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Objective: This study aimed to investigate the mortality rate after falls of rural and non-rural 

older people and to explore the risk factors of mortality after falls among older people.

Patients and methods: This population-based case–control study identified two groups from 

a nationwide claim database (National Health Insurance Research Database in Taiwan): a rural 

group and a non-rural group, which included 3,897 and 5,541 older people, respectively, who 

were hospitalized for accidental falls (The International Classification of Diseases, Ninth Revi-

sion, Clinical Modification: E880–E888) during 2006–2009. Both groups were followed up for 

4 years after falls. Four-year cumulative all-cause mortality rate after falls was calculated, and 

the demographic factor, comorbidity, and medications were considered as the potential risk 

factors of mortality after falls.

Results: The rural group had a significantly higher frequency of fall-related hospitalizations 

(7.4% vs 4.3%, P,0.001), but a lower 4-year cumulative all-cause mortality rate after falls than 

the non-rural group (8.8% vs 23.4%, P,0.001). After adjusting for age, gender, comorbidity, 

and medication use, the rural group had a significantly lower risk of mortality after falls than the 

non-rural group (adjusted odds ratio =0.32, 95% confidence interval =0.28–0.37, P,0.001). Age, 

gender, place of residence, comorbidity, number of medications, and inappropriate medication 

use were independent risk factors of mortality after falls.

Conclusion: The rural older people had a higher frequency of fall-related hospitalizations but 

lower mortality after falls than the non-rural older people. Fall prevention programs should be 

adjusted for difference in place of residence.

Keywords: accidental falls, mortality, risk factors, rural population

Introduction
Accidental falls are a common public problem worldwide. More than 40,000 people die 

from falls globally.1 Adults aged 65 years have the highest risk of death or severe injury 

after falls. Approximately 30% of older people fall each year and the frequency exponen-

tially increases with age.2–4 Falls not only profoundly impact a persons health but also 

bring huge economic burden. For older people, falls accounted for 10%–15% of emer-

gency visits and up to 50% of severe injury-related hospitalizations.5,6

The occurrence of falls results from a complex interaction of multiple determinants, 

including older age, gender, chronic illness, poor vision, lack of exercise, impaired 

cognition, environmental factors, and lower socioeconomic level.7 The environmental 

factor, responsible for 30%–50% of falls for older people, might be the most crucial 

among these factors because it encapsulates the interaction of individual factors with 

the surroundings.8 Different residential environments accordingly result in distinct 

risk of falls for older people. A previous study has reported that older adults living in 

rural areas had 36% higher odds of self-reported past-year fall-related injuries than 
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those living in urban areas (odds ratio =1.36, 95% confi-

dence interval [CI] =1.06–1.75).9 As rural and urban older 

people have numerous health-related disparities, leading to 

disproportionate incidence of health problems in rural older 

people, we are interested in whether the mortality after falls 

also varies between rural and non-rural areas.10,11

However, nonfatal falls result in considerable morbidity, 

including dependence, immobilization, and decreased func-

tion.12 It has been reported that the 1-year mortality rate 

was 22% in older people with a hip fracture after a fall and 

was 24.5% in those with a cervical fracture after a fall.13 

Therefore, to understand the potential factors predisposing 

the death after falls would be helpful for developing appro-

priate fall prevention programs.

In this study, we investigated the mortality rate after falls 

of rural and non-rural older people and explored the risk fac-

tors of mortality after falls among older people.

Methods
Data source and study subjects
We conducted a population-based case–control study by 

using the data from the National Health Insurance Research 

Database (NHIRD) in Taiwan. The NHIRD comprises the 

medical records from the single-payer National Health 

Insurance (NHI) program, which covers more than 99% of 

residents in Taiwan.

