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Objectives: To investigate the effectiveness of integrative therapy on prevalence and
length of hospitalization and management of major complications of Parkinson’s disease
(PD) in the South Korea.

Methods: This study was a retrospective cohort analysis conducted using the National
Health Insurance Service-National Sample Cohort in the South Korea. Patients over
65 years old who were newly diagnosed with PD during 2007–2011 were identified. The
integrative therapy group was defined as patients treated with both Korean medicine
(KM) and biomedicine, and the monotherapy group consisted of patients treated with
biomedicine alone. From PD diagnosis to 2013, the prevalence and annual length
of hospitalization because of PD and major complications (dementia, depression and
pneumonia/sepsis) were analyzed using logistic regression, ANOVA and t-tests after
propensity score (PS) matching with a 1:1 ratio.

Results: After PS estimation and matching, the cohort used in the analysis included
228 subjects (114 integrative therapy group, 114 monotherapy group). Sex, age,
index year, comorbidity, severity of disability, neurologic care, and anti-parkinsonism
medication (levodopa, ropinirole, pramipexole, selegiline) were adjusted in both groups.
The prevalence of hospitalization due to pneumonia/sepsis was 0.50 times (95% C.I.:
0.26–0.96) lower in the integrative therapy group than the monotherapy group, which
was statistically significant (p = 0.038). The prevalence and annual length of total
hospitalization and hospitalization because of PD, dementia, and depression in the
integrative therapy group showed positive results compared to the monotherapy group,
but these differences were not statistically significant.

Conclusion: It has not been clearly identified that integrative therapy with KM
and biomedicine for PD management is better treatment for patients compared to
biomedicine monotherapy; however, we found a clue of better result in integrated
therapy. Therefore, further investigation by increasing the number of subjects is needed
to confirm the findings presented herein.

Keywords: Parkinson’s disease, integrative medicine, medicine, Korean traditional, complications, patient care

Abbreviations: CCI, Charlson Comorbidity Index; KM, Korean medicine; NHIS-NSC, National Health Insurance Service-
National Sample Cohort; PD, Parkinson’s disease; PDQ-39, Parkinson’s Disease Questionnaire; SCOPA, Scales for Outcomes
in Parkinson’s Disease; UPDRS, Unified Parkinson’s Disease Rating Scale.
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INTRODUCTION

Parkinson’s disease, which is the second most frequent
neurodegenerative disease after Alzheimer’s disease, is caused
by an imbalance between the inhibitory action of dopamine and
the excitatory action of acetylcholine because of decreases in
dopamine (Rizek et al., 2016; Delamarre and Meissner, 2017).
The incidence and prevalence of PD increases with age, especially
after one reaches their 60s.

Parkinson’s disease patients have motor symptoms
including bradykinesia, rigidity, resting tremor, and postural
instability; however, non-motor symptoms may also be
prominent, including cognitive impairment, depression, and
autonomic disturbances (Rogers et al., 2017). Generally,
PD is caused by an interaction between genetic and
environmental factors (Delamarre and Meissner, 2017).
Pesticides, history of melanoma, and traumatic brain injury
have also been reported as increased risk factors of PD, but
the promotion of physical activity is known to prevent PD
(Ascherio and Schwarzschild, 2016).

Levodopa is the gold-standard for treatment of motor
symptoms of PD (Rizek et al., 2016). However, PD is progressive
and worsens with time, and there is currently no cure;
accordingly, it is necessary to treat and care for PD-related
symptoms of patients (Elbaz et al., 2016). Therefore, about 40%
of PD patients use alternative therapies including acupuncture,
tai chi, and herbal medicine to complement their standard
treatments (Ghaffari and Kluger, 2014). Indeed, previous studies
have shown that herbal formulas, acupuncture and tai chi might
be safe and beneficial to PD patients (Bega and Zadikoff, 2014;
Cwiekala-Lewis et al., 2017; Lee and Lim, 2017; Noh et al., 2017;
Shan et al., 2018). In addition, there have been studies to find
out the benefit of using biomedicine and KM concurrently in
PD patients (Leem, 2016; Yang et al., 2016; Jang et al., 2018;
Lee et al., 2018).

