Medicine

| observational study

Traditional Chinese medicine therapy decreases

the pneumonia risk in patients with dementia
Shun-Ku Lin, MD?, Yueh-Ting Tsai, MD, PhD®, Pei-Chia Lo, MD®, Jung-Nien Lai, MD, PhD%%"

Abstract \
Pneumonia is a frequent complication in dementia patients and is associated with high mortality rates. The aim of this retrospective \
cohort study was to determine whether traditional Chinese medicine (TCM) therapy can decrease pneumonia risk in dementia patients.
The cohort dataset was obtained from the Longitudinal Health Insurance Database 2005, a sublibrary of the National Health Insurance
Research Database, containing all medical data of 1 million beneficiaries, randomly selected from the all Insurers in year 2005.

Newly diagnosed dementia patients (n=9712) without pneumonia were analyzed from January 1997 to December 2003. After
matching by sex, age, urban level, Charlson comorbidity index, insured amount, and comorbidities, 1376 pairs (1:1) of TCM and non-
TCM users were acquired. Every dementia patient was individually recorded from 1997 to 2012 to identify pneumonia incidence
(onset after 3 months of dementia diagnosis).

Demographic characteristics, Charlson comorbidity index, comorbidities, behavioral and psychological symptoms of dementia,
and psychotropic drugs were also investigated. Cox proportional regression was used to compute hazard ratios and 95%
confidence intervals (Cls) after adjustment for the above-mentioned variables.

There were 419 (80.5%) and 762 (55.4%) pneumonia cases in the TCM and non-TCM cohorts during a mean follow-up period of
7.6 years. The adjusted hazard ratios (95% CI) for pneumonia admission was 0.62 (0.55-0.70) for the TCM group.

Patients who received TCM therapy at higher cumulative doses or for longer periods experienced increased protection from
pneumonia admission. Ma-Xing-Gan-Shi-Tang, Yin-Qiao-San, and Xiao-Qing-Long-Tang might represent possible formulae
reducing the incidence of pneumonia. TCM might be associated with a lower risk of pneumonia in dementia patients.

Abbreviations: BPSD = behavioral and psychological symptoms of dementia, Cl = confidence interval, ICD-9 = International
Classification of Diseases, Ninth Revision, NHIRD = National Health Insurance Research Database, TCM = traditional Chinese
medicine.

Keywords: dementia, Ma-Xing-Gan-Shi-Tang, pneumonia, the national health insurance research database, traditional Chinese

medicine, Yin-Qiao-San

1. Introduction

Pneumonia is a frequent complication in dementia patients and is
associated with high mortality rates.!"*! Of interest, angiotensin-
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converting enzyme inhibitors have been found to lower the risk of
pneumonia and decrease mortality related to pneumonia.!
Further, vaccination,® correct posture,*land swallowing reha-
bilitation' have also been suggested to reduce the incidence of
pneumonia. In addition, a prospective, observer-blinded, ran-
domized controlled trial revealed Ban-Xia-Houpu-Tang (Hang-
eKobokuTo in Japanese, English Name: Pinellia and Officinal
Magnolia Bark Decoction) can reduce the incidence of aspiration
pneumonia,!”! and follow-up studies confirmed it might improve
the swallowing reflex in patients with dementia.!®! Further, an
observational study found combined using traditional and
western medicine might decrease the hospital stay length, body
temperature, and white blood cell count compared with western
medicine treatment only."!

However, there is currently no nationwide study focused on the
effects of traditional Chinese medicine (TCM) on pneumonia
prevention in dementia patients, and no study has yet screened for
potential effective formulae. With this in mind, the aims of the study
were to determine whether TCM therapy could decrease pneumo-
nia admission risk in people with dementia and to identify Chinese
medicine formulae which might early treat pulmonary symptoms
and protect the patient not to progress into pneumonia admission.

2. Materials and methods

2.1. Data sources

The presented research was a retrospective cohort study which
was given official approval by the Institutional Review Board of
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Taipei City Hospital, Taiwan (Case Number TCHIRB-1020816-
E). The cohort was selected from the National Health Insurance
Research Database (NHIRD), a nationwide database containing
more than 97% of the people in Taiwan. The NHIRD includes
clinical and demographic information such as sex, birth date,
outpatient visits, and admission diagnoses according to the
International Classification of Diseases, Ninth Revision (ICD-9)
classification, Clinical Modification."'®! Further, all prescription
drugs (involving name, dosage, and duration) and medical
procedures (including classification, time, and cost) are also
recorded in detail.''*>1?!

