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Background: Existing evidence has shown that patients with trigeminal neuralgia (TN)
have a higher risk of developing depression than the normal population. Clinically, acupunc-
ture has been widely used to alleviate pain in TN. However, few studies have explored the
use of acupuncture to prevent depression in TN. Therefore, this study aimed to apply national
real-world data to investigate the long-term effect of acupuncture on the risk of depression in
patients with TN.

Methods: We recruited participants with newly diagnosed TN from the Taiwanese National
Health Insurance Research Database between January 1, 2000 and December 31, 2010, and
categorized them into either the acupuncture cohort or non-acupuncture cohort using the 1:1
propensity score-matched method. All patients in the two cohorts were followed up until the
end of 2013. Cox proportional hazards regression analysis was used to compare the incidence
of depression between the two cohorts.

Results: In total, 776 patients with newly diagnosed TN in each cohort with similar baseline
characteristics were enrolled in the study. The acupuncture cohort had a reduced risk of
depression compared to the non-acupuncture cohort (adjusted hazard ratio, 0.47; 95%
confidence interval, 0.31-0.70). Kaplan—Meier analysis also revealed that the cumulative
incidence of depression was significantly lower in the acupuncture cohort during the 13-year
follow-up period (Log rank test, p < 0.001). In particular, the beneficial effect of acupuncture
was a decrease in the risk of depression among TN patients aged 50—69 years who had also
used carbamazepine.

Conclusion: This study demonstrated that acupuncture is associated with a reduction in the
risk of depression during long-term follow-up in patients with TN. The results provide new
insights for clinical practitioners as well as for health resource allocation.

Keywords: trigeminal neuralgia, depression, real-world data, National Health Insurance
Research Database, acupuncture

Introduction

Trigeminal neuralgia (TN) is a painful neurological disease of the orofacial region.
According to the definition of the 3rd edition of the International Classification of
Headache Disorders, TN is characterized by recurrent episodes of unilateral, brief
electric shock-like pain triggered by innocuous stimuli. The intensity of the pain is
severe and is often described as excruciating, which is one of the main reasons
related to its burden. The attacks start and end abruptly, and the pain sensation is
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often limited only to the distribution of one or more divi-
sions of the trigeminal nerve.' Pain becomes more pro-
longed and severe as the TN progresses, and it usually
affects the patient’s daily activities and quality of life,
which may eventually lead to psychosocial distress.”
Depression is a common psychiatric disorder, with
increasing prevalence worldwide.> Depression usually
affects an individual’s work performance, causes disabil-
ity, and is associated with an increased risk of
mortality.* ® In particular, concomitant depression with
chronic pain due to relapse and TN progression would
affect the response and recovery rates of the disease.”®
Moreover, suicide risk may increase, which is a serious
life-threatening problem needing much attention.’'”
A nationwide retrospective cohort study revealed that
depressive disorders were 2.85-fold higher in TN

patients than in non-TN patients."'

A review study
reporting psychometric scores revealed that depression,
anxiety, and functional limitation of routine activities
could occur in TN patients; therefore, psychological
support or treatment is recommended and necessary for
TN patients.'? In addition, comorbidities with depression
in TN patients were associated with multiple invasive
surgical procedures; however, limited benefits and high
rates of surgical-induced complications were recorded.’

Acupuncture has been widely used to treat neuropsy-
chiatric diseases. It has been helpful as an effective treat-
ment for both symptoms of chronic physical pain and

thousands 13,14

depression  for of years, globally.
A previous case-control study revealed that acupuncture
delivers its analgesic effect by decreasing the pain inten-
sity, as evaluated by the Visual Analog Scale in patients
with idiopathic TN.'> A meta-analysis study revealed that
both manual acupuncture and electroacupuncture could
significantly improve response and recurrence rates com-
pared to carbamazepine in primary TN patients.'®
A clinical study involving 116 patients revealed that acu-
puncture can improve cognitive function and quality of life
in patients with idiopathic TN.'” Electroacupuncture and
pregabalin could alleviate chronic TN in rats induced by
cobra venom; moreover, electroacupuncture could also
inhibit the cognitive deficit induced by TN.'® However,
the effects of acupuncture are usually small, and the qual-
ity of the studies is low or very low, mainly due to the lack
of adequate controls.

To date, there is still a lack of real-world evidence from
a large-scale follow-up to confirm whether acupuncture
could reduce the risk of

subsequent depression

development in patients with TN. Therefore, we designed
a nationwide population-based retrospective cohort study
to investigate the association between acupuncture treat-
ment and depression development in patients with TN.

Materials and Methods

Data Source

The study was a nationwide, population-based, frequency-
matched cohort analysis using the Longitudinal Health
Insurance Database 2000 (LHID 2000). The dataset con-
tained all claims data from a random sample of one million
beneficiaries from the Taiwanese National Health
Insurance Research Database (NHIRD). Data in the
LHID 2000 include scrambled, anonymous identification
numbers with associated medical records, such as demo-
graphic characteristics, clinical visits, prescriptions, proce-
dures, and medical expenditures from 1996 to 2013. The
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) was used for the diag-
nosis codes. The Institutional Review Board of the China
Medical University in central Taiwan (CMUHI104-REC2
-115(CR-4)) approved this study.

