educational level under the primary school were more likely to suffer fall-related
injuries, accounting for 72.66% of all deaths and 49.24% of nonfatal cases respectively. The annual
burden of fall-related injuries equated to 25.90% of the share of GDP for the healthcare, social security

and welfare industries in 2006.

Conclusion Fall-related injuries were inversely related to victims’ educational level. Children under the
age of 5, women over 55 years old and men over 60 years old with an educational level lower than the

primary school are the most risky groups of populations for intervention measures.
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INTRODUCTION and death in both urban and rural areas in China™?.

The most important causes of injury-related mortality

s a public health problem, injuries are in cities in China are traffic injures, suicide and
Aunder-estimated in China and they cause fall-related injuries and the fall-related mortality rate
more than 800 000 deaths and about 200 increased from 4.40 (per 100 000 population) in 2001

million person-times injury incidences per year. Also, to 7.22 (per 100 000 population) in 2009%*. A report

injuries are the first and fifth cause of hospitalization from WHO showed that China had the greatest
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fall-related injury burden, and the disability adjusted
life years (DALYs) lost to this type of injury was almost
twice of that of any other countries in the world®.

In the past two decades, Shanghai’s gross
domestic product (GDP) per capita increased more
than 9 times and the proportion of residents living in
the urban area was up to 89.30%". By the end of
2010, the number of the population aged 65 and
above in Shanghai increased to 2 264 900, accounting
for 16.0% of those in all age groupsm. Rapid economic
growth, increasing aging of the population and
urbanization have resulted in substantial changes in
housing, transportation and the lifestyle changes, all
of which fundamentally changed the pattern of
injuries and made the injuries become the fourth
leading cause of death in Shanghai. The most
common causes of injury deaths are falls,
traffic-related injuries and suicides. The overall injury
death rate changed slightly from 44.02 per 100 000 in
2001 to 41.84 per 100 000 in 2010®. The increasing
healthcare cost due to fall-related injuries are
becoming big challenges the healthcare system faced.

In the United States and other industrial nations,
the epidemiological characteristics of fall-related
injuries and the effectiveness of intervention have
been documented in population based settings[g‘lol.
In China, fall-related injuries have not been properly
recognized as a public health problem which is
predictable and preventable and the nature and
extent of such injuries remain largely unknown.
Therefore, there is an urgent need to study and
identify the characteristics of fall-related deaths and
injuries in order to take appropriate actions for
healthcare delivery and comprehensive risk
management.

The aim of the present study was to identify
population groups at high risks on fall-related
injuries in which age and education level were
emphasized and to provide scientific evidences for
fall prevention and management. The costs of these
injuries were also estimated in the study.

MATERIALS AND METHODS

Definitions

A fall is an event which results in a person
coming to rest inadvertently on the ground or floor
or other lower level. A fall-related injury is defined as
any physical damage resulting from a fall (including
bruising, abrasions, lacerations and fractures)m]. In
our database, fall-related deaths and non-fatal
injuries were coded as WO00-W19 according to
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International Classification of Disease-10 (ICD-10),
and the cases of assault and intentional self-harm
were excluded.

The costs of total fall-related injuries were
shown in terms of direct medical treatment costs
and costs of productivity loss. The cost of total direct
medical treatment refers to the payment provided
by patients and insurance companies for treating
fall-related injuries, such as the fees of inpatient and
outpatient care, primary health care and
medications. Costs of total productivity loss are the
labor earnings that are forgone as a result of an
adverse health outcome. The costs cover the lost
earnings and productivity of both patients and the
family members who take care of them. For some
cases of premature death, the indirect cost is the
loss in potential wages and benefits!™).

The underlying cause of fall-related death is
defined as the injury which initiates the train of
events leading directly to death, or the
circumstances where the accident produces a fatal
injury. Diagnostic evidence of cause-of-death covers
autopsy, pathology, surgery, physical, and chemical
tests, clinical diagnosis and verbal autopsy[lsl.