The Longitudinal Health Insurance Database 2005 is a
sublibrary of NHIRD, including all clinical medical data of
1,000,000 beneficiaries from January 1, 1996 to December 31,
2012, randomly selected from all beneficiaries of the NHIRD in
2005. The distribution of demographic factors was similar
between the Longitudinal Health Insurance Database 2005 and
the entire population in Taiwan, as reported by the National
Health Research Institutes.!'®! Taiwan National Institutes of
Health collects insurance claims data into NHIRD. All
Taiwanese medical researchers are allowed to apply NHIRD,
National Institutes of Health would review the IRB approval and
research projects researchers.

2.2. Study sample

As seen in Fig. 1, we selected a representative nationwide cohort
(n=6712) from these datasets, in which all participants were
newly diagnosed with dementia (ICD-9 codes 290, 294, 331.0)
by a neurologist or psychiatrist, from the 1 million individuals
included between 1997 and 2003. Patients with any history of
pneumonia within the 1st 3 months after the dementia diagnosis
(n=1253) or with incomplete demographic data (n=11) were
excluded.

2.3. Exposure and follow-up

To examine the effect of TCM treatment on pneumonia admission,
we divided the study patients into TCM users (n=3670) and non-
TCM users (n=3042). The TCM users included all participants
who had been taking TCM between the 1st dementia diagnosis and
the pneumonia admission date (or the end of the December 2012 for
those who were in the nonpneumonia group). The non-TCM cohort
consisted of patients who had not taken any TCM. Both cohorts
were matched regarding age category in 2003, sex, insured amount
category, urbanization level, Charlson comorbidity index, and the
frequencies of certain comorbid diseases (diabetes mellitus, cerebral
vascular incident, heart failure, Parkinson disease, chronic
obstructive pulmonary disease, and tuberculosis) at a ratio of
1:1. Overall, 2752 patients (1376 pairs) were included in this
prospective analysis. We included all patients who received TCM
treatment, regardless of how many days of use. However, different
doses and treatment time may affect the outcome. Therefore, we
divided the patient population by the cumulative time (<200days,
200-399 days, and >400 days) and the cumulative dose (<1000g,
1000-1999¢, and >2000g) of TCM use.

This investigation was planned to involve all pneumonia
admissions until the December 31, 2012, unless the participants
had died. Exposure began at the 1st date of TCM visit or dementia
diagnosis (in the non-TCM group), and the end point was defined
as the date of pneumonia admission or the last medical record
before the December 31,2012. We collected the names of all TCM
herbs or formulae, daily dose, frequency, duration of use, and dates
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TCM users and TCM non-users matched by sex, age, urban level,
Charlson comorbidity index, Insured amount, and comorbidity
with 1:1 ratio
n =1376 pairs

Figure 1. Flowchart of subject recruitment from the 1-million random sample
of the National Health Insurance Research Database from 1997 to 2003 in
Taiwan. There were 2752 dementia patients (1376 pairs of traditional Chinese
medicine [TCM] and non-TCM matching) were included in this prospective
cohort study.

of the prescriptions. The length and dose of TCM treatment
exposure were measured as the cumulative days and daily dose
until the end of the follow-up, respectively.

2.4. Definition of pneumonia

The major outcome of the presented study was pneumonia
admission. All pneumonia admission cases were selected by the
ICD-9 codes 480, 481, 482, 483, 484, 485, 486, and 507. In
Taiwan, pneumonia admission is fully covered by National
Health Insurance, but the medical records need to be investigated
by a panel of experts. We define 1st hospitalized with pneumonia
as outcome research, track time starts at dementia diagnosis, and
terminates on the date of the 1st hospitalization for pneumonia.
We do not include the 2nd and subsequent hospitalization for
pneumonia in the study. Tracheal intubation or intensive care
unit requirements during hospitalization were recorded as minor
outcomes.

2.5. Potential confounders

We systematically identified any potential confounders for
pneumonia, including the following comorbidity diagnoses



Lin et al. Medicine (2016) 95:37

recorded during the follow-up: diabetes mellitus, cerebral
vascular incident, heart failure, Parkinson disease, chronic
obstructive pulmonary disease, tuberculosis, gastro-esophageal
reflux disease, chronic kidney disease, epilepsy, coronary heart
disease, asthma, liver cirrhosis, and cancer.'* Moreover, we
considered the behavioral and psychological symptoms of
dementia (BPSD; delirium, delusions, depression, behavioral
disturbance, sleep disturbances, and hallucination) and the
Charlson comorbidity index in the modeling.!"*! The comorbid-
ities, BPSD, and Charlson comorbidity index were identified
according to the ICD-9 codes, listed in Appendix 1, http:/links.
lww.com/MD/B272. Socio-demographic characteristics, includ-
ing age at the time of dementia diagnosis, sex, insured amount,
and urbanization level, were also taken into account in the
analyses.

