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Summary
Background Adult preventive health checkups with depression screening were launched in August 2011 in Taiwan;
however, its impact has not yet been evaluated. This study aimed to use real-world data to assess the effectiveness of
depression screening among middle-aged and older adults.

Methods A total of 4,972,228 adults aged 40 years and above who participated in a health checkup with depression
screening between 2013 and 2019 and the same number of unscreened counterparts were included. The target trial
emulation study was conducted to estimate the hazard ratios (HRs) for newly treated depression, psychiatric hos-
pitalisation, and suicide. The changes in HRs during the study period were assessed using interval Cox models.

Findings The screening group had a higher rate of newly treated depression (HR 1.63 [95% CI 1.62, 1.64]) and a lower
risk of psychiatric hospitalisation (HR 0.93 [95% CI 0.91, 0.95]). There was a null association between depression
screening and suicide; however, a higher suicide risk was found in screened older adults aged 65 years and above.
Only 10.8% received depression treatment during the study period among the screen-positive individuals.

Interpretation Health checkups with depression screening could potentially promote depression treatment and
reduce the risk of psychiatric hospitalisation; however, there was no effect on suicide. The treatment rate for
depression remained low after screening for depression. Further attention to enhance referral and treatment is
required.

Funding The study was funded by the National Health Research Institutes, Taiwan.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Globally, depressive disorders are among the most
burdensome illnesses. Nevertheless, a substantial pro-
portion of depression cases remain unrecognized and
untreated; the treatment rate is only 34.8% globally, and
it can be as low as 16.8% in low-income countries1 and
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27% in middle-aged and older adults in Taiwan.2

Depression screening is a quick and straightforward
approach to address underdiagnosis and undertreat-
ment issues. Some, but not all, randomized controlled
trials (RCTs) suggested that screening for depression
might improve depression diagnosis or treatment rate.3,4
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Research in context

Evidence before this study
Prior to conducting this study, we searched PubMed, Google
Scholar, the international prospective register of systematic
reviews (PROSPERO) records, and Cochrane Library for the
existing evidence of randomized control studies,
observational studies, and systematic reviews in November
2022 for studies in English, with the terms “screening for
depression” and “depression screening”. Studies included in
the published guidelines of the USA, Canada, and the UK for
depression screening were also reviewed. We included various
screening tools, encompassing online, face-to-face, and
paper-based questionnaires. Our investigation revealed a
disparity between the published guidelines and the limited
evidence on the effect of depression at the randomised
controlled trial (RCT) level. Some evidence generated from
observational studies showed a positive effect on the
diagnosis and treatment rate of depression screening, and
only two studies reported its effect on mental health
outcomes (i.e., improvement in depression symptom scores).

Added value of this study
To our knowledge, this is the first study to analyze the
effectiveness of general health checkups with depression
screenings. We applied real-world data from 4,972,228 adults
undergoing depression screening and their non-screening-
matched counterparts to the target trial emulation. Our main
findings show that the screening group had an increasing rate
of newly treated depression and a lower risk of psychiatric
hospitalisation. However, there was no association between
screening for depression and suicide. In addition, the
treatment rate was still low, regardless of screening status.

Implications of all the available evidence
Our study supports the effectiveness of health checkups with
depression screening to increase the identification and
treatment of depression and reduce the risk of psychiatric
hospitalisation. However, the effect size was small, which
might be because the treatment rate remained low, even in
screen-positive patients. Providing incentives for referral or
enhancing depression care training in primary care practices
may improve depression outcomes.
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Therefore, the US Preventive Service Task Force rec-
ommends screening the adult population for depression
if adequate support systems are available.5 However,
there are debates, including the method and frequency
of screening, on introducing screening for depression in
primary care settings.6 Universal depression screening
is not recommended in the UK and Canada due to
insufficient evidence to support the effectiveness of
universal depression screening.7,8

