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Background Barriers to depression care differ across countries, highlighting the importance of identifying gaps in
health-service coverage for regional health systems. This study aims to identify the bottlenecks of depression care
and associated factors.

Methods We used data from the Taiwan Longitudinal Study on Aging of 2015, included 7675 participants aged
50 years and older. We identified participants with clinically relevant depression using the Center for Epidemiologi-
cal Studies Depression Scale or Taiwan’s National Health Insurance program claims records of depressive disorders.
Bottleneck analysis was based on a modified Tanahashi framework with four stages: healthcare accessibility, initial
contact, adequate treatment, and effective coverage. Individual factors associated with achieving these stages were
estimated using multivariable logistic regression models with multiple imputation.

Findings We identified 1253 patients with clinically relevant depression; 83% perceived it as convenient to access
healthcare, but only 27% had initial contact with health services, 16% received adequate coverage, and 11% achieved
effective treatment. In terms of factors associated with initial contact, being female, married, or retired/unemployed;
having a high education level, social group engagement, or self-reported diabetes mellitus; exercising regularly; and
participating in social leisure activities were associated with increasing contact. Those with alcohol use had a low
likelihood of treatment.

Interpretation Initial contact constitutes the primary bottleneck of depression care in Taiwan. Improving mental
health literacy and enhancing depression screening would be helpful to elevate treatment rates and improve depres-
sion care.
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Depression is a highly prevalent disorder that affects
approximately 12¢9% of the adult population.1 It is pre-
dicted that depressive disorder will be the leading cause
of disease burden in 2030 by the World Health Organi-
zation.2 Depressive disorders affect personal well-being
and impact daily functioning, education, employment,
and poor quality of life.3
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Research in context

Evidence before this study

We searched PubMed from database inception to Janu-
ary 15, 2022, with synonym search terms of “barriers”,
“bottlenecks”, “effective coverage”, “depressive disor-
der”, and “depression” without any restrictions on lan-
guage or article type. According to one systematic
review in 2021 including 65 studies with 1¢1 million par-
ticipants from 79 countries, the treatment rates for
high-, middle-, and low-income countries were 48¢3%,
21¢4%, and 16¢8%, respectively. Another worldwide sur-
vey study across 15 countries estimated the overall con-
tact coverage at 41¢8% while contact coverage in high-
income countries (52¢0%) was about two times that of
low- or middle-income countries (26¢5%). The effective
coverage for high-income countries (12¢3%) was twice
as high as that for low- or middle-income countries
(5¢6%).

Added value of this study

To our knowledge, this is the first study analyzed the
barriers of depression care in a universal healthcare sys-
tem. Based on Taiwan’s nationwide survey with linkage
to National Health Insurance claims database, we identi-
fied patients with clinically relevant depression. Among
them, 83% perceived it as convenient to access health-
care, but only 27% had initial contact with health serv-
ices for depression, 16% received adequate coverage,
and 11% achieved effective treatment. The main bottle-
necks of depression care in Taiwan’s universal health-
care system is initial contact.

Implications of all the available evidence

Several factors were associated with initial contact,
including being female, married, having a high educa-
tion level, social group engagement, exercising regu-
larly, and participating in social leisure activities.
Improving mental health literacy, enhancing social net-
work, and conducting depression screening would be
helpful to elevate treatment rates and improve effective
coverage of depression care.
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However, many individuals with depressive disorder
remain untreated; it is estimated that the global treat-
ment rates for depression are at 34¢8%.4 Another survey
showed that only a third of individuals with depression
or anxiety seek professional help from health service
providers.5 Prolonged duration of untreated depression
is associated with poor response to antidepressant ther-
apy and disability.6 Even when patients with depressive
disorders contact health services, less than half receive
adequate treatment.7 Nonadherence to treatment
increases the risk of relapse and recurrence of
depression.8
Considering the different barriers to depression care
among countries, it is important to identify the gaps in
health service coverage for various regional health sys-
tems. Tanahashi model is an instrument to identify bot-
tlenecks of health care delivery through several
necessary stages, including health care availability and
accessibility, initial contact, adequate treatment, and
effective coverage.9 Taiwan is a high-income country
with abundant medical resources, and most residents
can reach a healthcare facility within 30 minutes.10

Almost all citizens are covered by the universal compul-
sory National Health Insurance (NHI) program. Mid-
dle-aged and older adults utilise healthcare more
frequently10 and have a higher prevalence of depressive
disorders than young adults;11 however, they might hesi-
tate to contact mental healthcare due to stigma or lack of
awareness.12 One previous study revealed that the treat-
ment rate among middle-aged and older adults in Tai-
wan was only 20%;13 however, the estimate was based
on patients’ self-reports, which might be biased by
recall.

In this study, we applied a modified Tanahashi
framework14 to identify the bottlenecks of depression
care in Taiwan using a representative nationwide survey
linked to the NHI claims database. Furthermore, we
analysed individuals’ factors associated with achieving
each stage, which may give us a comprehensive under-
standing of the population with depression without
effective treatment in Taiwan.
Methods

Data source
This study used data from the Taiwan Longitudinal
Study on Aging (TLSA), which is a multi-wave national
representative random sample of middle-aged and older
adults.15 Trained interviewers collected data via face-to-
face home interviews using structured questionnaires.
The 9th wave of the TLSA was conducted in 2019, but it
is still not available for linking NHI claims database.
Therefore, this study used only the 8th wave of the
TLSA conducted in 2015. Our participants included
those (n = 2996) enrolled in previous waves and the
refresh cohort (n = 5304) newly included in this wave; a
total of 8300 participants were included in this study.
After excluding those who answered via proxy or who
did not complete the Centre for Epidemiological Studies
Depression Scale (CES-D) questionnaires, 7675 partici-
pants were included in the final analysis.

