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Summary
Background Few studies investigated the mechanisms of treatment-resistant depression (TRD) leading to the worsened survival outcome, and economic evidence was mostly restricted to short follow-ups. We aimed to examine the
association and potential mediators between TRD and all-cause mortality, and estimate a longer-term associated
health resource utilisation pattern.
Methods This was a population-based cohort study using territory-wide electronic medical records in Hong Kong.
Incident depression patients diagnosed in 2014 were followed up from the first diagnosis to death or December
2019 for TRD identification. We matched the TRD cohort 1:4 to the non-TRD cohort on propensity scores estimated
by age, sex, history of physical disorders, and history of psychiatric conditions before depression diagnoses.
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Findings 18% of incident patients developed TRD within six years of follow-up. Cox model showed that patients with
TRD had 152-fold (95% CI: 114−202) greater risk of all-cause mortality, compared with non-TRD patients. Path
analysis suggested that post-TRD psychiatric conditions significantly mediated 416% of mortality in patients with
TRD (p=0.003). TRD was associated with 18-fold (95%CI: 163−200) higher healthcare costs compared to nonTRD patients over six years in negative binomial regression, with higher costs for both psychiatric and non-psychiatric services utilisation in all settings.
Interpretation Identifying patients with TRD and subsequent monitoring for post-TRD psychiatric diagnoses could
be a way to reduce premature mortality. Multidisciplinary care involving both psychiatric and general medical professionals is also warranted to relieve the multifaceted impacts on healthcare resources and overall cost.
Funding Unconditional educational grant from Janssen.
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Research in context
Evidence before this study
We searched PubMed and Google Scholar for research
articles published up to 20th October, 2021 in English
and Chinese with the terms “treatment-resistant depression” AND (“mortality” or “healthcare resource utilisation” or “economic burden”). Four studies from
Denmark, Sweden and the United States all reported a
positive association between treatment-resistant
depression (TRD) and excess all-cause mortality or life
years lost, but we did not identify studies that investigated mediating mechanisms between TRD and mortality. Several economic studies, with the majority of them
based in the United States, found that TRD posed significant direct and indirect medical cost burden and
heavier healthcare resource utilisation. The evidences
were all generated from claims-based insurance data
and mostly restricted to short follow-up within two
years, and did not further stratify the utilization pattern
into the service subtypes beyond outpatient, inpatient
and emergency settings. Few studies evaluated both
the clinical and economic consequences of TRD comprehensively in a single study.
Added value of this study
To the best of our knowledge, we present the ﬁrst
attempt to explore the potential mediators in the relationship between treatment resistance and the worsened survival outcome. Our path analysis of structural
equation modelling suggested that the increased mortality risk associated with TRD was partially mediated by
the post-TRD psychiatric conditions. Although the
acquisition of post-TRD physical comorbidities was not
a signiﬁcantly mediator towards TRD-associated death,
its burden may have manifested in terms of greater
healthcare resource utilisation, given that TRD patients
consumed signiﬁcantly more resources in not only in
psychiatric, but also non-psychiatric service subtypes in
the settings of outpatient, inpatient and emergency.
Our ﬁndings also validate the economic impacts of TRD
in long-term and in the context of public taxation-based
healthcare system.
Implications of all the available evidence
Our study highlights the difﬁcult-to-treat nature of TRD
and its subsequent burden to the health system, clinically and economically. Clinicians should be alert that
identifying treatment resistance early and subsequent
monitoring for post-TRD psychiatric comorbidities could
be a way to prevent premature mortality. Healthcare
providers and policy makers should expect that
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increased service demand arisen from TRD would manifest in both psychiatric and general medical services. A
multidisciplinary disease management strategy, which
involves communication and collaboration between
psychiatric and non-psychiatric specialties, could be oriented to prevent disease progression; this would be
beneﬁcial not only to improve the multifaceted patient
outcomes, but also save medical costs in a wide range
of healthcare resources.