In order to inform the policy and to understand the
direct effect of depression screening, Thombs et al.
suggested that evidence should be generated from RCT
studies that (i) conduct randomization prior to
screening, (ii) exclude patients with existing depression,
and (iii) apply similar management to screening and no-
screening participants.9 Amongst the existing RCT
studies, only one met these criteria to test the direct
effect of depression screening among postpartum
women,4 and most studies tended to focus on collabo-
rating screening with integrating care systems or edu-
cation programs for healthcare providers.9 The other
fundamental limitation of the current evidence at the
RCT level was a small sample size, and the results were
lack of generalizability.10 Furthermore, only a few
studies explored the effect of depression screening on
health outcomes.3,4

In Taiwan, adults over 40 years of age are offered
adult preventive healthcare checks covered by the
Health Promotion Administration. Brief screening for
depression has been included as part of the health
checkup since August 2011; however, its effectiveness
has not yet been evaluated. Although RCT is an ideal
approach to understanding the effect of depression
screening, it would be impossible, given that universal
depression screening was initiated in Taiwan. There-
fore, in this current study, we aimed to emulate a target
trial to evaluate the effectiveness of depression
screening using observational data.11
Methods
Data source
This emulating target trial study obtained data from the
Adult Preventive Health Checkup (APHC) program
from 2012 to 2019, which were linked to Taiwan’s Na-
tional Health Insurance (NHI) claims database and
Taiwan’s National Mortality Registry. The APHC was
provided by Taiwan’s Health Promotion Administra-
tion, a government organization responsible for health
promotion and non-communicable disease prevention
in Taiwan. APHC is a free preventive service generally
offered once every three years and once a year to adults
aged 40–64 years and 65 and above in Taiwan, respec-
tively. The health checkup includes an essential physical
examination (e.g., height, weight, vision, oral examina-
tion, blood pressure), blood tests (e.g., blood sugar,
cholesterol, triglycerides), and urine tests (e.g., urine
protein). Since August 2011, the APHC has included
screening for depression, glomerular filtration rate, and
high-density lipoprotein cholesterol levels.

The NHI claims database was derived from Taiwan’s
National Health Insurance Program, a universal
compulsory program that includes approximately 99%
of the 23 million Taiwanese population. The NHI claims
www.thelancet.com Vol 43 February, 2024
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database provided information about the insureds’
clinical diagnoses and prescription records. The clinical
diagnoses were coded based on the International Clas-
sification of Diseases (ICD)-9 before 2016 and updated
to ICD-10 since 2016.

Eligible criteria
To emulate the target clinical trial, we identified eligible
subjects aged 40 years or older who had not yet received
health checkups with depression screening. They
should have a one-year washout period, 2012, to exclude
those who had received a health checkup. In addition,
eligible adults should be ever enrolled in the NHI pro-
gram between Jan 1, 2013 and Dec 31, 2019. Subjects
with missing data in birth year, sex, monthly income, or
residential area were excluded. Furthermore, eligible
subjects diagnosed with depressive disorders or bipolar
spectrum disorder before treatment assignment were
excluded.

Treatment assignment
As part of the self-evaluating health questionnaire
included in the health checkup, depression was
screened using the Whooley questions, which is a two-
question instrument: (1) “During the past month, have
you often been bothered by feeling down, depressed, or
hopeless?” and (2) “During the past month, have you
often been bothered by little interest or pleasure in do-
ing things?”. A response that answered yes to either of
the questions was considered a positive test. This two-
question instrument has a sensitivity of 89%–96% and
a specificity of 51%–72% for diagnosing major depres-
sion.12 In the target trial, eligible individuals would be
randomly assigned to either the screening or the no-
screening group. In this emulation study, adults who
underwent health checkups with depression screening
were identified as the screening group. According to the
sequence of the screening date of each case, an age- and
sex-matched individual who had not yet undergone a
health checkup was randomly selected from the above-
mentioned eligible subjects as an unscreened subject.
An unscreened subject could be repeatedly selected or
become a screened one at a later time during the study
periods. Given that randomization assignments were
impossible in observational studies, the different char-
acteristics of screened and unscreened subjects would
confound our results. Therefore, based on baseline
characteristics, propensity score weighting was used to
account for the differences between the screened and
unscreened groups.