The NHI claims records linked to TLSA participants
in 2015 were also included. The NHI claims database
included patients' demographic characteristics, clinical
diagnoses, and prescription records. The accuracy of
clinical diagnosis in the NHI claims database for
depression and other major psychiatric disorders has
been well documented.16 This study was approved by
www.thelancet.com Vol 26 September, 2022
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the Research Ethics Committee of the National Health
Research Institutes (EC1101103-E).
Target populations
We identified participants with clinically relevant
depression based on the CES-D or NHI claims records.
The original 20-item CES-D has been widely used and
validated in community-residing older adults and
screening for depressive disorders, including major
depression, subthreshold depression, or dysthymia,
with a sensitivity of 84% and 77% positive predicted
value.17 There are several modified short forms. In the
TLSA, the 10-item CES-D was used to measure depres-
sive symptoms; the cut-off point was 10 or more for clin-
ical depressive symptoms.18 This cut-off point yielded a
specificity of 93% and a sensitivity of 96% compared to
Boston form of CES-D.18 Given that patients with
depression might be treated and remitted, we also
included those who had been diagnosed with depressive
disorder (ICD-9 code: 296¢2, 296¢3, 300¢4, or 311) in
2015 using the NHI claims database. A total of 1253
(16¢3%) participants were identified as having clinically
relevant depression (see Supplementary Figure 1).
Bottleneck analysis using modified Tanahashi
framework
The original Tanahashi framework evaluates health ser-
vice coverage using five different stages to highlight
gaps in service delivery.9 This framework was further
modified by the World Health Organization and United
Nations Children's Fund for assessing the national
health system.14 The Tanahashi framework provides a
bottom-up stepwise assessment, including necessary
stages from supply (availability and accessibility) to
stages from demand (initial contact, adequate coverage,
and effective coverage).
Healthcare accessibility
Accessibility included different dimensions, such as
essential health commodities, availability, human
resources, physical access to service, and affordability.9

Given that Taiwan’s healthcare resources are abundant
and the co-payment for health services is low, we only
used self-perception of the convenience of accessing
healthcare to evaluate overall healthcare accessibility.
Among the target population, if the responders per-
ceived convenience of health care facilities or had visited
clinics for depression treatment, they were classified as
having sufficient healthcare accessibility.
Initial contact
Contact coverage was defined as the proportion of
treated patients among the target population. To avoid
recall bias, we identified patients who received any
www.thelancet.com Vol 26 September, 2022
treatment for depressive disorder based on the linked
NHI claims records.
Adequate coverage
Adequate coverage was defined using the proportion of
patients who received adequate treatment among the target
populations. The adequacy of depression treatment was
determined based on the practice guidelines for depressive
disorders.19 The quality indicators of depression care
included three domains.20 Visit adequacy was defined as
four or more visits during the 1-year follow-up period. Dose
adequacy was defined as an average dose of antidepres-
sants equal to or higher than the minimum daily dosage.19

Duration adequacy was defined as ≥60 days for continu-
ous antidepressant treatment. The overall minimally ade-
quate treatment was defined as fitting all criteria of visit,
dose, and duration adequacy.
Effective coverage
Effective coverage measures the proportion of patients
who received effective treatment to those who needed
treatment. We defined those who had received adequate
treatment and their current CES-D scores of less than
10 as patients receiving effective treatment.
Individual factors
Individual factors included demographic variables,
medical conditions, and health behaviour measures.
Demographic characteristics included age (50−64, 65
−74, 75−84, or ≥85), sex, education year (0, 1−6, 7−12,
or ≥13), marital status (married, widowed/divorced/sep-
arated/never married), living status (alone or with fam-
ily/others), residency (urban, suburban, or rural),
employment status (full-/part-time job or retirement/no
job), income per year (<300,000, 300,000−700,000,
or ≥700,000 New Taiwan Dollar [NTD]; the current
exchange rate US dollar (USD) to NTD was approxi-
mately 31¢8 in 2015). Chronic medical conditions were
measured using self-reported hypertension, diabetes
mellitus, and dyslipidaemia. Functional level was
assessed by activities of daily living (ADL) and instru-
mental ADL (IADL). Participants were categorised as
either totally normal or having any item impairment.
Cognitive function was measured using the 9-item
Short Portable Mental Status Questionnaire, whose
scores range from 0 to 9. Cognitive impairment was
defined as a score of < 7. Health behaviour measures
included body mass index, self-reported tobacco or alco-
hol use in the preceding year, and self-reported regular
exercise habits. Leisure activity was assessed by ques-
tionnaire and included watching TV, listening to music,
reading, playing chess, walking, gardening, hiking or
exercise, riding a bike, interacting with friends or rela-
tives, singing or dancing, chatting, using email, or play-
ing video games. If the participants frequently engaged
3
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in one of these leisure activities (two times or more per
week) with others, they would be classified as having
social leisure activities. We withdrew the item for watch-
ing TV because it is a highly prevalent (>90%) activity
with limited social interactions. Social group engage-
ment was assessed by asking whether participants were
engaged in at least one social group, including commu-
nity groups, religious groups, occupation or business
associations, political parties, volunteer groups, clan
associations, senior organisations, or learning clubs.
Statistical analysis
Descriptive statistics, including number and percent-
age, were calculated for these four stages: healthcare
accessibility, initial contact, adequate treatment, and
effective coverage.

The associations of individual factors with achieving
each stage were estimated using univariable and multi-
variable adjusted logistic regression models, which
included all above-mentioned individual factors. The
interaction of variables was not tested due to small sam-
ple size. No variable selection was conducted.