In the present study, the effectiveness of integrative therapy
consisting of both biomedicine and KM on the management of
PD patients was investigated.

MATERIALS AND METHODS

Data Source
All citizens of the South Korea receive health insurance,
and medical treatment and prescription data of all healthcare
institutions and pharmacies has been loaded into a national
database maintained and managed by the NHIS. The NHIS
built the NHIS-NSC database, which consists of representative
anonymized data extracted from national health insurance
records pertaining to about 1,000,000 members of the total
population in 2002 who were followed until 2013. The personal
privacy of each participant was protected by de-identification
of the data (Lee et al., 2017). The NHIS-NSC 2nd version
(2002–2015) of the NHIS-NSC was generated in 2017, but the
data masked 2,980 diagnoses, including those of cancer and
infective diseases. Therefore, the 2nd version could not be used
in this study.

Study Design
This was a retrospective cohort study. The eligibility period was
set from January 2002 (the start date of the NHIS-NSC) to
December 2006, while the cohort index was set from January 2007
to December 2011 and the follow-up period was set from January
2007 to December 2013 (the end of the NHIS-NSC data), or the
expired date of the patients (Figure 1).

Subjects
From 2007 to 2011, a cohort of patients aged 65 years or
older who were diagnosed with PD by the NHIS-NSC was
established. The diagnosis was defined by the G20 code based on
the Korean Standard Classification of Diseases (KCD), which is
the same as the 10th revision of the International Classification
of Diseases (ICD-10). Patients who were diagnosed with PD
during the eligibility period were excluded; therefore, only those
newly diagnosed with PD from 2007 to 2011 were included
(Figure 1). Patients were divided into two groups by treatment
type, an integrative therapy group that received both biomedicine
and KM, and a monotherapy group that was only treated with
biomedicine. When treatment history for PD was recorded at
least twice in each form, the patient was considered to have
received the treatment. However, patients who received the
treatment only once were excluded (Figure 2).

Outcome Variables
Generally, the outcome of PD recovery or management is
based on the UPDRS, SCOPA, or the PDQ-39 (Peto et al.,
1995; Marinus et al., 2004; Goetz et al., 2008). However, the
NHIS-NSC does not have survey or examination data such as
health insurance claims data. Thus, this study used alternative
outcomes to demonstrate that PD and its complications had
been well-controlled through alternative outcomes. The outcome
was defined as the prevalence of hospitalization and annual
length of hospitalization after PD diagnosis. Hospitalization
was classified as total hospitalization, hospitalization because of
PD and hospitalization due to major complications of PD. In
this study, dementia, depression, and pneumonia/sepsis were
considered major complications. KCD F00–F09, G30–G32 for
dementia, F30–F39 and U22 for depression, and A40–A41, J12–
J18, J69 and J80–J84 for pneumonia/sepsis were applied.

Statistical Analysis
Confounders were controlled for comparison between the
integrative therapy group and the monotherapy group. In this
study, the CCI was calculated using the KCD code of the NHIS-
NSC and had a possible score of 0 to 12 points. The CCI
gives weight to several comorbidity factors that affect death, and
has been mapped to ICD codes through clinical review (Quan
et al., 2005). In addition, the severity of disability of the patients
included in the NHIS-NSC was considered as a confounder.
To adjust for biomedicine treatment in both treatment groups,
the treatment period in neurology, hospitalization period
in neurology and anti-parkinsonism medications (levodopa,
ropinirole, pramipexole, selegiline) were also considered as
confounders (Zhuo et al., 2017).
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FIGURE 1 | Study design.

FIGURE 2 | Selection of subjects.
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The propensity score (PS) was used to increase the level of
causality revealed in the observational study (D’Agostino, 1998).
Specifically, the PS was used to match the subjects with similar
characteristics in the two groups. Several variables were used
to create the PS index: age, sex, index year, CCI, treatment
period in neurology, hospitalization period in neurology, severity

of disability and anti-parkinsonism medication. Comparison
of the PS between groups was repeated using the greedy
algorithm and 1: 1 matching continued until there were no
more matching pairs (Parsons, 2001). The PS fit was confirmed
by c-statistics and the Hosmer and Lemeshow Goodness-of-
Fit test. In the case of a c-statistic value over 0.5, the Hosmer

TABLE 1 | Comparison of characteristics between integrative therapy group and monotherapy group.

