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Introduction

Elderly people aged ≥65 years comprised 7.2% of the Korean 
population in 2000; this figure had increased to 10.3% in 2008. 
It is expected that Korea will become an aged society in 2018 
and a post-aged society in 2026.1

The incidence of geriatric diseases is rising as the elderly pop-

ulation increases, and the incidence of stroke is thought to be 
1,000-2,000 per 100,000 people aged ≥65 years. In the early 
2000s, the annual incidence of stroke was reported to be ap-
proximately 100,000, and the prevalence was thought to be ap-
proximately 400,000.2 Based on a review of medical records, the 
prevalence of Parkinson’s disease was reported to be 27.83 per 
100,000 people of all age groups in the early 2000s, and 165.9 
per 100,000 people aged ≥60 years.3 The prevalence of demen-
tia was reported to be approximately 8.5% of elderly people (aged 
≥65 years) in 2005, corresponding to a total of 360,000 people.4 
The number of patients who were hospitalized or received out-
patient treatment for 19 geriatric diseases that were covered by 
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the Long-term Care Insurance Law for the Elderly5 increased 
1.9-fold from 2002 (n=499,000) to 2008 (n=952,000),6 during 
which their associated medical expenses increased 3.8-fold, from 
KRW 581.3 billion to KRW 2,198.3 billion. The proportion of 
cost related to geriatric diseases in the National Health Insur-
ance (NHI) schemeincreased during this time from 4.25% to 
8.33%.

Quantitative aspects of medical resources, such as length of 
stay (LOS), should be consideredalong with the incidence and 
prevalence of diseases and associated medical expenses. LOS 
is an index of the quantity of medical services whose perspec-
tive differs from that of medical expenses. That is, the same LOS 
can result in differences in medical expenses according to dis-
ease severity, and the LOS can differ for the same medical ex-
penses, depending on the type of disease. With the recent increase 
in the number of long-term-care hospitals, it is expected that 
LOS will lengthen due to a higher prevalence of geriatric dis-
eases. Studies have examined the factors that affect LOS,7 the ef-
fects of LOS on healthcare administration,8 and LOS associated 
with specific diseases9,10 or specific patient classes11 in Korea.

Using the health insurance claim data that were collected dur-
ing 2003-2007, we calculated the LOS for neurologicalgeriat-
ric diseases in patients aged ≥40 years, and compared the LOS 
among healthcare institutions.

Methods

Study data
We selected 19 neurological geriatric diseases and related vari-
ables, based on the primary disease code among the health in-
surance claim data for which a review and an assessment 
were completed by the Health Insurance Review and Assess-
ment Service (HIRA) during the 5-year period from 2003 to 
2007. In Korea, the NHI is a social insurance scheme; all Kore-
ans join an insurance scheme as a form of health insurance or 
public medical aid. All healthcare institutions have been appoint-
ed as medical insurance hospitals. After providing treatment for 
diseases that are covered by the NHI scheme, a hospital will sub-
mit an insurance claim to HIRA. Then, following a review and 
assessment of this claim, HIRA makes a payment to the health-
care institution.

Measures and variables
LOS is the total sum of days of hospital stay per year. LOS was 
compared based on variables such as gender, age, insurance type, 
disease group, and type of healthcare institution. Considering the 
characteristics of geriatric diseases, the study population was 
divided into two age groups: 40-64 years and ≥65 years. The types 
of insurance were classified into health insurance, public medi-
cal aid, and others. Using the International Classification of Dis-

eases codes, 19 neurological geriatric diseases were classified into 
four groups: cerebral infarction, cerebral hemorrhage, Parkinson’s 
disease, and dementia. The following codes (for neurological ge-
riatric diseases) were assigned to the cerebral infarction group: 
I63 (cerebral infarction), I64 (stroke, not specified as hemorrhage 
or infarction), I65 (occlusion and stenosis of precerebral arteries, 
not resulting in cerebral infarction), I66 (occlusion and stenosis of 
cerebral arteries, not resulting in cerebral infarction), I67 (other 
cerebrovascular disease), I68 (cerebrovascular disorders in diseas-
es classified elsewhere), and I69 (sequelae of cerebrovascular dis-
ease). The following were classified into the cerebral hemorrhage 
group: I60 (subarachnoid hemorrhage), I61 (intracerebral hemor-
rhage), and I62 (other nontraumatic intracranial hemorrhage). The 
dementia group comprised F00 (dementia in Alzheimer’s disease), 
F01 (vascular dementia), F02 (dementia in other disease classified 
elsewhere), F03 (unspecified dementia), and G30 (Alzheimer’s 
disease), and the Parkinson’s disease group comprised G20 (Par-
kinson’s disease), G21 (secondary Parkinsonism), G22 (Parkin-
sonism in diseases classified elsewhere), and G23 (other de-
generative diseases of the basal ganglia).