These characteristics included residential area,
monthly income, Charlson comorbidity index (CCI),
number of outpatient visits in the preceding year, and
common comorbid medical and psychiatric disorders.
The follow-up began at time zero, defined as “time
participating in the health checkup” for the screened
individuals and the same date for their matched
www.thelancet.com Vol 43 February, 2024
counterparts. Individuals were followed up until the
study outcomes, death, or end-of-follow-up (i.e., Dec 31
2019), whichever occurred first. Supplementary
Table S1 presents the protocol of the target trial and
the emulation procedure for the target trial.

Outcomes
Newly treated depression was identified from outpatient
claims records based on ICD codes, including major
depressive disorder (ICD-9-CM: 296.2, 296.3; ICD-10:
F32.0–F32.9, F33.0–F33.9), minor depression,
including dysthymia (ICD-9-CM: 300.4; ICD-10-CM:
F34.1), and depressive disorder not otherwise specified
(NOS; ICD-9-CM: 311). Psychiatric hospitalization was
considered an adverse outcome if patients did not
receive adequate treatment. It’s important to note that
psychiatric hospitalizations encompassed a broader
range of psychiatric disorders, not restricted solely to
depression. This approach acknowledged the possibility
that patients with untreated depressive symptoms might
result in other severe psychiatric conditions, such as
substance use or suicidal attempts. Suicide was another
outcome identified from the cause-of-death code (ICD-9
code: E950–959; ICD-10 code: X60–X84 or X87.0) in
Taiwan’s National Mortality Registry. The cause of all
unnatural deaths, including suicide, homicide, or acci-
dental death, is determined by a prosecutor. The accu-
racy of suicide statistics was confirmed through a
psychological autopsy study conducted in the early
1990s, which found that only 2 out of 117 suicides were
incorrectly classified as accidental deaths.13

Statistical analysis
The descriptive statistics of the baseline characteristics
of the screening and no-screening groups are reported
in Supplementary Table S2. The 0.1 threshold of the
standardized mean difference was used to assess
whether the balance was achieved by propensity score
weighting.

We conducted a per-protocol analysis to estimate the
effect of health checkups with depression screening on
the study outcomes. All participants were followed until
the study outcome, deviation from their assigned strat-
egy, or the end of the study period (Dec 31 2019),
whichever occurred first. Deviation from their assigned
strategy occurred if the unscreened subjects underwent
health checkups with depression screening during the
follow-up period. The cumulative incidence of the study
outcomes during the follow-up period was plotted.
Death was considered a competing risk in our analysis.
Therefore, we conducted a competing risk survival
analysis14 to estimate the hazard ratio (HR) and 95%
confidence interval (CI) for the study outcomes. We
conducted a sensitivity analysis using intention-to-treat
analysis, the same as the per-protocol analysis, except
that the subjects were not censored for deviation from
the assigned group. In addition, we conducted another
3
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sensitivity analysis using per-protocol analysis with un-
weighted data and multivariate Cox regression models.

Subgroup analyses were carried out by patient age
groups (40–54, 55–64, and ≥65 years), sex, and urbanicity
(urban, suburban, and rural areas) to evaluate the modi-
fying effect on the association between depression
screening results and study outcomes. Propensity score
weighting was conducted for each subgroup to make sure
the baseline characteristics were balanced in subgroup
analyses.

Given that the proportional assumption might be
violated, applying the standard Cox proportional hazard
regression model would generate an average risk, which
might lead to misleading results. Therefore, we used an
interval Cox proportional hazard model to explore the
change in HR during the study periods.