Data Sources

Information on morbidity rates and their
constitutional proportions of fall-related injuries in
Shanghai were collected from a retrospective survey
about injury disease burden conducted in all 19
districts of Shanghai in 2006 and the data on
fall-related injuries were abstracted from the
cross-sectional survey for the purpose of this
analysis. Information on cases of hospitalization and
fatalities due to fall-related injuries was analyzed
based on the data from 494 hospitals and mortality
registry systems from 2001 to 2010 in Shanghai.
Data on local-level economic accounting,
demography, and labor force from 2001 to 2010
were collected from Shanghai Municipal Statistics
Bureau and were used to complete the economic
analysis of the impact of fall-related injuries.

Sampling Technique

A multistage cluster sampling was used for
sampling in all 19 districts in Shanghai. In the first
step, three sub-districts of each district were
sampled randomly and in each sub-district, three
communities were randomly selected. Then, in each
community, 100 households were selected randomly
and each household was considered as a cluster. A
total of 17 100 households were involved in this
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study. A household was defined as persons living in
the same apartment and having dinner together. A
total of 45 857 participants were recruited for the
survey. All individuals in each household were
invited to participate during the survey. Participants
were interviewed by trained investigators in
accordance with the Declaration of Helsinki 1975. A
written informed consent was obtained from each
participant interviewed. Standardized questionnaires
were designed to collect information on
demography, date of injuries, treatment type
(in-patient or out-patient), hospitalization and costs.

Instruments

The instruments of the WHO injury survey at the
community level were used as the starting point of
developing instruments for the survey. All fatalities
and injuries were categorized according to the
international classification of external causes of
morbidity, mortality, injury, poisoning, and certain
other consequences of external causes™ ™,

Quality control was conducted identically in the
process of investigation. The sample size was
determined and standardized questionnaires were
developed after the pilot study. Investigators were
trained to be eligible for this study and were required
to check the finished questionnaires daily during the
survey in order to ensure the integrality and accuracy.
Five percent of the subjects were selected randomly
to be interviewed twice for quality control of the
guestionnaires completed. Data were checked before
being input into database, and 10% of the input data
were selected to be checked twice in order to control
the quality of the data for analysis.

Statistical Analysis

SPSS (Version 15) was used in this study. Age was
categorized into to groups with 5-year interval.
Morbidity and mortality rates were calculated for
different age groups as well as both genders.
Chi-square test was used to examine the difference in
categorical variables and variation trend in rates of
mortality and morbidity by income, years and age.
Fall-related injuries costs of total direct medical
treatment and total productivity loss were also
calculated and P<0.05 was taken to indicate
significance.

RESULTS

During the period of 2001 to 2010, a total of
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18 407 people died of fall-related injuries in Shang-
hai and falls accounted for 31.00% of all injury-
related deaths, with the highest proportion. Of
45 857 individuals surveyed in 2006, 1556 were
injured and 674 of them were due to falls (43.32%).
The fall-related morbidity was 14.70 per 1000
populations.

Figure 1 shows the changes of the fall-related
mortality rate and per capita disposable annual
income from 2001 to 2010. The fall-related mortality
rate changed from 10.63 per 100 000 populations in
2001 to 14.11 per 100 000 populations in 2010 while
average per capita disposable annual income
increased by 147.13%, from 12 883 CNY (USS 2043)
to 31 838 CNY (USS 5050) during this 10-year period
(No statistical significance, Chi-Square is 0.201,
Pireng=0.654).

Figure 2 presents fall-related mortality and
morbidity rates stratified by age and gender from
2003 to 2010 in Shanghai. The mortality and
morbidity rates increased progressively with age (14
years old and above) in both genders (Chi-Square is
383.91, P.ens<0.001 for age groups). The mortality
rate increased dramatically in the group of aged 55
or above for the female and the group of aged 60 or
above for the male. The male-specific mortality
exceeded the female’s in all age groups except for
people aged 80 years or above. The morbidity rates
for females over the age of 55 were higher than
those for males.

Mortality rates of the age groups of 1-4, 5-9, and
10-14 were 1.21, 0.69, and 0.52 per 100 000
populations respectively. The under-five mortality
rate (USMR) for the male was 1.39 per 100 000
populations, being about 34.95% higher than that for
the female. Also, the morbidity rates in the age
groups of 1-4, 5-9, and 10-14 years were 3.95, 4.66,
and 5.65 per 1000 populations respectively.