Introduction
More than 264 million people worldwide live with
depression. Nearly half of all cases are from the Asiapacific region.1,2 The World Health Organization ranks
depression as the single greatest contributor to non-fatal
health loss, contributing 75% of all years lived with disability. The number of incident cases continues to
increase globally.1,3 Despite available treatments, up to
half of patients fail to reach remission; as a result, there
has been an increasing focus on the concept of treatment-resistant depression (TRD).4,5 Recent work has
attempted to reconceptualise TRD as “difficult-to-treat”
depression, based on which a new model of care was
proposed but not wholly appropriate for patients who
would normally be classified as TRD.6,7 Although there
is no consensus on the definition of TRD to date,8 current literature generally defines TRD as treatment failure (i.e. failure to achieve remission and/or requiring
switches in medication) following at least two trials of
antidepressants at adequate doses, duration and
adherence.9
Depressive disorder reduced life expectancy by seven
to ten years, and mortality increases with depression
severity.10,11 Studies from Denmark, Sweden and the
United States (U.S.) consistently found that patients
with TRD had 29−39% higher risk of all-cause mortality compared with those without TRD.12-14 Apart from
elevated risk of self-harm,15 undertreated depression
was associated with development of physical comorbidities, especially cardiovascular diseases and stroke,
which further increase mortality risk.16,17 A cohort study
of over 4,000 patients with depression in the U.S. suggested that the three-year mortality risk after myocardial
infarction in patients with sub-optimally treated depression was three times higher than those with fully treated
depression.18 Whilst for other mental health problems,
previous studies suggested that 45−67% of patients
with depression also had comorbid psychosis or anxiety
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disorder, which was associated with greater symptom
severity, lower remission rates and increased treatment
resistance.19-21 Comorbid psychosis was also more common in TRD patients than treatment-responsive
patients.22 The complex interplay of genetic,23 physical
and physiological factors, health-compromising behaviours, and poor medication adherence also contribute to
the association between depression and physical and
mental comorbidities.16
Treatment resistance also led to higher levels of
healthcare resource use and economic impacts,24,25 which
intensified the disease burden alongside premature mortality. TRD has been consistently linked with greater
direct medical costs, productivity losses and employment
changes.26,27 Studies from the U.S. and Japan indicated
14 to 2 times higher all-cause medical costs in outpatient,
inpatient and emergency settings for TRD patients, and a
study from Korea even reported a fivefold substantial difference.27-31 Total healthcare expenditure also increased in
accordance with the degree of resistance.32
The chronicity and recurrent nature of TRD necessitates longer follow-up to obtain a clearer picture of the
clinical and economic impacts. There was limited
knowledge on how TRD subsequently led to death and
the long-term care burden associated with TRD to the
healthcare system. Moreover, it was unclear how
patients used the sub-specialty services in the outpatient, inpatient and emergency settings, which however
remained an unneglectable component to optimise
resource allocation and evidence-based decision making. Using territory-wide longitudinal electronic medical records (EMR) in Hong Kong, we aimed to assess
the disease burden in form of fatal and non-fatal health
losses with the following objectives: 1) examine the
impact of TRD on all-cause mortality and the potential
mediators on worsening survivorship, and 2) evaluate
the long-term healthcare resource utilisation pattern
and the overall economic burden to the public taxationbased healthcare system. We hypothesise that 1)
patients with TRD have higher risk of all-cause mortality, 2) TRD-associated physical and psychiatric conditions contribute to higher mortality, and 3) managing
patients with TRD requires more healthcare resources
compared to treatment-responsive patients.

Methods
Data source
We used the population-based, territory-wide EMR database in Hong Kong (Clinical Data Analysis and Reporting System), which covers all eligible citizens
(population size: 7 million) who use public healthcare
services.33,34 Patients’ records, including demographics,
dates of death, dates of hospitalisation and service attendance, diagnoses and prescriptions, were captured
across the outpatient, inpatient and emergency settings,
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and centralised for audit and research purposes, and
anonymised to protect confidentiality. The database has
been described in detail in previous epidemiology and
economic impact studies.35-37

