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Background: Multiple sclerosis (MS) is a demyelinating disease that can damage neurons 
in the brain and spinal cord and is associated with several psychiatric disorders. However, 
few studies have evaluated the risk of psychiatric disorders in patients with MS by using a 
nationwide database. This study investigated the association between MS and the risk of 
psychiatric disorders.
Methods: Using data from the Taiwan National Health Insurance Research Database from 
2000 to 2015, we identified 1066 patients with MS. After adjustment for confounding 
factors, Fine and Gray’s competing risk model was used to compare the risk of psychiatric 
disorders during 15 years of follow-up.
Results: Of the patients with MS, 531 (4622.86 per 105 person years) developed psychiatric 
disorders; by contrast, 891 of the 3198 controls (2485.31 per 105 person years) developed 
psychiatric disorders. Fine and Gray’s competing risk model revealed an adjusted hazard 
ratio (HR) of 5.044 (95% confidence interval = 4.448–5.870, p < 0.001) after adjustment for 
all the covariates. MS was associated with depression, anxiety, bipolar disorder, sleep 
disorders, schizophrenia, schizophreniform disorder, and other psychotic disorders (adjusted 
HR: 12.464, 4.650, 6.987, 9.103, 2.552, 2.600, 2.441, and 2.574, respectively; all p < 0.001). 
Some disease-modifying drugs were associated with a lower risk of anxiety or depression.
Conclusion: Patients with MS were determined to have a higher risk of developing a wide 
range of psychiatric disorders.
Keywords: multiple sclerosis, psychiatric disorders, depression, anxiety

Introduction
Although patients with multiple sclerosis (MS) experience considerable challenges 
and even disability, comprehension of the underlying factors of this disease, 
including genetics and environmental conditions, has improved.1 MS often has 
negative effects on the patients’ quality of life as well as their interpersonal 
relationships, employment, and social life.2 Neuroimaging research have revealed 
that symptoms can originate from different brain networks, regardless of the 
pathological substrate, and from disconnections caused by damage to the strategic 
white matter tracts.3

Previous studies have found that some neuropsychiatric disorders are associated 
with several immune-mediated inflammatory diseases,4 such as Guillain-Barre 
syndrome,5 fibromyalgia,6 allergic diseases,7 and periodontal inflammatory 
diseases.8–11 Psychological stressors related to the inflammatory diseases might 
also contribute to both psychiatric and physical morbidity,12 and several studies 
have found that MS is associated with depression, anxiety, bipolar disorder, sleep 
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disorders, alcohol abuse, substance abuse, and psychosis.-
13,14 However, in Taiwan, the prevalence of MS is approxi-
mately 2–5 per 100,000,15–17 which is much lower than the 
10-year prevalence of MS in the United States (149.2– 
309.2 per 100,000).18,19 Most of the studies about the 
association between multiple sclerosis and psychiatric dis-
orders are from Western countries, with higher MS pre-
valence, including anxiety, depression, bipolar disorder, 
sleep disorder, alcohol abuse, drug abuse, and psychotic 
disorder, such as schizophrenia.4,13,14,20–23 Other studies 
have reported that patients with MS to be at risk for some 
psychiatric disorders including depression24 and erectile 
dysfunction,25 but no nationwide population-based study 
has yet been conducted on the correlations of MS with 
most of the other aforementioned psychiatric disorders. 
Therefore, a nationwide cohort study must be executed to 
determine the association of MS with psychiatric disorders 
in Taiwan. This explored this topic by applying National 
Health Insurance Research Database (NHIRD)-derived 
data in order to determine the psychiatric morbidity of 
patients with MS in Taiwan.