Study Population

The study procedure is summarized in a flowchart shown
in Figure 1. We included all subjects newly diagnosed with
TN (ICD-9-CM: 350.1), with at least two ambulatory or
inpatient claims from January 1, 2000, to December 31,
2010, in the LHID 2000 (n = 2,303). We excluded subjects
aged <18 years (n = 35) and those with a history of
depression (ICD-9-CM: 296.2, 296.3, 300.4, 311) before
the date of TN diagnosis (n = 365). Finally, 1,903 patients
with TN were enrolled between 2000 and 2010 in the
LHID 2000. Patients who had received acupuncture treat-
ment after the new date of TN diagnosis were defined as
acupuncture users, while the rest were defined as non-
acupuncture users. The date of the first acupuncture after
the new diagnosis date of TN was defined as the index
date for the acupuncture cohort. Regarding the index date
for the non-acupuncture users, we randomly assigned
a month and day to the same index year of the matched
acupuncture cases. The 1:1 propensity score method by
sex, age, monthly income, urbanization level, occupation
category, baseline comorbidities, and conventional drug
use was used to match an equal number of patients in
both cohorts. The primary outcome of the study was the
incidence of depression, which was diagnosed by qualified
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3,270 trigeminal neuralgia (ICD-9-CM:
350.1) patients were diagnosed in
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1,041 non-
acupuncture users
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776 acupuncture
users

776 non-acupuncture
users

Figure | Flowchart summarizing the study subject enrolment procedure. LHID 2000: Longitudinal Health Insurance Database 2000.

psychiatrists based on medical specialty and ICD-9-CM
codes in the database. Therefore, we believe that these
data are reliable. The follow-up period started from the
index date until diagnosis with a depressive disorder (ICD-
9-CM: 296.2, 296.3, 300.4, and 311) by a psychiatrist,
death, withdrawal from the National Health Insurance
(NHI) program, or the end of 2013.

Covariate Assessment

Covariates considered in our study included sociodemo-
graphic factors, baseline comorbidities, and medications.
Sociodemographic factors included sex, age, monthly
income, urbanization level, and occupation categories.
Patients were divided into six subgroups: 18-29, 30-39,
4049, 50-59, 60-69, and >70 years. The amount of
monthly income was classified into three levels: <15,000,
15,000—19,999, and >20,000 NT$/month. Furthermore, we
divided the urbanization level of the townships in Taiwan by
the population density of the residential area into four levels,
with level 1 being the most urbanized and level 4 the least
urbanized. The occupation categories included office work-
ers, laborers, and others (including those who were primarily

retired, unemployed, and low-income populations). Baseline
comorbidities with at least two ambulatory or inpatient
claims were considered to exist, including diabetes mellitus
(ICD-9-CM  250), hypertension (ICD-9-CM 401-405),
hyperlipidemia (ICD-9-CM 272), stroke (ICD-9-CM
430-438), coronary artery disecase (ICD-9-CM codes
410-414), mental disorders (ICD-9-CM 290-319, excluding
ICD-9-CM: 296.2, 296.3, 300.4, 311), traumatic brain injury
(ICD-9-CM 310.2, 800-804, 850-854, 873.x, 910.x, 920.x,
959.1), Parkinson’s disease (ICD-9-CM 332), cirrhosis
(ICD-9-CM 571), chronic obstructive pulmonary disease
(COPD) (ICD-9-CM 491, 492, 496), and renal disease
(ICD-9-CM 585). Medications including conventional med-
icine (carbamazepine, acetaminophen, NSAIDs, morphine,
and tramadol) and Chinese herbal medicine (CHM) were
also considered in this study.

Statistical Analysis
Differences in baseline characteristics between both
groups were examined using the chi-square test for cate-
gorical variables and #-test for continuous variables. The

incidence rates of depression were calculated for both
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cohorts. Cox proportional hazards regression was per-
formed to evaluate the hazard ratios (HRs) with 95%
confidence intervals (Cls) after adjusting for each covari-
ate. Kaplan—Meier curves and Log rank tests were used to
estimate the differences in the cumulative incidence of
depression between the two cohorts. A p-value of less
than 0.05 indicated statistical significance. All statistical
analyses and figures were performed using SAS software,
version 9.4 (SAS Institute Inc., Cary, NC, U.S.A.).

Results

We identified 1,903 patients with newly diagnosed TN
who met the inclusion criteria between 2000 and 2010
using the LHID 2000. Among the included subjects, 862
patients (45.3%) received acupuncture treatment, while
1,041 patients (54.7%) did not receive acupuncture treat-
ment from the initial TN diagnosis date to December 31,
2010. To minimize the interference of confounding vari-
ables, we ultimately used a 1:1 propensity score matching
method to randomly select 776 patients in the acupuncture
and non-acupuncture cohorts. The flow chart is shown in
Figure 1. The cumulative dropout rate during 2000-2013
was 8.38% in the acupuncture cohort, which was slightly
lower than that in the non-acupuncture cohort (15.5%).
The possible reasons for the discontinuity of NHI include
death, withdrawal of insurance, immigration, prison sen-
tence, etc.