There were missing values for individual factors; the
missing rates were quite low (<1%) except that for the
yearly income, which was approximately 12¢5% (see sup-
plementary Table 1). We used multiple imputation to
deal with missing data under the missing at random
assumption,21 which supposed the probability of being
missing is dependent on observed variables. Briefly, the
missing values were filled by Markov chain Monte Carlo
methods using all measured variables. The process was
repeated 20 times to generate 20 imputed datasets.
Then the 20 imputed datasets were analysed and the
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Figure 1.Modified Tanahashi mode
model parameter estimates were combined using
Rubin’s rules.21 The MI and MIANALYZE procedure in
SAS version 9¢4 (SAS Institute, Cary, NC, USA) was
used. Sensitivity analysis using complete case data were
also conducted. Odds ratio was used as the measure of
association and 95% confidence intervals or p-value <
0¢05 were used to determine statistical significance.
Multiple comparison could reduce the type I error but
increase type II error; therefore, it was not considered
because the study aimed to explore factors associated
with health care delivery. Multicollinearity was exam-
ined using variance inflation factor. Goodness-of-fit was
measured using c-statistic. In multiple imputation anal-
ysis, the test static of model assumption and goodness-
of-fit was reported in a range because it could not be
combined.
Role of the funding source
The funders had no role in study design, data collection,
data analysis, interpretation, writing of the report.
Results
Among the participants with clinically relevant depres-
sion (n = 1253), most were women (64¢4%), aged 50
−64 (34¢1%) or 65−74 (31¢4%), married (56¢3%), and
living with family or others (88¢1%). In addition, they
had a high proportion of hypertension (50¢5%), diabetes
(24¢7%), dyslipidaemia (24¢1%), and subjective poor
health (50¢8%).

Figure 1 shows the results of the modified Tanahashi
model for depression care in Taiwan. Among partici-
pants with clinically relevant depression, 83% perceived
 

1.00

0.83

.40 0.50 0.60 0.70 0.80 0.90 1.00

pression care in Taiwan

l for depression care in Taiwan.

www.thelancet.com Vol 26 September, 2022



Articles
convenience in accessing healthcare, 27% had initial
contact, 16% received adequate treatment, and 11%
achieved effective coverage.

In the analysis for individual factors associated with
achieving each stage, living alone, residency in subur-
ban or rural areas, ADL or IADL impairment, and sub-
jective poor health were associated with healthcare
inaccessibility while body mass index (BMI) ≥ 27 or age
between 65 and 74 were related to perceived conve-
nience in accessing health care facilities (see Table 1).

In terms of factors associated with initial contact, we
found that being female or retired/unemployed; having
a high education level, self-reported diabetes mellitus,
or social group engagement; exercising regularly; and
engaging in social leisure activities were associated with
increasing initial treatment. However, being widowed,
divorced, separated, or never married and using alcohol
were associated with lack of treatment (see Table 2).

Among patients with initial contact, no individual
factors were statistically significantly associated with
adequate treatment (Table 3). For those who received
adequate treatment, we found that patients who
reported subjective poor health or with IADL
impairment had a decreased likelihood of receiving
effective treatment while exercising regularly and living
in suburban or rural areas were associated with effective
treatment (see Table 4).

The results of complete case analysis were showed
in supplementary Table 2 - 5. There were some differ-
ences in significant level between complete case analy-
sis and multiple imputation analysis; however, the
direction and magnitude of association were generally
consistent.
Discussion
In this bottleneck analysis for depression care in Tai-
wan, we found that health accessibility was 83%. How-
ever, the initial contact was only 27%, which is the main
bottleneck. Approximately 17% of patients had adequate
treatment, and 11% had effective coverage. According to
one systematic review including 65 studies with
1¢1 million participants from 79 countries, the treatment
rates for high-, middle-, and low-income countries were
48¢3%, 21¢4%, and 16¢8%, respectively.4 Another recent
study that included 17 surveys conducted across 15 coun-
tries by the World Health Organization-World Mental
Health Surveys Initiative22 estimated the overall contact
coverage at 41¢8% while contact coverage in high-
income countries (52¢0%) was about two times that
of low- or middle-income countries (26¢5%). The
effective coverage for high-income countries (12¢3%)
was twice as high as that for low- or middle-income
countries (5¢6%). Compared with our results, the
contact coverage of depression in Taiwan was close
to that of middle-income countries despite the fact
that Taiwan is a high-income country. The effective
www.thelancet.com Vol 26 September, 2022
coverage of depression in Taiwan was also lower
than that in high-income countries.
Healthcare accessibility
Although Taiwan’s healthcare facilities are abundant,
we found that 17% of patients with clinically relevant
depression perceived inconvenience in accessing health
services. Healthcare resources were relatively insuffi-
cient in rural or suburban areas. A previous study fur-
ther showed that living in urban areas was associated
with a higher prevalence of frailty and worse access to
medical care while higher rates of disability were also
associated with inadequate access to healthcare.23 This
is also reflected in our results that living in suburban or
rural areas and having IADL impairment were associ-
ated with healthcare inaccessibility. We also found that
patients with subjective poor health were more likely to
perceive inconvenience in accessing healthcare, which
might be due to functional impairment. Of note, we
found that age between 65 and 74 years was associated
with increased accessibility. This might be because this
age group is retired and has more time to access health
services than those who have not yet retired. This age
group also has fewer functional impairments than the
older age groups. Compared to those with underweight
(BMI < 18¢5), participants with BMI ≥ 27 might have
better health conditions and feel more convenience in
accessing healthcare.24 Cost was not the main barrier to
accessing health services due to the low co-payment for
utilising the NHI program; therefore, there is no associ-
ation between income and healthcare accessibility.
Initial contact
No contact with health services is the main bottleneck
that impedes patients with clinically relevant depression
from receiving treatment in Taiwan. The low treatment
rate is generally attributable to the stigma of mental
problems, negative beliefs about treatment effectiveness
and safety, and lack of awareness of depression as a
treatable illness.5,12 Furthermore, previous community
psychiatric surveys in Taiwan revealed that the lower
percentage of help-seeking behaviours might associate
with “stoicism” in oriental cultures.25 It means individu-
als with depressive disorder in Taiwan have a relatively
high tolerance for or denial of emotional sufferings.25