The insured amount, which was calculated from the household
income, was divided into 4 strata (dependent, 1-19,999,
20,000-39,999, and above 40,000 New Taiwan Dollars per
month, equal to less than 666, 666-1333, more than 1334 USD),
with dependent policyholders defined as people without salaries.
The urbanization levels were classified into 4 categories (very
high, high, moderate, and low).['®! The urbanization level is a
good indicator to investigate the development stratification of
Taiwan townships; index calculation urbanization level has
included the variables included: population density, educational
levels, population ratio of elder people, agriculture workers ratio,
and the number of physicians per 100,000 people.

According to previous studies, the use of psychiatric medica-
tion might affect the incidence of pneumonia admission.!'”1#!
Therefore, all psychotropic drugs, including antimanic, antide-
pressant, anti-Alzheimer, anxiolytic, and antipsychotic drugs
prescribed by neurologists and psychiatrists, as shown in
Appendix 2, http://links.lww.com/MD/B272, were analyzed.
These drugs are fully reimbursed by the NHI and cannot be
prescribed without a doctor’s order.

2.6. Statistical analysis

To ensure the matching was appropriate, we analyzed the
differences in the demographic factors, the Charlson comorbidity
index, comorbidities, and psychotropic drugs using the Chi-
square test. The incidence of pneumonia admission was
calculated during the follow-up period. We used the Kaplan—
Meier method to create survival curves of pneumonia, and we
used log-rank test to examine the differences in pneumonia
admission risks between TCM users and nonusers. Cox
proportional regression models were created to calculate the
hazard ratios and the accompanying 95% confidence intervals
(Cls) after adjustment for the possible confounders. We use the 2-
tailed test and assumed a significance level of P-values <0.05. All
analyses were carried out using SAS statistical software (version
9.4; SAS Institute Inc., Cary, NC).

Further, the risks of pneumonia admission between different
TCM use duration and dose strata were also tested to examine
possible dose-effect relations. To determine potential effect
confounders, we stratified the subgroups by the presence of
comorbidities, demographics factors, BPSD, and psychological
medication in the TCM use cohort. To survey the potential TCM
formulae that might decrease the risk of pneumonia admission in
dementia patients, we analyzed all individual formulae used by
dementia patients. We also used the Cochran-Armitage test to
examine the trend between different strata. All Chinese herbal
products covered by the Bureau of National Health Insurance are
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registered with the Department of Chinese Medicine and
Pharmacy, the competent authority of TCM, and are manufac-
tured according to good manufacturing practice standards.
Chinese herbal products created using the same formulations
were considered equal.

3. Results

The mean age of the study participants was 78.6 + 10.5 years, and
50.4% were female. The mean exposure time to TCM was 6.7 +
1.8 years, and the cumulative dosage was 1365.8+397.2¢.
Table 1 shows the distributions of the demographic character-
istics and medical conditions in the matched cohort. Higher
proportions of diseases (gastro-esophageal reflux disease, chronic
kidney disease, epilepsy, coronary heart disease, asthma, liver
cirrhosis, and cancer), BPSD (delirium, delusions, depression,
sleep disturbances, and hallucination), and medication (z-drug,
benzodiazepines, atypical antipsychotics, antimanic drug, selec-
tive serotonin reuptake inhibitor, tricyclic antidepressant, and
norepinephrine reuptake inhibitor) were found in the TCM
groups.

A total of 1376 TCM users were included in the study, of
whom 419 (30.5%, incidence density 3.5%) were admitted for
pneumonia; in contrast, in the non-TCM group (n=1376), 762
(55.4%, incidence density 7.4 %) were admitted with pneumonia
(adjusted hazard ratio 0.62, 95% CI 0.55-0.70) during the
follow-up. Further, the dementia TCM users suffering from
pneumonia (average 7.0 years with standard deviation 3.3 years)
was later than non-TCM users (average 4.7 years with standard
deviation 3.2 years).