Healthcare institutions were classified into six groups: tertiary 
hospitals, general hospitals, hospitals, long-term-care hospitals, 
private clinics, and public health centers.

Data analysis
Statistical analyses were performed using SAS software (ver-
sion 9.1). The mean, standard deviation, median, 25th percentile 
(Q1), and 75th percentile (Q3) were calculated. The parameters 
associated with LOS were compared using the t-test and ANO-
VA, with the level of statistical significance set at p<0.05.

Poisson regression with a generalized estimating equation-
and a log link was used to assess the relationship between pre-
dictors and LOS. This method accounts for the potential correla-
tion of repeated admissions for the same patient; we assumed that 
the correlation from multiple admissions was exchangeable. Stan-
dard errors were adjusted for patient clustering with the robust 
sandwich estimator.

Results

Comparison of LOS according to NHI and 
geriatric disease
In patients aged ≥40 years, LOS due to neurological geriatric 
diseases was found to total 5,550,193 days in 2003, which ac-
counted for 10.8% of LOS in the total NHI admission days. In 
2007 it was found to be 14,749,671 days, accounting for 19.7% 
of LOS in the total NHI admission days.

In 2003 and 2007, LOS was longest in the cerebral infarction 
group. This was followed by the dementia, cerebral hemorrhage, 
and Parkinson’s disease groups. For geriatric diseases, LOS 
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was prolonged from 25.4% in 2003 to 36.4% in 2007 in the de-
mentia group, and from 2.6% in 2003 to 4.0% in 2007 in the Par-
kinson’s disease group. However, in the cerebral infarction and 
cerebral hemorrhage groups LOS was shortened from 50.5% 
and 21.5% to 47.5% and 12.1%, respectively (Table 1).

LOS for neurological geriatric diseases
The parameters associated with LOS are compared in Table 2. In 
2003, the mean LOS due to geriatric diseases was 40.8 days (me-
dian: 14 days). In 2007, it was 71.2 days (median: 22 days). That 
is, the mean and median LOSs had lengthened by 1.75 and 1.57 
times, respectively (p<0.01).

In 2007, the mean LOS for female patients was 79.4 days 
(median: 26 days). This was significantly longer than the 60.5 
days (median: 18 days) for male patients (p<0.01). In both groups, 
the mean and median LOSs were longer in 2007 than in 2003. 
In 2007, the mean LOS in patients aged ≥65 years was 78.8 days 
(median: 27 days). This was significantly longer than the 52.1 
days (median: 16 days) for patients aged 40-64 years (p<0.01). 
In both groups, the mean and median LOSs were longer in 2007 
than in 2003.

In 2007, the mean LOS in the dementia group was 118.2 days 
(median: 71 days), and this was the longest among the groups. 
This was followed by the Parkinson’s disease group (mean: 62.1 
days; median: 22 days), cerebral hemorrhage group (mean: 57.3 
days; median: 25 days), and cerebral infarction group (mean: 
51.7 days; median: 15 days). In 2003, the mean LOS was lon-
gest in the dementia group, followed in order by the cerebral 
hemorrhage, Parkinson’s disease, and cerebral infarction groups. 
The mean and median LOSs in these four groups were longer 
in 2007 than in 2003.

In 2007, the mean LOS in long-term-care hospitals was 128 
days (median: 86 days), and this was the longest among the 
groups. This was followed in order by private clinics (mean: 69 
days; median: 24 days), tertiary hospitals (mean: 16.7 days; me-
dian: 9 days), and general hospitals (mean: 25.7 days; median: 
12 days). Compared with 2003, the mean LOS was longer in the 
long-term-care hospitals and private clinics, but shorter in the 
tertiary hospitals, general hospitals, hospitals, and public health-
care centers.