Before PS matching After PS matching

Integrative Monotherapy Integrative Monotherapy

therapy group group therapy group Group

(N = 117) (N = 1,321) p-Value (N = 114) (N = 114) p-Value

Sex 0.512 0.487

Male 38 (32.5%) 469 (35.5%) 37 (32.5%) 42 (36.8%)

Female 79 (67.5%) 852 (64.5%) 77 (67.5%) 72 (63.2%)

Age < 0.001∗ 0.686

65–69 37 (31.6%) 241 (18.2%) 34 (29.8%) 28 (24.6%)

70–74 30 (25.6%) 374 (28.3%) 30 (26.3%) 27 (23.7%)

75–79 35 (29.9%) 346 (26.2%) 35 (30.7%) 41 (36.0%)

=80 15 (12.8%) 360 (27.3%) 15 (13.2%) 18 (15.8%)

Index year 0.016∗ 0.491

2007 7 (6.0%) 225 (17.0%) 7 (6.1%) 5 (4.4%)

2008 23 (19.7%) 279 (21.1%) 23 (20.2%) 23 (20.2%)

2009 25 (21.4%) 278 (21.0%) 25 (21.9%) 16 (14.0%)

2010 26 (22.2%) 236 (17.9%) 24 (21.1%) 26 (22.8%)

2011 36 (30.8%) 393 (22.9%) 35 (30.7%) 44 (38.6%)

Charlson Comorbidity Index 0.308 0.489

0 0 (0.0%) 5 (0.4%) 0 (0.0%) 0 (0.0%)

1 17 (14.5%) 290 (22.0%) 17 (14.9%) 21 (18.4%)

3 88 (75.2%) 900 (68.1%) 86 (75.4%) 87 (76.3%)

4 2 (1.7%) 8 (0.6%) 1 (0.9%) 0 (0.0%)

6 10 (8.6%) 117 (8.9%) 10 (8.8%) 6 (5.3%)

9 0 (0.0%) 1 (0.1%) 0 (0.0%) 0 (0.0%)

Treatment period in neurology (days) < 0.001∗ 0.992

≤29 19 (16.2%) 664 (50.3%) 19 (16.7%) 18 (15.8%)

30–179 29 (24.8%) 328 (24.8%) 29 (25.4%) 30 (26.3%)

180–364 12 (10.3%) 82 (6.2%) 12 (10.5%) 11 (9.7%)

≥365 57 (48.7%) 247 (18.7%) 54 (47.4%) 55 (48.3%)

Hospitalization period in neurology (days) < 0.001∗ 0.966

≤13 15 (12.8%) 616 (46.6%) 15 (13.2%) 15 (13.2%)

14–29 26 (22.2%) 267 (20.2%) 25 (21.9%) 22 (19.3%)

30–59 17 (14.5%) 208 (15.8%) 17 (14.9%) 17 (14.9%)

>60 59 (50.4%) 230 (17.4%) 57 (50.0%) 60 (52.6%)

Severity of disability 0.477 0.729

Normal 89 (76.1%) 1,005 (76.1%) 86 (75.4%) 91 (79.8%)

Mild 22 (18.8%) 213 (16.1%) 22 (19.3%) 18 (15.8%)

Severe 6 (5.1%) 103 (7.8%) 6 (5.3%) 5 (4.4%)

Anti-parkinsonism medication

Levodopa 68 (58.1%) 326 (24.7%) < 0.001∗ 65 (57.0%) 58 (50.9%) 0.352

Ropinirole 34 (29.1%) 126 (9.5%) < 0.001∗ 32 (28.1%) 27 (23.7%) 0.450

Pramipexole 18 (15.4%) 74 (5.6%) < 0.001∗ 16 (14.0%) 15 (13.2%) 0.847

Selegiline 5 (4.3%) 26 (2.0%) 0.100 5 (4.4%) 3 (2.6%) 0.472

PS, propensity score; monotherapy group, treated by biomedicine only; integrative therapy group, treated by biomedicine and KM.
∗Statistically significant (p < 0.05).
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and Lemeshow Goodness-of-Fit test was considered to be
good when the p-value was 0.05 or higher (D’Agostino, 1998;
Maldonado and Greenland, 2002).