The baseline characteristics of both cohorts are pre-
sented in Table 1. After the frequency-matching procedure,
there were no significant differences in sex, age, income,
urbanization, occupation, baseline comorbidities, and con-
ventional medicine use between the two groups. The pro-
portion ratio of females to males was approximately 6:4.
The highest proportion of TN patients in both cohorts were
in the 40—49-year-old and 50-59-year-old age groups, and
the mean age was approximately 54 years. The most
common baseline comorbidity was hypertension (47%),
followed by hyperlipidemia (40%), and cirrhosis (36%)
in the two groups. All patients received acetaminophen
and NSAIDs, and more than 50% of patients had used
carbamazepine for the conventional treatment of TN. After
the frequency-matching procedure, we found that TN
patients who received acupuncture treatment were more
likely to have received concurrent CHM (97.4%) com-
pared to non-acupuncture users (58.4%) (p < 0.001). The
mean duration between the initial diagnosis of TN and the
first reception of acupuncture was approximately 941 days.
The mean follow-up periods for depression were 5.47 and

Table | Characteristics of Trigeminal Neuralgia Patients
According to the Reception of Acupuncture
Variable Received Acupuncture p value*
No Yes
(n=776) (n =776)
n % n %
Sex 0.72
Female 475 | 61.2 | 468 | 60.3
Male 301 | 388 | 308 | 39.7
Age group 0.17
18-29 51 6.57 | 52 | 6.70
30-39 104 | 134 | 90 1.6
4049 179 | 23.1 176 | 22.7
50-59 162 | 20.9 187 | 24.1
6069 132 | 17.0 153 | 19.7
270 148 | 19.1 118 | 15.2
Mean + SD (years) 54.0(15.9) 53.6(14.7) 0.69
Monthly income™ 0.83
< 15,000 NTD (<500 226 | 29.1 222 | 286
usD)
15,000—19,999 NTD 229 | 29.5 | 240 | 309
(500-666.6 USD)
= 20,000 NTD (= 321 | 414 | 314 | 405
666.66 USD)
Urbanization level & 0.96
I (highest) 255 | 329 | 255 | 329
2 216 | 278 | 208 | 26.8
3 112 | 144 118 | 15.2
4 (lowest) 193 | 249 195 | 25.1
Occupation category*
Office worker 381 | 49.1 408 | 52.6
Laborer 328 | 423 | 293 | 378
Other 67 | 863 |75 | 9.66
Baseline Comorbidity
Diabetes mellitus 86 (N 90 1.6 0.75
Hypertension 365 | 47.0 | 370 | 47.7 | 0.80
Hyperlipidemia 312 | 402 | 309 | 39.8 | 0.88
Stroke 46 | 593 |44 | 567 | 083
Coronary artery 215 | 277 217 | 28.0 091
disease
Mental disorders 117 | 15.1 118 | 152 0.94
Traumatic brain injury 141 | 182 137 | 17.7 0.79
Parkinson’s disease 14 1.80 14 1.80 0.99
Cirrhosis 283 | 365 | 277 | 357 | 0.75
COPD 176 | 22.7 180 | 232 | 0.8l
Renal disease 39 5.03 37 | 477 | 08I
Conventional
medicine
Carbamazepine 415 | 535 448 | 57.7 0.09
(Continued)
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Table | (Continued).