LOS in healthcare institutions stratified 
by geriatric disease subgroup
The LOS in each type of healthcare institution after stratifica-
tion by disease group is given in Table 3. In 2003, the primary health-
care institutions for the treatment of the four disease groups in-
cluded the tertiary hospitals, general hospitals, and hospitals, 
which accounted for 57-80% of the total LOS. However, in 2007 
that proportion decreased to 30-60%, and that forlong-term-care 
hospitals was 39.2-72.8%.

Compared with 2003, the mean LOS in each type of health-
care institution was similar or slightly longer in the tertiary hos-
pitals, general hospitals, and hospitals in the cerebral infarction, 
cerebral hemorrhage, and Parkinson’s disease groups in 2007. 
However, in the long-term-care hospitals the mean LOS was 
longer, by 1.43 times (81.7-116.6 days), 1.35 times (85.6-115.2 
days), and 1.28 times (82.7-105.7 days), respectively. In private 
clinics, it was longer by 1.79 times (25.7-45.9 days), 1.81 times 
(31.4-56.8 days), and 1.46 times (33.6-49.2 days), respective-
ly. In the dementia group, the mean LOS was 1.30-fold longer 
(88.1-114.1 days) only in the private clinics.

Table 1. Comparison of LOS and numbers of patient according to National health insurance and geriatric disease from 2003 to 2007 

 
2003 2004 2005 2006 2007

No % No % No % No % No %

LOS
Total LOS 51,423,637   53,374,553   56,538,690   62,735,518   74,979,885  
Geriatric disease 5,550,193 10.8 5,814,485 10.9 8,469,032 15.0 10,975,547 17.5 14,749,671 19.7
Cerebral infarction 2,801,328 50.5 3,112,338 53.5 4,395,391 51.9 5,515,186 50.2 7,005,935 47.5
Cerebral hemorrhage 1,195,384 21.5 1,248,007 21.5 1,465,852 17.3 1,638,976 14.9 1,791,928 12.1
Parkinson disease 144,073 2.6 178,426 3.1 284,435 3.4 400,551 3.6 584,613 4
Dementia 1,409,408 25.4 1,275,714 21.9 2,323,354 27.4 3,420,834 31.2 5,367,195 36.4

Number of patients
Total patients 3,756,783   3,870,213   3,986,453   4,315,691   4,756,645  
Geriatric disease 135,998 3.6 145,768 3.8 161,516 4.1 179,978 4.2 207,079 4.4
Cerebral infarction 93,683 68.9 102,910 70.6 112,167 69.4 122,247 67.9 135,398 65.4
Cerebral hemorrhage 30,604 22.5 30,278 20.8 30,576 18.9 31,032 17.2 31,264 15.1
Parkinson disease 4,080 3 4,792 3.3 6,191 3.8 7,324 4.1 9,413 4.5
Dementia 13,093 9.6 14,060 9.6 20,695 12.8 29,749 16.5 45,415 21.9

LOS: length of stay.
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Application of a poisson regression model 
to LOS
The results of univariate and multivariate Poisson regression 
analysis presented as the relative risk (RR) are given in Table 4. 
The RR of males (compared with females) in 2007 was 0.987 
and was significantly lower than 1 (0.992) in 2003; an RR of 65 
and more (compared with 40-64) in 2007 was 1.019, and was 
significantly higher than 1 (1.005) in 2003.

The RRs of public medical aid (compared with health insu-
rance), cerebral hemorrhage, Parkinson’s disease, and demen-
tia (compared with cerebral infarction) in 2007 were 1.089, 
1.196, 1.061, and 1.138, respectively, which were lower than 
those recorded for 2003. However, the RRs of general hospitals, 
hospitals, long-term-care hospitals, and private clinics (compared 
with tertiary hospitals) in 2007 were 1.250, 1.440, 1.706, and 
1.476, respectively, and were higher than those recorded for 
2003.