For patients receiving TCMs for <200, 200-399, and 2400
days, the adjusted hazard ratios were 0.66 (95% CI 0.57-0.77),
0.53 (95% CI 0.40-0.71), and 0.47 (95% CI 0.39-0.58),
respectively (Table 2). As seen in Fig. 2A, Kaplan—Meier survival
curves and log-rank analyses revealed significant differences in
the rates of pneumonia admission between TCM and non-TCM
users (log-rank test, P < 0.001). Moreover, the analyses revealed
significant differences in the pneumonia admission incidence
among the subgroups of TCM users. TCM usage for <200,
200-399, and 2400 days resulted in significantly reduced rates of
pneumonia admission (log-rank test, P<0.001; Fig. 2A), and
patients with cumulative doses of <1000g, 1000-1999, and
>2000g also showed significant differences compared to patients
without TCM use (hazard ratio 0.68 [95% CI 0.58-0.81], 0.59
[95% CI 0.45-0.75], and 0.50 [95% CI 0.42-0.59]; log-rank
test, P <0.001; Table 2 and Fig. 2C). All subgroups in the TCM
use group showed protective effects against pneumonia requiring
intensive care. In TCM groups, there were 52.0% patients that
received tracheal intubation treatment and 62.1% required
intensive care from a total of 419 patients. On the other hand,
only 46.2% and 47.2% patients needed tracheal intubation and
intensive care in the non-TCM groups of 762 patients in sum. The
TCM group had a higher risk of both tracheal intubation use
(hazard ratio 1.50 [95% CI 1.04-2.16]) and intensive care unit
(1.39 [1.09-1.77]) following pneumonia admission (Table 3).

To understand the effects of various socio-demographic and
medical confounders, we analyzed stratified subgroups in the
nationwide TCM use cohort of dementia patients (Table 4).
Patients who were older, low urbanization level, male, and high
Charlson comorbidity index were at higher risk of pneumonia
admission. In view of BPSD, delusions, depression, and sleep
disturbances demonstrated higher adjusted hazard ratios for
pneumonia admission (1.65 [95% CI 1.40-1.94], 1.16 [95% CI
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Demographic and medical characteristics of the matched dementia cohort.

TCM users TCM nonusers
Variables No, % No, % P-value of Chi-square test
Age at diagnosis 1.00
<60 111 (8.1%) 111 (8.1%) -
60-70 123 (8.9%) 123 (8.9%) -
70-80 423 (30.7%) 423 (30.7%) -
>80 719 (52.3%) 719 (52.3%) -
Gender 1.00
Male 683 (49.6%) 683 (49.6%) -
Female 693 (50.4%) 693 (50.4%) -
Urbanization 1.00
Very high 307 (22.3%) 307 (22.3%) -
High 941 (68.4%) 941 (68.4%) -
Moderate 97 (7.1%) 97 (7.1%) -
Low 31 (2.3%) 31 (2.3%) -
Insured amount (NT$) 1.00
Dependent 516 (37.5%) 516 (37.5%) -
1-19,999 533 (38.7%) 533 (38.7%) -
20,000-39,999 301 (21.9%) 301 (21.9%) -
>400,000 26 (1.9%) 26 (1.9%) -
Charlson comorbidity index 1.00
<2 332 (24%) 332 (24%) -
2-4 594 (43.2%) 594 (43.2%) -
4-6 365 (26.5%) 365 (26.5%) -
6= 85 (6.2%) 85 (6.2%) -
Comorbidity
Diabetes mellitus 128 (9.3%) 128 (9.3%) 1.00
Cerebral vascular accident 949 (69%) 949 (69%) 1.00
Heart failure 228 (16.6%) 228 (16.6%) 1.00
Parkinson disease 257 (18.7%) 257 (18.7%) 1.00
Chronic obstructive pulmonary disease 662 (48.1%) 662 (48.1%) 1.00
Tuberculosis 8 (1.3%) 8 (1.3%) 1.00
Gastro-esophageal reflux disease 56 (4.1%) 75 (5.5%) 0.07
Chronic kidney disease 231 (16.8%) 192 (14%) 0.04
Epilepsy 102 (7.4%) 137 (10%) 0.02
Coronary heart disease 698 (50.7%) 562 (40.8%) <0.01
Asthma 317 (23%) 257 (18.7%) <0.01
Liver cirrhosis 379 (27.5%) 318 (23.1%) <0.01
Cancer 548 (39.8%) 385 (28%) <0.01
Behavioral and psychological symptoms of dementia
Delirium 129 (9.4%) 176 (12.8%) <0.01
Delusions 225 (16.4%) 279 (20.3%) <0.01
Depression 400 (29.1%) 342 (24.9%) 0.01
Behavioral disturbance 56 (4.1%) 52 (3.8%) 0.69
Sleep disturbances 833 (60.5%) 583 (42.4%) <0.01
Hallucination 833 (60.5%) 583 (42.4%) <0.01
Medication
Anxiolytics drug
Z-Drug 730 (53.1%) 644 (46.8%) <0.01
Benzodiazepines 813 (59.1%) 714 (51.9%) <0.01
Antipsychotics drug
Atypical antipsychotics 516 (37.5%) 617 (44.8%) <0.01
Typical antipsychotics 305 (22.2%) 284 (20.6%) 0.33
Antimanic drug 214 (15.6%) 178 (12.9%) 0.05
Anti-Alzheimer drug 201 (14.6%) 155 (11.3%) <0.01
Antidepressant drug
Selective serotonin reuptake inhibitor 371 (27%) 296 (21.5%) <0.01
Monoamine oxidase inhibitor 46 (3.3%) 35 (2.5%) 0.21
Tricyclic antidepressant 353 (25.7%) 231 (16.8%) <0.01
Norepinephrine reuptake inhibitor 79 (6.7%) 42 (3.1%) <0.01

NT$ =new Taiwan dollars, of which 1 US $=30 NT$, TCM =traditional Chinese medicine.
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Multivariable Cox model measured hazard ratios and 95% Cls of TCM for pneumonia in matched cohort.