Table 2 Hazard Ratios of Depression with Covariates Among

Patients with Trigeminal Neuralgia in Multivariable Cox
Variable Received Acupuncture p value* Proportional Hazards Regression
No Yes Variable Depression
(n=776) (n =776) Crude HR' Adjusted HR *
n | % n | % (95% CI) (95% CI)
Acetaminophen 776 | 100.0 | 776 | 100.0 | — Received acupuncture 0.48(0.35, 0.66) 0.47(0.31, 0.70)***
NSAIDs 776 | 100.0 | 776 | 100.0 | — Sex(Male vs Female) 0.75(0.54, 1.03) 0.82(0.56, 1.20)
Morphine 138 | 17.8 110 | 142 | 0.05
Age, years
Tramadol 223 | 287 242 | 31.2 0.29 18-29 1,00 1,00
Chinese herbal 453 | 584 | 756 | 97.4 | <0.00l 30-39 1.45(0.67, 3.12) 0.68(0.29, 1.58)
medicine 4049 1.12(0.54, 2.33) 0.86(0.38, 1.94)
50-59 1.16(0.56, 2.41) 0.79(0.34, 1.86)
The date of 001 60-69 137066, 287) | 0.86(0.35, 2.12)
trigeminal neuralgia 270 1.79(0.86,3.70) | 0.84(0.35, 2.01)
diagnosis (year) -
2000 89 | 115 |84 | 108 Monthly income™
2001 70 9.02 90 1.6 < 15,000 NTD (<500 1.00 1.00
2002 70 | 902 |65 |838 UsD)
2003 66 85| 58 7.47 15,000-19,999 NTD 1.00(0.68, 1.45) 2.12(1.22, 3.68)**
2004 57 | 735 |68 |876 (500-666.6 USD)
2005 49 631 82 10.6 2 20,000 NTD (= 666.66 | 0.85(0.59, 1.21) 1.74(1.02, 2.97)*
2006 67 | 863 |78 | 101 UsD)
2007 70915 |74 | 954 Urbanization level
2008 78 | 101 |64 | 825 I (highest) 1.00 1.00
2009 70 1 9.02 |57 | 735 2 0.80(0.55, 1.17) 0.70(0.46, 1.07)
2010 8 | Il5 |5 |722 3 0.71(0.44, 1.14) 0.69(0.41, 1.18)
Duration between (1211, 944) | (941, 617) 4 (lowest) 082(0.55, 1.21) 080(031, 1.23)
trigeminal neuralgia Occupation category*
date and index, days Office worker 1.00 1.00
(mean, median) Laborer 1.45(1.05, 2.02) 0.75(0.50, 1.13)
Other 2.61(1.69, 401y | 2.37(1.30, 4.32)%
Total hospital visits (30.3, 24) (37.4, 30.4)
(mean, median) Baseline comorbidities
(yes vs no)
Acupuncture visits (121, 4) Diabetes mellitus 1.62(1.08, 243y | 1.32(0.80, 2.18)
(mean, median) Hypertension 122(0.91, 1.64) 0.75(0.47, 1.18)
Notes: The mean (median) of the follow-up period for depression was 5.47 (3.52) Hyperlipidemia 1.18(0.88, 1.60) 0.92(0.63, 1.34)
and 3.59 (3.00) )"ears for the acupuncture cohort ar.'nd non-acupuncture f:ohort, Stroke .42(0.79, 2.55) 0.89(0.45, 1.76)
respectively; *Chi-square test; Tt-test; “NTD, New Taiwan Dollar; | NTD is equal
to 0.03 USD; & The urbanization level was divided by the population density of the Coronary artery disease | 1.44(1.05, 1.96)* | 0.89(0.60, 1.32)
residential area into four levels; level | was the most urbanized and level 4 was the Mental disorders 40.7(27.0, 61.5)*** 57.9(37.1, 90.5)***
least urbanized; ¥Other occupation categories included those who were primarily Traumatic brain injury 1.03(0.70, 1.53) 0.90(0.57, 1.40)
retired, unemployed, and low-income populations. X .
Parkinson’s disease 1.50(0.56, 4.04) 0.71(0.24, 2.16)
Cirrhosis 1.22(0.90, 1.66) 1.09(0.77, 1.57)
3.50 years for the acupuncture and non-acupuncture COPD 1.24(0.88, 1.74) 0.78(0.52, 1.18)
cohorts, respectively. The mean number of acupuncture Renal disease 1.14(058, 2.23) 1.11(053, 2.36)
visits was 12.1. Conventional medicine
Table 2 shows the crude and adjusted HRs (aHR) of Carbamazepine 1.62(1.18, 222y | 0.85(0.59, 1.21)
depression with covariates among patients with TN using Acetaminophen
Cox proportional hazards regression. TN patients receiv- ::i::;:e 089(0.58, 1.39) 1.05(0.65, 1.70)
ing acupuncture treatment were less likely to develop Tramadol 0.49(033, 072 | 0.35(0.23, 0.55)%*

depression than those not receiving acupuncture treatment
(aHR, 0.47; 95% CI, 0.31-0.70) after adjusting for sex,

(Continued)
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Table 2 (Continued).

Variable Depression
Crude HRT Adjusted HR *
(95% CI) (95% CI)

Chinese herbal

medicine

0.37(0.27, 0.50)%* | 0.59(0.39, 0.90)*

Notes: 'Crude HR, relative hazard ratio; i[Adjusted HR, adjusted for receiving
acupuncture, sex, age, monthly income, urbanization level, occupation category,
diabetes mellitus, hypertension, hyperlipidemia, stroke, coronary artery disease,
mental disorders, traumatic brain injury, Parkinson’s disease, cirrhosis, COPD,
renal disease, conventional medicine of carbamazepine, morphine, and tramadol,
and Chinese herbal medicine in Cox proportional hazards regression; ’*'NTD, New
Taiwan Dollar; | NTD is equal to 0.03 USD; *p < 0.05, **p < 0.01; **p < 0.001.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

age, monthly income, urbanization level, occupation cate-
gory, baseline comorbidities, and medications used. There
was no difference in the risk of depression incidence
between males and females (males vs females: aHR,
0.82; 95% CI, 0.56—1.20). There was also no difference
in the risk of depression incidence between any age
groups. Among the baseline comorbidities listed, only
mental disorders increased the risk of depression (aHR,
57.9; 95% CI, 37.1-90.5). In addition, participants who
took tramadol and CHM had a lower risk of depression
(aHR, 0.35; 95% CI, 0.23.0.55 for tramadol; aHR, 0.59;
95% CI, 0.39-0.90 for CHM).

