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Abstract

Background: To investigate the risk of treatment-resistant depression (TRD) in patients with depression by
examining their clinical features, early prescription patterns, and early and lifetime comorbidities.

Methods: In total, 31,422 depressive inpatients were followed-up from diagnostic onset for more than 10-years. Patients
were diagnosed with TRD if their antidepressant treatment regimen was altered ≥two times or if they were admitted
after at least two different antidepressant treatments. Multiple Cox regression model were used to determine whether
physical and psychiatric comorbidities, psychosis, and prescription patterns increased the risk of TRD by controlling for
relevant demographic covariates. Survival analyses were performed for important TRD-associated clinical variables.

Results: Females with depression (21.24%) were more likely to suffer from TRD than males (14.02%). Early anxiety
disorders were more commonly observed in the TRD group than in the non-TRD group (81.48 vs. 58.96%, p < 0.0001).
Lifetime anxiety disorders had the highest population attributable fraction (42.87%). Seventy percent of patients with
multiple psychiatric comorbidities developed TRD during follow-up. Cox regression analysis further identified that
functional gastrointestinal disorders significantly increased TRD risk (aHR = 1.19). Higher doses of antidepressants and
benzodiazepines and Z drugs in the early course of major depressive disorder increased TRD risk (p < 0.0001).

Conclusion: Our findings indicate the need to monitor early comorbidities and polypharmacy patterns in patients with
depression associated with elevated TRD risk.

Keywords: Treatment-resistant depression, Antidepressants, Early and lifetime comorbidities, Prescription pattern, Health-
seeking behavior

Background
Major depressive disorder (MDD) is a common mental
disorder with high lifetime prevalence [1]. The average age
of onset for MDD ranges from the patient’s early twenties
to their late thirties [1]. The symptoms of MDD

significantly impair patients’ daily functions and a substan-
tial proportion of patients with MDD do not respond to
standard antidepressant treatment regimens [1]. Patients
who do not respond to antidepressants are likely to suffer
from treatment-resistant depression (TRD) [2]. Treatment
resistance increases medical burden and individual and
societal costs [3] The systematic evaluation of TRD and
understanding its risk profiles, disease mechanism, pre-
scription patterns, and the impacts on the mental health
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system may help in developing strategies to prevent the
adverse consequences associated with TRD.
The criteria for TRD has been defined by European

Medicines Agency as the failure to benefit from at least
two different antidepressant treatments with sufficient
duration at an adequate dose [4–7]. The proportion of
patients with TRD among those with MDD varies be-
tween studies (ranging from 6 to 50% according to data-
based analyses vs. clinical studies) due to differences in
study designs and definitions of TRD [8]. Patients with
TRD tend to have more frequent hospitalization, recur-
rent depressive episodes, and emergency room (ER)
visits [2, 6, 9]. In addition, outpatient care is insufficient
for a substantial proportion of patients with MDD des-
pite advances in clinical care, treatment regimens, and
drug development. Approximately 8.3% of patients with
MDD are hospitalized annually [10]. These patients
often exhibit worse symptoms, increased comorbidities,
and higher suicide risk, and are prescribed higher doses
of antidepressant [11]. MDD patients who were ever ad-
mitted to the psychiatric ward represent a prominent
subgroup requiring intense care and complex treatment
regimens; they are at a high risk of developing TRD.
Several clinical and psychosocial factors have been re-

ported to be associated with poor treatment response in pa-
tients with MDD, including poor treatment adherence,
physical and psychiatric comorbidities, bipolarity, and high
level of neuroticism [6, 12–14]. Physical comorbidities, in-
cluding diabetes [15, 16], heart diseases [17], functional
gastrointestinal disorders (FGIDs) [18], thyroid disease [19],
systemic lupus erythematosus (SLE) [20], and rheumatoid
arthritis [21], have been implicated in the development and
prognosis of common mental disorders, especially mood
disorders. In addition, a group of anxiety disorders (includ-
ing panic disorder, generalized anxiety disorder, social anx-
iety disorder, and obsessive-compulsive disorder), attention
deficit hyperactivity disorder (ADHD), substance use disor-
ders (SUDs), and personality disorders were found to be
more prevalent in patients with MDD [22–25], or predict-
ive of worse outcomes or slower remission [24]. This emer-
gent evidence has indicated that both physical and
psychiatric comorbidities might prolong the course of de-
pression and worsen clinical outcomes. However, the mag-
nitude of impacts of comorbidities in disease onset or
during disease course on treatment resistance in depression
are not well studied for MDD. For the former, a prospective
study design is required to evaluate effects of early comor-
bidity status on the risk of developing TRD.
Patients taking antidepressants often have poor adher-

ence, resulting in inadequate treatment effects and a high
risk of developing TRD [8, 14, 26]. In clinical settings, it
would be helpful to recognize the patterns of health-
seeking behavior and medical prescriptions during the on-
set or early in the course of MDD to improve the