Discussion

The findings of this study show that the mean LOS due to ge-
riatric diseases has lengthened every year from 2003 to 2007, al-
though with some variability. In both 2003 and 2007 there were 
more female patients than male patients, and the mean LOS was 
longer for female than for male patients. As time has elapsed the 
intergroup difference has increased. In contrast, according to a 
community-based study of the factors that affect the use of medi-
cal services, and other studies in low-income and general popu-
lations, the mean LOS was significantly shorter for female than 

for male patients.12,13 This difference might be because the pres-
ent study enrolled only geriatric cases. It was thus expected that 
the number of female patients with geriatric diseases would in-
crease.

Compared with 2003, the mean LOS and number of patients 
aged ≥65 years had increasedin 2007, by 3.11 times and 1.77 
times, respectively. These results suggest that the number of pa-
tients with geriatric diseases and the use of medical services 
have increased due to the increased number of elderly people. 
Moreover, the mean LOS and number of patients increased by 
1.84 and 1.18 times, respectively, in the 40-64 years age group. 
These results suggest that preventive measures should be tak-
en against geriatric diseases before the age of 40 years.

While public medical aid accounted for 30.5% and 20.4% 
of the mean LOS and the number of patients with geriatric dis-
eases, respectively, in 2007, only 3.7% of the NHI scheme was 
covered by public medical aid.14 This indicates that public medi-
cal aid patients commonly have geriatric diseases and they fre-
quently use medical services. People who are covered by pub-
lic medical aid or Industrial Accident Compensation Insurance 
are less burdened by paying their own medical expenses than 
are those who are covered by health insurance.15 Thus, the for-
mer group, when in need of hospitalization, tend to receive con-
tinuous assistance from healthcare professionals, even though 
their treatment has been completed, and they might be subject-
ed to long-term hospitalization. In addition, improvements in 
access to medical services in the public medical aid group 
might also contribute to the increased use of medical services.

The LOS and the number of patients in the cerebral infarc-

Table 4. Application of a poisson regression model on LOS in 2003 and 2007

Variables (reference)

2003 2007

Univariate 
analysis

Mulitivariate
analysis

95% 
Confidence 
interval

Univariate 
analysis

Mulitivariate
analysis

95% 
Confidence 
interval

Gender (female) Male 0.961* 0.992 0.983-1.002 0.923* 0.987 0.983-0.992
Age (40-64) 65- 1.025* 1.005 0.994-1.015 1.133* 1.019 1.013-1.025
Type of insurance (health insurance)
Public medical aid 1.300* 1.216 1.203-1.231 1.189* 1.089 1.084-1.094
Others - - - 1.066 1.164 1.017-1.333

Type of disease (cerebral infarction)
Cerebral hemorrhage 1.378* 1.416 1.399-1.434 1.136* 1.196 1.188-1.205
Parkinson disease 1.112* 1.098 1.067-1.130 1.108* 1.061 1.050-1.072
Dementia 1.420* 1.270 1.257-1.284 1.297* 1.138 1.133-1.143

Type of medical institution (tertiary hospital)
General hospital 1.166* 1.145 1.129-1.162 1.262* 1.250 1.236-1.265
Hospital 1.297* 1.238 1.219-1.257 1.497* 1.440 1.424-1.457
Long-term care hospital 1.465* 1.373 1.352-1.395 1.790* 1.706 1.688-1.724
Private clinic 1.046* 1.055 1.029-1.081 1.513* 1.476 1.453-1.499
Public health center 1.193 1.176 0.951-1.455 1.019 0.991 0.848-1.159

*p<0.001. 
LOS: length of stay.
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tion group were highest in 2003 and 2007 among the four dis-
ease groups. This was followed by the dementia group. How-
ever, the LOS and the number of patients in the dementia group 
had increased by 3.8 and 3.5 times, respectively, and were the 
highest during the same period. It was determined that these 
marked increases resulted from increased interest in dementia 
on a nationwide scale and implementation of active measures 
against it.16 In total, 118 public health centers have implement-
ed measures for the early detection of dementia. It is also planned 
that this implementation will be extended to a total of 253 pub-
lic health centers in 2010.

The most striking feature of the comparison between the 
healthcare institutions was that LOS was markedly longer in 
the long-term-care hospitals and private clinics than in the ter-
tiary hospitals, general hospitals, and hospitals. Compared with 
2003, the mean LOS was similar to or slightly shorter in the ter-
tiary hospitals, general hospitals, and hospitals in 2007. How-
ever, the mean LOS was lengthened by 1.26 times in the long-
term-care hospitals and 1.3 times in the private clinics.