Table 3 displays the incidence rates and HRs of depres-
sion in acupuncture users compared to non-acupuncture
users stratified by sex, age, monthly income, urbanization,
occupation categories, comorbidity, and medication use.
Among the patients with TN, 69 patients in the acupunc-
ture cohort (16.3 per 1000 person-years) and 104 patients
in the non-acupuncture cohort (38.3 per 1000 person-
years) developed depression during the follow-up period.
In the Cox proportional hazards analysis, the adjusted
model showed a significant overall benefit for acupuncture
users compared to non-acupuncture users (aHR, 0.47; 95%
CI, 0.31-0.70).

The beneficial effect of acupuncture on the incidence
of depression was observed in both female and male
patients (aHR, 0.54; 95% CI, 0.32-0.92 for females;
aHR, 0.43; 95% CI, 0.19-0.98 for males). The benefit of
using acupuncture was apparent in patients aged 50-59
years and 60—-69 years were less likely to develop depres-
sion (aHR, 0.21; 95% CI, 0.07-0.60; aHR, 0.19; 95% CI,
0.06-0.64, respectively). Acupuncture decreased the risk
of depression in patients with TN who did not have

baseline comorbidities, such as diabetes mellitus, hyper-
tension, hyperlipidemia, stroke, coronary artery disease,
traumatic brain injury, Parkinson’s disease, and renal dis-
ease. Acupuncture use was associated with a significantly
lower likelihood of depression, independent of the pre-
sence of comorbidities such as mental disorders, cirrhosis,
and COPD. Patients who used carbamazepine and CHM
had a lower likelihood of developing depression in the
acupuncture cohort compared to the non-acupuncture
cohort (aHR, 0.47; 95% CI, 0.30-0.75 for carbamazepine;
aHR, 0.52; 95% CI, 0.34-0.78 for CHM).

We further explored the joint therapeutic effects of acu-
puncture and carbamazepine on the risk of depression in
patients with TN, as shown in Table 4. The patients who
used only carbamazepine did not have a lower risk of depres-
sion than those who used neither acupuncture nor carbama-
zepine (aHR, 0.93; 95% CI, 0.59-1.48; p > 0.05). Patients
who used only acupuncture did not also have a lower risk of
depression than those who used neither acupuncture nor
carbamazepine (aHR, 0.55; 95% CI, 0.30-1.00; p > 0.05),
but the protective effect of acupuncture in reducing depres-
sion incidence seems to be better than that of carbamazepine.
Moreover, patients who used both acupuncture and carbama-
zepine had a significantly lower risk of depression than those
who did not use acupuncture or carbamazepine (aHR, 0.40;
95% CI, 0.23-0.71; p < 0.01).

Figure 2 shows that the cumulative incidence of depression
was significantly lower in the acupuncture cohort than in the
non-acupuncture cohort during the 13-year follow-up period
using the Kaplan—Meier analysis (Log rank test, p < 0.001).

Discussion

To the best of our knowledge, this is the first study to use
nationwide, large-scale real-world data for long-term fol-
low-up to determine whether acupuncture treatment for
TN patients could significantly reduce the risk of
depression.

The Taiwanese government established the NHI pro-
gram in 1995, which covered all public insurance systems
and more than 99% of the 23 million residents now.'**° The
NHI program offers health services, including conventional
Western medicine and traditional Chinese medicine (TCM).
The original claim data of acupuncture and conventional
Western medicine utilization were collected from the
Taiwanese NHIRD. The NHIRD offered a large population
sample to eliminate the bias associated with a limited sam-
ple size. In addition, the database provides a time window of
over 10 years in terms of the long-term follow-up of
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Table 3 Incidence Rates and Hazard Ratio of Depression for Trigeminal Neuralgia Patients Who Did and Did Not Receive