Methods
Data Sources
The National Health Insurance (NHI) program, which is 
Taiwan’s single-payer insurance system, was launched in 
1995. As of June 2018, it provided medical coverage for 
an estimated 23 million individuals (>99% of the popula-
tion in Taiwan), in collaboration with 97% of medical 
providers.26,27 Previously executed research has documen-
ted the program’s details.28–40

The NHIRD comprises comprehensive data on 
patients’ sex and their date of birth as well as the prescrip-
tions, dental care, outpatient care, and inpatient care that 
they have received. In accordance with the Personal 
Information Protection Act, patient identifiers undergo 
encryption prior to the release of data for use in research. 
NHIRD-recorded diagnoses are coded in accordance with 
the International Classification of Diseases, 9th Revision, 
Clinical Modification (ICD-9-CM). Board-certified neurol-
ogists and board-certified psychiatrists gave all MS diag-
noses and all psychiatric disorder diagnoses, respectively. 
In Taiwan, the diagnosis of MS was according to the 
McDonald criteria and serial of the revised versions.41–43

In the present study, inpatients determined to have 
received an MS diagnosis (ICD-9-CM code: 340) at dis-
charge during 2000–2015 were identified from the 2- 

million Longitudinal Health Insurance Database, a subset 
of the NHIRD. Clinic and hospital reimbursement claims 
were reviewed by licensed medical record technicians for 
coding verification.27 Senior external specialists in psy-
chiatry and neurology are selected by the National 
Health Insurance Administration (NHIA) to periodically 
conduct random reviews of records pertaining to outpati-
ent care visits as well as inpatient claims in order to 
confirm accurate diagnoses.44

Study Design and Sampling
In our executed population-based, matched-cohort study, 
we identified from the inpatient data set adults who had 
recently received an MS diagnosis during the period from 
January 1, 2000, to December 31, 2015. To restrict our 
sample to only patients with newly registered MS, we 
excluded patients who had received an MS diagnosis 
prior to 2000. Additionally, patients who had received a 
diagnosis of depressive, bipolar, anxiety, sleep, schizo-
phrenia, schizophreniform disorder, other psychotic disor-
der, or substance-related disorders (disorders pertaining to 
alcohol use or illicit drug use) before 2000 were excluded. 
All patients under the age of 20 years were also excluded 
so that that only adult patients were included. The patients’ 
catastrophic illness certificates (CICs) were used to ensure 
the accuracy of the MS diagnosis because in accordance 
with NHI regulations, patients with a CIC are exempted 
from copayment for MS-related medical care after their 
medical records and imaging and laboratory results have 
been rigorously reviewed. With reference to other research 
involving the use of the NHIRD to study MS, we esti-
mated patients’ follow-up durations by using CIC registra-
tion dates as the index dates.45 The NHIA review 
committee assesses applications according to both the 
Posner criteria and McDonald criteria.46 Among the 
patients included in this study, the average time from the 
first inpatient diagnosis to the CIC registration date was 
14.06 (standard deviation [SD] = 18.25) days. We 
excluded patients who had other neurological disorders 
and were admitted due to conditions that were comparable 
to MS, including critical illness polyneuropathy, chronic 
inflammatory demyelinating polyneuropathy, polyneuropa-
thy caused by other diseases (eg, diphtheria or porphyria), 
critical illness myopathy, acute poliomyelitis, myasthenic 
syndromes, myasthenia gravis, acute transverse myelitis, 
or poisoning from drugs or biological substances 
(Figure 1).
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Ethics
The tenets of the Declaration of Helsinki were adhered to, 
following the Code of Ethics of the World Medical 
Association. Since the identifiable database of individuals 
included in the NHIRD were all encrypted in order to 
protect individual privacy,27,47,48 the NHI Administration 
has given general approval for their data to be used in this 
research.48 Because the NHIRD has the advantage of 
providing a large-scale, longitudinal, reliable dataset, lead-
ing to extensive usage for population-based researches in 
Taiwan.48–51 Therefore, the Tri-Service General Hospital’s 
Institutional Review Board ratified our executed study 
(IRB No. 2-107-05-026); in addition, the necessity of 
written informed consent from individuals was waived.

