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Background: Antidepressant (AD) algorithm is an important tool to support

treatment decision-making and improve management of major depressive

disorder (MDD). However, little is known about its concordance with real-

world practice. This study aimed to assess the concordance between the

longitudinal treatment patterns and AD algorithm recommended by a clinical

practice guideline in China.

Methods: Data were obtained from the electronic medical records of Shanghai

Mental Health Center (SMHC), one of the largest mental health institutions in

China. We examined the concordance between clinical practice and the

Canadian Network for Mood and Anxiety Treatments (CANMAT) algorithm

among a cohort composed of 19,955 MDD patients. The longitudinal

characteristics of treatment regimen and duration were described to identify

the specific inconsistencies. Demographics and health utilizations of the

algorithm-concordant and -discordant subgroups with optimized treatment

were measured separately.

Results: The overall proportion of algorithm-concordant treatment

significantly increased from 84.45% to 86.03% during the year of 2015–2017.

Among the patients who received recommended first-line drugs with

subsequent optimized treatment (n = 2977), the concordance proportion

was 27.24%. Mirtazapine and trazodone were the most used drugs for

adjunctive strategy. Inadequate or extended duration before optimized

treatment are common inconsistency. The median length of follow-up for

algorithm-concordant (n = 811) and algorithm-discordant patients (n = 2166)

were 153 days (Q1-Q3= 79–328) and 368 days (Q1-Q3= 181–577) respectively,
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and the average number of clinical visits per person-year was 13.07 and

13.08 respectively.

Conclusion:Gap existed between clinical practice and AD algorithm. Improved

access to evidence-based treatment is required, especially for optimized

strategies during outpatient follow-up.

KEYWORDS

depressive disorder, treatment patterns, guideline adherence, treatment algorithm,
real-world studies

Introduction

Major depressive disorder (MDD) is one of the most

common psychiatric disorders and a leading disease burden

worldwide due to its disabling nature and recurrent course

(World Health Organization, 2020). Despite advances in the

understanding of neuropharmacology, the treatment outcomes

of depression were unfavorable. Over half of the patients with

MDD failed to respond satisfactorily to the initial

pharmacotherapy (Emslie et al., 2009; Rossom et al., 2016). In

the first phase of Sequenced Treatment Alternatives to Relieve

Depression (STAR*D) trial, 53% of patients showed non-

response to a 14-week monotherapy with citalopram (Trivedi

et al., 2006). Those with inadequate response would suffer from a

high risk of disease progression, recurrence, and impaired

function (Bergfeld et al., 2018; Kraus et al., 2019). Increasing

treatment steps along with optimized pharmacological strategies

were often required to achieve sufficient response (Tundo et al.,

2015; Bayes and Parker, 2018). Optimized strategies consist of

switching to another agent, combination with different ADs, or

augmentation with a different class of agents such as atypical

psychotics and lithium (Chen, 2019). Practicing proper

sequential treatment including initial pharmacotherapy and

subsequent optimized treatment represents one of the most

important and challenging issues to improve patients’

outcomes (Kim et al., 2020).

In this context, multiple international guidelines for MDD

have been developed and updated continuously. Treatment

strategies and alternative choices were recommended

according to the evidence synthesis to achieve adequate

response. Besides, appropriate trials of ADs were emphasized

before next-step optimization to enable necessary and timely

adjustment. Despite the wide availability and significant value of

guidelines, only a small proportion of patients diagnosed with

MDD received guideline-concordant treatment. A significant

number of patients were not treated with first-line drugs

initially (Kern et al., 2020), and patients with inadequate

response were always delayed in getting treatment

optimization (Herzog et al., 2017). Moreover, although most

guidelines offered next-step medication options, literature on the

longitudinal treatment patterns of MDD remained limited.

Therefore, we have insufficient knowledge about the quality of

mental health care received by patients over the course of

treatment. Further research is required to depict the

longitudinal patterns of medication treatment in a real-world

setting and identify the gaps between guidelines and clinical

practice.