Those who are subject to hospitalization in long-term-care 
hospitals include patients with geriatric and chronic diseases 
and those who are recovering following surgical treatment or 
trauma.17 With the increased number of elderly people, the inci-
dence of diseases associated with cognitive impairment (Par-
kinson’s disease and dementia) and chronic diseases (cerebral 
hemorrhage and cerebral infarction)- for which continuous 
management is necessary-has increased. The purpose of long-
term-care hospitals is to maintain the daily lives of patients by 
introducing active rehabilitation for recovery and maintenance 
of function after acute treatment.18,19 The results of the present 
study show that there has been an increase in the number of pa-
tients who require medical services at long-term-care hospitals; 
namely, those with cognitive impairment and chronic diseases. 
In response to these demands, the number of long-term-care 
hospitals has increased from 68 (8,355 beds) in 2003 to 571 
(66,727 beds) in 2007.20

Once a management system has been established for the 
subacute, rehabilitation, and chronic phases after acute medi-
cal treatment, and this is followed by role-sharing between the 
medical services and care services, the objectives of long-term-
care hospitals can be realized.21 The present study shows that 
there is role-sharing between hospitals and higher-level insti-
tutions that are responsible for the treatment of acute cases, and 
long-term-care hospitals or private clinics that are responsible 
for the treatment of subacute or later cases. However, 25% of 
long-term-care hospitals are not equipped with an appropriate 
level of medical personnel, and a single physician works at 21% 
of long-term-care hospitals.22 This hinders the ability of long-
term-care hospitals to achieve their goals. Despite the under-
privileged environment at some long-term-care hospitals, the 

number of patients hospitalized therein and the lengthened 
LOS indicate that the demands of customers (patients or their 
caregivers) are on care rather than medical services per se.

More studies on LOS due to geriatric diseases have been 
conducted in overseas countries compared with Korea. In an 
Australian study of patients aged ≥65 years, the mean LOS was 
20.6 days among those with dementia, compared with 9.6 days 
among other patients.23 In a study from Thailand, the mean LOS 
for acute stroke patients was 7 days, and the most influential fac-
tor for LOS was stroke severity at admission.24 According to a 
study from the United States regarding patient burden with med-
ical expenses for the treatment of Parkinson’s disease, the mean 
LOS was 5.3 days.25 Due to differences in medical systems, the 
status of geriatric disease, and access to medical institutions be-
tween countries, a simple comparison of LOS would not be use-
ful. However, the present study has revealed that LOS in tertiary 
and general hospitals is longer in Korea than in other countries.

This study was based on medical insurance claims data. Spe-
cial attention should thus be paid to the interpretation of this 
study because there are basic limitations in using such data. First, 
it is possible that diagnoses on claims data can be overestimat-
ed. That is, disease codes for dementia might be included in pa-
tients with mild cognitive impairment or those for stroke might 
be included for brain magnetic resonance imaging evaluation. 
Second, the diagnostic accuracy might vary with the physicians’ 
clinical experience and diagnostic instruments. Third, the cur-
rent study dealt only with the primary disease codes. It is thus 
likely that some data were missing because they were not 
claimed as the primary disease codes. However, because this 
study was conducted exclusively using the primary disease 
codes, it is highly likely that major reasons for hospitalization 
were the geriatric diseases in question. Furthermore, because 
this study examined LOS data that were collected from all health-
care institutions, it would be appropriate to compare the LOS 
based on spatiotemporal changes due to geriatric diseases. That 
is, this study could overcome the limitations due to the validity 
of data collected through a patient survey or LOS studies con-
ducted at some healthcare institutions, or those due to the gen-
eralization of study results.

This study showed that the LOS due to geriatric diseases has 
lengthened markedly due to the increased number of hospital-
ized patients and mean LOS. With regard to the healthcare in-
stitutions, the number of patients and mean LOS were particu-
larly markedly increased in long-term-care hospitals. At this 
time, consideration should be given to examining whether long-
term-care hospitals are increasing their size while being faith-
ful to their own purposes, and providing medical treatment and 
care for appropriate patients, or whether they are increasing their 
size, being simple service providers responding to an increased 
demand.
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