Covariates
The covariates in this study consisted of sex, age group 
(20–49, 50–64, or ≥65 years), marital status, education 
(<12 years or ≥12 years), monthly income (<NT$18,000, 

NT$18,000–34,999, ≥NT$35,000), urbanization level 
(levels 1–4), and region of residence (central, northern, 
eastern, or southern Taiwan). Population as well as several 
indicators of development level constituted the basis for 
the definition of urbanization level; the definition is 
detailed as follows. Level 1: population of >1,250,000 
with designated economic, political, metropolitan, and 
cultural development. Level 2: population of 500,000– 
1,249,999 with prominent political, cultural, and economic 
influence. Level 3: population of 149,999–499,999. Level 
4: population of <149,999. Usage of the NHI-reimbursed 
disease-modifying drugs (DMDs) that include, natalizu-
mab, interferon β-1a, interferon β-1b, and teriflunomide 
were also recorded.

Comorbidity
Comorbidities in this study included the following: coron-
ary artery, peripheral vascular, chronic pulmonary, cere-
brovascular, peptic ulcer, rheumatologic, liver, and renal 

Outpatient and inpatient of Longitudinal Health Insurance Database in 2000-2015 in Taiwan

36,464,228 events; 1,936,512 individuals

Inclusion criteria
MS with catastrophic illness

1,107 individuals

Exclusion criteria
1. MS before index date
2. Psychiatric disorders before tracking
3. Chronic inflammatory demyelinating 

polyneuropathy / Critical illness polyneuropathy / 
Critical illness myopathy / Porphyria and diphtheria
/ Acute poliomyelitis / Myasthenia gravis, other 
myasthenic syndrome / Acute transverse myelitis / 
Poisoning by drug and biologic substances

4. Age <20 years
5. Gender unknown

131 individuals

1. Without MS in study period
2. The same exclusion criteria of study cohort
3. 3-fold propensity score matching by gender, age,

index year, and annual medical visits

With MS (Study cohort)

1,066 individuals

Without MS (Comparison cohort)

3,198 individuals

Tracking endpoint (2015.12.31)

533 individuals with psychiatric disorders
with outpatient 3 visits or psychiatric inpatient

897 individuals with psychiatric disorders
with outpatient 3 visits or psychiatric inpatient

Figure 1 The flowchart of study of multiple sclerosis (MS) sample selection from National Health Insurance Research Database in Taiwan.
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diseases. Other comorbidities included were diabetes mel-
litus, hemiplegia or paraplegia, malignancy, metastatic 
solid tumor, congestive heart failure, myocardial infarc-
tion, acquired immune deficiency syndrome/human immu-
nodeficiency virus, infectious mononucleosis, 
hypertension, hyperlipidemia, lower leg fracture or sur-
gery, systemic lupus erythematosus, rheumatoid arthritis, 
deficiency anemias, fluid or electrolyte disorders, smoking 
habit, and obesity. The reasons for the inclusion of these 
comorbidities in this analysis were that they are either 
clinical risk factors for MS, or have been suspected of 
being associated with development of MS.22,52–56 Table S1 
lists all the ICD-9-CM codes for these comorbidities.

Outcome Measures
Psychiatric, or mental disorders, are defined as clinically 
significant behavioral or psychological syndromes, which 
are associated with present distress, disability, or an 
increased risk of suffering death, pain, or disability, and 
subsequent behavioral, psychological, or biological 
dysfunctions.57,58 The included patients were all followed 
from the index date until the occurrence of any of the 
following events: onset of anxiety, depressive, bipolar, 
sleep, schizophrenia, schizophreniform disorder, other 
psychotic disorder, or substance-related (namely alcohol 
use or illicit drug use) disorders; withdrawal from the NHI 
program; or the end of 2015. All of the ICD-9-CM codes 
for the outcomes are listed in Table S1. In this study, we 
have separated these diagnoses by the first identified ICD 
codes in the subjects in these two cohorts.