In terms of other sociodemographic correlates, women
tend to seek informal or professional help while men
tend to deny problems and use alcohol or drugs.5 Past
research has also shown that those with more social
support tend to seek help.12 In our investigation,
women, those who are married, and those with social
group engagement or social leisure activities had higher
treatment rates while men and those with alcohol intake
did not. In addition, we found that a high education
level was associated with an increased treatment rate,
5



Patients without

healthcare

accessibility

(n = 208)

Patients with

healthcare

accessibility

(n = 1045)

Crude Odds

Ratio (95% CI)

p-value Adjusted odds

ratio (95% CI)

p-value

Age groups

50-64 60 (28.8) 367 (35.1) Reference Reference

65-74 47 (32.3) 346 (33.1) 1.20 (0.80, 1.82) 0.387 1.30 (1.03, 1.65) 0.030

75-84 67 (32.2) 235 (22.4) 0.57 (0.39, 0.84) 0.005 1.25 (0.97, 1.63) 0.090

≥85 34 (16.3) 97 (9.28) 0.47 (0.29, 0.75) 0.002 1.25 (0.91, 1.71) 0.176

Gender, female 142 (68.2) 653 (62.4) 0.78 (0.56, 1.06) 0.123 0.88 (0.71, 1.08) 0.216

Education year

0 63 (30.2) 165 (15.7) 0.46 (0.31, 0.67) <.001 0.89 (0.70, 1.13) 0.335

1-6 74 (35.5) 425 (40.6) Reference Reference

7-12 50 (24.0) 302 (28.8) 1.05 (0.71, 1.54) 0.808 0.85 (0.68, 1.07) 0.168

≥13 21 (10.0) 153 (14.6) 1.27 (0.76, 2.13) 0.384 0.93 (0.69, 1.24) 0.615

Marital status

Married 101 (48.5) 604 (57.7) Reference Reference

Widowed/divorced/separated/

never married

107 (51.4) 441 (42.2) 0.69 (0.51, 0.93) 0.016 1.10 (0.91, 1.33) 0.302

Living statusa

Living alone 44 (21.1) 105 (10.0) 0.42 (0.28, 0.61) <.001 0.64 (0.50, 0.82) <.001

Living with family or others 164 (78.8) 939 (89.9) Reference Reference

Residency

Urban 65 (31.2) 492 (47.0) Reference Reference

Suburban 97 (46.6) 426 (40.7) 0.58 (0.41, 0.81) 0.002 0.82 (0.68, 0.99) 0.041

Rural 46 (22.1) 127 (12.1) 0.36 (0.24, 0.56) <.001 0.68 (0.53, 0.87) 0.003

Employment status

Full or part-time jobs 114 (54.8) 609 (58.3) Reference Reference

Retirement or no job 94 (45.2) 436 (41.7) 0.87 (0.65, 1.18) 0.374 0.97 (0.82, 1.16) 0.768

Income, yeara

<300K NTD 124 (67.0) 452 (49.6) 0.37 (0.22, 0.63) <.001 0.86 (0.65, 1.13) 0.272

300K-700K NTD 43 (23.2) 284 (31.1) 0.68 (0.38, 1.20) 0.193 1.01 (0.75, 1.35) 0.949

700K or more NTD 18 (9.7) 176 (19.3) Reference Reference

Health Status

BMI

<18.5 65 (31.2) 140 (13.3) Reference Reference

18.5-24 70 (33.6) 414 (39.6) 2.78 (1.85, 4.00) <.001 1.21 (0.96, 1.52) 0.107

24-27 41 (19.7) 264 (25.2) 3.03 (1.92, 4.55) <.001 1.29 (1.00, 1.66) 0.054

≥27 32 (15.3) 227 (21.7) 3.33 (2.04, 5.26) <.001 1.42 (1.08, 1.87) 0.013

Hypertension 128 (61.5) 503 (48.1) 0.58 (0.43, 0.79) <.001 1.16 (0.97, 1.39) 0.103

Diabetes Mellitus 59 (28.3) 250 (23.9) 0.79 (0.57, 1.11) 0.183 0.99 (0.81, 1.20) 0.885

Dyslipidemia 46 (22.1) 256 (24.4) 1.14 (0.80, 1.64) 0.501 0.97 (0.79, 1.19) 0.765

Subjective poor health 157 (75.4) 480 (45.9) 0.28 (0.20, 0.39) <.001 0.67 (0.56, 0.81) <.001

Hospitalization in the past yeara 64 (31.1) 261 (25.0) 0.75 (0.54, 1.04) 0.084 1.07 (0.89, 1.29) 0.474

Functional level

ADL impairment 79 (37.9) 150 (14.3) 0.27 (0.20, 0.38) <.001 0.75 (0.61, 0.93) 0.008

IADL impairment 152 (73.0) 441 (42.2) 0.27 (0.19, 0.37) <.001 0.66 (0.53, 0.83) <.001

Cognitive impairment 98 (47.1) 285 (27.2) 0.42 (0.31, 0.57) <.001 0.92 (0.75, 1.13) 0.409

Lifestyle behaviors

Smoking 25 (12.0) 141 (13.4) 1.14 (0.72, 1.79) 0.596 0.95 (0.72, 1.25) 0.719

Alcohol use 32 (15.3) 214 (20.4) 1.41 (0.94, 2.13) 0.103 0.96 (0.75, 1.22) 0.744

Exercise 80 (38.4) 518 (49.5) 1.56 (1.16, 2.13) 0.004 0.98 (0.82, 1.17) 0.838

Social group engagement 80 (38.4) 345 (33.0) 0.79 (0.58, 1.08) 0.136 1.12 (0.92, 1.36) 0.263

Social leisure activities 131 (62.9) 811 (77.6) 2.04 (1.49, 2.78) <.001 1.16 (0.96, 1.39) 0.133

Table 1: Factors associated with healthcare accessibility among middle-aged and older adults with clinically relevant depression in
Taiwan.
awith missing value.