Switching to another AD and combination with another class

of AD were identified as optimized treatments in Chinese MDD

guidelines updated in 2015 (Li et al., 2015). Clinical practice

guidelines (CPGs) that have been widely promoted and

recognized include the National Institute of Clinical

Excellence (NICE) guidelines (NICE, 2022), American

Psychiatric Association (APA) guidelines (Gelenberg et al.,

2010a), Canadian Network for Mood and Anxiety Treatments

(CANMAT) guidelines (Kennedy et al., 2016), World Federation

of Societies of Biological Psychiatry (WFSBP) guidelines (Bauer

et al., 2013), and Royal Australian and New Zealand College of

Psychiatrists (RANZCP) guidelines (Malhi et al., 2015).

Although most of the guidelines recommended sequencing

treatments after initial inadequate response, seldom proposed

a stepwise treatment regimen (algorithm) with clear

recommendations for lines of treatment. A lack of practical

and specific guidance based on the evidence synthesis may

lead to trial-and-error process. In addition, treatment duration

before next-step optimization is also needed to form instructive

guidance.

Canadian Network for Mood and Anxiety Treatments

(CANMAT) guidelines are recognized as authoritative

guidelines and are widely embraced by health care

practitioners (Gabriel et al., 2020). Characterizing by the levels

of evidence and “line of treatment,” it proposed a stepwise

treatment regimen (algorithm) for pharmacological treatment

(Kennedy et al., 2016). The CANMAT algorithm provides

operational methods to monitor treatment results and

optimized therapeutic strategies to manage inadequate

response to antidepressants. Unlike other antidepressant

algorithms such as Japanese Psychopharmacology Algorithm

Project (JPAP) algorithm and Korean Medication Algorithm

Project for Depressive Disorder (KMAP-DD) algorithm with

limited promotion (Motohashi et al., 2008; Seo et al., 2018),

CANMAT guidelines have long been presented to Chinese

psychiatrists in continuing medical education and clinical

practice since the publication in 2009. As there was no
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paradigm of optimized treatment as well as an update on Chinese

guidelines for MDD since 2015 (Feng et al., 2019b), the

CANMAT algorithm has now become one of the most

employed tools to support clinical decision-making in China.

AD algorithm is considered as a key strategy to reduce improper

and unsystematic treatment, which might be the major

contributor to the pseudo-resistance that leads to poor

outcomes and high medical expenditures (Ricken et al., 2018;

Bauer et al., 2019). However, the concordance of the CANMAT

algorithm with naturalistic antidepressant treatment patterns in

China has not been studied yet. Although previous studies

reported the prescribing patterns of MDD in China (Zhang

et al., 2016; Chen et al., 2017; Feng et al., 2017), the

longitudinal characteristics from initial pharmacotherapy to

subsequent optimized treatment have not been described.

Understanding the longitudinal prescription patterns

especially optimized treatment strategies after the failure of

monotherapy represents the first step to identify the gap

between the CANMAT algorithm and real-world practice.

To fill this gap, the present study aimed to: 1) examine the

concordance between longitudinal patterns of AD treatment and

the CANMAT algorithm in China; 2) describe the discrepancies

in both medication regimen and treatment duration; 3) describe

the characteristics of the algorithm-concordant/-discordant

subgroups. As China has no treatment algorithm for MDD so

far, we chose the CANMAT algorithm as the reference due to its

synthesis of the latest evidence and wide adoption in China.

Identifying inadequacies in algorithm adherence will help to

promote evidence-based practice and improve the

management of depression.

Materials and methods

Data source

This study utilized standardized electronic medical records

(EMRs) database from Shanghai Mental Health Center (SMHC),

which is one of the largest mental health institutions in China

and provides medical services for patients with mental illness

across the country. The EMRs offer a comprehensive set of

patient and clinical information on demographics (gender and

age), ICD-10 diagnostic codes, drug prescriptions, procedures

and exact date of medical service events (diagnosis, prescription,

hospital admission and discharge, etc.). Each individual has a

unique identifier. A medical record with demographic

information, psychiatric diagnosis, medical notes and

prescribed agents was required to be created by the authorized

psychiatrist during the hospital visit. All EMRs data were de-

identified and extracted from the hospital information system

(HIS) into a validated and standardized EMR database by the

hospital information technology department. This retrospective

database study was approved by the Institutional Review Board

(IRB) of Shanghai Mental Health Center and written informed

consent from patients was waived given the anonymous database.