management of TRD patients. We used a large-scale
claims-based database covering the majority of psychiatric
patients ever admitted to a hospital to minimize selection
bias and compared the results with those of ordinary ob-
servational studies or clinical trials. In this database, MDD
patients were followed-up from the onset of diagnosis
until year 2011. We quantified the proportion of TRD in
the nationwide database, evaluated the general characteris-
tics of TRD, and investigated the risk profiles. We exam-
ined the effects of physical and psychiatric comorbidities in
lifetime, occurring at the onset, or during the course of
MDD on the risk of developing TRD. There were several
goals in the present study. First, we used a retrospective
study design to evaluate feature of TRD in lifetime. Second,
we aimed to evaluate the influence of early prescription pat-
terns, health-seeking behavior, and the severity of depres-
sive symptoms during the first year of MDD diagnosis in
patients who developed TRD versus those who did not de-
velop TRD during follow-up. Third, using a prospective
study design and analytical approaches, the influence of co-
morbidities on the risk of TRD was investigated using the
time-to-event (TRD occurring) method during 13-years of
follow-up in patients with MDD. Lastly, the population at-
tributable fraction (PAF) was calculated to estimate the im-
pact of important comorbidities associated with TRD.

Methods
Data source and study population
The national health insurance program was launched in
1995 to finance healthcare for all individuals in Taiwan
and covered approximately 97% of the population. The
national health insurance research database contains the
Psychiatric Inpatients Medical Claim (PIMC) dataset,
which includes all patients who were ever hospitalized for
any psychiatric diagnosis (n = 187,117). The PIMC dataset
includes basic demographic information and comprehen-
sive medical records (e.g., medication, outpatient service,
and emergency visit) [27]. Individuals included in the
PIMC dataset with a principal inpatient diagnosis of MDD
(ICD-9-CM code 296.2–3, n = 39,353) between 1996 and
2011 were eligible for inclusion in the present study
(Fig. 1). We targeted patients who had ever been admitted
to a hospital because of depressive episodes. Patients were
excluded if (1) MDD diagnosis was not made by a psych-
iatrist, (2) if they were diagnosed with schizophrenia
(ICD-9-CM code 295) or bipolar disorder (BpD) (ICD-9-
CM code 296.0, 296.1, and 296.4–8) before MDD diagno-
sis, or (3) patients have not been admitted for diagnosis of
MDD after 1999. All medical records, and diagnoses of
physical and psychiatric comorbidities based on ICD-9-
CM codes were then obtained for MDD patients during
the whole study period. Taken together, 31,422 patients
with MDD were included in the present study. The lon-
gest follow-up duration was 13 years.
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Operational definition of TRD
Depression is usually classified as TRD when at least two
treatments of different antidepressants (adequate in terms
of dosage and duration) fail to produce a significant clinical
improvement. In the present study, we defined patients as
treatment-resistant (1) if their antidepressant treatment
regimen was altered two or more times for different antide-
pressants, or (2) if they received two or more different ad-
equate antidepressant treatment regimens but were
subsequently admitted to the psychiatric acute ward due to
a major depressive episode [4, 7]. An adequate antidepres-
sant trial was defined as having greater than 56 cumulative
defined daily doses (DDD) for each antidepressant treat-
ment over at least 8 consecutive weeks [6, 28].

Independent variables and covariates
Demographic and clinical data between TRD and non-
TRD groups were extracted from PIMC. The demo-
graphic features were age, sex, urbanization level, and in-
come (estimated via insurance). The urbanization level
of patients was stratified as seven levels, with level I being

the most urbanized and level VII being the least urbanized
[29]. Clinical information included psychiatric and physical
comorbidities, prescription patterns, records of medical
utility, all-cause mortality, conversion rate to another diag-
nosis during follow-up, and time from the MDD diagnosis
to another diagnosis. Data of physical comorbidities were
collected: diabetes, SLE, rheumatoid arthritis, cardiovascular
disease, renal disease, FGIDs, and thyroid dysfunction. The
psychiatric comorbidities were personality disorders,
ADHD, SUDs, anxiety disorders, panic disorders, and non-
organic psychosis. In terms of medical utility, we collected
information on the number of ER visits, admissions to all
specialized departments, and outpatient visits for patients
diagnosed with MDD. During the long-term follow-up, a
patient with an original diagnosis of MDD may be diag-
nosed with other disorders, such as BpD and schizophrenia
[12], which might contribute to difficulties in original treat-
ment using antidepressants; therefore, the conversion rate
to BpD or schizophrenia was calculated. The all-cause mor-
tality rate was also evaluated to indicate the long-term
prognosis of patients with or without TRD development.