Labor force groups with the ages ranging
primarily from 15 to 64 years old accounted for
13.29% of the mortality and 42.43% of the nonfatal
injuries respectively. Among the age groups of 15-44
and 45-64, the mortality rates were 1.35 and 3.74
per 100 000 populations respectively and the
morbidity rates were 5.16 and 12.70 per 1000
populations correspondingly. The mortality rate of
the male was 3.70 per 100 000 populations, being
about 228.57% higher than that of the female.

Of all fall-related deaths, about 86.23% occurred
in the age group of 65 years or above. Mortality
rates in the age groups of 65-69, 70-74, 75-79, 80-84,
and aged 85 or above were 9.42, 19.21, 50.57,
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135.53, and 498.04 per 100 000 populations, 27.78, 32.93, 44.34, 33.30, and 72.49 per 1000

respectively. Meanwhile, the morbidity rates were populations, respectively.
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Table 1 presents the distribution of fall-related
injuries of people with different educational levels.
There was an obvious variation in fall-related injuries
among people with different education levels.
Fall-related mortality and morbidity were inversely
related to victims’ educational levels. Those with a
lower educational level had higher fall-related injury
rates in all settings. Individuals with their
educational level under primary school were more
likely to suffer from fall-related injuries, accounting
for 72.66% of all deaths and 49.24% of the nonfatal
cases respectively. This group of people had the
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highest mortality and morbidity rates (74.47 per
100 000 populations and 33.96 per 1000 populations,
respectively) compared with other groups
(Chi-Square is 93.58; P<0.001 for mortality,
Chi-Square is 290.69, P<0.001 for morbidity)

Individuals with an educational level of junior
middle school or senior high school represented
22.68% of all fatalities and 44.24% of the nonfatal
cases respectively. Individuals with a college or
higher degree had lower rates of fall-related injuries.
This group only had 4.63% of fatalities and 6.52%
nonfatal cases respectively.

Tablel. Distribution of Fall-related Injuries by Different Educational Level, Shanghai, 2003-2010

Fatalities Non-fatalities
Educational Level Proportion Mortality Proportion Morbidity
(%) (per 100 000) " (%) (per 1000)
Under Primary School 11057 72.66 74.47 325 49.24 33.96
Junior middle school/Senior high school 3451 22.68 5.48 292 44.24 11.02
College degree or above 709 4.66 2.96 43 6.52 6.20
Total 15217 100.00 13.98 660 100.00 16.20

Note. (Chi-Square is 93.58; P<0.001 for mortality, Chi-Square is 290.69, P<0.001 for morbidity).

Table 2 shows the estimated costs of total fall-
related injuries in Shanghai in 2006. In general, the
total annual cost was approximately 2 622 669 490
CNY (USS 415 955 382) in 2006. Health care costs,
derived from the costs borne directly by victims
and/or public agencies/organizations for the medical
treatment and events relevant to care, were
estimated using information on those composed of
the five different conditions of severity. Total
direct medical treatment cost was approximately

1 042 600 804 CNY (USS 165 356 488) in 2006. In
addition, the cost related with lost or impaired
ability to work due to morbidity or mortality was
also estimated. The total productivity loss cost was
about 1 580 068 686 CNY (USS$ 250 598 894). During
this period, the total of GDP on the healthcare
system, social security and welfare industries was
10.125 billion CNY (USS 1 605 825 000) in Shanghai
in 2006, 25.90% of which was allocated and spent to
ease the burden of total fall-related injuries.

Table2. Estimated Fall-related Injury Costs in 2006, Shanghai

Items Fees (CHY)
Total direct medical treatment costs 1042 600 804
Total productivity loss costs 1580 068 686
From moderate cases who sought medical care but were not admitted in a hospital 663 545 616
Form serious cases-- Hospitalized without permanent disability 476 530 667
From severe cases with permanent disability 141319987
Inpatients in fatal end 39701534
From fatal and permanent disability cases aged 15-64 years 258 970 882
Total costs 2622 669 490

The total of GDP of the health, social security and welfare industries

Fall-related injury costs/ The total of GDP of the health, social security and welfare industries (%)

10 125 000 000
25.90
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DISCUSSION

Data from this study indicate that the
fall-related mortality rate in Shanghai was higher
than the national rate of 6.75 deaths per 100 000
people, and also higher than the worldwide average
of 6.6 per 100 000", Fall-related injury is the second
leading cause of unintentional injury mortality and
accounts for 11% of all unintentional injury deaths
worldwide™. The ranking of the top three leading
causes of death in Shanghai is falls, traffic-related
injuries and suicides, while in the United States it is
traffic-related injury, poison and falls®*®. our
findings showed that about 31.00% of deaths caused
by injuries were fall-related. And fall-related injuries
are therefore a major public health challenges faced
in Shanghai. The burden of total fall-related injuries
contributes to 25.90% of the GDP on the healthcare
system, social security and welfare industries in
Shanghai.