Study design and participants
This was an EMR-based matched cohort study. Incident
patients with diagnosis codes for depression (ICD-9CM codes: 2962, 2963, 3004 and 311) in 2014 without
history of depression since 1993, when the database first
became available, were captured for analysis. We analysed prescription records from individual’s first depression diagnosis date to death or December 2019,
whichever came first, to identify whether they became
TRD. Patients were considered treatment-resistant if they
had taken at least two regimens of antidepressants for
an adequate duration (same antidepressant or combination regimen of at least 28 days with gaps no longer
than 14 days within regimens) and had a third antidepressant regimen to confirm failure in the previous two
regimens. The 28-day duration was based on the minimum recommended duration needed to assess responsiveness to an intervention.38 Patients who did not meet
the criteria for TRD were classified as non-TRD. Prior to
the main analyses, we described the transition of incidence into resistance over the follow-up in a Sankey diagram39 to show the proportion of patients on different
regimens at the three steps and the trajectory of regimen movement. The first regimen started with antidepressant
monotherapy,
classified
by
their
pharmacological mechanisms, while the second and
third regimens could be any antidepressant monotherapies or in augmentation/combination, second-generation antipsychotics, or mood stabilisers (Supplementary
Tables 1-2). Behavioural therapies and psychotherapies
were not included owing to data unavailability.
We matched the TRD cohort 1:4 to the non-TRD
cohort on a propensity score to improve comparability
between groups and address potential confounding,
estimated using logistic regression with age, gender,
history of physical disorders (all diseases in the calculation of the Charlson Comorbidity Index)40,41 and mental health conditions (attention-deficit-hyperactivity
disorder, autism, psychosis, schizophrenia, epilepsy,
anxiety disorder, personality disorder) from 1993 to the
dates of depression diagnoses in 2014. Standardised
mean difference values below 01 would indicate a
meaningful balance of baseline variables between
groups, which would not be included as model adjustment variables.42 In the survival, mediation and economic analyses, the follow-up started from the
prescription date of the third regimen (index date for
patients with TRD) until December 2019, and the same
index date was used for the four non-TRD matches.
Using the hazard ratio (HR: 135, 95% CI: 121-150)
reported from a previous national-wide cohort study,
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Figure 1. Schematic presentation of study design for survival and mediation analyses
*For TRD patients, index dates were the dates on which they received the third prescription before the study end date. Same index
dates were assigned to the matched non-TRD patients in the same matching stratum, who did not have a date of the third prescription by
deﬁnition. The matching was performed using propensity score based on age, gender, history of physical comorbidities, psychiatric and suicidal attempts as of 2014. The follow-up of both groups started on the index dates until death or the end of study. Index dates, censoring
and covariates adjustment used were the same throughout survival, mediation and healthcare resource utilisation analyses.

the required sample size was 7047 to achieve a 80% statistical power.14,43 The schema for the study design is
illustrated in Figure 1.

square error of approximation, comparative fit index,
and Tucker-Lewis index.

Healthcare resource utilisation and cost analysis
Survival and mediation analyses
We first fitted a multivariable Cox model to estimate
the hazard ratio (HRs) of all-cause mortality. Since
patients could become comorbid after matching
before the index dates, we also adjusted for physical
disorders and psychiatric conditions (same set of
conditions measured in the baseline characteristics)
recorded in the window between first diagnosis and
index date as binary variables in the model. An interaction term between TRD status and time was added
when Schoenfeld residual-based testing showed violation of proportional hazards assumption. To verify
the robustness of results from the main survival
analysis, we conducted two sensitivity analyses: 1)
using the accelerated failure time (AFT) model in
Weibull distribution to estimate the acceleration factor (AFs) of survival time;44 2) restricting TRD identification period to a two-year window and repeating
the Cox regression as in the main analysis.
We then explored two potential mediators of the relationship between TRD status and all-cause mortality: 1)
newly acquired physical disorders, and 2) newly
acquired mental health conditions (same set of conditions measured in the baseline and post-matching characteristics), using structural equation modelling based
on binary probit link (R ‘lavaan’ package), considering
only the new conditions after the index date (Figure 1)
and controlling for the significant post-matching confounders indicated from the survival analysis. We
assessed model goodness-of-fit jointly using root-mean-
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All-cause healthcare resource utilisation refers to all
recorded episodes or hospitalisation days per patientyear from index date to death or December 2019, whilst
the associated medical cost was estimated in a semimacroeconomic manner. We first stratified the utilisation into 14 service subtypes in the outpatient (three specialist, one general, three day-hospital and three
community services), inpatient (general/rehabilitation,
psychiatric and high-dependency/intensive-care wards)
and emergency settings. Medical costs were estimated by
multiplying the obtained utilisation data by service-specific
unit costs published in 2019 by the Hospital Authority
(Supplementary Table 4). Fourteen service-specific costs
were then aggregated into an overall cost. Despite a taxation-based subsidised healthcare financing system in
Hong Kong, we used non-subsidised costs to reflect the
overall economic burden from the decision-maker perspective. All monetary values are expressed in Hong Kong Dollars (2019). We applied negative binomial regression to
compare the service-specific utilization and overall cost per
patient-year over six years between groups, similarly adjusting for the post-matching characteristics as in the survival
and mediation analyses.