Statistical Analysis
SPSS for Windows, version 22.0 (IBM Corp., Armonk, 
NY, USA) was applied in this study to execute all statis-
tical analyses. The distribution of categorical variables was 
assessed using the χ2 test; in addition, that of continuous 
variables was determined by applying a t test, with the 
Fisher exact test. On the basis of the model presented by 
Fine and Gray, this study executed a survival analysis to 
compare estimated hazards for patients with diseases that 
had a potential outcome of death, such as MS, with those 
for the controls.59 To perform this analysis, the SPSS 
value-added module, including competing risks survival 
analysis, was applied (https://www.asia-analytics.com.tw/ 
en/product/p-asia-analytics-2.jsp).Accordingly, we could 
employ the competing risk analysis approach put forward 
by Fine and Gray to identify the risk of psychiatric dis-
orders (competing with death) in patients with MS.60 The 

results that were derived from the mentioned analysis are 
presented herein as hazard ratios (HRs) and their corre-
sponding 95% confidence intervals (CIs). We compared 
the control and study groups with respect to the risk of 
psychiatric disorders by executing the Kaplan–Meier 
method in conjunction with a Log rank test. A two-tailed 
p value of <0.05 was deemed in this study as denoting 
statistical significance.

Results
Sample Characteristics
As indicated in Table 1, 1:3 matching was performed on 
the enrolled patients (1066 patients with MS and 3198 
controls without MS) with respect to index year, sex, and 
age. There were statistically significant differences in 
hemiplegia or paraplegia, rheumatologic disease, liver dis-
ease, hyperlipidemia, lower leg fracture or surgery, sys-
temic lupus erythematosus, deficiency anemias, and fluid 
and electrolyte disorders between the MS and control 
groups. The MS group tended to have a higher percentage 
of patients living in Northern or Eastern Taiwan, residing 
in areas with urbanization levels of 1 and 2, and seeking 
medical care from a medical center.

Cumulative Risk of Psychiatric Disorders 
as Assessed Using the Kaplan–Meier 
Model
Of the MS patients, 531 (4622.86 per 105 person years) 
were determined to develop psychiatric disorders; by con-
trast, whereas 891 of the 3198 individuals in the control 
group (2,85.31 per 105 person years) were determined to 
develop psychiatric disorders. This difference reached sta-
tistical significance, as determined through the execution 
of Kaplan–Meier survival analysis (log rank, p < 0.001, 
Figure 2).

HR for Psychiatric Disorders in MS 
Group
Table 2 presents the results derived from the analysis 
executed using the competing risk model. As revealed 
by the table, the MS group was determined to exhibit a 
higher likelihood of developing psychiatric disorders 
when compared with the control group (crude HR: 
4.407; 95% CI = 3.918–5.087, p < 0.001). Moreover, 
the results indicated that after sex, monthly income, 
urbanization level, geographic region, comorbidities, 
and age were adjusted for, the adjusted HR was 5.044 
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Table 1 Characteristics of Study at the Baseline

Variables MS Cohort Controls P

n % n %

Total 1066 25.00 3198 75.00

Sex 0.999

Male 210 19.70 630 19.70

Female 856 80.30 2568 80.30

Age (years) 41.20±13.17 40.93±14.78 0.596

Age group (years) 0.999

20–49 788 73.92 2364 73.92

50–64 224 21.01 672 21.01
≧65 54 5.07 162 5.07

Marital status 0.868
Single 812 76.17 2428 75.92

Married 254 23.83 770 24.08

Education (years) 0.832

<12 500 46.90 1512 47.28
≧12 566 53.10 1686 52.72

Insurance premium (NT$) 0.996
<18,000 861 80.77 2579 80.64

18,000–34,999 139 13.04 420 13.13

≧35,000 66 6.19 199 6.22

Comorbidities
Myocardial infarction 3 0.28 10 0.31 0.873
Congestive heart failure 1 0.09 18 0.56 0.046

Peripheral vascular disease 0 0 0 0 –

Cerebrovascular disease 28 2.63 70 2.19 0.409
Hemiplegia or paraplegia 41 3.85 12 0.38 <0.001

Chronic pulmonary disease 14 1.31 65 2.03 0.132

Rheumatologic disease 23 2.16 24 0.75 <0.001
Peptic ulcer disease 31 2.91 124 3.88 0.143