Abbreviation: NTD, New Taiwan Dollar, 1 USD� 31¢8 NTD in 2015; BMI, body mass index; ADL, activities of daily living; IADL, Instrumental activities of daily

living; 95% CI, 95% confidence interval.

Test for model assumption and goodness-of-fit: variance inflation factor for all variables <5; c-statistics ranged from 0.735 to 0.803 for 20 imputed datasets.
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Patients without

treatment

(n = 704)

Patient with

initial

treatment

(n = 341)

Crude Odds

Ratio (95% CI)

p-value Adjusted odds

ratio (95% CI)

p-value

Age groups

50-64 238 (33.8) 129 (37.8) Reference Reference

65-74 229 (32.5) 117 (34.3) 0.94 (0.69, 1.28) 0.712 1.12 (0.94, 1.35) 0.209

75-84 165 (23.4) 70 (20.5) 0.78 (0.55, 1.11) 0.172 1.22 (0.96, 1.54) 0.098

≥85 72 (10.2) 25 (7.33) 0.64 (0.39, 1.06) 0.084 0.98 (0.72, 1.35) 0.912

Gender, female 433 (61.5) 220 (64.5) 1.14 (0.87, 1.49) 0.352 1.25 (1.06, 1.49) 0.010

Education year

0 128 (18.1) 37 (10.8) 0.80 (0.52, 1.22) 0.316 0.88 (0.69, 1.12) 0.307

1-6 312 (44.3) 113 (33.1) Reference Reference

7-12 173 (24.5) 129 (37.8) 2.04 (1.49, 2.78) <.001 1.51 (1.27, 1.81) <.001

≥13 91 (12.9) 62 (18.1) 1.89 (1.28, 2.78) 0.002 1.27 (1.02, 1.57) 0.035

Marital status

Married 374 (53.1) 230 (67.4) Reference Reference

Widowed/divorced/separated/never married 330 (46.8) 111 (32.5) 0.55 (0.42, 0.71) <.001 0.74 (0.63, 0.87) <.001

Living statusa

Living alone 72 (10.2) 33 (9.7) 0.93 (0.61, 1.45) 0.759 1.24 (0.96, 1.61) 0.101

Living with family or others 631 (89.8) 308 (90.3) Reference Reference

Residency

Urban 322 (45.7) 170 (49.8) Reference Reference

Suburban 293 (41.6) 133 (39.0) 0.86 (0.65, 1.14) 0.303 0.99 (0.85, 1.15) 0.880

Rural 89 (12.6) 38 (11.1) 0.81 (0.53, 1.23) 0.338 0.99 (0.78, 1.25) 0.911

Employment status

Full or part-time jobs 428 (60.7) 181 (53.0) Reference Reference

Retirement or no job 276 (39.2) 160 (46.9) 1.37 (1.05, 1.79) 0.022 1.20 (1.04, 1.39) 0.015

Income, yeara

<300K NTD 327 (53.0) 125 (42.4) 0.58 (0.40, 0.83) 0.004 0.89 (0.71, 1.12) 0.308

300K-700K NTD 184 (29.8) 100 (33.9) 0.82 (0.56, 1.22) 0.329 1.00 (0.80, 1.25) 0.988

700K or more NTD 106 (17.2) 70 (23.7) Reference Reference

Health Status

BMI

<18.5 104 (14.7) 36 (10.5) Reference Reference

18.5-24 259 (36.7) 155 (45.4) 1.72 (1.12, 2.63) 0.014 1.12 (0.88, 1.43) 0.356

24-27 182 (25.8) 82 (24.0) 1.30 (0.82, 2.04) 0.269 1.03 (0.80, 1.34) 0.811

≥27 159 (22.5) 68 (19.9) 1.23 (0.77, 2.00) 0.409 1.11 (0.85, 1.46) 0.431

Hypertension 356 (50.5) 147 (43.1) 0.74 (0.57, 0.96) 0.025 1.07 (0.92, 1.25) 0.365

Diabetes Mellitus 195 (27.6) 55 (16.1) 0.50 (0.36, 0.70) <.001 1.29 (1.07, 1.56) 0.007

Dyslipidemia 182 (25.8) 74 (21.7) 0.79 (0.58, 1.08) 0.143 1.19 (1.00, 1.42) 0.050

Subjective poor health 354 (50.2) 126 (36.9) 0.58 (0.44, 0.76) <.001 0.86 (0.74, 1.01) 0.062

Hospitalization in the past yeara 174 (24.8) 87 (25.5) 1.04 (0.78, 1.41) 0.810 1.12 (0.94, 1.32) 0.204

Functional level

ADL impairment 107 (15.1) 43 (12.6) 0.81 (0.55, 1.18) 0.289 1.26 (0.98, 1.61) 0.070

IADL impairment 317 (45.0) 124 (36.3) 0.70 (0.53, 0.91) 0.011 0.97 (0.81, 1.17) 0.749

Cognitive impairment 214 (30.3) 71 (20.8) 0.60 (0.44, 0.82) 0.002 1.01 (0.83, 1.22) 0.942

Lifestyle behaviors

Smoking 96 (13.6) 45 (13.1) 0.96 (0.66, 1.41) 0.846 1.14 (0.91, 1.43) 0.266

Alcohol use 152 (21.5) 62 (18.1) 0.81 (0.58, 1.12) 0.217 0.82 (0.68, 0.99) 0.043

Exercise 317 (45.0) 201 (58.9) 1.75 (1.35, 2.27) <.001 1.19 (1.03, 1.39) 0.021

Social group engagement 207 (29.4) 138 (40.4) 1.64 (1.25, 2.13) <.001 1.22 (1.04, 1.41) 0.012

Social leisure activities 523 (74.2) 288 (84.4) 1.89 (1.33, 2.63) <.001 1.24 (1.02, 1.50) 0.033

Table 2: Factor associated with initial contact among depression patients with healthcare accessibility.
awith missing value.