We also conducted a post hoc analysis to explore
depression outcomes among patients with newly treated
depression during the follow-up period. Based on
screening status, patients were categorized into no-
screening, screen-positive, who had any positive
answer to Wooley’s questionnaire, and screen-negative.
Patient characteristics, including age at diagnosis,
were assessed at the time depression treatment was
initiated. The crude and adjusted HRs of screening
status for psychiatric hospitalization and suicide were
estimated using multivariate Cox regression models.

Statement of ethics
This study was approved by the Research Ethics Com-
mittee of the National Health Research Institutes
(EC1101103-E). The informed consent is waived due to
personal information being encrypted in the NHI
claims database.

Role of the funding source
The funders had no role in study design, data collection,
data analysis, interpretation, writing of the report.
Results
A total of 4,972,228 screened individuals and an equal
number of comparisons were made (Supplementary
Figure S1). The average follow-up period was 4.1 years
for screened individuals and 3.2 years for unscreened
subjects because 1,089,243 of them attended health
checkups and became screened groups during the
follow-up periods. This study included a higher pro-
portion of individuals aged 40–54 years (47%), and 55%
were females. Generally, the screened individuals were
more likely to live in a suburban or rural area, have a
monthly income between NT$20001–40000 (considered
middle-class income), and have a higher number of
outpatient visits than the unscreened subjects
(Supplementary Table S2). After weighting, the baseline
characteristics of the two groups were balanced; the
standardized mean difference of all variables was <0.1.
Rate of newly treated depression
After propensity score weighting, there were 200,817
and 99,531 patients with newly-treated depression in the
screened and unscreened groups, respectively. The
incidence per 1000 person-years was 10.48 for the
screened group and 6.61 for the unscreened group. It
was found that those who underwent a health checkup
with depression screening had a higher likelihood of
newly treated depression (competing HRs = 1.66; 95%
CI [1.63, 1.66]; p < 0.001). Cumulative incidence plots
for the study outcomes are shown in Supplementary
Figure S2. This trend was observed across all groups
among the subgroups (Table 1). The HRs were lower
among those aged 65 or more, females, and individuals
who lived in urban areas; however, the differences were
mild, ranging from 1.53 to 1.65.

Risk of psychiatric hospitalization
Table 2 presents that there were 15,157 patients with
psychiatric hospitalization in the screened group, while the
unscreened group had 13,417 such patients. The incidence
was 0.77 per 1000 person-years for the screened group and
0.88 for the unscreened group. The screened individuals
had less risk of psychiatric hospitalization compared to
their comparisons (competing HRs = 0.93; 95% CI [0.91,
0.95]); p < 0.001). Further subgroup analyses showed this
trend was significant in those aged 55–64 years, who lived
in the suburban or rural areas, and females.

Risk of deaths by suicide
In the screened group, there were 3414 patients with
death by suicide, compared to 2616 in the unscreened
group. The incidence rate for both groups was 0.17 per
1000 person-years. Overall, the hazard ratios for
depression screening for suicide were not statistically
significant (Table 3). However, in subgroup analyses, we
found that depression screening was associated with a
higher suicide risk among adults aged ≥65 years
(competing HRs = 1.15; 95% CI [1.05, 1.25]; p = 0.002).

Sensitivity analyses
The results of the intention-to-treat analysis were
consistent with the results of the per-protocol analysis;
however, the magnitude of the associations was gener-
ally smaller. Notably, the suicide risk from depression
screening among those aged 65 years was not statisti-
cally significant (Supplementary Table S3). The results
based on unweighted data with multivariate Cox
regression model were also consistent with those of per-
protocol analysis (Supplementary Table S4).