The prevalence and annual length of hospitalization were
analyzed using logistic regression analysis and t-tests. A p-
value < 0.05 was considered significant. Additionally, the
integrative therapy group was divided into two groups by
treatment period, less than 30 days and over 30 days. The
prevalence and annual length of hospitalization were analyzed
using logistic regression analysis and ANOVA. After ANOVA,
Duncan’s post hoc test was applied. A p-value < 0.05 was
considered significant. Finally, survival analysis of the integrative
therapy group and monotherapy group was performed using the
Cox proportional hazard analysis.

All statistical analyses were performed using SAS 9.4.

RESULTS

Characteristics of Patients
Except for patients diagnosed with PD prior to 2007, patients
treated without biomedicine treatment and those younger than
65 years, a total of 1,438 patients were included in the
cohort. Of these, 117 were treated using both biomedicine
and Korean medicine, while 1,321 received biomedicine alone.
After PS estimation and matching, the cohort used in the
analysis included 228 subjects (114 in the integrative therapy
group and 114 in the monotherapy group) (Figure 2). The PS
matching was considered to be well-fitted based on a c-statistics

value of 0.810 and a p-value of the Goodness-of-Fit Test of
0.141.

The patients’ characteristics based on confounders in the two
groups before and after PS matching were compared. After PS
matching, the characteristics of both groups were statistically
similar (Table 1).

Types of KM Used in the Integrative
Group
Among 114 patients in the integrative group, 112 patients (98.2%)
received acupuncture therapy at least two times, 49 (43.0%)
received moxibustion therapy, 31 (27.2%) received cupping
therapy, 15 (13.2%) received herbal medication, and 83 (72.8%)
received other physical therapy or psychotherapy. The results of
dividing the number of days on which KM was applied by 30 days
are presented in Figure 3.

Comparison of Prevalence of
Hospitalization
Comparison of the prevalence of hospitalization between the two
groups was performed by logistic regression analysis, after which
the odds ratio was calculated. The prevalence of hospitalization
because of pneumonia/sepsis was 0.50 (95% C.I.: 0.26–0.96) times
lower in the integrative therapy group than the monotherapy
group (p = 0.038). The prevalence of total hospitalization, as
well as hospitalization because of PD, dementia, and depression
in the integrative therapy group was positive compared to the
monotherapy group, but this difference was not significant.

FIGURE 3 | Status of KM therapy in integrative therapy group.

Frontiers in Aging Neuroscience | www.frontiersin.org 5 February 2019 | Volume 11 | Article 40

https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-11-00040 February 22, 2019 Time: 18:21 # 6

Woo and Hyun Integrative Therapy for Parkinson’s Disease

Additionally, the prevalence of total hospitalization,
hospitalization because of PD, dementia, depression, and
pneumonia/sepsis showed positive results in the order of
integrative group II (KM 30 days or more), integrative group I
(KM less than 30 days), monotherapy group, but this difference
was not significant (Table 2).

Comparison of Annual Length of
Hospitalization
Comparison of the annual length of hospitalization between
groups using a t-test revealed that total annual length of
hospitalization, annual length of hospitalization due to PD,
annual length of hospitalization due to dementia, annual length
of hospitalization due to depression and annual length of
hospitalization due to pneumonia/sepsis were shorter in the
integrative therapy group than the monotherapy group; however,
these differences were not statistically significant. The integrative
therapy group was divided into two groups (over 30 days, less
than 30 days) by treatment duration, and ANOVA was conducted

to compare each of these with the monotherapy group. The
prevalence of total hospitalization, as well as hospitalization
because of PD, dementia, depression and pneumonia/sepsis
showed positive results in the order of integrative group II
(KM 30 days or more), integrative group I (KM less than
30 days), and monotherapy group, but these differences were not
significant (Figure 4).