Our results suggested that the USMR was group
with the highest risks for fall-related injuries among
children aged 0-14 vyears. Therefore, appropriate
prevention programs are needed to be initiated and
implemented for this group. Some programs that
have effectively reduced falls among children in
high-income countries, such as the "Children Can't
Fly" program developed by New York health
authorities to combat the high mortality and
morbidly of children due to falls from windowsllg],
would be considered as the reference for relevant
departmental agencies as well as health authorities
at all level in China.

Our findings showed that the frequency of falls
was inversely related to victims’ educational levels,
which may be an important risk factor for fall-related
injuries in China. Individuals with an educational
level lower than primary school accounted for
72.66% of all fatalities and 49.24% of the injuries.
This could be explained by the lack of resources to
learn information on how to prevent injuries. The
lack of the knowledge therefore leads to the absence
of preventive measures and activities. Some Chinese
people believe that falls are normal events due to
aging, and are not preventable. Although
increasingly being recognized and emphasized, there
is few research report investigating the relationship
between the educational level and falls in
low-income settings in China.

Elder adults occupied a disproportionate share
of the fall-related injuries. The relationship between
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age and falls is partly explained by physiologic
changes in the process of aging, including impaired
vision, osteoporosis, declining strength, worsened
cognition, loss of balance and flexibility[zo'ZSJ. The
percentage of elder population has been increasing
in Shanghai in recent years. The proportion of
people aged 65 or above increased from 14.51% in
2001 to 16.00% in 20107°. Among the deaths due
to falls, 86.23 percent was the people from this age
group. The risk of fall-related injuries or deaths
began to increase dramatically from the age of 55 for
females and 60 for males. Compared to New York
City, the injury death rate of Shanghai is much higher
among the age group of 75 or above®®. The
demographic transition will therefore surely lead to
an increase of the falls among elder adults and will
impose a commensurate burden on families and
health-care systems in the coming years.

Men are more likely to experience fatal falls
than women while women are more likely to
experience nonfatal falls®”. Our data reflected that
fall-related mortality rates for the male exceeded
those for the female till the age of 79, which may be
explained that men are more physically active or
more likely to be engaged in risky behaviors or to
experience different circumstances of falls compared
to women. Moreover, women aged 80 years or
above had a higher rate of death from falls than men,
primarily because men have shorter life expectancy
than women. Female and male life expectancy was
84.44 and 79.82 respectively in 2010 in Shanghai and
the proportions of males and females was 45.7% and
54.3% respectivelym. The morbidity rates for
females aged 55 or above were higher than those of
males. The above results suggest that people in this
age group be target group for the intervention.

Community-based  programs focusing on
strength and balance training and vision
improvement among the elderly, have shown that
vitamin D supplementation and home environment
modification have demonstrated effective effects in
preventing falls. Meanwhile, many programs based
on exercises for balance improvement, medication
management and home modification have proven to
be cost-effective in high-income countries?®??).
Community-based comprehensive and effective
programs for fall prevention and control needed to
be initiated and implemented. In China, the current
health system reform includes a responsibility
system of family doctors, who offer personalized
care and whole-process health management by
setting up a long-term relationship between general
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practitioners and contracted families. This platform
can provide better public health services.
Comprehensive programs for fall prevention should
be therefore integrated into this system to reduce
the risk of fall-related injuries.

CONCLUSIONS

Age and education are the major factors related
to morbidity and mortality of fall-related injuries in
Shanghai. Children under the age of 5, women over
55 and men over 60 with an educational level lower
than primary school are recognized as target
populations for reducing the fall-related risk.
One-fourth of the GDP on the healthcare system,
social security and welfare industries is allocated and
spent to ease the burden of fall-related injuries in
Shanghai. Comprehensive fall prevention programs
should be integrated into the service system of
family doctors for the risk reduction strategies and
intervention activities.
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