Pneumonia admission

TCM use Case number Incidence density (1/years) Adjusted hazard ratio (95% CI
Non-TCM user 762 7.4% Reference
TCM use 419 3.5% 0.62 (0.55-0.70)
TCM use cumulative time Cochran—Armitage trend test Z < 0.001

<200 days 242 4.7% 0.66 (0.57-0.77)

200-399 days 53 3.5% 0.53 (0.40-0.71)

400 days< 124 3.0% 0.47 (0.39-0.58)
TCM use cumulative dose Cochran—Armitage trend test Z<0.05

<1000g 175 4.8% 0.68 (0.58-0.81)

1000-1999¢ 66 4.2% 0.58 (0.45-0.75)

2000g= 178 3.2% 0.50 (0.42-0.59)
Cl=confidence interval, TCM=traditional Chinese medicine.

100 100
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Figure 2. (A) Survival curve of hospitalized pneumonia in patients with dementia. Kaplan—-Meier survival curves and log-rank analyses revealed significant
differences in the rates of pneumonia admission between traditional Chinese medicine (TCM) and non-TCM users (log-rank test, P <0.001). (B) Survival curve of
hospitalized pneumonia in patients with dementia according to traditional Chinese medicine time stratification. TCM usage for <200, 200-399, and =400 days
resulted in significantly reduced rates of pneumonia admission (log-rank test, P < 0.001). (C) Survival curve of hospitalized pneumonia in patients with dementia
according to traditional Chinese medicine dose stratification. Patients with cumulative doses of <1000g, 1000-1999, and 22000g showed significantly reduced

rates of pneumonia admission compared to patients without TCM use (log-rank test, P <0.001).

1.01-1.34], and 1.35 [95% CI 1.54-1.19], respectively). In
addition, cerebral vascular incident, heart failure, Parkinson
disease, tuberculosis, and chronic obstructive pulmonary disease
were associated with high risks of pneumonia admission.
Benzodiazepine was associated with a higher adjusted hazard
ratio (1.15, 95% CI 1.01-1.32) of pneumonia, whereas tricyclic
antidepressant users showed a reduced risk (0.92, 95% CI
0.88-0.97).

Finally, among the commonly used Chinese medicine formu-
lae, Ma-Xing-Gan-Shi-Tang (Ephedra, Apricot Kernel, Licorice,
and Gypsum Decoction) had the lowest adjusted hazard ratio
(0.64, 95% CI 0.52-0.77), as determined by Cox proportional
hazards regression models after adjustment. Yin-Qiao-San
(Lonicera and Forsythia Powder), Xiao-Qing-Long-Tang
(Minor Green-Blue Dragon Decoction), Ban-Xia-Hou-Po-Tangs
(Pinellia and Officinal Magnolia Bark Decoction), and Xin-Yi-

Qing-Fei-Tang (Magnolia Flower Lung-Clearing Decoction) also
showed significant protective effects on pneumonia admission, as
shown in Table §

4. Discussion

In this retrospective population-based cohort study, the results
suggested TCM treatment was associated with a lower incident
density and hazard ratio of pneumonia admission in dementia
patients. Further, we analyzed TCM effects related to exposure-
duration and dosage on the pneumonia admission, and also
tested the effects of different TCM formulae. Factors statistically
significantly associated with the incremental risk of pneumonia
admission were male gender, age 60 and above, low urbaniza-
tion, benzodiazepine use, high score of Charlson comorbidity
index, previous diagnosis of cerebral vascular incident, heart

Multivariable Cox model measured hazard ratios and 95% Cls of TCM for tracheal intubation use and intensive care unit after pneumonia

admission.

Intensive care unit

Tracheal intubation

Case number

Adjusted hazard ratio (95% CI)

Case number Adjusted hazard ratio (95% Cl)

Non-TCM user
TCM use

111/494
152/687

Reference

1.39 (1.09-1.77)

46/494
69/687

Reference
1.50 (1.04-2.16)

Cl=confidence interval, TCM=traditional Chinese medicine.


http://www.md-journal.com

Lin et al. Medicine (2016) 95:37

Hazard ratios of pneumonia risk in nationwide TCM use cohort of
dementia patients, analyzed by multivariable cox proportional
hazards regression model and 95% Cls.