The cox proportional hazard model was used to compare
the mortality between groups. The mortality of the integrative
therapy group was found to be 4.51 patients per 1,000 person-
years, while that of the monotherapy group was 9.21 patients per
1,000 person-years and the hazard ratio (HR) was 0.50. However,
these differences were not significant.

DISCUSSION

The most typical medication for PD is levodopa; however, its
long-term use results in decreased efficacy, motor fluctuation,
and dyskinesia in about 75% of patients (Fahn et al., 2004).

TABLE 2 | Comparison of prevalence of hospitalization between integrative therapy group and monotherapy group (unit: no. of subjects).

No. of subjects (%) OR (95% C.I.) p-Value

Total hospitalization

Monotherapy group (N = 114) 103 (90.4%) 1

Integrative therapy group (N = 114) 99 (86.8%) 0.71 (0.31–1.61) 0.406

Monotherapy group (N = 114) 103 (90.4%) 1

Integrative therapy group I (N = 88) 77 (87.5%) 0.75 (0.31–1.81) 0.520

Integrative therapy group II (N = 26) 22 (84.6%) 0.59 (0.17–2.02) 0.398

Hospitalization d/t PD

Monotherapy group (N = 114) 79 (69.3%) 1

Integrative therapy group (N = 114) 74 (64.9%) 0.82 (0.47–1.43) 0.481

Monotherapy group (N = 114) 79 (69.3%) 1

Integrative therapy group I (N = 88) 61 (69.3%) 1.00 (0.55–1.83) 0.998

Integrative therapy group II (N ( =26) 13 (50.0%) 0.44 (0.19–1.05) 0.065

Hospitalization d/t dementia

Monotherapy group (N = 114) 19 (16.7%) 1

Integrative therapy group (N = 114) 10 (8.8%) 0.48 (0.21–1.09) 0.078

Monotherapy group (N = 114) 19 (16.7%) 1

Integrative therapy group I (N = 88) 9 (10.2%) 0.57 (0.24–1.33) 0.193

Integrative therapy group II (N = 26) 1 (3.8%) 0.20 (0.03–1.57) 0.125

Hospitalization d/t depression

Monotherapy group (N = 114) 5 (4.4%) 1

Integrative therapy group (N = 114) 1 (0.9%) 0.19 (0.02–1.68) 0.136

Monotherapy group (N = 114) 5 (4.4%) 1

Integrative therapy group I (N = 88) 1 (1.1%) 0.25 (0.03–2.19) 0.242

Integrative therapy group II (N = 26) 0 (0%) - −

Hospitalization d/t pneumonia/sepsis

Monotherapy group (N = 114) 31 (27.2%) 1

Integrative therapy group (N = 114) 18 (15.8%) 0.50 (0.26–0.96) 0.038∗

Monotherapy group (N = 114) 31 (27.2%) 1

Integrative therapy group I (N = 88) 15 (17.0%) 0.55 (0.28–1.10) 0.091

Integrative therapy group II (N = 26) 3 (11.5%) 0.35 (0.10–1.25) 0.105

OR, odds ratio; C.I., confidence interval; monotherapy group, treated by biomedicine only; integrative therapy group, treated by biomedicine and KM; integrative therapy
group I, KM treatment less than 30 days; integrative therapy group II, KM treatment over than 30 days; d/t, due to; PD, Parkinson’s disease.
∗Statistically significant (p < 0.05).
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FIGURE 4 | Comparison of annual length of hospitalization between integrative therapy group and monotherapy group. (A) Total hospitalization, (B) Hospitalization
d/t PD, (C) Hospitalization d/t dementia, (D) Hospitalization d/t depression, and (E) Hospitalization d/t pneumonia/sepsis.

The prevalence of melanoma in PD patients taking levodopa is
significantly higher than that of the general population (Shalaby
and Louis, 2016). Dementia in PD patients is a common
complication of PD that makes treatment difficult and leads

to disability. Depression is also a common complication of PD
(Brown and Marsden, 1984; Cummings, 1992), and infectious
diseases such as pneumonia are considered factors that increase
mortality in PD patients (Pinter et al., 2015). Additionally,
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patients with a longer duration of PD have more complications
and lower quality of life (Ou et al., 2018). Subthalamic stimulation
has been attempted to improve quality of life with positive
results. However, surgery can be accompanied by unintended
adverse events, even death (Dafsari et al., 2018). Therefore, the
use of relatively safe treatment regimens such as CAM should
be considered.