Interval cox model
Over the 7-year follow-up period, interval analyses
showed that HRs changed over the study period. The
rate of newly treated depression increased and persisted
throughout the study period. The hazard ratios of
depression screening for psychiatric hospitalization
www.thelancet.com Vol 43 February, 2024
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Depression
screening

No. of
persons

No. of 1000
person-years

Rate per 1000
person-years

No
screening

No. of
persons

No. of 1000
person-years

Rate per 1000
person-years

Hazard ratios
(95% CI)

p
value

No. of events No. of
events

Overall 200,817 4,972,228 19,155 10.48 99,531 4,972,228 15,048 6.61 1.65 (1.63, 1.66) <0.001

Age groups

40–54 82,199 2,241,025 8664 9.49 41,277 2,210,131 7115 5.80 1.65 (1.64, 1.67) <0.001

55–64 60,842 1,416,217 6001 10.14 28,723 1,446,745 4538 6.33 1.64 (1.62, 1.67) <0.001

≥65 57,545 1,134,986 4489 12.82 29,663 1,135,352 3392 8.75 1.53 (1.51, 1.55) <0.001

Sex

Male 70,134 2,156,503 8442 8.31 35,369 2,155,544 6866 5.15 1.64 (1.62, 1.66) <0.001

Female 130,666 2,635,725 10,712 12.20 64,166 2,636,684 8181 7.84 1.60 (1.58, 1.61) <0.001

Urbanicity

Urban 96,102 2,469,914 9027 10.65 56,953 2,469,682 8433 6.75 1.60 (1.59, 1.62) <0.001

Suburban 77,864 1,742,933 7519 10.36 32,789 1,743,108 5075 6.46 1.65 (1.63, 1.67) <0.001

Rural 27,007 579,380 2641 10.22 10,112 579,438 1560 6.48 1.63 (1.59, 1.67) <0.001

Table 1: Rate of newly treated depression among patients with and without depression screening using propensity score weighting.

Articles
were elevated in the first 90 days after screening
(competing HR = 1.07; 95% CI [1.00, 1.15]; p = 0.039).
However, since then, the screening group had a lower
likelihood of psychiatric hospitalization compared to the
no-screening group shown in Fig. 1. Furthermore, we
found that the screening group had a higher risk of
suicide within the first 90 days after the health checkup
(competing HR 1.30 [95% CI 1.04, 1.61]; p = 0.021)
compared to the control group. However, this difference
was not significant. The details of the results obtained
using the interval Cox regression model are shown in
Supplementary Table S5.

Post hoc analysis for patients with newly treated
depression
Based on unweighted raw data, 125,213 individuals
(2.6% of the screening groups) screened positive.
Depression
screening

No. of
persons

No. of 1000
person-years

Rate per 1000
person-years

No. of events

Overall 15,157 4,972,228 19,699 0.77

Age groups

40–54 7613 2,241,025 8884 0.86

55–64 4063 1,416,217 6172 0.66

≥65 3416 1,134,986 4641 0.74

Sex

Male 7983 2,156,503 8616 0.93

Female 7165 2,635,725 11,082 0.65

Urbanicity

Urban 6867 2,469,914 9285 0.74

Suburban 5833 1,742,933 7733 0.75

Rural 2548 579,380 2712 0.94

Table 2: Risk of psychiatric hospitalization among patients with and withou

www.thelancet.com Vol 43 February, 2024
During the follow-up period, 13,559 (10.8%), 193,392
(4.0%), and 96,058 (1.9%) patients were newly treated
for depressive disorders in the screen-positive, screen-
negative, and no-screening groups, respectively.
Supplementary Table S6 shows that the mean age at
treatment initiation for the screen-positive group was
younger (mean age ± SD 58.7 ± 11.7 years) than that for
the screen-negative (60.5 ± 11.9 years) and no-screening
groups (60.8 ± 12.9 years). Compared to the no-
screening group, the screen-negative individuals had a
lower risk of psychiatric hospitalization; however, the
screen-positive patients did not have a significantly
lower risk (Supplementary Table S7). There was also no
significant difference in the risk of suicide across these
groups. The percentage of psychiatric hospitalization
and suicide among patients treated for depression is
shown in Supplementary Figure S3.
No
screening