Variables Adjust hazard ratio 95% Cl
Age at diagnosis
<60 Reference -
60-70 2.01 1.45-2.78
70-80 3.48 2.57-4.70
>80 3.52 2.36-4.35
Gender
Male Reference -
Female 0.88 0.76-0.97
Urbanization
Very high Reference -
High 1.43 1.23-1.67
Moderate 1.18 0.94-1.49
Low 1.47 1.01-1.97
Behavioral and psychological symptoms of dementia
Delirium 1.00 0.82-1.21
Delusions 1.65 1.40-1.94
Depression 1.16 1.01-1.34
Behavioral disturbance 0.93 0.87-1.46
Sleep disturbances 1.35 1.54-1.19
Hallucination 0.89 0.75-1.09
Charlson comorbidity index
<2 Reference -
2-4 1.42 1.25-1.67
4-6 1.65 1.46-1.89
6 1.87 1.53-2.33
Comorbidity
Diabetes mellitus 1.05 0.91-1.19
Cerebral vascular accident 1.62 1.4-1.87
Heart failure 1.4 1.21-1.62
Parkinson disease 1.37 1.19-1.57
Gastro-esophageal reflux disease 0.79 0.61-1.02
Asthma 0.96 0.83-1.11
Tuberculosis 1.65 1.30-2.09
Chronic kidney disease 0.99 0.90-1.23
Coronary heart disease 0.93 0.81-1.06
Epilepsy 1.05 0.85-1.29
Liver cirrhosis 1.25 0.98-1.36
Cancer 1.12 0.90-1.33
Chronic obstructive pulmonary disease 1.15 1.02-1.35
Medication
Anxiolytics drug
Z-Drug 0.99 0.89-1.17
Benzodiazepines 1.15 1.01-1.32
Antipsychotics drug
Atypical antipsychotics 1.02 0.85-1.13
Typical antipsychotics 0.94 0.82-1.08
Antimanic drug 0.9 0.77-1.06
Anti-Alzheimer drug 1.15 0.97-1.37
Antidepressant drug
SSRI 0.98 0.87-1.18
MAQI 0.97 0.73-1.28
Tricyclic antidepressant 0.92 0.88-0.97
NRI 0.94 0.73-1.21

MAOI=monoamine oxidase inhibitor, NRI=norepinephrine reuptake inhibitor, Cl=-confidence
interval, SSRI=selective serotonin reuptake inhibitor, TCM = traditional Chinese medicine.

failure, Parkinson disease, tuberculosis, and chronic obstructive
pulmonary disease.

Our previous study found dementia patients with hyperten-
sion, cerebral vascular incident, diabetes mellitus, insomnia,
depression, abnormal behavior, and hallucinations had greater
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demand for receiving TCM and TCM formulae, and these were
widely used to relieve the behavioral and psychological
symptoms.!'” In addition, another study confirmed TCM
healthcare as a safer alternative to reduce the use of hypnotic
drugs,?! which are potentially hazardous for the dementia
population. Directly via relieving BSPD or indirectly via reducing
the severity of comorbidities or sedative-hypnotic dependence,
the present study demonstrated TCM healthcare was associated
with a significant 0.38-fold reduced risk of pneumonia admission
compared with non-TCM users.

The cumulative time and dosage of TCM exposure were found
to influence the protective effects against pneumonia admission.
Although the duration of less than 200 days showed a statistically
significant lower risk compared to nonuse, this effect was more
obvious after at least 400 days of TCM prescription. The present
results also show the hazard ratio of pneumonia admission was
reduced from 0.66 to 0.47 in patients who had received TCM for
more than 400 days. The cumulative dosage showed a similar
performance. For patients who had received more than 6000 g of
TCM, the risk was reduced from 0.68 to 0.50 compared to
patients who had received less than 3000g (Fig. 2).

To our limited knowledge, this research is the 1st nationwide
study to assess the effect of TCM on the incidence of pneumonia
admission. Of these patients with dementia, the hospital
admission rate for pneumonia is 5.5%. Although the incidence
of pneumonia admission appears to be low compared with the
estimates of previous surveys,?"??! all pneumonia admissions
were diagnosed by board-certified physicians where the possibil-
ity of either selection or recall bias can be excluded. Among
dementia patients with severe pneumonia, the rates of tracheal
intubation and intensive care were 48.3 and 52.5 %, respectively.
Nearly half of pneumonia patients required endotracheal
intubation or intensive care, raising the need for early detection
and treatment of respiratory infection. Research on optimal
treatment and long-term outcomes of survival and mortality rate
are warranted. Although, the duration from dementia diagnosis
to pneumonia admission in TCM group was longer than in the
non-TCM group, the TCM group had a higher proportion of
both tracheal intubation use and intensive care unit following
pneumonia admission. This might indicate TCM healthcare
decreased the risk of pneumonia admission, but could not slow
the progress of the pneumonia after admission.