Acupuncture Treatment

Variables Received Acupuncture Compared with Non-Acupuncture
Users
No Yes Crude HR Adjusted HRT
(n=776) (n=776)
Event | Person IR Event | Person IR (95% CI) (95% CI)
Years Years
Received acupuncture 104 2716 383 69 4245 16.3 0.48(0.35, 0.66)*** 0.47(0.31, 0.70)***
Sex
Female 67 1706 393 51 2620 19.5 0.57(0.39, 0.82)** 0.54(0.32, 0.92)*
Male 37 1010 36.6 18 1625 1.1 0.34(0.19, 0.60)*** 0.43(0.19, 0.98)*
Age group
18-29 9 173 52.1 0 320 0.00
30-39 18 391 46.0 6 482 12.5 0.30(0.12, 0.77)* 0.80(0.20, 3.28)
4049 20 682 29.3 15 970 15.5 0.59(0.30, 1.17) 0.80(0.22, 2.90)
50-59 19 583 326 16 1039 154 | 0.54(0.28, 1.06) 0.21(0.07, 0.60)**
60-69 20 423 472 13 849 15.3 0.36(0.18, 0.74)** 0.19(0.06, 0.64)**
270 18 463 389 19 585 325 0.88(0.46, 1.71) 0.38(0.13, 1.10)
Monthly income™
< 15,000 NTD (<500 USD) 26 849 30.6 28 1205 232 | 0.81(0.47, 1.40) 0.28(0.13, 0.63)**
15,000-19,999 NTD (500-666.6 | 33 763 43.2 22 1304 16.9 | 0.46(0.26, 0.79)** 0.56(0.27, 1.17)
usD)
= 20,000 NTD (= 666.66 USD) | 45 1104 40.8 19 1736 10.9 | 0.31(0.18, 0.53)*** 0.51(0.24, 1.09)
Urbanization level
I (highest) 35 863 40.6 30 1332 225 0.65(0.40, 1.06) 0.69(0.34, 1.39)
2 29 748 3838 15 1140 132 | 0.39(0.21, 0.74) 0.46(0.19, 1.11)
3 14 433 323 9 727 124 | 0.43(0.19, 1.01) 0.21(0.05, 0.85)*
4 (lowest) 26 673 387 15 1046 14.3 0.41(0.21, 0.77)** 0.30(0.11, 0.78)*
Occupation category*
Office worker 38 1383 27.5 30 2242 134 | 0.56(0.34, 0.90)* 0.53(0.28, 1.01)
Laborer 51 1137 448 24 1585 15.1 0.39(0.24, 0.63)*** 0.56(0.29, 1.08)
Other 15 195 76.8 15 418 359 | 0.54(0.26, 1.12) 0.06(0.01, 0.29)***
Baseline Comorbidity
Diabetes mellitus
No 91 2465 369 54 3785 14.3 0.44(0.31, 0.61)*** 0.48(0.31, 0.73)***
Yes 13 251 51.8 15 460 32.6 | 0.72(0.34, 1.56) 0.61(0.14, 2.69)
Hypertension
No 55 1529 36.0 30 2310 13.0 | 0.40(0.26, 0.63)*** 0.42(0.24, 0.75)**
Yes 49 1187 413 39 1935 20.2 | 0.56(0.37, 0.86)** 0.63(0.35, 1.13)
Hyperlipidemia
No 64 1723 372 36 2651 13.6 | 0.42(0.28, 0.63)*** 0.46(0.27, 0.76)**
Yes 40 993 40.3 33 1594 20.7 | 0.58(0.36, 0.93)* 0.74(0.37, 1.47)
Stroke
No 99 2590 382 62 4049 15.3 0.46(0.33, 0.63)*** 0.56(0.37, 0.83)**
Yes 5 126 39.7 7 196 35.7 | 0.86(0.25, 2.92) 0.49(0.00, 78.5)
Coronary artery disease
No 74 1976 374 38 3106 122 | 0.37(0.25, 0.55)*** 0.44(0.27, 0.72)**
Yes 30 740 40.6 31 1139 27.2 | 0.74(0.45, 1.23) 0.88(0.42, 1.84)
(Continued)
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Table 3 (Continued).

Variables Received Acupuncture Compared with Non-Acupuncture
Users
No Yes Crude HR Adjusted HRT
(n=776) (n=776)
Event | Person IR Event | Person IR (95% CI) (95% CI)
Years Years
Mental disorders
No 20 2466 8.11 7 3743 1.87 0.23(0.10, 0.56)** 0.28(0.10, 0.74)*
Yes 84 250 3358 | 62 502 123.4 | 0.42(0.30, 0.58)*** 0.62(0.40, 0.95)*
Traumatic brain injury
No 87 2251 38.6 56 3581 15.6 0.47(0.33, 0.66)*** 0.56(0.36, 0.87)**
Yes 17 465 36.6 13 664 19.6 0.53(0.25, 1.11) 0.72(0.24, 2.19)
Parkinson’s disease
No 101 2683 377 68 4175 16.3 0.49(0.36, 0.67)*** 0.53(0.36, 0.79)**
Yes 3 33 89.6 | 70 14.3 0.21(0.02, 2.11) -
Cirrhosis
No 65 1785 36.4 39 2754 142 0.44(0.30, 0.66)*** 0.48(0.28, 0.83)**
Yes 39 931 41.9 30 1491 20.1 0.54(0.33, 0.87)* 0.54(0.29, 0.99)*
COPD
No 79 2154 36.7 49 3286 14.9 0.47(0.33,0 0.67)*** 0.55(0.35, 0.87)*
Yes 25 562 44.5 20 959 20.9 0.50(0.27, 0.91)* 0.38(0.17, 0.84)*
Renal disease
No 101 2601 38.8 63 4061 15.5 0.46(0.33, 0.63)*** 0.53(0.36, 0.79)**
Yes 3 115 26.1 6 184 327 0.98(0.22, 4.34) -
Conventional medicine
Carbamazepine
No 33 1242 26.6 23 1773 13.0 0.59(0.34, 1.01) 0.74(0.34,1 0.61)
Yes 71 1474 48.2 46 2472 18.6 0.42(0.29,0 0.61)*** 0.47(0.30,0 0.75)**
Morphine
No 93 2288 40.6 57 3702 15.4 0.43(0.31,0 0.61)**+* 0.49(0.32, 0.75)***
Yes I 428 25.7 12 543 22.1 0.91(0.40, 2.08) 3.32(0.49, 22.5)
Tramadol
No 90 1961 45.9 53 2930 18.1 0.47(0.33, 0.66)*** 0.56(0.36, 0.85)**
Yes 14 755 18.5 16 1315 12.2 0.57(0.27, 1.21) 0.48(0.16, 1.39)
Chinese herbal medicine
No 60 969 61.9 2 100 19.9 0.43(0.10, 1.76) 0.28(0.05, 1.69)
Yes 44 1747 252 67 4145 16.2 0.68(0.46, 1.00) 0.52(0.34, 0.78)**