Role of the funding source
This study was supported by an unconditional educational
grant from Janssen and Internal Research Fund from the
Department of Medicine, The University of Hong Kong.
Funders did not participate throughout the study design,
study conduct, interpretation, or manuscript writing.
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Figure 2. Flowchart of incident cohort and 1:4 matched cohorts identiﬁcation
a
Patients were excluded if their dates of death were earlier than their ﬁrst dates in 2014 with depression-related diagnosis.
b
Prescription records of antidepressant between 2014 and 2019 were extracted to deﬁne patients’ TRD status. Antidepressants
treatment regimens could be monotherapy or combination treatments with antipsychotics or mood stabilisers.
Abbreviation: MDD − Major depressive disorder; TRD − Treatment-resistant depression.

RESULTS
Treatment trajectory and baseline characteristics
Figure 2 presents the identification process of the incident and matched cohorts. In 2014, we captured a total
of 15,159 patients with depression diagnoses. Of the
8,223 incident patients, 5,834 had an adequate antidepressant monotherapy regimen as their first treatment.
Of these, 471% (2745/5834) switched to a second regimen and a further 253% (1479/5834) switched to a
third regimen; these were identified as TRD patients
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(Figure 3). 180% of the incident patients became treatment-resistant during our follow-up. The median treatment duration was 161 days (interquartile range [IQR]:
57−505 days) at the first-line, whilst durations were
shorter at subsequent lines (The second-line: 130 days
(IQR: 56−383); third-line: 84 days (IQR: 28−273), Supplementary Table 3).
Table 1 shows the baseline characteristics of patients
with TRD and their matched controls. After matching,
two groups had similar age, proportion of females, history of psychiatric conditions and history of physical
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Figure 3. Treatment trajectory and resistance evolvement among incident patients with depression (N= 5,834)a
a
5,834 out of the 8,223 patients in the 2014 incident depression cohort were eligible for inclusion in this diagram as they had
antidepressant monotherapy of adequate duration as their ﬁrst treatment after incident diagnosis. The size of the colored nodes
represents the number of patients taking different treatment regimens at each treatment step while the connecting grey bars represent the patient ﬂow between the steps. ‘Stopped ﬁrst/second-line treatment’ represents those with prescriptions from the previous
step that ended before death or the study end date. ‘Continued ﬁrst/second-line treatment’ represents those with prescription durations from the previous step that continued up until death or the study end date.
Abbreviation: SSRI − Selective serotonin reuptake inhibitor, SNRI − Selective norepinephrine reuptake inhibitor, TCA − Tricyclic
antidepressant, MAOI − Monoamine oxidase inhibitor, AD - Antidepressant. The ‘Atypical’ group includes other antidepressants
with mechanisms of action that are different from the major antidepressant classes.

disorders (all standardised mean difference<006). The
mean time for patients to develop treatment resistance
was 20 years (§15 years). The mean follow-up time
was 34 years (§15 years) in the TRD group and
35 years (§15 years) in the non-TRD group (p=0282).