Fig. 1 Consort diagram of participants’ selection. Abbreviations: TRD, treatment-resistant depression; MDD, major depressive disorder
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All comorbidities in the claims database were defined
by at least three outpatient visits or one inpatient care
visit that was linked to the diagnosis. Early psychiatric
and physical comorbidities were defined as follows, those
occurring before MDD diagnosis or within 1 year after
MDD diagnosis. Furthermore, the severity of depression
at the first year of MDD diagnosis was recorded. Severe
depression was determined based on the following cri-
teria: 1) patient diagnosis matched ICD-9-CM codes:
296.23, 296.24, 296.33 or 296.34, or 2) the patient re-
ceived an electroconvulsive therapy intervention during
a depressive episode [30]. Prescription patterns during
the first year following MDD onset and the information
on medical care-seeking behavior were also evaluated.
The average doses of antidepressants, lithium/mood sta-
bilizers, and antipsychotics, as well as benzodiazepines
and Z Drugs were determined. Early prescription pattern
of combined treatment regimens (antidepressants and
either antipsychotics or anticonvulsants) within 1 year of
onset was analyzed.

Statistical analysis
All analyses were performed using SAS, version 9.3. Differ-
ences between TRD and non-TRD groups were evaluated
using the chi-squared test for categorical variables and the
t-test for continuous variables. Bonferroni correction was
used for multiple comparisons. Multiple Cox regression
models were used to examine the effects of demographic
variables and clinical features on the risk of developing
TRD. The variables examined were sex, physical comorbidi-
ties, psychiatric comorbidities, diagnosis conversion, dose
of antidepressants and benzodiazepines within 1 year since
MDD onset, and the number of non-psychiatric outpatient
visits 1 year before or after the onset of depression while
adjusting for demographic covariates in the model (age,
geographic area, urbanization level, and income estimated
via insurance). Adjusted hazard ratios (aHRs) and 95% P
for each covariate were reported for regression analyses.
PAF for each significant comorbidity was assessed for the
presence of TRD using Levin’s formula [31].
Survival analyses (from the onset of MDD to the occur-

rence of TRD) were performed to evaluate the distribution
and proportion of TRD cases stratified by sex, comorbid
FGIDs, comorbid thyroid dysfunction, severity of depressive
symptoms within 1 year of onset, non-organic psychosis,
and psychiatric comorbidities (anxiety disorders, SUDs, and
personality disorders). Individuals who did not develop
TRD, died, or dropped out were censored. A two-sided p-
value of < 0.05 was considered statistically significant.
To evaluate the robustness of the study, sensitivity

analysis was performed. In this analysis, early comorbidi-
ties were defined as only those occurring before the
MDD onset. There were no significant differences be-
tween the different definitions.

Results
The demographic and clinical characteristics of the patients
are presented in Table 1. A total of 11,078 of 31,422
(35.26%) inpatients with MDD included in the study were
defined as having TRD (21.24% of female and 14.02% of
male patients). Females accounted for the majority of TRD
patients than non-TRD patients (60.24% vs. 39.56%, p <
0.0001). The age of MDD onset was higher in the TRD
group than in the non-TRD group (41.31 ± 15.33 vs.
37.85 ± 18.82, p < 0.0001). A greater percentage of patients
in the TRD group had no income compared with that of
those in the non-TRD group (21.82% vs. 16.3%, p < 0.0001).
Patients with TRD exhibited a higher frequency of physical
comorbidities, including diabetes, SLE, rheumatoid arthritis,
cardiovascular disease, renal disease, FGIDs, and thyroid
dysfunction, than non-TRD patients. All psychiatric comor-
bidities except ADHD were more prevalent in the TRD
group than in the non-TRD group; these psychiatric co-
morbidities were personality disorders (24.34% vs. 15.07%,
p < 0.0001), SUDs (33.03% vs. 16.64%, p < 0.0001), anxiety
disorders (89.84% vs. 64.70%, p < 0.0001), panic disorder
(15.63% vs. 6.02%, p < 0.0001), and non-organic psychosis
(48.02% vs. 32.67%, p < 0.0001). During follow-up, a high
proportion of patients with TRD had their diagnosis con-
verted to BpD (22.53% vs. 10.57%, p < 0.0001) or schizo-
phrenia (9.51% vs. 7.38%, p < 0.0001). Patients with TRD
utilized medical care more frequently across all specialties
than non-TRD patients. Overall medical care utilization
was determined by calculating the number of hospital ad-
missions plus ER visits (6.85 ± 15.17 vs. 2.40 ± 4.09, p <
0.0001) (Table 1). The average time from the onset of de-
pression to TRD diagnosis was 3.32 years.
The early characteristics of patients with TRD are pre-