In this study, the “older people” refers to those 

aged 65 years. We identified two groups of older people 

from the NHIRD for comparison. 1) A rural group, was 

identified from the Inpatient Database of Yilan County from 

2006 to 2009. The database contained 52,544 older inhab-

itants of Yilan County. Among them, 3,897 older people 

were hospitalized due to accidental falls and, therefore, 

were grouped as the rural group. 2) A non-rural group, was 

extracted from a Longitudinal Cohort Database, comprising 

128,359 older inhabitants from all townships in Taiwan. 

Among these older people, 5,541 were hospitalized for 

accidental falls and were grouped as the non-rural group. 

Both groups were followed up for 4 years after falls for the 

all-cause mortality.

According to the criteria adopted by the NHIRD, the 

rurality of Taiwan townships is defined by the following 

characteristics: population density, ratio of people with edu-

cational levels higher than college, ratio of people older than 

65 years, ratio of people who are agriculture workers, and 

the number of physicians per 100,000 people. These criteria 

have led to the classification of Yilan County of Taiwan as 

a rural area.14

This study was ethically approved by the Institutional 

Review Board in National Yang-Ming University Hospital. 

Informed consent was waived because the data in the NHIRD 

is encrypted. 

Identification of falls and mortality
The diagnoses of hospitalization were coded by The Inter-

national Classification of Diseases, Ninth Revision, Clinical 

Modification (ICD-9-CM). The falling episode would be 

identified if the ICD-9-CM was between E880 and E888. 

If the number of falling episodes was more than two during 

the study period, only the first one would be taken as the 

index episode.

The current NHIRD did not provide the registration 

of death. However, due to the high and full coverage of 

NHI, people in Taiwan only exit insurance when they 

die. Thus, we adopted the date of exiting NHI as the date 

of death.

Risk factor of mortality after falls
Three major variables were considered as the potential risk 

factors of mortality after falls, including demographic fac-

tor, comorbidity, and medications. The demographic factor 

referred to gender, age, and the place of residence. The 

comorbidity was evaluated by the Charlson Comorbidity 

Index to reflect the severity of disease because older people 

tend to have multiple chronic disorders. We coded the ambu-

latory prescriptions 3 months prior to falls according to the 

Anatomical Therapeutic Chemical classification (level 4) and 

calculated the number of medications. The standard of inap-

propriate medication use was the 2012 Beers Criteria, which 

provides the list of drugs that should be avoided in older 

people. It would be considered as inappropriate medication 

use if an older person took any drugs that are on the list 

3 months before their fall.

Statistical analysis
The continuous variables were presented as mean (standard 

deviation) and the categorical variables were presented as 

count (percentage). To compare the characteristics between 

the two groups, a two-sampled t-test and Chi-square test 

were used for continuous variables and categorical variables, 

respectively. We also calculated the 4-year cumulative all-

cause mortality for both groups. A logistic regression model 

was used in a multivariate analysis for risk factors of mortality 

after falls. A two-tailed P,0.05 indicated statistical signifi-

cance. All databases were managed by Microsoft SQL server 

2012 (Redmond, WA, USA), and the statistical analyses 
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were performed using IBM SPSS Statistics for Windows, 

Version 19.0 (IBM Corporation, Armonk, NY, USA).

Results
Among the 52,544 older inhabitants of a rural area in Taiwan, 

3,897 people experienced at least one hospitalization due to 

an accidental fall during 2006–2009. The frequency in the 

rural area was significantly higher than that in the non-rural 

area (7.4% [3,897 of 52,544] vs 4.3% [5,541 of 128,359], 

P,0.001). The comparison of the rural group and the non-

rural group was presented in Table 1. These two groups had 

several significant differences. The rural group was signifi-

cantly younger (76.4 years vs 77.8 years, P,0.001), had a 

greater Charlson Comorbidity Index (2.2 vs 2.1, P,0.001), 

and took more medications (13.7% vs 12.5%, P,0.001) 

than the non-rural group. The proportion of inappropriate 

medication use was also higher in the rural group (38.7% vs 

36.6%, P=0.07), but the difference did not achieve statisti-

cal significance.