Survival and mediation analyses
There were 291 all-cause deaths and 11 deaths due to
external causes (41% and 02% of the study population)
during the follow-up (Table 2). Multivariable Cox model
showed that TRD status significantly increased the risk
of all-cause mortality (HR: 152, 95%CI: 114−202,
p=0004) (Supplementary Figure 1a). AFT model consistently showed that patients with TRD had a 30%
reduction in survival time (AF: 070, 95%CI: 052
−094, p=0016) (Supplementary Figure 1b). Using twoyear as the TRD identification window, Cox regression
also returned similar mortality risk estimation as the
main analysis (HR: 154, 95% CI: 100−236, p=0049).
Table 2 describes the number of patients who died or
who had new-onset physical disorders and psychiatric
conditions in the two studied groups. During the postTRD period, the most common new onset physical disorder was cardiovascular disease (20%), chronic
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obstructive pulmonary disease (14%) and diabetes mellitus (13%), whilst the most common new mental
health conditions were self-harm behaviours (23%),
psychosis (14%) and schizophrenia (10%). The path
model illustrates the total effect of TRD status on allcause mortality, and the mediated effects acting through
the acquisition of new physical disorders and psychiatric conditions (Figure 4). The path model achieved
acceptable goodness-of-fit and confirmed the significant
total effect of TRD status on mortality (p=0017) found
in the survival analyses. The increased mortality associated with TRD was significantly mediated by the newly
acquired psychiatric conditions (p=0003), accounting
for 416% of the total effect (i.e., the percentage of total
effect attributable to indirect effect). There was a tendency towards a mediating effect via physical disorders
(322% of the total effect), but the result did not reach
statistically significant level (p=0122).

Healthcare resource utilisation
Over six years, patients with TRD had significantly
greater mean healthcare resource utilisation per
patient-year in outpatient visits (151 vs 82 episodes),
emergency visits (11 vs 06 episodes) and inpatient days
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Characteristics

Before matching

After matching

TRD group
(N = 1,479)

Non-TRD group
(N = 6,744)

SMD

TRD group
(N = 1,479)

Non-TRD group
(N = 5,856)b

SMD

Age (mean, SD)

46.6 (17.0)

49.1 (18.8)

0.140

46.6 (17.0)

47.1 (17.9)

0.032

Female (N, %)

1093 (73.9)

4789 (71.0)

0.065

1093 (73.9)

4306 (73.5)

0.008

History of psychiatric conditions (N, %)

-

-

-

-

-

-

Any psychiatric diseases or suicidal ideation

218 (14.7)

1,250 (18.5)

0.102

218 (14.7)

856 (14.6)

0.003

Attention-deﬁcit Hyperactivity Disorder

2 (0.1)

10 (0.1)

0.003

2 (0.1)

8 (0.1)

<0.001

Autism

0 (0.0)

4 (0.1)

0.034

0 (0.0)

3 (0.1)

0.032

Psychosis

23 (1.6)

201 (3.0)

0.096

23 (1.6)

128 (2.2)

0.047

Schizophrenia

7 (0.5)

69 (1.0)

0.064

7 (0.5)

46 (0.8)

0.039

Epilepsy

11 (0.7)

71 (1.1)

0.033

11 (0.7)

45 (0.8)

0.003

Anxiety disorder

90 (6.1)

491 (7.3)

0.048

90 (6.1)

323 (5.5)

0.024

Personality disorder

19 (1.3)

81 (1.2)

0.008

19 (1.3)

58 (1.0)

0.028

Suicidal behaviors (N, %)

94 (6.4)

540 (8.0)

0.064

94 (6.4)

388 (6.6)

0.011

History of physical disorders (N, %)a

-

-

-

-

-

-

Any physical comorbidities

288 (19.5)

1600 (23.7)

0.103

288 (19.5)

1158 (19.8)

0.008

Diabetes mellitus

76 (5.1)

499 (7.4)

0.093

76 (5.1)

351 (6.0)

0.037

Cerebrovascular vascular disease

71 (4.8)

440 (6.5)

0.075

71 (4.8)

288 (4.9)

0.005

Chronic pulmonary disease

76 (5.1)

322 (4.8)

0.017

76 (5.1)

244 (4.2)

0.046

Any tumors

54 (3.7)

348 (5.2)

0.074

54 (3.7)

252 (4.3)

0.033

Ulcer disease

36 (2.4)

169 (2.5)

0.005

36 (2.4)

120 (2.0)

0.026

Peripheral vascular disease

22 (1.5)

102 (1.5)

0.002

22 (1.5)

62 (1.1)

0.038

Congestive heart failure

21 (1.4)

147 (2.2)

0.057

21 (1.4)

95 (1.6)

0.017

Moderate/severe renal disease

20 (1.4)

124 (1.8)

0.039

20 (1.4)

90 (1.5)

0.015

Liver diseases

14 (0.9)

71 (1.1)

0.011

14 (0.9)

50 (0.9)

0.010

Dementia

6 (0.4)

71 (1.1)

0.076

6 (0.4)

48 (0.8)