This study investigated whether KM could reduce
hospitalization in the management of PD patients in the
South Korea. Two groups of patients, an integrative therapy
group using both biomedicine and KM and a monotherapy
group using only biomedicine, were compared by PS
estimation and matching based on confounders such as sex, age,
comorbidity, and anti-parkinsonism medication. The prevalence
of hospitalization because of pneumonia/sepsis was significantly
lower (0.50 times) in the integrative therapy group than the
monotherapy group. Traditional medicine may have beneficial
immunomodulatory effects for preventing viral infections (Poon
et al., 2006). For severe acute respiratory syndrome (SARS),
advantages to treatment with integrative Chinese medicine
and biomedicine were observed when compared with that of
biomedicine alone, especially with respect to improvement
of clinical symptoms, promotion of the recovery of immune
function and reduction of treatment duration (Qiang et al.,
2003). Hence, KM seems to have a positive effect on infectious
diseases such as pneumonia and sepsis.

Other outcomes of the integrative therapy group also showed
better results than the monotherapy group, but these differences
were not significant. Although there were no significant
differences in the outcomes observed in this study, the prevalence
and duration of hospitalization tended to be lower in patients
who received KM. Specifically, a KM treatment period of 30 days
or more showed better results than that of less than 30 days.

Studies have shown that acupuncture is effective at the
treatment of PD (Lee and Lim, 2017). For example, PD patients
with acupuncture showed significant improvement in motor
function compared to those without acupuncture. Moreover,
brain imaging revealed that putamen and the primary motor
cortex were activated in patients with acupuncture (Chae
et al., 2009). Korean herbal formulas such as Chungsimyeolda-
tang or Yeoldahanso-tang induce autophagy and prevent
diseases associated with misfolded/aggregated proteins in various
neurodegenerative disorders, including PD (Bae et al., 2011,
2015). In China, 48.6% of patients underwent CAM treatment
and herbal medication, primarily rehabilitation exercise and
acupuncture. These treatments were effective in half of the
patients who received them, while they produced negative
results in 11% of the patients (Pan et al., 2018). Additionally,
the incidence and prevalence of PD in Asian countries,
including South Korea, have been shown to be lower than in
Europe and America (Pringsheim et al., 2014). This difference
may result from genetic and ethnic differences, but the
possibility of the effects of CAM, including KM, cannot be
ruled out.

It should be noted that this paper had several limitations.
First, the number of subjects was not sufficient because of
data limitations; therefore, we cannot be sure of whether the

non-significance of results is due to the absence of a relationship
between the groups or to a lack of statistical power. Accordingly,
comparative studies with increased duration and number of
patients are required to clarify the effects KM on PD. Second,
we assessed whether PD and its complications have been well-
controlled by alternative outcomes-related measures such as the
prevalence of hospitalization and annual length of hospitalization
after PD diagnosis. Generally, the outcome of PD recovery or
management is evaluated based on the UPDRS, SCOPA, or
the PDQ-39. However, the NHIS-NSC does not contain this
information because it consists of only health insurance claim
data. Third, the number of KM monotherapy patients was very
small. In the Korean health insurance system, PD is a serious
rare disease that is registered and managed by the government.
After PD patients are confirmed and registered 90% of the cost
of treatment is supported by the government. In addition to
receiving standard drug therapies such as levodopa, registered
patients can also concurrently use KM such as herbal formulas
and acupuncture if they desire. Therefore, further study is
necessary to analyze the total national insurance dataset because
the NHIS-NSC, which was used in our study, is equivalent to only
2.2% of the population of the South Korea.

CONCLUSION

It has not been clearly identified that integrative therapy with
KM and biomedicine for PD management is better treatment
for patients compared to biomedicine monotherapy; however,
we found a clue of better result in integrated therapy. However,
it should be noted that further investigation by increasing the
number of subjects is needed.
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