In a previous nationwide study, most dementia patients using
TCM also used western medicine.!"”! Hence, to investigate the
effect of combination therapy, we created stratified subgroups
from the national TCM cohort (Table 5) for those with or
without using concomitant psychotropic drugs. We observed
TCM users who used benzodiazepine were associated with an
increased risk of pneumonia admission. In a previous study,
benzodiazepines were associated with an increased risk and
mortality of community-acquired pneumonia,'**! and have been
reported to might induce delirium in hospitalizations.** On the
other hand, tricyclic antidepressants were linked to lower risk in
TCM user groups, while a prospectively study suspected large
tricyclic antidepressant ingestion might induce pulmonary edema
and aspiration pneumonia,! no significant relation between
tricyclic antidepressant use and mortality risk in pneumonia
patients was found.?®! Little is known regarding the potential
interactions of Chinese herbal medicine with hypnotic drugs
among the dementia population; therefore, clinicians and public-
health policy analysts should focus on the potential long-term
impact of herb-drug concurrence use. Moreover, older age, low
urbanization, cerebral vascular incident, heart failure, Parkinson
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Adjusted Cox proportional hazards ratio of the commonly used Chinese medicine formulae in national TCM cohort.

Chinese medicine formulae English name Adjust hazard ratio 95% CI

Ma-Xing-Gan-Shi-Tang Ephedra, Apricot Kernel, Licorice, and Gypsum Decoction 0.64 0.52-0.77
Yin-Qiao-San Lonicera and Forsythia Powder 0.67 0.55-0.82
Xiao-Qing-Long-Tang Minor Green-Blue Dragon Decoction 0.74 0.54-0.92
Ban-Xia-Hou-Po-Tang Pinellia and Officinal Magnolia Bark Decoction 0.76 0.61-0.94
Xin-Yi-Qing-Fei-Tang Magnolia Flower Lung-Clearing Decoction 0.77 0.61-0.98
Xing-Su-San Apricot Kernel and Perilla Powder 0.8 0.62-1.03
Xin-Yi-San Magnolia Flower Powder 0.82 0.62-1.08
Tian-Wang-Bu-Xin-Dan Celestial Emperor Heart-Supplementing Elixir 0.86 0.69-1.08
Chuan-Xiong-Cha-Tiao-San Tea-Blended Chuanxiong Powder 0.92 0.75-1.13
Zhi-Sou-San Cough-Stopping Powder 0.94 0.76-1.18

Cl=confidence interval, TCM=traditional Chinese medicine.

disease, delusions, and depression were also associated with a
high risk of pneumonia admission, similar to in a previous
retrospective clinical database study.*”!

In the presented study, Ma-Xing-Gan-Shi-Tang (Ephedra,
Apricot Kernel, Licorice, and Gypsum Decoction), Yin-Qiao-San
(Lonicera and Forsythia Powder), Xiao-Qing-Long-Tang (Minor
Green-Blue Dragon Decoction), Ban-Xia-Hou-Po-Tangs (Pinellia
and Officinal Magnolia Bark Decoction), and Xin-Yi-Qing-Fei-
Tang (Magnolia Flower Lung-Clearing Decoction) were found to
show significantly lower hazard ratios for pneumonia admission
compared to nonuse. In a previous observer-blinded, random-
ized, controlled trial, a significantly reduced aspiration pneumo-
nia risk was observed after Ban-Xia-Hou-Po-Tangs (Pinellia and
Officinal Magnolia Bark Decoction) treatment, with an adjusted
hazard ratio slightly lower than that in the present study;"**! Ma-
Xing-Gan-Shi-Tang (Ephedra, Apricot Kernel, Licorice, and
Gypsum Decoction) was reported to relieve the symptoms of
chronic bronchitis™®®! and lower respiratory tract infection.!*%! It
was indicated to protect influenza virus infection through
inhibiting both viral RNA and protein synthesis,*' and could
reduce lung inflammation and inhibit virus replication in mice
infected with respiratory syncytial virus.**! A systematic review
article also showed Ma-Xing-Gan-Shi-Tang combined with
western medicine could improve the clinical symptoms of
pneumonia.’*?! Further, Ma-Xing-Gan-Shi-Tang (Ephedra, Apri-
cot Kernel, Licorice, and Gypsum Decoction) combined with Yin-
Qiao-San (Lonicera and Forsythia Powder) has been found to
reduce fever and symptoms in patients with H1NT influenza virus
infection.®*! Besides, Yin-Qiao-San (Lonicera and Forsythia
Powder) was explored to prevent drug-induced pulmonary
fibrosis in a mice model and was found to significantly improve
health-related quality of life in a randomized, double-blind
placebo-controlled trial.ls!