No. of
persons

No. of 1000
person-years

Rate per 1000
person-years

Hazard ratios
(95% CI)

p
value

No. of
events

13,417 4,972,228 15,307 0.88 0.93 (0.91, 0.95) <0.001

6722 2,210,131 7218 0.93 0.98 (0.95, 1.01) 0.175

4026 1,446,745 4617 0.87 0.81 (0.78, 0.85) <0.001

2714 1,135,352 3469 0.78 1.01 (0.96, 1.06) 0.678

6811 2,155,544 6947 0.98 1.01 (0.98, 1.04) 0.552

6641 2,636,684 8360 0.79 0.87 (0.84, 0.90) <0.001

6894 2,469,682 8582 0.80 0.97 (0.94, 1.00) 0.071

4531 1,743,108 5162 0.88 0.93 (0.89, 0.97) <0.001

1884 579,438 1586 1.19 0.88 (0.82, 0.93) <0.001

t adult health checkups and depression screening using propensity score weighting.
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Depression
screening

No. of
persons

No. of 1000
person-years

Rate per 1000
person-years

No
screening

No. of
persons

No. of 1000
person-years

Rate per 1000
person-years

Hazard ratios
(95% CI)

p
value

No. of events No. of
events

Overall 3414 4,972,228 19,741 0.17 2616 4,972,228 15,342 0.17 1.01 (0.96, 1.06) 0.720

Age groups

40–54 1153 2,241,025 8906 0.13 994 2,210,131 7237 0.14 0.93 (0.85, 1.01) 0.084

55–64 982 1,416,217 6183 0.16 765 1,446,745 4627 0.17 0.96 (0.87, 1.05) 0.371

≥65 1276 1,134,986 4650 0.27 855 1,135,352 3476 0.25 1.15 (1.05, 1.25) 0.002

Sex

Male 2319 2,156,503 8638 0.27 1819 2,155,544 6964 0.26 1.03 (0.97, 1.10) 0.331

Female 1101 2,635,725 11,102 0.10 789 2,636,684 8377 0.09 1.04 (0.95, 1.14) 0.439

Urbanicity

Urban 1370 2,469,914 9305 0.15 1321 2,469,682 8599 0.15 0.95 (0.88, 1.03) 0.230

Suburban 1437 1,742,933 7750 0.19 910 1,743,108 5174 0.18 1.06 (0.97, 1.15) 0.180

Rural 651 579,380 2719 0.24 368 579,438 1590 0.23 1.03 (0.91, 1.17) 0.642

Table 3: Risk of suicide among patients with and without adult health checkups and depression screening using propensity score weighting.
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Discussion
This emulating target trial study found that depression
screening was associated with an higher rate of newly
treated depression and lower risks for psychiatric hos-
pitalization; however, there was no association with
suicide over the study period. Using the interval Cox
model, we found that the risk of depression screening
for psychiatric hospitalization and suicide was higher in
the first 90 days after depression screening, but this risk
decreased afterward, and they had a lower risk for psy-
chiatric hospitalization and an insignificant risk for
suicide during the following period. Post hoc analysis
showed that depression screening promotes early
treatment; however, the treatment rate remains low.
Only 10.8% of the screen-positive individuals were
treated during the study period.

Comparison with other studies
Evidence from clinical trials which investigated the ef-
fect of depression screening is limited.10 Three trials
showed that depression screening in primary care set-
tings had little impact on the diagnosis or treatment
rate.3,15,16 However, one study revealed that depression
screening for postpartum women had a higher diag-
nosis and treatment rate.4 In observational studies, most
of them demonstrated an increase in the diagnosis of
depression after screening in perinatal women,17,18 pa-
tients with cardiometabolic disorders,19 and adults in
primary care settings.20

Nevertheless, the effect of depression screening on
depression outcomes remains unclear. Most trials for
middle-aged or older adults in primary settings did not
demonstrate the benefits of screening for depression
outcomes3,15,16; the null findings might be due to the
limited sample size (n <300) for each arm. To the best
of our knowledge, no observational studies have
explored the effect of depression screening on health
outcomes, such as psychiatric hospitalization or
suicide.17–20