Diabetes 57 5.35 167 5.22 0.874

Renal disease 5 0.47 16 0.50 0.899
Malignancy 60 5.63 232 7.25 0.069

Metastatic solid tumor 6 0.56 32 1.00 0.188

Liver disease 14 1.31 158 4.94 <0.001
AIDS/HIV 1 0.09 0 0 0.083

Infectious mononucleosis 0 0 0 0 –

Hypertension 74 6.94 190 5.94 0.240
Hyperlipidemia 42 3.94 13 0.41 <0.001

Lower leg fracture or surgery 1 0.09 65 2.03 <0.001

Coronary artery disease 26 2.44 81 2.53 0.865
Systemic lupus erythematosus 15 1.41 9 0.28 <0.001

Rheumatoid arthritis 4 0.38 8 0.25 0.504

Deficiency anemias 10 0.94 11 0.34 0.016
Fluid and electrolyte disorders 25 2.35 12 0.38 <0.001

Smoking 0 0 0 0 –

Obesity 1 0.09 0 0 0.083

(Continued)

Dovepress                                                                                                                                                           Huang et al

Neuropsychiatric Disease and Treatment 2021:17                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
591

http://www.dovepress.com
http://www.dovepress.com


(95% confidence interval = 4.448—5.870, p < 0.001). 
The results suggested that patients in the MS group who 
had CCI scores of 2 to 4 and who received medical care 
from a regional hospital or medical center exhibited a 
higher risk of psychiatric disorders. Male patients exhib-
ited a lower risk.

Sensitivity Analysis and Types of 
Psychiatric Disorders After MS Diagnosis
As presented in Table 3, the MS group had associations 
with psychiatric disorders such as depression, anxiety, 
bipolar disorder, sleep disorders, schizophrenia, schizo-
phreniform disorder, and other psychotic disorder 
(adjusted HR: 12.464, 4.650, 6.987, 9.103, 2.552, 2.600, 
2.441, and 2.574, respectively; all p < 0.001) but not with 
substance-related disorders. The results of the sensitivity 
analysis of patients with MS (Table 3) also indicated their 
association with an increased risk of psychiatric disorders 
such as depression, anxiety, bipolar disorder, sleep disor-
ders, schizophrenia, schizophreniform disorder, and other 
psychotic disorder, even after the exclusion of patients 
who had been diagnosed these psychiatric disorders during 
the first 1 year. However, after exclusion of patients with 
these psychiatric disorders during the first 5 years, MS was 
not associated with schizophrenia and schizophreniform 
disorder.

Medications for MS and the Risk of 
Psychiatric Disorders
We also analyzed the association between medications, or 
DMDs, for MS (Figure 3), and the portion of days covered 
(PDC) was 1%–50% (Table 4). In general, the results 

Table 1 (Continued). 

Variables MS Cohort Controls P

n % n %

Annual medical visits 9.42±10.12 10.01±11.25 0.129

Location <0.001

Northern Taiwan 549 51.50 1364 42.65
Middle Taiwan 206 19.32 845 26.42

Southern Taiwan 257 24.11 837 26.17

Eastern Taiwan 54 5.07 138 4.32
Outlets islands 0 0.00 14 0.44

Urbanization level <0.001
1 (The highest) 542 50.84 1233 38.56

2 448 42.03 1310 40.96
3 27 2.53 262 8.19

4 (The lowest) 49 4.60 393 12.29

Level of care <0.001

Medical center 786 73.73 1014 31.71

Regional hospital 239 22.42 1132 35.40
Local hospital 41 3.85 1052 32.90

Note: P: Chi-square/Fisher exact test on category variables and t-test on continue variables. 
Abbreviations: MS, multiple sclerosis; NT$, New Taiwan Dollars; AIDS/HIV, acquired immunodeficiency syndrome/human immunodeficiency virus infection.

Figure 2 Kaplan–Meier for cumulative incidence of psychiatric disorders aged 20 
and over stratified by multiple sclerosis (MS) with Log rank test.
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revealed no association between the use of these medica-
tions and the overall risk of psychiatric disorders (Figure 4 
and Table 5). However, in the present study, the use of 
glatiramer acetate, interferon-β-1a, interferon-β-1b, natali-
zumab, teriflunomide was determined to exhibit an asso-
ciation with a reduction in the anxiety risk. The use of 
glatiramer acetate, interferon-β-1a, interferon-β-1b, teriflu-
nomide was also noted to exhibit an association with a 
reduction in the risk of depression.