Xiao-Qing-Long-Tang (Minor Green-Blue Dragon Decoction)
is a commonly prescribed Chinese herbal products for adult-
onset asthma in Taiwan®®! and has indicated enhanced
protection of pneumonia vaccination through augmenting the
nasal antiviral IgA antibody and serum antiviral IgG anti-
bodies.*”*8) It was also found to effect against human
respiratory syncytial virus infection by inhibiting viral attach-
ment, internalization, and syncytial formation.**! In accordance
with these results, a randomized controlled multicenter clinical
trial showed TCM treatment could also enhance the quality of life
among community-acquired pneumonia patients, and the
mortality rate was similar to that of patients treated with
antiinfection agents plus conventional medicine.!*"!

In our study, we found that the TCM formulae which could
prevent pneumonia admission are used to treat respiratory tract
infections. We infer the probable cause is the use of the formulae
may be the early treatment of respiratory diseases to block disease
progression and avoid severe pneumonia. We recommend that
dementia patients who with upper respiratory infection should
receive Chinese medical treatment as soon as possible to prevent
the subsequent deterioration, rather than long-term use after the
diagnosis of dementia.

Although our research indicates that some of the TCM
formulae can reduce the risk of hospitalization for pneumonia,
we still have to remind the possible toxicity of TCM and
herb-drug interaction. For example, the ephedra included in Ma-
Xing-Gan-Shi-Tang and Xiao-Qing-Long-Tang has the effect of
stimulating sympathetic nervous system increasing cardiovascu-
lar and cerebrovascular disease risk.1*>*¥! Also, Zizyphi spinosi
semen contained in the Tian-Wang-Bu-Xin-Dan would influence
GABA 4 receptor and enhance the sedative effect of benzodiaze-
pine,** which was the most common psychotropic drug which
combined use with TCM.!>!

5. Limitation

There are some potential limitations of this study worth
mentioning. First, the diagnoses (including dementia, pneumo-
nia, and comorbidities) were obtained only from NHIRD and
were coded using the ICD-9 classification, Clinical Modification
system. The Bureau of National Health Insurance inspects all
diagnoses through a very strict peer-review process and refuses
inappropriate diagnoses. This process helps to ensure the
accuracy of the diagnoses but may cause under-estimating of
disease.”?2l This might be a possible explanation for the
pneumonia admission incidence being lower compared with
previous epidemiological studies.!*'! Another limitation is the fact
some potentially confounders, such as tobacco use, alcohol
intake, blood pressure, blood sugar level, body mass index, level
of education, and baseline cardiopulmonary function, were not
included in our database. In addition, the national insurance
system paid only Chinese medicine powder form, different herbal
products types including decoction, extract, pill, home remedies,
or herbal dietary supplements were not covered; therefore, we
might have underestimated the use of TCM use. Furthermore, we
could not exclude the influence of selection bias from the research
findings. The low frequency of admission treatment in TCM
group might be related to the patent’s or physician’s preference
but not relevant to the preventative effect of herbal medicine.
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Patients in the TCM group could have a tendency not to
participate early in the admission treatment for pneumonia which
resulted in the high proportion of intensive care unit treatment. In
the follow of the medical ethics in clinical practice, such selection
bias is based on the respect to patient’s autonomy. The NHI
system allowed all patients choice medical therapy freely, and the
selection bias is unavoidable in the NHIRD cohort study. We use
the matching method to reduce selection bias, and we found the
dose-dependent and time-dependent response of the decreasing
risk for pneumonia admission. Finally, the NHIRD includes only
the Taiwanese insurer, and the results of the presented study
might therefore not be applicable to populations in other
countries.

6. Conclusion

TCM may have a protective effect on pneumonia admission in
dementia patients. Longer exposure and a larger cumulative
dosage were associated with greater protective effects against
pneumonia. Ma-Xing-Gan-Shi-Tang (Ephedra, Apricot Kernel,
Licorice, and Gypsum Decoction), Yin-Qiao-San (Lonicera and
Forsythia Powder), and Xiao-Qing-Long-Tang (Minor Green-
Blue Dragon Decoction) showed the highest protective effects of
the TCM formulae. Further mechanistic research and clinical
trials are needed to evaluate the precise effects of Chinese
medicine formulae on the risk of pneumonia.
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