Depression treatment
We found that depression screening was associated
with a higher rate of newly treated depression, which
persisted throughout the study period. In the post hoc
analysis of those with newly treated depression, we
found that those who were screen-positive were
younger than those who were unscreened. This
finding indicates that screening for positive results
could promote early treatment for depression. Even
those with screen-negative results had earlier treat-
ment than no-screening subjects. Given that we only
assessed the results of the first depression screening,
those with negative screen results initially might
repeatedly attend health checkups, be screen-positive,
and be treated in the following period. In addition, the
education or consultation for individuals who received
the health checkup might deliver health information,
which could lead to early diagnosis and treatment.
Furthermore, individuals who attended health
checkups might use health services more frequently
and have higher opportunities to receive psychiatric
evaluations. In terms of subgroup analyses, we found
that the treatment rate increased with age, female sex,
and urban area in both groups, which might be
explained by the depression stigma that was higher
among men, the younger generation, and rural resi-
dents.21 Notably, the HRs for newly treated depression
were slightly higher among those aged 40–64, males,
and individuals who lived in rural or suburban areas.
These findings indicate that depression screening
could be useful, especially for those at risk of under-
diagnosis and undertreatment.
www.thelancet.com Vol 43 February, 2024
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Fig. 1: Adjusted hazard ratios for newly treated depression,
psychiatric hospitalization, and suicide from per-protocol ana-
lyses using interval Cox regression models.
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Psychiatric hospitalisation
The current study showed that the risk of psychiatric
hospitalisation was higher shortly after screening but
declined after 90 days. The transient increases in hos-
pitalization could be explained by individuals with se-
vere symptoms being recommended for psychiatric
hospitalization shortly after referral and clinical assess-
ment.3 Except for the first 90 days, the lower risk of
psychiatric hospitalization indicated that depression
screening could promote earlier treatment and poten-
tially prevent the depression from worsening during the
follow-up period.

Through subgroup analyses, we found that the
screened individuals in the 55–64 age group, females,
and those living in suburban or rural areas were asso-
ciated with a significantly lower risk of psychiatric hos-
pitalization compared to their unscreened counterparts.
The underlying mechanism for the modifying effects
was not clear; however, we thought that the treatment
rate, adherence, and responses determined the effec-
tiveness of depression screening on health outcomes.
www.thelancet.com Vol 43 February, 2024
Previous studies showed that antidepressant adherence
was relatively poor at a young age.22 Nonetheless, older
adults with cognitive impairment had a poor response.23

These factors might explain our finding of the modifi-
cation effect of age. In addition, females also had better
treatment adherence in middle-aged and older adults.22

Mental health stigma also affected help-seeking behav-
iour, which was stronger in males than females.24

Therefore, there was no significant benefit in reducing
psychiatric hospitalization among men. Although in-
dividuals living in rural or suburban areas have rela-
tively insufficient healthcare resources, they may have
stronger motivations for treatment and better responses
than those in urban areas.2

Suicide
Overall, we did not find a significant association be-
tween depression screening and deaths by suicide. The
null findings might be due to the multifactorial causes
of suicide. Suicide cases may potentially arise from
psychiatric disorders other than depression, even in the
absence of a formal psychiatric diagnosis.25 In addition,
the screening questions were primarily aimed at iden-
tifying depression rather than suicide risk. The limited
sensitivity of the questions for detecting suicide risk and
the low treatment rate among those who screened pos-
itive could have contributed to this lack of association.
Nevertheless, individuals who were severely depressed
and screened positive likely received treatment for
depression, suggesting that the screening process might
still potentially help prevent suicide.

Of note, we found that adults over 65 years who
attended health checkups with depression screening
had a higher risk of suicide compared to those who did
not. The Interval Cox model found that suicide risk was
elevated immediately after a health checkup. The tran-
sient increase in suicide risk might be due to newly
diagnosed severe diseases or health conditions after a
health checkup,26 especially in older adults. Although we
believe that the potential adverse effect of depression
screening among older adults is less likely, this issue
warrants further investigation.