0.053

Hemiplegia/paraplegia

16 (1.1)

110 (1.6)

0.047

16 (1.1)

86 (1.5)

0.034

Myocardial infarction

7 (0.5)

79 (1.2)

0.077

7 (0.5)

57 (1.0)

0.059

Connective tissue disease

8 (0.5)

63 (0.9)

0.046

8 (0.5)

50 (0.9)

0.038

Lymphoma

0 (0.0)

10 (0.1)

0.054

0 (0.0)

7 (0.1)

0.049

Leukaemia

2 (0.1)

12 (0.2)

0.011

2 (0.1)

11 (0.2)

0.013

Acquired Immunodeﬁciency Syndrome

2 (0.1)

10 (0.1)

0.002

2 (0.1)

7 (0.1)

0.004

Charlson Comorbidity Index (mean, SD)

1.16 (1.81)

1.52 (2.13)

0.184

1.16 (1.81)

1.27 (1.94)

0.059

Table 1: Characteristics of patients with TRD and their matched controls at cohort entry in 2014
a

Categorization was based on the disease types included in the Charlson Comorbidity index.
257 patients did not proceed to survival and mediation analysis as deaths occurred earlier than their index dates. The SMD of matching variables remained
below 0.1 in the absence of these patients.Abbreviation: IQR − Interquartile range, SD − Standard deviation, SMD − Standardised mean difference, TRD −
Treatment-resistant depression.
b

TRD group
N (%)

Non-TRD group
N (%)

p-value

Number of recorded deaths
- All causes

78 (5.3)

213 (3.6)

0.014*

- External causes

6 (0.4)

5 (0.1)

0.012*

New onset of physical disorders

130 (8.8)

420 (7.2)

0.112

New onset of psychiatric conditions

85 (5.7)

166 (2.8)

<0.001*

Table 2: Number of recorded deaths, new-onset physical disorders and psychiatric conditions during follow-up period
*Significant at 0.05 between TRD and non-TRD groups using chi-square or Fisher’s exact tests.
Abbreviations: TRD − Treatment-resistant depression.
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Figure 4. Mediating effect of TRD status on all-cause mortalitya-c
a
The values are binary probit estimates illustrating the total, direct and mediated effects of TRD on mortality event through the
post-index acquisition of new physical disorders and psychiatric conditions among matched incident patients in 2014. Total effect
was the sum of direct effect and indirect effects via two mediators, whilst the indirect effect was the product of b values in the association between TRD and mediator and, between mediator and mortality.
b
Path model adjusted for post-matching acquisition of new physical disorders before the index date as confounder control.
c
Physical disorders include myocardial infarction, congestive heart failure, peripheral vascular siease, cerebrovascular disease,
dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, liver disease, diabetes, hemiplegia or paraplegia,
moderate-to-severe renal disease, tumours, leukaemia, lymphoma and acquired immunodeﬁciency syndrome. Mental health conditions include attention-deﬁcit-hyperactivity disorder, autism, psychosis, schizophrenia, epilepsy, anxiety disorder and personality
disorder.
Abbreviations = CFI − Comparative ﬁt index, RMSEA − Root-mean-square error of approximation, TLI − Tucker-Lewis index.

(83 vs 42 bed-days; all p<0001), compared with nonTRD patients (Figure 5). When further stratifying the
three settings into 14 psychiatric and non-psychiatric
service subtypes, TRD patients had 24- to 31-fold
greater utilisation of psychiatric-specific services,
including psychiatric specialist outpatient clinic (50 vs
20 episodes), psychiatric day hospital (07 vs 03 episodes), psychiatric community nursing (15 vs 05 episodes) and psychiatric ward (23 vs 07 bed-days; all
p<0.01). In most non-psychiatric service subtypes, TRD
continued to exhibit greater utilisation including general and rehabilitation ward (60 vs 34 bed-days), specialist outpatient clinic of other specialties (26 vs 20
episodes) and allied health (24 vs 13 episodes), general
outpatient clinic (23 vs 19 episodes), rehabilitation day
hospital (007 vs 001 episode) and allied health community services (010 vs 003 episode; all p<005), with
adjusted odds ratios between 12 and 57 compared with
non-TRD patients.
Aggregated from all settings, the unadjusted mean
overall cost in TRD patients was $116,731§$213,743
(equivalent to US$14,966§27,403 in 2019) per patientyear — 54% higher than that in non-TRD patients
(mean, $75,666§217,243). Results from the negative
binominal regression showed that, after covariate
adjustment, TRD continued to be positively associated
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with overall cost with an adjusted odds ratio of 180
(95%CI: 163-200, p<0001).