Abbreviation: NTD, New Taiwan Dollar, 1 USD� 31¢8 NTD in 2015; BMI, body mass index; ADL, activities of daily living; IADL, Instrumental activities of daily

living; 95% CI, 95% confidence interval.

Test for model assumption and goodness-of-fit: variance inflation factor for all variables <5; c-statistics ranged from 0.695 to 0.770 for 20 imputed datasets.
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Patients with

inadequate

treatment

(n = 135)

Patients with

adequate

treatment

(n = 206)

Crude Odds

Ratio (95% CI)

p-value Adjusted odds

ratio (95% CI)

p-value

Age groups

50-65 55 (40.7) 74 (35.9) Reference Reference

65-74 49 (36.3) 68 (33.0) 1.03 (0.62, 1.72) 0.918 1.02 (0.75, 1.38) 0.913

75-84 22 (16.3) 48 (23.3) 1.61 (0.88, 3.03) 0.136 0.75 (0.50, 1.14) 0.179

≥85 9 (6.7) 16 (7.8) 1.32 (0.54, 3.23) 0.560 0.81 (0.46, 1.40) 0.446

Female 88 (65.2) 132 (64.1) 0.95 (0.61, 1.49) 0.835 0.95 (0.72, 1.26) 0.729

Education year

0 14 (10.4) 23 (11.2) 1.09 (0.51, 2.33) 0.838 0.91 (0.58, 1.45) 0.701

1-6 45 (33.3) 68 (33.0) Reference Reference

7-12 54 (40.0) 75 (36.4) 0.92 (0.55, 1.54) 0.767 1.03 (0.77, 1.37) 0.857

≥13 22 (16.3) 40 (19.4) 1.20 (0.63, 2.27) 0.594 0.82 (0.57, 1.20) 0.308

Family and Marital status

Married 92 (68.1) 138 (67.0) Reference Reference

Widowed/divorced/separated/never married 43 (31.9) 68 (33.0) 1.05 (0.66, 1.67) 0.850 0.92 (0.69, 1.23) 0.575

Living status

Living alone 14 (10.4) 19 (9.2) 0.88 (0.42, 1.82) 0.749 1.13 (0.72, 1.76) 0.594

Living with family members/friends 121 (89.6) 187 (90.8) Reference Reference

Residency

Urban 66 (48.9) 104 (50.5) Reference Reference

Suburban 53 (39.3) 80 (38.8) 0.96 (0.60, 1.52) 0.875 1.00 (0.77, 1.30) 0.994

Rural 16 (11.9) 22 (10.7) 0.87 (0.43, 1.79) 0.719 1.04 (0.70, 1.55) 0.841

Employment status

Full or part-time jobs 80 (59.3) 101 (49.0) Reference Reference

Retirement/no job 55 (40.7) 105 (51.0) 1.52 (0.97, 2.33) 0.064 0.83 (0.64, 1.06) 0.137

Income, yeara

<300K NTD 51 (44.0) 74 (41.3) 1.09 (0.60, 1.96) 0.791 0.93 (0.66, 1.32) 0.687

300K-700K NTD 35 (30.2) 65 (36.3) 1.39 (0.75, 2.63) 0.314 0.84 (0.60, 1.19) 0.328

700K or more NTD 30 (25.9) 40 (22.3) Reference Reference

Health Status

BMI

<18.5 15 (11.1) 21 (10.2) Reference Reference

18.5-24 63 (46.7) 92 (44.7) 1.04 (0.50, 2.17) 0.924 1.01 (0.64, 1.59) 0.973

24-27 27 (20.0) 55 (26.7) 1.45 (0.65, 3.23) 0.376 0.80 (0.49, 1.30) 0.371

≥27 30 (22.2) 38 (18.4) 0.90 (0.40, 2.04) 0.814 1.04 (0.65, 1.68) 0.862

Hypertension 55 (40.7) 92 (44.7) 1.10 (0.74, 1.64) 0.656 0.99 (0.76, 1.29) 0.962

Diabetes Mellitus 23 (17.0) 32 (15.5) 0.91 (0.51, 1.61) 0.764 0.98 (0.71, 1.37) 0.922

Dyslipidemia 31 (23.0) 43 (20.9) 0.91 (0.55, 1.52) 0.733 0.99 (0.73, 1.34) 0.936

Subjective poor health 53 (39.3) 73 (35.4) 0.90 (0.60, 1.37) 0.634 1.06 (0.81, 1.39) 0.666

Hospitalization in the past year 38 (28.1) 49 (23.8) 0.85 (0.52, 1.35) 0.520 1.13 (0.86, 1.50) 0.380

Functional level

ADL impairment 21 (15.6) 22 (10.7) 0.68 (0.36, 1.30) 0.248 1.42 (0.90, 2.26) 0.133

IADL impairment 50 (37.0) 74 (35.9) 0.97 (0.64, 1.47) 0.896 1.01 (0.74, 1.37) 0.971

Cognitive impairment 27 (20.0) 44 (21.4) 1.06 (0.63, 1.82) 0.843 0.91 (0.64, 1.28) 0.573

Life style

Smoking 18 (13.3) 27 (13.1) 0.98 (0.52, 1.85) 0.955 0.97 (0.65, 1.44) 0.887

Alcohol use 23 (17.0) 39 (18.9) 1.11 (0.64, 1.96) 0.732 0.93 (0.67, 1.28) 0.641

Exercise 69 (51.1) 132 (64.1) 1.25 (0.87, 1.79) 0.234 0.77 (0.59, 1.00) 0.051

Social group engagement 57 (42.2) 81 (39.3) 0.93 (0.62, 1.39) 0.741 1.14 (0.89, 1.47) 0.302

Social leisure activities 113 (83.8) 175 (85.0) 1.01 (0.74, 1.39) 0.956 1.07 (0.74, 1.53) 0.724

Table 3: Factors associated with adequate coverage among patients with depression with initial contacts.
awith missing value.