Low treatment rate
We also found that treatment rates were low. Even for
screen-positive patients, the treatment rate was only
10.8% during the study period. This finding is in line
with our previous study, which showed the treatment
rate in Taiwan was lower than the global average.2 The
low treatment rate also partially explained the effect size
of depression screening was small for psychiatric hos-
pitalization. Depression screening primarily took place
as a self-administered health survey during the checkup.
After completing the checkup, patients were offered a
face-to-face consultation session. The primary care
physician would provide health education, treatment
plans, referrals, or observation recommendations based
7
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on the health survey results. However, there can be
variations across primary care physicians due to the lack
of standardized follow-up care for screened-positive in-
dividuals. Providing incentives for a referral or
enhancing depression care training in primary care
practice may improve depression outcomes.27

Limitations
Our study has several limitations. First, although a
target trial was emulated, this study is observational in
nature. Potential unmeasured factors, such as socio-
economic status, patients’ health behaviours, educa-
tional level, and healthcare accessibility, might have
confounded our results. A pragmatic randomized clin-
ical trial is necessary to confirm the effect of depression
screening. Second, depression screening was conducted
during the health checkup. Thus, our findings were
attributed not only to depression screening but also to
the impact of health checkups on other common
chronic diseases. Third, Whooley questions are not
validated in Taiwan, and their sensitivity and specificity
are unclear. Further research is needed to evaluate the
instrument’s effectiveness and applicability locally.
Fourth, this study did not directly measure patients’
well-being; instead, we relied on treatment and admis-
sion as proxies. Fifth, some individuals may seek self-
pay psychotherapy without a formal diagnosis or
referral, which would not be recorded in the claims
database. Although we assumed that the percentage of
such cases is relatively low, we could not locate specific
statistics to quantify this proportion. Sixth, this study
was exploratory in nature and did not apply corrections
for multiple comparisons in statistical analysis, which
may increase Type I error rates. Finally, we only
assessed the effect of the first health checkup on
screening for depression. The participants might have
repeatedly attended the health checkup; thus, the overall
effect might also be due to the repeated checkup rather
than only the first checkup.

Implications
Incorporating depression screening into routine
health checkups may aid in identifying and treating
individuals with depression while potentially reducing
psychiatric hospitalization. This finding supports pre-
ventive care that includes mental health assessments.
However, the study reveals a persistently low treat-
ment rate for depression, indicating the need for
improved coordination between primary care pro-
viders and mental health specialists. Strategies
addressing barriers to treatment, such as stigma,
accessibility, and awareness, should be developed.
Ensuring appropriate follow-up care and treatment for
individuals identified through screening requires
intensified efforts. Healthcare providers should facili-
tate timely referrals and access to mental health ser-
vices for individuals screening positive for depression.
Although depression screening did not demonstrate a
significant association with suicide in the overall
population, it underscores the importance of targeted
suicide prevention strategies tailored to older adults,
considering their unique vulnerabilities and risk fac-
tors. This study offers valuable insights to guide clin-
ical practitioners and public health policymakers in
optimizing depression screening programs,
enhancing the referral and treatment process, and
prioritizing treatment rates. Further cost-effectiveness
analysis and evaluation of referral pathways are
needed to improve depression screening strategies.

Conclusion
This study used data from a nationally representative
sample to emulate a target trial, and we found that
health checkups with depression screening could in-
crease depression treatment and reduce the risk of
psychiatric hospitalization. However, we did not find an
association between depression screening and deaths by
suicide in the study population. The treatment rate was
still low among screening-positive patients. It is neces-
sary to optimize depression screening programs,
improve referral and treatment procedures, and priori-
tize treatment rates. Notably, this emulation study is
observational in nature, which was affected by con-
founding factors; a pragmatic randomized clinical trial
is required to confirm the effects of depression
screening.
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