sented in Table 2. Generally, patients with TRD exhibited
greater early physical comorbidities than patients without
TRD. For early psychiatric comorbidities, patients with
TRD had a higher prevalence of SUDs (15.68% vs. 10.58%,
p < 0.0001), anxiety disorders (81.48% vs. 58.96%, p <
0.0001), and panic disorder (6.51% vs. 3.57%, p < 0.0001)
than patients without TRD. However, patients with TRD
had a lower prevalence of early personality disorders
(8.34% vs. 10.64%, p < 0.0001), early non-organic psychosis
(7.23% vs. 11.98%, p < 0.0001), and symptoms of severe de-
pression within 1 year of onset (23.8% vs. 33.97%, p <
0.0001). A higher percentage of patients in the TRD group
had their diagnosis converted to BpD (13.15% vs. 10.26%,
p < 0.0001). Among all inpatients with MDD, 22.8% did
not receive adequate treatment with antidepressants, anti-
psychotics, or anticonvulsants for 1 year since the onset of
depression. During the first year of treatment for MDD,
patients in the TRD group were prescribed significantly
higher doses of antidepressants (279.90 vs. 142.90 DDD,
p < 0.0001), lithium/mood stabilizers (DDD) (8.24 vs. 7.26
DDD, p < 0.0001), antipsychotics (26.63 vs. 23.79 DDD,
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p < 0.0001), as well as benzodiazepines and Z Drugs
(528.70 vs. 260.41 DDD, p < 0.0001) than patients in the
non-TRD group. Within 1 year of MDD onset, patients
with TRD were also treated more frequently with com-
bined regimens (antidepressants with either antipsychotics
or anticonvulsants) than non-TRD patients (16.44% vs.
10.14%, p < 0.0001). Patients in the TRD group tended to
have more outpatients visits than patients in the non-TRD
group 1 year before or after the onset of MDD (psychiatric

clinics, mean: 18.87 vs. 11.95, p < 0.0001; non-psychiatric
clinics, mean: 50.09 vs. 42.31, p < 0.0001).
The results of the multiple Cox regression model are

shown in Table 3. The model was adjusted for demo-
graphic features, including the age of onset, sex, geo-
graphic area, urbanization level, and income estimated
by insurance. Significant variables were female gender,
severe depression, lifetime psychiatric comorbidities
(anxiety disorders, SUDs, personality disorders, and non-

Table 1 Lifetime demographic and clinical characteristics between non-TRD and TRD patients

(N = 31,422) non-TRD group
(N = 20,344) 64.74%

TRD group
(N = 11,078) 35.26%

P value*

Variable N % N %

Female 8048 39.56 6673 60.24 < 0.0001

Urbanization level residencea 0.0014

I–III 16,188 79.61 8985 81.12

IV–VII 4147 20.4 2092 18.88

Estimated income via insurance (no income) 3262 16.3 2391 21.82 < 0.0001

All-cause mortality 2653 13.04 1464 13.22 0.6611

Lifetime physical comorbidity

Diabetes mellitus 3183 15.65 2690 24.28 < 0.0001

Systemic lupus erythematosus 95 0.47 113 1.02 < 0.0001

Rheumatoid arthritis 308 1.51 356 3.21 < 0.0001

Cardiovascular disease 3607 17.73 2805 25.32 < 0.0001

Renal disease 1829 8.99 1330 12.01 < 0.0001

Functional gastrointestinal disorders 5250 25.81 4660 42.07 < 0.0001

Thyroid dysfunction 922 4.53 1058 9.55 < 0.0001

Lifetime psychiatric comorbidity

Personality disorders 3065 15.07 2696 24.34 < 0.0001

Attention deficit hyperactivity disorder 103 0.51 57 0.51 0.9219

Substance use disorders 3385 16.64 3659 33.03 < 0.0001

Anxiety disorders 13,163 64.7 9952 89.84 < 0.0001

Panic disorder 1224 6.02 1732 15.63 < 0.0001

Non-organic psychosis 6646 32.67 5320 48.02 < 0.0001

Severe depression* 9338 45.90 6836 61.71 < 0.0001

Converted diagnosis to bipolar disorder 2150 10.57 2496 22.53 < 0.0001

Converted diagnosis to schizophrenia 1502 7.38 1053 9.51 < 0.0001

Mean SD Mean SD

Age of onset for depression 37.85 18.82 41.31 15.33 < 0.0001

Age of onset for TRD … … 44.62 15.60

Numbers of lifetime admissions for MDD 1.43 1.79 3.50 4.69 < 0.0001

Numbers of lifetime outpatient visits for MDD 18.68 31.28 73.29 71.56 < 0.0001

Overall medical care utilization for all subspecialtiesb 2.40 4.09 6.85 15.17 < 0.0001

Days from depression to bipolar disorder 1154.95 1080.22 1704.64 1125.91 < 0.0001