Notes: 'Adjusted HR, adjusted for receiving acupuncture, sex, age, monthly income, urbanization level, occupation category, diabetes mellitus, hypertension, hyperlipidemia,
stroke, coronary artery disease, mental disorders, traumatic brain injury, Parkinson’s disease, cirrhosis, COPD, renal disease, conventional medicine of carbamazepine,
morphine, and tramadol, and Chinese herbal medicine in Cox proportional hazards regression; “*NTD, New Taiwan Dollar; | NTD is equal to 0.03 USD; % The urbanization
level was divided by the population density of the residential area into four levels; level | was the most urbanized and level 4 was the least urbanized; *Other occupation
categories included those who were primarily retired, unemployed, and low-income populations; *p < 0.05; **p < 0.01; **p < 0.001.

Abbreviations: IR, incidence rates, per 1,000 person-years; HR, hazard ratio; Cl, confidence interval.

a cohort, which is convenient, saves time and work effort,
and is a tool for observing some chronic disorders like
depression in our study, compared to clinical trials. Hence,
we considered the database an excellent tool to supply real-
world evidence regarding the beneficial effect of applying

integrative therapies of acupuncture and conventional

Western medicine on depression development in patients
with TN.

The incidence rate of TN was approximately 12 in
100,000 persons per year, occurring predominantly in the
37-67 years age group, and the proportion of females to

21,22
1,

males was 3: which was similar to the sex and age
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Table 4 Joint Effects of Carbamazepine and Acupuncture on the Risk of Depression in Patients with Trigeminal Neuralgia

Variables N Event Crude HR Adjusted HR p-value#

(95% CI) (95% CI)

Received acupuncture Carbamazepine 0.43

No No 361 33 1.00 1.00

No Yes 415 71 1.85(1.23, 2.80)** 0.93(0.59, 1.48)

Yes No 328 23 0.56(0.33, 0.96)* 0.55(0.30, 1.00)

Yes Yes 448 46 0.80(0.51, 1.26) 0.40(0.23, 0.71y**

Notes: Adjusted HR, adjusted for age, sex, monthly income, urbanization level, occupation category, baseline comorbidities, conventional medicine of carbamazepine,

morphine, tramadol, and Chinese herbal medicine; ** p-value for interaction; *p < 0.05; *p < 0.01.

Abbreviations: HR, hazard ratio; Cl, confidence interval.

distribution of TN patients reported in our present study
that was retrieved from the NHIRD. Chronic pain affects
not only physical health but is also associated with psy-
chiatric disorders.*** Our study found that the beneficial
effect of acupuncture in reducing new-onset depression is
significant in patients with TN aged between and 50-59
years and 60-69 years. It is well-known that complex

mental-physical comorbidities are puzzling problems in
middle-aged and older adults than in young adults. This
finding suggests that the middle-to-older-aged population
has a higher TN susceptibility population and might have
a more vigorous attitude than the young regarding receiv-
ing combined acupuncture and conventional Western med-

icine therapy that could substantially reduce depression.

0.30
|

015 0.20 0.25
| | |

Cumulative incidence of depression

0.05
|

0.00
l

Non-acupuncture cohort
Acupuncture cohort

Log-rank Test: P-value<0.001
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Figure 2 Cumulative incidence of depression between the acupuncture cohort and the non-acupuncture cohort.
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These may have great advantages not only in terms of self-
well-being but also on the family burden and social
behavior.

TN treatment includes pharmacotherapy and surgical
intervention. Carbamazepine is a widely accepted first-line
pharmacological therapy (200-1200 mg/day), and it is
effective (level A) to treat TN.>> Some reports also indi-
cated that carbamazepine might be considered as an alter-

26-28

native medication for depressive  disorders.