By further analyzing the hospitalization of older people 

in the rural area, falls accounted for 9% of hospitalization 

and was the fourth reason of hospitalization. Although the 

causes of fall-related hospitalization differed between the 

rural and non-rural groups, it did not achieve a statistically 

significant difference. The most frequent complication in 

the rural area was femur fracture (23.8%), followed by 

head injury (14.1%) and upper extremity fracture (13.0%). 

Fractures accounted for 70% of fall-related hospitalizations. 

The most frequent cause of fall-related hospitalizations in a 

non-rural area was a hip fracture (24.9%), followed by upper 

extremity fracture (15.7%) and other fractures (15.5%). The 

4-year cumulative all-cause mortality rate after a fall in the 

non-rural group was 23.4% (95% CI =22.1–24.7), which 

was significantly higher than that of the rural group (8.8%) 

(95% CI =7.9–9.8).

Table 2 shows the results of the multivariate analysis. 

The independent risk factors of mortality after falls included 

male, older age, non-rural area, severer comorbidity, higher 

number of medications taken, and presence of inappropriate 

medication use. After adjusting for age, gender, comorbidity, 

number of medications, and inappropriate medication use, the 

rural group had a significantly lower risk of mortality after 

falls than the non-rural group (adjusted odds ratio =0.32, 

95% CI =0.28–0.37, P,0.001) (Table 2).

Discussion
Rural and non-rural areas are distinct in terms of socioeco-

nomic condition, surrounding environment, and the acces-

Table 1 Comparison between the rural and non-rural groups

Variables Rural group 
(n=3,897)

Non-rural group 
(n=5,541)

Total 
(n=9,438)

P-value

Age, yearsa 76.4 (7.7) 77.8 (7.9) 77.2 (7.8) ,0.001
Female 2,424 (62.2) 3,438 (62.0) 5,862 (62.1) 0.88
Charlson Comorbidity Indexa 2.2 (2.1) 2.1 (2.0) 2.1 (2.0) ,0.001
Medications

Number of medicationsa 13.7 (5.8) 12.5 (6.5) 13.0 (6.3) ,0.001
Use of inappropriate medication 1,508 (38.7) 1,993 (36.0) 3,501 (37.1) 0.07

Four-year cumulative all-cause mortality 343 (8.8) 1,296 (23.4) 1,639 (17.4) ,0.001
Causes of fall-related hospitalizationb 0.08

Hip fracture 927 (23.8) 1,380 (24.9) 2,307 (24.4)
Head injury 549 (14.1) 105 (1.9) 655 (6.9)
Upper extremity fracture 507 (13.0) 870 (15.7) 1,377 (14.6)
Other fractures 456 (11.7) 1,136 (15.5) 1,592 (16.9)
Lower extremity fracture 257 (6.6) 388 (7.0) 645 (6.8)

Notes: aData presented as count (percentage) or mean (standard deviation). bOnly causes with frequencies greater than 5% were listed.

Table 2 Multivariate analysis for risk factors of mortality after 
falling

Risk factors Adjusted odds 
ratio (95% CI)

P-value

Age 1.07 (1.07–1.08) ,0.001***
Gender

Male 1.77 (1.58–1.98) ,0.001***
Female –

Place of residence
Rural area 0.32 (0.28–0.37) ,0.001***
Non-rural area –

Charlson Comorbidity Index 1.12 (1.09–1.16) ,0.001***
Medications

Number of medications 0.99 (0.98–1.00) 0.022*
Use of inappropriate medication 1.35 (1.19–1.53) ,0.001***