Days from depression to TRD … … 1211.53 1004.66

TRD treatment-resistant depression, MDD major depression
Note a Seven levels, with one being the most urbanized and seven being the least urbanized
Note b Overall medical care utilization represented numbers of admissions and emergency room visits
Note * P value thresthold < 0.002 for Bonferroni correction
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organic psychosis), lifetime physical comorbidities (dia-
betes, FGIDs, and thyroid dysfunction), conversion of
the diagnosis to BpD, the daily dosage of antidepressants
within 1 year of onset, and non-psychiatric outpatient
visits 1 year before or after the onset of depression. Anx-
iety disorders exhibited the strongest effect associated
with TRD (aHR = 2.02, 95% CI: 1.89–2.16), followed by
the conversion of the diagnosis to BpD (aHR = 1.68, 95%
CI: 1.61–1.75, SUDs (aHR = 1.38, 95% CI: 1.33–1.44), fe-
male sex (aHR = 1.24, 95% CI: 1.19–1.29), and personal-
ity disorders (aHR = 1.23, 95% CI: 1.17–1.29). The PAF
of each comorbidity for TRD was calculated using aHR

from the Cox regression model. The most common
PAFs were lifetime anxiety disorders (42.87%), severe de-
pression (10.59%), SUDs (7.85%), non-organic psychosis
(6.75%), and FGIDs (5.65%). The average daily dose of
antidepressants within 1 year since the onset of MDD
(aHR = 1.002, 95% CI: 1.002–1.002, every DDD), the
average daily doses of benzodiazepines and Z drugs
(aHR = 1.002, 95% CI: 1.002–1.002, every 10 DDD), and
the number of non-psychiatric outpatient visits 1 year
before or after the onset of depression (aHR = 1.001,
95% CI: 1.000–1.001) were also significantly associated
with an increased risk of TRD.

Table 2 Early comorbidities, prescription pattern, and behavior of seeking medical care between non-TRD and TRD patients

(N = 31,422) non-TRD group
(N = 20,344) 64.74%

TRD group
(N = 11,078) 35.26%

P value*

Variable N % N %

Early physical comorbiditya

Diabetes mellitus 2182 10.73 1459 13.17 < 0.0001

Systemic lupus erythematosus 60 0.29 63 0.57 < 0.0001

Rheumatoid arthritis 178 0.87 135 1.22 0.0034

Cardiac vascular disease 2482 13.97 1943 17.54 < 0.0001

Renal disease 2689 13.22 1773 16 0.0018

Functional gastrointestinal disorders 3639 17.89 2682 24.21 < 0.0001

Thyroid dysfunction 556 2.73 515 4.65 < 0.0001

Early psychiatric comorbiditya

Personality disorders 2164 10.64 924 8.34 < 0.0001

Attention deficit hyperactivity disorder 29 0.14 11 0.10 0.3043

Substance using disorders 2153 10.58 1737 15.68 < 0.0001

Anxiety disorders 11,994 58.96 9026 81.48 < 0.0001

Panic disorder 727 3.57 721 6.51 < 0.0001

Non-organic psychosis 2438 11.98 801 7.23 < 0.0001

Converted diagnosis to BpD within 1 year of onset 2087 10.26 1457 13.15 < 0.0001

Severe depression within 1 year of onset 6910 33.97 2637 23.8 < 0.0001

Prescription pattern within 1 year of onset

Antidepressants plus antipsychotics or anticonvulsants 2062 10.14 1821 16.44 < 0.0001

Mean SD Mean SD

Dosage of antidepressants (DDD) 142.90 152.90 279.90 223.40 < 0.0001

Dosage of lithium/mood stabilizers (DDD) 7.26 34.02 8.24 34.14 < 0.0001

Dosage of antipsychotics (DDD) 23.79 61.72 26.63 64.09 < 0.0001

Dosage of benzodiazepines and Z drugs (DDD) 260.41 324.74 528.70 529.58 < 0.0001

Health-seeking behavior for psychiatric medical careb

Numbers of outpatient visits 11.95 9.75 18.87 13.78 < 0.0001

Health seeking behavior for non-psychiatric medical careb

Numbers of outpatient visits 42.31 41.36 50.09 50.07 < 0.0001

Numbers of different physicians that patients visited 15.80 10.68 19.15 11.73 < 0.0001

TRD treatment-resistant depression, BpD bipolar disorder, DDD defined daily dose
Notea. Patients had comorbidity before depression onset or within 1 year after onset of depression
Noteb. Duration was within 1 year prior or after onset of depression
Note*. P value threshold < 0.002 for Bonferroni correction
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The results of the survival analyses are shown in Fig. 2.
A significant difference in sex was identified between the
groups (p < 0.0001). Physical comorbidities, including
FGIDs and thyroid dysfunction, were associated with a
higher frequency of TRD diagnosis during follow-up
(p < 0.0001). Surprisingly, patients with early severe de-
pressive symptoms had better prognosis than those with-
out early severe symptoms (p < 0.0001). The survival rate
was significantly reduced in patients with more than one
comorbid psychiatric condition. The 10-year survival
rate was approximately 31% in patients with multiple
psychiatric comorbidities (anxiety disorders, SUDs, and
personality disorders) compared with those with no
prior psychiatric comorbidities (85%).