Acupuncture is also known to have benefits in depression
other than the well-known pain-relief efficacy.>*
A systematic review and meta-analysis also concluded
that the therapeutic efficacy of acupuncture combined with
antidepressant medication is superior to that of only anti-
depressant therapy in the short-term period.*' Therefore, we
are curious to know if carbamazepine or acupuncture use in
patients with TN would reduce depression attacks.
However, in the present study, we noticed that the risk of
depression in patients with TN receiving carbamazepine
alone was not lower than that of patients who received
neither carbamazepine nor acupuncture. Acupuncture
alone treatment was observed to reduce depression attacks
compared to no carbamazepine/acupuncture treatment
before adjusting for covariates (crude HR, 0.56; 95% CI,
0.33-0.96; p < 0.05). However, integrative therapy with
acupuncture and carbamazepine could substantially reduce
the risk of depression in TN patients (aHR, 0.40; 95% CI,
0.23-0.71; p < 0.01) compared to neither carbamazepine
nor acupuncture. The results suggest that integrative ther-
apy with carbamazepine and acupuncture might be a better
option for treating TN in routine clinical practice and pro-
phylaxis to prevent depression development. In addition,
although most patients with TN could get pain relief under
conventional medicine use, surgical intervention would be
considered for patients who are refractory to conventional
pharmacotherapy or have intolerable adverse effects.®?
Currently, surgical interventions, including microvascular
decompression (MVD), stereotactic radiosurgery, and
radiofrequency coagulation, have been reported to be effec-
tive in treating drug-resistant TN.**** A report showed that
MVD not only increased the rate of pain relief but also
substantially improved depression symptoms at the
6-month follow-up.*> However, postoperative complica-
tions of MVD, such as cerebrospinal fluid leak, wound
infection, and hearing loss, are still concerns.*
Acupuncture is a minimally invasive procedure with little
adverse effects or reported complications compared to cur-
rent neurosurgery that provides rapid, convenient, and safe

pain-relieving effects, independent of age, sex, health sta-
tus, or race.”’*® Our results also proved its long-term ben-
eficial effect on the risk of depression in TN, suggesting that
acupuncture should be considered as a complementary and
alternative therapy for treating TN and that patients might
consider acupuncture therapy before deciding to receive
surgical intervention. Besides, both acupuncture and CHM
are key components of TCM in clinical practice in
Taiwan.*” Our study found that TN patients who received
acupuncture treatment simultaneously had very high pro-
portions who also received CHM treatment (97.4%); CHM
also obviously lowered the risk of depression (aHR, 0.59;
95% CI, 0.39-0.90). However, the role of CHM in treating
TN needs to be explored further, especially the prescription
patterns of formula and single herb, active ingredients, and
how it works.

Newer insights into neural mechanisms in the brain
have been rapidly developed to understand the association
between chronic pain and depression in recent years.*’
Acupuncture therapy has also proven beneficial in provid-
ing relief to depression associated with chronic pain or
distress in experimental research. For example, our earlier
study suggested that auricular electroacupuncture could
alleviate depression behavior in a nitroglycerin-induced
migraine rat model, possibly related to the CGRP/COX-
2/TRPV1/TRPA1 signaling pathway.*' In addition, acu-
puncture could relieve depression-like behavior in the
chronic restraint stress mice model by modulating the
central brain neural activity and serotonin receptor.*’
Acupuncture relief for depressive disorders was proven
by regulating the mTOR signal, neuropeptide Y, ERK-
CREB pathway, glial glutamate transporter, and brain-
derived neurotrophic factor.** Decreased serotonin and
norepinephrine levels in the central nervous system,
chronic inflammation, and increase of glutamate are
related to the increased risk of developing depression in
TN."" The mechanism should be disclosed through experi-
ments in the future to support our clinical data, which
showed that acupuncture is beneficial for decreasing the
risk of depression in patients with TN.

Our study had some limitations. First, the dataset used in
the study could not provide a quantitative approach, such as
scale assessment or behavioral parameters, on how acupunc-
ture treatment could alleviate depression in patients with
TN. Moreover, it is relatively possible that patients with
more uncontrolled TN or patients with more pain have
more psychological suffering than those with lower levels
of pain. Therefore, the differences at baseline in this
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outcome could have potentially influenced the reported
results. However, information on pain intensity or TN
“severity” could not be obtained from the dataset used in
the study. Second, the information related to actual acupunc-
ture points in clinical practice that is effective in reducing
depression development could not be acquired from the
database. Where acupuncture was performed and how
many sessions were conducted individually are related to
the effects of acupuncture; however, further analysis of the
differences was not mentioned and explored in the present
study. In addition, due to the nature of the study and its
design, the lack of sham control should be acknowledged in
the limitations given that acupuncture has been widely asso-
ciated with non-specific effects, including placebo. Third,
although we included several clinical conditions as covari-
ates, some important diseases, such as sleep disorders or
other chronic pain conditions, that are potentially closely
associated with depression were not included in the study.
Other surgical intervention treatments besides medications,
such as MVD or rhizotomy, were also not considered in the
present study. These are worthy of further research in the
future. Finally, the current study was retrospective in nature.
Further prospective clinical trials or animal experiments are
needed to further explore the regulatory effects and mechan-
isms of acupuncture on depression in TN.

Conclusion

In conclusion, the present study demonstrated that patients
with TN receiving acupuncture treatment could have
a reduced risk of subsequent depression development com-
pared to those who did not receive acupuncture treatment.
These findings support the use of acupuncture as
a complementary therapy for TN, which is worthy of use

in clinical practice worldwide.
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