Abbreviation: NTD, New Taiwan Dollar, 1 USD� 31¢8 NTD in 2015; BMI, body mass index; ADL, activities of daily living; IADL, Instrumental activities of daily

living; 95% CI, 95% confidence interval.

Test for model assumption and goodness-of-fit: variance inflation factor for all variables <5; c-statistics ranged from 0.618 to 0.709 for 20 imputed datasets.
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Patients with

ineffective

treatment

(n = 66)

Patients with

effective

treatment

(n = 140)

Crude Odds

Ratio (95% CI)

p-value Adjusted odds

ratio (95% CI)

p-value

Age groups

50-65 23 (34.8) 51 (36.4) Reference Reference

65-74 20 (30.3) 48 (34.3) 1.09 (0.53, 2.22) 0.828 1.20 (0.68, 2.12) 0.537

75-84 19 (28.8) 29 (20.7) 0.69 (0.32, 1.47) 0.352 1.02 (0.50, 2.07) 0.962

≥85 4 (6.1) 12 (8.6) 1.35 (0.39, 4.55) 0.649 1.25 (0.45, 3.48) 0.669

Female 48 (72.7) 84 (60.0) 0.56 (0.30, 1.06) 0.075 0.72 (0.45, 1.16) 0.178

Education year

0 8 (12.1) 15 (10.7) 1.02 (0.38, 2.78) 0.972 1.27 (0.62, 2.60) 0.520

1-6 24 (36.4) 44 (31.4) Reference Reference

7-12 24 (26.4) 51 (36.4) 1.16 (0.58, 2.33) 0.693 1.23 (0.75, 2.04) 0.412

≥13 10 (15.2) 30 (21.4) 1.64 (0.68, 3.85) 0.273 1.45 (0.78, 2.68) 0.241

Family and Marital status

Married 40 (60.6) 98 (70.0) Reference Reference

Widowed/divorced/separated/never married 26 (39.4) 42 (30.0) 0.66 (0.36, 1.22) 0.189 0.99 (0.62, 1.57) 0.968

Living status

Living alone 9 (13.6) 10 (7.1) 0.49 (0.19, 1.27) 0.147 0.58 (0.28, 1.21) 0.145

Living with family members/friends 57 (86.4) 130 (92.9) Reference Reference

Residency

Urban 41 (62.1) 63 (45.0) Reference Reference

Suburban 21 (31.8) 59 (42.1) 1.82 (0.97, 3.45) 0.067 1.84 (1.16, 2.92) 0.010

Rural 4 (6.1) 18 (12.9) 2.94 (0.93, 9.09) 0.067 2.82 (1.26, 6.34) 0.012

Employment status

Full or part-time jobs 36 (54.5) 65 (46.4) Reference Reference

Retirement/no job 30 (45.5) 75 (53.6) 1.39 (0.77, 2.50) 0.283 1.39 (0.92, 2.12) 0.122

Income, yeara

<300K NTD 26 (47.3) 48 (38.7) 0.46 (0.19, 1.15) 0.095 0.87 (0.48, 1.58) 0.652

300K-700K NTD 21 (38.2) 44 (35.5) 0.52 (0.21, 1.33) 0.171 1.00 (0.52, 1.92) 0.992

700K or more NTD 8 (14.5) 32 (25.8) Reference Reference

Health Status

BMI

<18.5 8 (12.1) 13 (9.3) Reference Reference

18.5-24 31 (47.0) 61 (43.6) 1.20 (0.45, 3.23) 0.734 0.80 (0.40, 1.61) 0.538

24-27 18 (27.3) 37 (26.4) 1.27 (0.44, 3.57) 0.672 0.89 (0.42, 1.86) 0.749

≥27 9 (13.6) 29 (20.7) 2.00 (0.63, 6.25) 0.245 1.14 (0.52, 2.50) 0.740

Hypertension 31 (47.0) 61 (43.6) 0.93 (0.55, 1.56) 0.800 1.04 (0.65, 1.67) 0.867

Diabetes Mellitus 12 (18.2) 20 (14.3) 0.79 (0.36, 1.69) 0.567 1.36 (0.76, 2.45) 0.300

Dyslipidemia 14 (21.2) 29 (20.7) 0.98 (0.48, 1.96) 0.960 0.64 (0.38, 1.10) 0.110

Subjective poor health 40 (60.6) 33 (23.6) 0.39 (0.23, 0.67) <.001 0.38 (0.25, 0.59) <.0001

Hospitalization in the past year 21 (31.8) 28 (20.0) 0.63 (0.33, 1.19) 0.164 0.84 (0.53, 1.35) 0.478

Functional level

ADL impairment 10 (15.2) 12 (8.6) 0.56 (0.23, 1.37) 0.210 1.40 (0.66, 2.98) 0.380

IADL impairment 36 (54.5) 38 (27.1) 0.31 (0.17, 0.57) <.001 0.60 (0.37, 0.96) 0.033

Cognitive impairment 17 (25.8) 27 (19.3) 0.75 (0.38, 1.47) 0.418 1.18 (0.68, 2.05) 0.550

Life style

Smoking 8 (12.1) 19 (13.6) 1.12 (0.47, 2.70) 0.814 0.98 (0.51, 1.88) 0.955

Alcohol use 13 (19.7) 26 (18.6) 0.94 (0.45, 1.96) 0.880 0.99 (0.60, 1.65) 0.980

Exercise 31 (47.0) 101 (72.1) 2.92 (1.59, 5.37) <.001 1.72 (1.09, 2.72) 0.020

Social group engagement 16 (24.2) 65 (46.4) 2.71 (1.41, 5.21) 0.003 1.41 (0.92, 2.18) 0.118

Social leisure activities 51 (77.3) 124 (88.6) 2.28 (1.05, 4.95) 0.039 1.06 (0.55, 2.04) 0.864

Table 4: Factors associated with effective coverage among patients with depression with adequate treatment.
awith missing value.