Discussion
Using a nationwide database in the current study, one of
three MDD patients have TRD. Furthermore, our results
showed that patients with multiple psychiatric comor-
bidities have a lower ‘survival rate’ (not developing TRD)
than those without these conditions (31% vs. 85%). The
large registry-based claims data are generally representa-
tive as the registration rate is high (97%) and all data re-
garding prescribed medications are documented. This
type of study is particularly beneficial when long-term
clinical management is recorded, including the duration

of depressive episodes within a pre-specified patient popu-
lation and clinical characteristics (e.g., comorbid condi-
tions) [6, 32]. However, claims data may not include the
assessment of subjective treatment response and treat-
ment adherence, and a poor response to medication may
be underestimated. The definition of TRD in the current
study was adapted from a previous study of claims data
and was determined based on whether the patient’s anti-
depressant treatment regimen was altered two or more
times [5–7]. However, we cannot dismiss the possibility
that some patients who had continued taking medication
still experienced severe depression. To complement the
criteria of altering medication, this definition was further
added: if the patient received two or more adequate anti-
depressant treatment regimens but was subsequently
admitted in a psychiatric acute ward. This amended defin-
ition may represent a useful proxy to capture treatment
failure and allow for better identification of TRD in
patients who remain in clinical settings [7, 33, 34].
The current study identified the female sex as a risk

factor of TRD (aHR = 1.24). A cross-sectional study in
the UK that used questionnaires to collect treatment his-
tory found that 70% of patients with TRD were females
[34], which is consistent with our findings. Furthermore,
increased vulnerability to depression in women begins at
puberty and declines after menopause [35]. One possible

Table 3 Multivariable Cox regressiona analysis for risk of treatment-resistant depression

Variable aHR 95% CI PAF

Age of onset (depression) ** 1.007 1.005 1.008

Female** 1.24 1.19 1.29

Lifetime physical comorbidities

Diabetes mellitus* 1.09 1.04 1.14 1.65%

Cardiovascular disease 0.96 0.91 1.01

Renal disease 0.96 0.90 1.02

Functional gastrointestinal disorders** 1.19 1.15 1.24 5.65%

Thyroid dysfunction** 1.14 1.07 1.22 0.87%

Lifetime psychiatric comorbidities

Personality disorders** 1.23 1.17 1.29 4.05%

Substance use disorders** 1.38 1.33 1.44 7.85%

Anxiety disorders** 2.02 1.89 2.16 42.87%

Non-organic psychosis** 1.19 1.14 1.24 6.75%

Severe depression** 1.23 1.17 1.29 10.59%

Converting diagnosis to bipolar disorder** 1.68 1.61 1.75

Prescription pattern within 1 year of onset

Dosage of antidepressants (defined daily dose)* * 1.002 1.002 1.002

Dosage of benzodiazepine and its related drugs
(every 10 defined daily dose)* *

1.002 1.002 1.002

Numbers of non-psychiatric outpatient visits within 1 year prior or after onset of depression* 1.001 1.000 1.001

*: p-value< 0.001;**: p-value< 0.0001
CI confidence Interval, PAF population attributable fraction, aHR adjusted hazard ratio
Note a Model adjusted for demographic features including geographic area, urbanization level, and income estimated via insurance
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explanation is that the hypothalamic–pituitary–adrenal
function (cortisol levels) is more likely to fluctuate in re-
sponse to stressors and during depressive episodes in
women [36] . Redox imbalance elicited by estrogen has
been revealed to weaken enzymatic antioxidant defenses,
which may be linked to TRD [37, 38]. Although several
physical comorbidities increase the risk of depression [39],
it is unknown whether these comorbidities increase the
risk of TRD. The current study illustrated that patients
with TRD had more physical comorbidities than those
without TRD during long-term follow-up, including dia-
betes, FGIDs, and thyroid dysfunction. Growing evidence
suggests a bidirectional communication between the
gastrointestinal tract and brain [40]. An unhealthy gastro-
intestinal tract may result in treatment complications and

reduce responsiveness to antidepressant treatment. Other
studies have found that antidepressants may be used to
treat FGIDs [41]. Previous studies have also indicated that
thyroid dysfunction, which is more prevalent in women,
also influences treatment outcomes [37, 42]. The aHR of
these physical comorbidities ranged from 1.09 (diabetes
mellitus) to 1.19 (FGIDs). Taken together, these risk fac-
tors have a mild yet significant impact on the development
of TRD and required further study.
We reported that long-term psychiatric comorbidities

are important and independent risk factors of TRD devel-
opment. In particular, anxiety disorders were observed in
> 80% of MDD patients in this nationwide database. We
reported a 2.02-fold higher risk of TRD development in
patients with comorbid anxiety disorders. In addition, our