Study design and study population

This is a retrospective cohort study among Chinese MDD

patients who were assessed and treated at SMHC during the year

2015–2018. Patients entered the study cohort when they initiated

pharmacotherapy with a single AD between 1 January 2015 and

31 December 2017 and the date of entry (date of the first AD

prescription) was defined as the index date. One year free of ADs

prescription record prior to the index date was required to avoid

the influences of historical treatment. The baseline period was

defined as 1 year prior to the index date and patients were

followed up to the end of the first episode or the end of 2018,

whichever came first. An episode was defined as a period when a

patient exposed to at least one dispensing of ADmedications. An

episode ends when the patient had 120 days with no dispensing

of an AD medication (Figure 1). (Fife et al., 2017; Shin et al.,

2020) Patients were included in the study cohort if they met the

following criteria: 1) aged 18–64 years on the index date, 2)

diagnosed with Major Depressive Disorder (ICD-10 code: F32.x,

F33.x) during the baseline period, 3) prescribed with at least one

AD during follow-up. To ensure the naturalistic treatment

patterns of MDD, patients were excluded if they: 1) received a

diagnosis of bipolar (ICD-10 code: F30.x, F31.x) or schizophrenia

(ICD-10 code: F20.x) during baseline or follow-up, 2) had

electroconvulsive therapy (ECT) before the index date, 3)

diagnosed with central nervous system disease(s) (ICD-

10 code: F00.x- F09.x) during baseline or follow-up, 4)

patients with multiple ADs (two or more) on the index date.

Initial ADs included selective serotonin reuptake inhibitors

(SSRIs), serotonin and norepinephrine reuptake inhibitors

(SNRIs), tricyclic ADs (TCAs), noradrenergic and specific

serotonergic ADs (NaSSAs), and other ADs (e.g., agomelatine,

trazodone, bupropion, reboxetine, maprotiline, mianserin).

Supplementary Table S1 listed the drugs included in this

study, consisting of all ADs approved in the Chinese market

and available in SMHC, and ADs recommended in the

CANMAT algorithm.

Longitudinal treatment patterns,
treatment level and treatment duration

The longitudinal pattern of medication of each patient was

estimated through follow-up and patterns of medication change

were defined based on clinical perspective and referred from a

published database study (Kern et al., 2020). Prescription of two

drugs with at least 30 days of overlap was defined as an “add-on.”

Prescription of a different drug (with at least 30 days supplied)

following the previous drug or with fewer than 30 days overlap
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was considered as a “switch” and was considered an “attempt” if

the days of supply were less than 30 days. The “attempt” was

observed but the drug used was not calculated since its duration is

too short to be considered as a normal course of medication

(Figure 2). A grace period of 14 days for the same drug was

applied. The terms “treatment level” and “regimen” were used to

describe the sequential medication: the index drug in the initial

prescription was defined as a Level 1 regimen. If a patient’s

medication change was considered as a switch or add-on

compared to Level 1 (Level n) according to the above

definition, then he/she entered Level 2 (Level n+1). If the

change was an attempt, the patient stayed in the current level

(Level n) and the drug was ineligible to be considered as a next-

level (Level n+1) regimen.

Treatment duration for each treatment level refers to the

length of AD drugs treatment at that level. For example, the

treatment duration of level 1 was defined as the period from the

first day entering the cohort to the day before entering level 2. For

FIGURE 1
Illustration of the study design.

FIGURE 2
Defining different patterns of medication change.
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those patients who didn’t enter the next level, the end of

treatment duration was defined as the end of follow-up.

Definition of concordance with CANMAT
algorithm

CANMAT algorithm was identified to examine the

consistency of initial AD and sequencing treatment with

guideline recommendations due to its explicit algorithm-based

guidance and wide embracement in China (Recommendations

for optimized treatment after inadequate response to initial

antidepressant from different guidelines were summarized in

Supplementary Table S2). Longitudinal patterns of medication

treatment were considered consistent with the CANMAT

algorithm if they followed the algorithm recommended by

CANMAT 2016 Clinical Guidelines for the Management of

Adults with Major Depressive Disorder: Section 3.

Pharmacological Treatments (Kennedy et al., 2016).

CANMAT revised its 2009 version to reflect the new evidence

in the field in September 2016. Recommendations for the first-

line antidepressants and subsequent optimized strategies in

CANMAT 2009 guidelines were retained in the 2016 update,

except buspirone was removed from the recommended add-on

agents. The recommended regimen by treatment level is as follow

(detail drugs for each level as recommended could be found in

Supplementary Tables S3, S4),

Level 1: initiate with a first-line AD

Level 2/Level 3: 1) Switch to an ADwith evidence for superior

efficacy or a second-line or third-line AD, or 2) add an adjunctive

medication in the recommendation list.