Discussion
Association Between MS, DMDs, and the 
Risk of Psychiatric Disorders
Our derived results suggest that MS is associated with an 
elevated risk of psychiatric disorders among adults. We 
also noted that after covariates were adjusted for, the risk 
of psychiatric disorders is nearly five-fold greater among 
adults with MS relative to those without MS. The results 
of Kaplan–Meier analysis indicated that the patients with 
MS in this study had a significantly higher rate of survival 

for 15 years without psychiatric disorders than did adults 
without MS.

In addition, we found that the DMD compliance among 
patients with MS was lower than 50% because the PDC 
was 1%–50%. Although some studies conducted in other 
countries have addressed this matter, the present study is 
also the first to report findings regarding DMD adherence 
or compliance in Taiwan.61,62 Furthermore, the use of such 
DMDs was noted to exhibit an association with a reduc-
tion in the anxiety and depression risks.

Comparison of This Study with Previous 
Literature
A previously executed systematic review ranked psychiatric 
disorders as follows with respect to their prevalence: 
depression (23.7%), anxiety (21.9%), alcohol abuse 
(14.8%), bipolar disorder (5.83%), psychosis (4.3%), and 
substance abuse (2.5%).20 Compared with the population- 
based studies on individual disorders, such as anxiety 
disorders,21,63,64 depression,64,65 and psychosis,24 identified 

Outpatient and inpatient of Longitudinal Health Insurance Database in 2000-2015 in Taiwan

36,464,228 events; 1,936,512 individuals

Inclusion criteria
MS with catastrophic illness

1,107 individuals

Exclusion criteria
1. MS before index date
2. Psychiatric disorders before tracking
3. Chronic inflammatory demyelinating 

polyneuropathy / Critical illness polyneuropathy / 
Critical illness myopathy / Porphyria and diphtheria
/ Acute poliomyelitis / Myasthenia gravis, other 
myasthenic syndrome / Acute transverse myelitis / 
Poisoning by drug and biologic substances

4. Age <20 years
5. Gender unknown

131 individuals

Study samples

1,066 individuals

Drugs

With drugs (Study cohort)

163 individuals

Without drugs (Comparison cohort)

903 individuals

Tracking endpoint (2015.12.31)

75 individuals with psychiatric disorders
with outpatient 3 visits or psychiatric inpatient

458 individuals with with psychiatric disorders
with outpatient 3 visits or psychiatric inpatient

Figure 3 The flowchart of study sample selection from National Health Insurance Research Database in Taiwan.
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during our systematic review, our study is the first to use a 
large and nationwide administrative data set for several 
major psychiatric disorders.

Furthermore, the treatment prevalence rates of the psy-
chiatric disorders among the patients in our study were 

83.9% for anxiety disorders, 10.3% for depression, and 
7.1% for sleep disorders; by contrast, the prevalence rates 
of psychotic disorders, bipolar disorder, and substance- 
related disorders were lower than 2% in the reviewed 
studies.14 We speculate that this difference may be related 

Table 4 Distribution of Disease-Modifying Medications for Multiple Sclerosis

Variables n % Events Events % PYs Rate (per 105 PYs)

Total 1066 531 49.81 11,483.42 4624.06

Drugs
Without 882 82.74 456 51.70 9075.13 5024.72
With 184 17.26 75 40.76 2408.29 3114.24

Fingolimod
Without 931 87.34 471 50.59 9739.24 4836.11

PDC 1–50% 135 12.66 60 44.44 1744.18 3440.01
PDC 51–100% 0 0 0 - 0 -

MPR 1–50% 89 8.35 55 61.80 1216.99 4519.35

MPR 51–100% 46 4.32 5 10.87 527.19 948.42

Glatiramer acetate
Without 929 87.15 474 51.02 9745.85 4863.61
PDC 1–50% 137 12.85 57 41.61 1737.57 3280.44