Notes: *P,0.05, ***P,0.001.
Abbreviation: CI, confidence interval.
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sibility to health services.15 The urban–rural difference also 

leads to some health-related disparities.10,11,16 It has been 

noted that rural older people fall more frequently than urban 

older people. But seldom have studies compared the mor-

tality after falls for older people between different places 

of residence. Additionally, as the risk factors of falls have 

been analyzed thoroughly, it would be helpful to further 

understand the potential factors predisposing the mortality 

after falls.1,8,9,17–19

In this study, we found that the rural older people had 

a significantly lower mortality, even after more frequent 

falls. There were several possible reasons for this result. The 

first was the lower incidence of fractures in the rural area, 

which has been similarly reported in many countries.20–26 

Most investigators suggested that the difference of fracture 

incidence could be explained by the higher bone mineral 

density (BMD) of a rural population.21–23,27–30 A population-

based 15-year cohort study of females aged $50 years in 

Sweden reported that the rural population had significantly 

higher BMD, lower prevalence of osteoporosis, and lower 

incidence of hip fractures.21 A study in Norway, which 

included 7,333 females aged $65 years, found that urban  

females had a higher rate of forearm fractures, and the authors 

commented that this was due to the lower forearm BMD of 

urban  females than that of rural  females.22 Therefore, as 

fracture is the major cause of fatal falls, the rural population 

might have less morbidity and less mortality even after more 

frequent falls because of their higher BMD and their lower 

incidence of fractures.31–33

The second was the rural–urban difference of industrial 

distribution. According to the government statistics in Tai-

wan, the percentage of the agricultural population in Yilan 

County at the end of 2009 was approximately 25%, which 

was almost twice than that in all of Taiwan (13%).34,35 The 

rural group in this study consequently comprised of farmers 

who usually spend the majority of their time undertaking 

outdoor physical activity even after falls. Previous studies 

have revealed that early mobilization in older people after 

fractures could enhance functional recovery and reduce mor-

tality, and mobility function was the independent risk factor 

for recurrence falls.36–38 Therefore, the rural older people 

might recover earlier after falls and have less morbidity and 

mortality than the non-rural older people.

The last reason was the rural–urban difference between 

the etiologies of falls. Previous studies report that environ-

ment-related factors and weather could impact the occurrence 

of falls in older people.8,39 According to government statistics 

in Taiwan, there were more single storied houses but less 

buildings with elevators in Yilan County.15 Additionally, 

the area of a house is larger and the weather is more wet 

and humid in Yilan County.15,40 The different home sur-

roundings, environments, and weather between the rural and 

urban areas consequently lead to different etiologies of falls. 

For example, rural older people might have more chance 

of slipping outdoors or falling from indoor stairs, but less 

chance of stumbling inside their home or on a street. These 

different etiologies of falls, which usually result in diverse 

types of injuries, could explain the rural–urban difference 

of mortality after falls. 

In addition to the place of residence, this study also noted 

that males, comorbidity, number of medications taken, and 

the use of inappropriate medication were also the independent 

risk factors of mortality after falls. The results were concor-

dant with the reported predictors of death after a hip fracture 

in older people.41–43 As hip fractures accounted for the major 

cause of death after falls, it is reasonable to find similar risk 

factors of mortality between falls and hip fractures. 

Limitations
There were several limitations in this secondary data analysis. 

1) The fall episode was identified by fall-related hospitaliza-

tion and fall-related outpatient care was included. Therefore, 

selection bias might not be avoided and the incidence of falls 

would be underestimated. 2) Some fall-related variables were 

not taken into consideration, for example, the reasons of falls 

and the place of falls. Several individual factors, which might 

impact on the prognosis of falls, were also not included, such 

as education level, body mass index, and BMD. 3) Due to 

the limitation of the claim database, we did not calculate the 

frequency of multiple injuries. Potential reporting bias might 

exist in this study.

Conclusion
Rural older people had a higher frequency of fall-related 

hospitalizations but lower mortality after falls than non-rural 

older people. The place of residence is an independent risk 

factor of death after falls for older people. Fall prevention 

programs should be adjusted in consideration of the urban–

rural difference.
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