Discussion
Summary of ﬁndings
Using an incident depression cohort with up to six years
of follow-up, we found that patients with TRD had more
than 50% increased risk of all-cause mortality compared
with those remaining non-TRD. Our path analysis also
identified that post-TRD psychiatric conditions partially
mediated the mortality-causing mechanism. From the
economic perspective, we observed greater healthcare
resource utilisation by patients with TRD compared to
non-TRD in both psychiatric and non-psychiatric service
settings, leading to additional $41,000 annual healthcare costs per patient.

Treatment trajectory and prevalence of TRD
During the evolution towards TRD, overall median
treatment durations were shortened following subsequent lines of treatment and regimen, and the application of combination therapies was increasingly
common when the second and third regimens were
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Figure 5. Healthcare resource utilisation comparison between treatment-resistant and treatment responsive patients
All-cause healthcare resource utilisation refers to all recorded episodes or hospitalisation days per patient-year from index date
to death or December 2019.
*Signiﬁcant at 0.05 between TRD and non-TRD patients using negative binomial regression with log link function, adjusting for
post-matching acquisition of physical disorders and that of psychiatric conditions.
Abbreviation: OR − Odds ratio, PY − Patient-year, SD − Standard deviation, TRD − Treatment-resistant depression.

attempted, reflecting the difficult-to-treat nature of TRD
patients and the challenge of improving treatment strategies to prevent poor survival outcomes. We applied
stringent criteria to define TRD based on previous
literature.12,14,15 Despite this, the proportion of patients
becoming treatment-resistant (18%) was higher than in
previous studies using national registers or claims databases, which have reported prevalence rates of TRD
between 10% and 15%. The higher prevalence may have
stemmed from the use of a different study design that
did not restrict the identification of TRD within a specific cut-off time window, as long as the patient fulfilled
the definition of TRD. Another possible explanation
could be that we included a different patient profile at
cohort entry. Despite similar mean patient age compared with previous studies, scores on the Charlson
Comorbidity Index and the proportion of patients with
any physical health disorders were considerably higher
in our study.12,14,15 A comorbid situation with depression could in turn complicate the care pathways and
treatment responses, therefore increasing the chance of
TRD identification.45,46
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Mortality risk and mortality-causing mechanisms
We identified a consistent mortality risk (HR: 152, 95%
CI: 114-202) as those reported in the U.S. (HR: 129,
95% CI: 122-138) and Sweden (HR: 135, 95% CI: 121150).12,14 It is therefore clinically relevant to understand
the reasons for the association between TRD and premature mortality, to inform strategies for secondary prevention. Previous research often portrays multiple mental
health conditions as a risk factor for treatment
resistance.47,48 whilst our results suggest that developing
TRD could also be a precursor to diagnosis of other mental health conditions or self-harm, and that 42% of the
causal relationship between TRD and all-cause mortality
is mediated by the new onset of psychiatric conditions. In
the TRD population, clinical attention should therefore
focus on reducing the risk of further mental health problems and monitor for clinical signals that may lead to
mortality, especially suicidal behaviours, psychosis, and
schizophrenia as these were found to be the most common newly diagnosed post-TRD psychiatric conditions.
Our mediation analysis also highlights the complexity of depression management and reinforces the
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importance of ongoing monitoring for new psychiatric
diagnoses after treatment resistance. TRD serves as a
marker for mortality, and early identification of potential treatment-resistant patients is essential to prevent
them enduring prolonged ineffective medication.
Although the mediation effect of new physical disorders
was non-significant, the effect coefficient suggested a
direction and tendency towards a mediation effect that
did not deviate from our initial hypothesis. As our data
captured only one year of incident cohort, the study may
be underpowered to detect underlying mediating effects
of physical health on the relationship between TRD and
mortality. Future studies with larger samples or multiple years of incident cohort will help to differentiate the
reason.