PDC 51–100% 0 0 0 - 0 -

MPR 1–50% 97 9.10 51 52.58 1301.82 3917.59
MPR 51–100% 40 3.75 6 15.00 435.75 1376.92

Interferon-β-1a
Without 910 85.37 484 53.19 9645.12 5018.08

PDC 1–50% 151 14.17 45 29.80 1533.25 2934.94

PDC 51–100% 5 0.47 2 40.00 305.05 655.63
MPR 1–50% 102 9.57 44 43.14 1425.25 3087.18

MPR 51–100% 54 5.07 3 5.56 413.05 726.30

Interferon-β-1b
Without 918 86.12 501 54.58 9575.98 5231.84

PDC 1–50% 142 13.32 29 20.42 1513.12 1916.57
PDC 51–100% 6 0.56 1 16.67 394.32 253.60

MPR 1–50% 101 9.47 28 27.72 1499.76 1866.97

MPR 51–100% 47 4.41 2 4.26 407.68 490.58

Natalizumab
Without 924 86.68 510 55.19 9480.25 5379.60
PDC 1–50% 131 12.29 20 15.27 1813.12 1103.07

PDC 51–100% 11 1.03 1 9.09 190.05 526.18

MPR 1–50% 94 8.82 20 21.28 1806.27 1107.25
MPR 51–100% 48 4.50 1 2.08 196.90 507.87

Teriflunomide
Without 928 87.05 498 53.66 9698.25 5134.95

PDC 1–50% 130 12.20 33 25.38 1327.42 2486.03

PDC 51–100% 8 0.75 0 0 457.75 0
MPR 1–50% 107 10.04 29 27.10 1301.56 2228.10

MPR 51–100% 31 2.91 4 12.90 483.61 827.11

Abbreviations: PYs, Person-year; PDC, portion of days covered; MPR, medication possession ratio.
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to the different follow-up period and different enrollment 
criteria for psychiatric disorders in this study. This study 
enrolled only patients who had made three visits in a year 
for treating their diagnosed psychiatric disorder. 
Furthermore, our study involved a longer follow-up dura-
tion for the psychiatric disorders in the patients with MS 
following their hospital stay; this longer duration constitu-
tes a strength of the study. However, the reasons for this 
difference require further investigation.

Confavreux and Compston reported that the prognosis 
for men with MS is typically worse than that for women, 
and disability appears to have more of an impact on the 
quality of life in men.66 Another study also found that the 
very early stages of MS are accompanied by disturbances 
in psychological well-being and mild cognitive dysfunc-
tion, particularly in male patients.67 However, in the pre-
sent study, male patients with MS were determined to have 
a lower risk of psychiatric disorders (adjusted HR = 0.792 
[95% CI = 0.651–0.953, p = 0.006]). One possible expla-
nation for this finding is that the psychological support 
provided by the health professionals might be insufficient 
for men,68 thus reducing the rates of early detection and 
early referrals and consequently lowering the psychiatric 
diagnostic rates in the NHIRD. Furthermore, previous 
studies have found that the male patients generally tended 
to be reluctant to seek help from psychiatric services.69–71 

This might also contribute to the apparently lower risk of 
psychiatric disorders in the male patients with MS. In 
addition, we determined higher insurance premiums to 

have an association with a higher MS risk. The reasons 
underlying this association are not known. We speculate 
that subjects with higher insurance premiums, suggesting 
that they have higher income, might have higher accessi-
bility to health care systems. Nonetheless, the reasons for 
this lower risk are still unknown and need to be researched 
further with more detail.