Abbreviation: NTD, New Taiwan Dollar, 1 USD� 31¢8 NTD in 2015; BMI, body mass index; ADL, activities of daily living; IADL, Instrumental activities of daily

living; 95% CI, 95% confidence interval.

Test for model assumption and goodness-of-fit: variance inflation factor for all variables <5; c-statistics ranged from 0.707 to 0.893 for 20 imputed datasets.
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which is compatible with other study.26 Improving
mental health literacy could raise mental health aware-
ness and increase belief for treatment effectiveness and
safety.27 The retired or unemployed might have more
time to seek treatment and had a higher contact rate
than those who were employed. Past studies had contro-
versial results relating age to help-seeking, and we did
not find significant relationships in our research.12
Adequate coverage
In this study, we found no individual factors associated
with adequate depression treatment. Past research
revealed factors associated with inadequate treatment,
including being female or elderly or having extraversion
or other personality disorder symptoms, low education
level, substance use, poverty, poorer social support and
family network, cost, and poor patient−physician rela-
tionship.28 Some of the aforementioned attitudinal fac-
tors that influenced non-adherence were not
measurable in our study, which might confound our
results. In complete case analysis, exercise was inversely
associated with adequate coverage. Participants with
regular exercise might tend to use self-management
strategy rather than antidepressant treatment. This find-
ing in our study is inconsistent and needs to be repli-
cated. Further investigations should include
comprehensive assessments of attitudinal factors for
adequate coverage.
Effective coverage
Ineffectiveness of depression treatment is related to psy-
chiatric comorbidities, medical comorbidities, and
patient-related factors.29 Psychiatric comorbidities,
such as substance or alcohol use, are associated with an
increased risk of treatment resistance.29 Patient-related
factors, including decreased subjective social support,
fewer interpersonal or economic resources, and poor
baseline function, are reported to be poorly responsive
to antidepressant treatment.29 In our investigation,
patients with subjective poor health and IADL
impairment were more likely to receive ineffective treat-
ment. Of note, we found that patients living in subur-
ban or rural areas received more effective treatment
than those living in urban areas. Healthcare resources
in rural areas are relatively insufficient. Patients who
live in suburban or rural areas and receive adequate
treatment might have strong motivation, thereby
enhancing the treatment response. In addition, we
found that participants who exercised regularly were
also more likely to achieve effective treatment. It is not
surprising that exercise had a synergistic effect on
depression treatment.30 On the other hand, while past
research has related low economic status and alcohol
consumption with treatment-resistant depression, the
results of our investigation did not show a similar
trend.
Limitations
The present study had several limitations. First, health-
care accessibility is assessed based on the subjective
report rather than objective measures. In addition, the
assessment is not specified for mental health services.
Community mental health services are less common
than general medical healthcare. Especially, the psychia-
trist density in Taiwan is around 7 per 100,000 popula-
tion, which is less than most high-income countries. In
rural area, the psychiatrist-per-population ratio is lower
compared to that in urban area. It might be overesti-
mated if we attempt to generalise mental healthcare
accessibility. However, primary care physicians in Tai-
wan received psychiatry training during residency and
could provide primary treatment of depression. The
actual mental health accessibility warrants further
investigation. Second, healthcare provider information
was not available in this study. The treatment adequacy
and effectiveness are partially determined by healthcare
providers. Whether primary care clinicians as well as
psychiatrists adhere to treatment guidelines remains
unclear. Third, we used NHI claims records and CES-D
≥ 10 to identify individual with clinically relevant
depression. However, there are still false positives and
negatives under the CES-D cutoff point, which might
distort our estimates for each stage in this bottleneck
analysis. If the cutoff point is low, the number of target
population would be over-estimated and lead to under-
estimate the initial contact rate. Fourth, we included
only middle-aged and older adults. Our results cannot
be generalised to other age groups. Fifth, although
TLSA is a multi-wave longitudinal cohort, the latest
TLSA survey conducted in 2019 is still not available for
linking NHI claims database. Therefore, we only con-
ducted a cross-sectional analysis using TLSA 2015 data-
set. The temporal relationship between individual
factors and each necessary stage of depression care is
unclear. Reverse causality between subjective poor
health and effective treatment is possible. In addition,
our findings might not generalize to the current cover-
age of depression, especially the prevalence of depres-
sive disorder might increase during the COVID-19
pandemic. Sixth, several potential mutable factors, such
as stigma, psychosocial and inter-personal problems,
and health literacy were not assessed in this study.
These factors not only play an important role on
health service utilization but also are potential con-
founders. Further investigations should include these
measures comprehensively. Seventh, we conducted
multiple imputation analyses under missing at ran-
dom assumption. Unfortunately, this assumption is
untestable. If it is violated, the results will be biased.
Eighth, we did not adjust for multiple comparisons
because this study is exploratory in nature; the find-
ings may be significant due to inflated type I error.
Finally, psychotherapy was not assessed in the pres-
ent study. Thus, contact and adequate coverage
www.thelancet.com Vol 26 September, 2022
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might have been underestimated. However, psycho-
therapy in Taiwan remains unpopular. Thus, we
believe that the underestimation was small.

Conclusions
In conclusion, the main bottleneck in depression
care in Taiwan is initial contact. Although healthcare
accessibility is acceptable, most middle-aged and
older adults with clinically relevant depression did
not receive treatment. This may be due to stigma or
lack of awareness. High education, social group
engagement, and participation in social leisure activi-
ties were associated with increasing treatment rates,
implying that the main barrier impeding patients in
Taiwan from seeking help may be alleviated by
improving mental health literacy and social support.
Enhancing depression screening would also be help-
ful for increasing initial utilization. Finally, the over-
all effective coverage of depression care was only
11%. Identifying strategies for improving medication
adherence and increasing the treatment response
rate warrant further investigation.
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