Fig. 2 Survival curves of TRD in different models. 2a) for gender; 2b) for functional gastrointestinal disorders; 2c) for thyroid dysfunction; 2d) for
severe depression within 1st year since onset; 2e) for nonorganic psychosis; 2f) for different psychiatric comorbidities
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results revealed that anxiety is the strongest predictor of
TRD with a high PAF. It is well-known that anxiety and
depression/TRD often coexist [22, 23, 25], and that anx-
iety disorders have been identified as a risk factor of poor
treatment response [43]. A previous study also found that
anxiety disorders, particularly panic disorder, are associ-
ated with TRD [44]. There is evidence that depression and
anxiety disorders have additive effects on increased dis-
ability and poorer recovery from medical illness [45]. Pa-
tients with comorbid depression and anxiety have more
severe somatic symptoms than those MDD patients with-
out anxiety [46], which may predispose them to sensitive
to side effects from medication and dropping out of treat-
ment prematurely [47]. In addition, comorbid anxiety in
depressed patients is associated with poorer social func-
tion [45], which may correlate with poor social support.
Besides, depression with comorbid symptoms of anxiety is
associated with greater suicidal ideation [45]. Possibly as a
result of increased illness severity, depressed patients are
more likely to be prescribed benzodiazepines if they have
anxiety symptoms [48]. It was also consistent with our
finding of high usage of benzodiazepines use, because
these drugs were prescribed two-fold more often in the
TRD group than in the non-TRD group. This suggests
that even in the early phase of MDD, comorbid anxiety
disorders represent a red-flag in clinical settings that in-
creases the difficulty of patient care and management and
increases the risk of TRD development.
Except anxiety disorders, there are several psychiatric

comorbidities correlated with TRD. A previous study
found that certain personality traits, such as low co-
operativeness and high neuroticism, positively correlate
with TRD [13]. Personality disorders correlate with poor
drug adherence, poor social function, and more SUDs,
which may further result in TRD [49]. Our findings are
in line with the observation that personality disorders
are associated with a 1.23-fold higher risk of TRD. In
addition, SUDs represent another important comorbidity
condition of MDD [50]. One review article has found
that mood disorders are common in patients with SUDs,
whereas in many individuals, the mood disturbance can-
not be attributed to the acute effects of substance use or
withdrawal [51]. Mood disorders may trigger individuals
to use drugs and alcohol to cope with negative affective
states. Substance use is often viewed as a self-medication
method to alleviate depression or anxiety. Meanwhile,
substance use may mask underlying mood disturbances
and aggravate symptoms, ultimately leading to TRD
[52]. SUDs are also risk factors of several psychiatric dis-
orders, including anxiety disorders; therefore, the effect
on the increased risk of TRD may be confounded by
SUDs. After adjustment in multiple Cox regression
models, we reported that several psychiatric disorders
remained independent risk factors.

The relationships between comorbidities and TRD have
been examined in a cross-sectional manner without clear
temporal consequences in the literature [6, 12, 13]. In the
present study, using Cox regression models and plots with
survival function, our results demonstrated the temporal
relationship that early and long-term psychiatric comor-
bidities significantly increase the risk of subsequent treat-
ment resistance events. The aHRs of psychiatric
comorbidities ranged from 1.19 to 2.02; the point esti-
mates are generally higher than those of physical comor-
bidities. Furthermore, approximately 70% of patients with
multiple lifetime psychiatric comorbidities developed TRD
in this study. On the other hand, non-organic psychosis,
and severe depression at the first year of diagnosis reduced
the risk of TRD. It is possible that patients with initial se-
vere and psychotic depression may have been treated
more thoroughly or prescribed with a higher dose of anti-
depressant medication. Taken together, the comorbidity
profiles of TRD are important and warrant further evalu-
ation for the early detection of TRD.
In the current study, the patients in the TRD group vis-

ited non-psychiatric clinics more often than those in the
non-TRD group. Patients in the TRD group more com-
monly visited non-psychiatric clinics than psychiatric
clinics during their first year of treatment. Interestingly,
65% of patients with depression sought help at general
medical clinics prior to a psychiatric clinic [53]. Another
clinical study reported that somatic symptoms prevailed in
a great majority of depressed patients; these patients may
initially seek non-psychiatric medical care before psychi-
atric care [54]. Patients with depression may delay proper
psychiatric treatment, resulting in an increased risk of
treatment resistance. Therefore, it is important to evaluate
patients with depression who have frequently visit non-
psychiatric clinics and provide them suitable treatment.
Furthermore, both health-seeking behavior and drug com-
pliance may be correlated with treatment resistance. Ad-
herence was found to play an important role in TRD
development and increased the risk of mortality [8, 14,
26]. In the claims database, adherence was not easy to as-
sess. On the other hand, patients with very poor drug ad-
herence were unlikely to fulfill the definition of TRD for
having a number of antidepressant trials. Our analysis re-
vealed no significant difference in the mortality rate be-
tween the TRD and non-TRD groups, possibly due to the
relatively young age of the patients and relatively short
follow-up period in the database.
We also found that patients in the TRD group had sig-