In contrast to other studies, although this study found 
an association between MS and an increased risk of anxi-
ety, depression, psychotic disorders, sleep disorders, and 
bipolar disorder, no association was noted between MS 
and substance-related disorders.72,73 Low baseline rates of 
alcohol or drug use disorders in Taiwan might be one 
explanation for this discrepancy.74

In this claims data set–based study, we identified patients 
with MS on the basis of a discharge diagnosis of MS, as 
confirmed by CIC approval. The number of patients with MS 
who did not have CICs was difficult to estimate because all 
studies on the prevalence of MS in Taiwan have analyzed 
data from the NHIRD.15–17,75 However, we speculate that 
most of the patients with MS were issued CICs because NHI 
regulations exempt them from copayment for MS-related 
medical care. Furthermore, most researchers using data 
from the NHIRD have used CIC status to confirm MS 
diagnosis.24,25,46,56,76–81 Nonetheless, a community-based 
study in Taiwan is necessary to determine the proportion of 
patients with MS who do not have CICs. In addition, NHI 
regulations mandate that a period of three to seven days 
elapse after confirmation of diagnosis by a physician before 
CICs can be issued so that medical charts can be reviewed by 
NHIA-appointed specialists to verify the validity of certifi-
cates issued for CIC-qualifiable diseases, including MS.82 

However, determining the mean number of days between 
diagnosis of MS and CIC registration remains difficult.

Potential Mechanisms Underlying the 
Elevated Risk of Psychiatric Disorders 
Among Patients with MS
Studies have reported associations of multiple factors, 
such as brain pathology, genetics, immunological changes, 
psychosocial influences, and dysregulation of the hypotha-
lamic–pituitary–adrenal axis, with anxiety disorders and 
depression.83 One study reported that MS, depressive dis-
order, bipolar disorder, and schizophrenia may share the 
mechanism of downregulating oligodendrocyte genes.84 

However, the mechanisms that underlie the MS–psychia-
tric disorder risk association require further investigation.

Figure 4 Kaplan–Meier for cumulative risk of psychiatric disorders among MS 
patients aged 20 and over stratified by treatment with Log rank test.
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Study Strengths
This research has certain strengths. First, we employed 
Taiwan’s NHIRD, a very important resource covering a 
nationwide population. Second, other studies have verified 
the diagnostic validity of several neuropsychiatric disor-
ders included in the NHIRD, including Tourette 
syndrome,85 stroke,86–89 sleep apnea,90 and major depres-
sive disorder.91 Moreover, as mentioned, in-hospital 
licensed medical record technicians and NHI administra-
tors would have verified the diagnoses in the claims data 
set.27,44 Third, the consistency between the NHIRD and 
Taiwan’s National Health Survey with respect to various 
diagnoses,92 medication usages,92 and health system 
utilizations92,93 has been verified by research. Fourth, a 
benefit of the Fine and Gray model is that it includes real 
mortality data for investigating how MS influences the risk 
of psychiatric disorders.94,95 Therefore, this study was 
conducted using a large, nationwide, and reliable database 
to determine the association between MS and psychiatric 
morbidities in an Asian country.

Limitations of This Study
This research has a few limitations that should be consid-
ered. First, because not all pieces of data are recorded in 
the NHIRD, we could not evaluate the influence of family 
history, neurological severity, types, laboratory parameters, 
findings from additional examinations (eg, neuroimaging), 
or use of rehabilitation services.80 Therefore, the lack of 
data regarding the clinical and radiological course and 
treatment of the disease is a limitation of this nationwide 
study with a large sample size, similar to the case for other 
studies that have used the NHIRD to investigate 
MS.24,56,76,77 Second, data regarding certain factors, such 
as those related to environmental conditions, psychosocial 
characteristics, and genetics, were not part of the data set. 
Because the data we applied in our study spanned 15 years 
and encompassed the entirety of the hospitals in Taiwan 
and more than 99% of Taiwan’s population, they are likely 
to be representative and valid.

Conclusions
The present study provides evidence demonstrating that MS is 
associated with an increase in the risk of psychiatric disorders, 
such as anxiety disorders, depression, and bipolar disorder. 
This finding can remind clinicians regarding the importance 
of considering the risk of psychiatric disorders subsequently 
arising among patients with MS. For example, clinicians could Ta
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use the mental health screening instruments to identify the 
patients at risk early on. Additional studies are warranted to 
explore the association of MS with depression and anxiety 
disorders in a larger community sample by setting a longer 
follow-up duration and considering lifestyle, family history, 
psychosocial stressors, and MS severity.
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