Healthcare resource utilisation and economic burden
Consistent with previous research, our findings also
suggest that TRD is associated with greater healthcare
resource utilisation and higher cost in all service
settings.27,28,30,31,49 Each TRD patient costs $116,731 per
year to the system, which is equivalent to almost onethird of local gross domestic product (GDP) per capita
in 2019.50 This has far exceeded the governmental
annual healthcare budget at $23,753 per capita (62% of
local GDP per capita in 2018/19),51 indicating an inadequate resource planning with respect to TRD. In terms
of setting the distribution of healthcare resources, the
burden found in our study appeared to incline towards
inpatient setting compared with other country contexts.
Claims-based studies, which similarly studied the
impact of TRD on healthcare resource utilisation and
healthcare cost in the U.S. and Japan, revealed that
TRD patients had only 18 to 42 hospital days but 180
to 455 outpatient visits per patient year.27,28,30,31,49
Such discrepancies could have originated from the
intrinsic difference between claims-based and routinecare based EMRs, for example, prescription renewal
was often counted as one outpatient visit in a claimsbased system.30 Alternatively, different health financing
structures, particularly given that we exercise a taxationbased public system where eligible patients were heavily
subsidised, may have potentiated different health-seeking behaviours. In the case of disproportionate reliance
towards hospitalisation, nevertheless, re-consideration
should be given to strengthening the role of outpatient
and community resources, to which the costlier inpatient load could be reshuffled.

Clinical and health service implications
This comprehensive investigation on the clinical and
economic consequences of TRD has brought about
implications both clinically and in decision-making in a
multifaceted manner. In contrast to post-TRD psychiatric diagnoses, post-TRD physical comorbidities did not
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seem to significantly sit in the pathway to TRD-associated death in the mediation analysis. However, the burden that arose from physical comorbidities might have
instead manifested in healthcare resource utilisation as
our results showed that TRD patients consumed significantly more resources in both psychiatric and general
medical services in all three service settings. Physical
complications are bidirectionally linked with the severity of depression, it is therefore reasonable that TRD
patients had worse courses of both general and mental
health, which exhibited and extended the healthcare
burden to other medical services.16,18,45 Authorities
should expect increased premature mortality and service
demand associated with TRD. The findings also indicate
that multidisciplinary disease management strategies to
treat and prevent progression into TRD may not only be
beneficial to the multifaceted patient outcomes, but also
cost savings in both the aforementioned service subtypes.

Limitations
This study also has several limitations. First, as with
other studies utilising routine care EMR, our definition
of drug exposures was complicated when considering
concurrent medications and the switching of drug regimens. In cases where patients switched or added medications before their previous prescription duration
ended, it was difficult to determine whether the patient
had stopped taking the previous medication or if it was
added to their regimen and hence may be misclassified.
To address this, we defined an adequate duration of regimen and gaps within the regimen based on clinical
guidelines.38 Moreover, the lack of detailed clinical
information, such as depression severity or reasons for
switching medication and dosage adjustment were
unavailable, may lead to misclassification of TRD. Given
the lack of consensus on the TRD definition, pseudoresistance (e.g. due to inadequate initial dosing, early
discontinuation, atypical pharmacokinetics and medical
compliance) could not be completely ruled out.52 Second, patients with TRD might likely have repeated visits
with increased chance of detecting comorbidities early.
Our current mediation analysis considered post-TRD
diagnoses made from all service settings, including
emergency and unplanned hospitalisation, which could
minimise but not exclude the possibility of surveillance
bias. Overestimation of mediation effect from post-TRD
comorbidities was possible, which warrants future study
with thoughtful study design. Third, the healthcare
resource utilisation analyses did not account for costs of
prescriptions and psychotherapies, which may represent an underestimation of overall medical cost. Last,
sample size of the current study is relatively small comparing to previous national-wide cohort studies. With
statistical power consideration, we limited our analyses
to all-cause mortality but not depression-related death
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or healthcare resource utilisation. Future studies with
larger sample size are encouraged, particularly for the
reconfirmation of death-mediation effect from postTRD psychiatric and physical comorbidities.

Conclusion
TRD increased mortality risk by 52% compared to treatment-responsive depression, partially mediated by postTRD psychiatric conditions. Physical comorbidities,
although not significantly mediating survival outcome,
cast considerable burden to the healthcare system, given
the increased service utilisation across multiple service
types.
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