nificantly higher doses of psychotropic prescriptions and a
greater incidence of long-term use than those in the non-
TRD group within 1 year of MDD diagnosis. The antide-
pressants dose remained significantly associated with TRD
in multiple analysis. Long-term treatment with antidepres-
sants might have contributed to the subsequent treatment
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resistance [55]. There are some possible explanations for
this phenomenon. First, treating patients with mood disor-
ders using antidepressants may have a paradoxical effect
(exacerbate depression) [56, 57]. Second, previous studies
have described antidepressant-induced switching and cycle
acceleration in patients with BpD [58]. In the current study,
patients whose diagnosis was converted to BpD experi-
enced a 1.72-fold higher risk of developing TRD. Third, tol-
erance to antidepressants has been reported [59]. Patients
with TRD also had more complex treatment regimens,
because it is a common strategy to use higher doses and ad-
junctive psychotropics to counter poor response to medica-
tion [60]. A recent meta-analysis of placebo-controlled
trials demonstrated that adjunctive antipsychotics were ef-
fective for the treatment of TRD [61]. Another meta-
analysis demonstrated the efficacy of lithium augmentation
with antidepressants compared with the placebo for the
treatment of TRD [62]. However, because the current study
was not a randomized, placebo-controlled trial, we did not
compare a combined treatment regimen with monother-
apy. Rather, we found that patients eventually developing
TRD required early attention and more complex treatment
at an early disease stage. The results of the current study
suggest that early prescription patterns in patients repre-
sents a proxy for the combined treatment regimen and
poor response/prognosis.
Current treatment regimens for depression sometimes

have limited efficacy. Novel antidepressants with different
mechanisms are currently used as treatment options for
TRD, including agents targeting the hypothalamic–pituit-
ary–adrenal axis, glutamate/GABA system, or opioid re-
ceptors [63]. One promising agent is ketamine, which is a
noncompetitive NMDA receptor antagonist that can pro-
duce rapid and stable antidepressant effects [64]. Several
ongoing clinical trials of ketamine for the treatment of
TRD are ongoing in Taiwan; they have revealed satisfac-
tory effects [65, 66]. Other widely discussed antidepressant
agent are cannabinoid compounds because the endocan-
nabinoid system is widely distributed throughout the body
and serves to modulate mood symptoms [67].
This study has several limitations that need to be con-

sidered when interpreting the results. First, structured
interview data were not available because we solely re-
lied on claims data. Furthermore, more detailed clinical
features and the assessments of disease severity were not
available. Second, we could not obtain information on
uninsured subjects. However, this study is highly repre-
sentative of the target population because approximately
97% of the population was insured. Third, we targeted
patients who had ever been admitted to a hospital
because of depressive episodes. The results may not be
extrapolated to all MDD patients, particularly to those
who had never been admitted. Fourth, it was not pos-
sible to evaluate patients’ true treatment compliance.

Nevertheless, we attempted to exclude those with poor
compliance (e.g., patients filling prescriptions for less
than 56 days). Fifth, we intended to investigate the early
features of the TRD group; however, we did not have in-
formation on the subjects before they sought medical
help. Sixth, we did not consider the patient’s lifestyle
and personal history (i.e., coping strategies, exercise
habits, smoking, psychological trauma, etc.), which
might have influenced the incidence of TRD. Finally, the
mortality rate may be underestimated because death
records were missing from the dataset and we cannot
clarify the primary causes of death. Therefore, future
studies are warranted to link this database with national
death records to answer such questions.

Conclusions
At least one of three ever admitted patients with MDD
developed TRD in this study. These patients visited non-
psychiatric medical care more frequently than special-
ized psychiatric facilities and were prescribed higher
doses of psychotropic agents within the first year of
MDD diagnosis. In addition, patients with TRD had
lower incomes and utilized medical services more fre-
quently than those without TRD. Female patients exhib-
ited a higher risk of TRD than male patients. Our
findings indicated that physical and psychiatric comor-
bidities substantially increase the risk of TRD during
follow-up, and that 70% of patients with multiple psychi-
atric comorbidities developed TRD during follow-up.
Clinicians should be more aware of patients’ physical
and psychiatric comorbidity patterns and early polyphar-
macy to better develop comprehensive treatment plans
and minimize the risk of developing TRD.
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