Concordance with the CANMAT algorithm was defined as

agreement at all three levels. Adherence to the algorithm at level

1, but not level 2 or 3 would not be considered as concordant

practice. This study only focused the early treatment strategy on

the first three levels as it determines the early improvement which

is the strong predictor of treatment outcome (Tunvirachaisakul

et al., 2018).

Statistical analysis

The demographic and clinical characteristics of eligible

patients on the index date and during follow-up were

described. Summary measures for categorical variables

(percentages) and continuous variables (mean, standard

deviation (SD); median, first and third quartile (Q1 and Q3))

were tabulated and presented. The number and proportion of

algorithm-concordant treatment were calculated among total

patients or sub-sample with optimized treatment (switch/add-

on) after recommended first-line treatment, overall and by index

year. The Chi-square test for trend (Cochran-Armitage test for

trend) was used to compare the proportions between years. Drug

utilization of the first three levels, including treatment regimens

and treatment duration was analyzed. Demographics and health

care utilization of patients who received CANMAT-concordant/-

discordant treatment were described separately. Statistical

analysis was conducted with SAS, version 9.4 (SAS Institute,

Cary, NC, United States).

Results

Baseline demographic and clinical
characteristics

Among the 40,856 MDD patients (ICD code: F32.X, F33.X)

initiated AD prescription during 2015–2017, 38 were excluded

for previous electroconvulsive therapy, 1476 were excluded for

concurrent diagnosis of bipolar disorders, schizophrenia, and

organ disease of the central nervous system, 6888 were excluded

for not meeting age criteria and 12,697 were excluded for multi-

drugs at initial prescription. Finally, a total of 19,955 eligible

MDD patients who initiated pharmacotherapy with a single AD

were included in the study cohort. Supplementary Figure S1

presents a flowchart describing the inclusion process. Baseline

demographic and clinical characteristics are presented in Table 1.

The mean age of the study cohort was 36.78 (SD = 13.01), and the

largest age group was adults aged 18 to 30 (n = 7960; 39.89%). A

large proportion of the patients were female (n = 13,221; 66.25%),

and most (n = 19,862; 99.53%) were attending outpatient clinics

TABLE 1 Demographic and clinical characteristics of the study
population.

Characteristics Study
population (N = 19,955)

Age (years), mean (SD) 36.78 (13.01)

Age group, n (%)

18–30 7960 (39.89)

31–40 5227 (26.19)

41–50 2861 (14.34)

51–65 3907 (19.58)

Gender, n (%)

Male 6734 (33.75)

Female 13,221 (66.25)

Place of service on the index date, n (%)

Outpatient 19,862 (99.53)

Inpatient 93 (0.47)

Follow-up period (days), median (Q1-Q3) 39 (20–142)

Number of prescriptions, median (Q1-Q3) 1 (1–4)

Number of visits/person-year 12.39

Number of hospitalizations/person-year 3.06

Data are presented as the percentage or the median (interquartile range) as appropriate.

SD, standard deviation; Q1, first quartile; Q3, third quartile.
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on the index date. The majority of the patients had only one level

of treatment (n = 17,003, 85.21%). About 10% of patients had two

or three levels (two levels: 1430, 7.17%; three levels: 799, 4.00%),

and only 3.62% (n = 723) had four levels or more. The median

follow-up period of total patients and those who only had one

level was 39.0 days (Q1-Q3: 20–142) and 28 days (Q1-Q3: 15–75)

respectively.

Concordance with CANMAT treatment
algorithm

Among 19,955 eligible patients identified, the treatment for

17,074 patients (85.56%) followed the CANMAT algorithm

during follow-up, including 16,263 patients who had only one

level of treatment. Of the 17 initial ADs identified in level 1,

12 were first-line drugs in the CANMAT algorithm. The

concordance proportion on level 1 was 96.42% (n = 19,240).

The concordance proportion decreased to 27.24% (n = 811)

among those patients who moved beyond level 1. The

concordance proportions by index year were tabulated in

Table 2. Overall concordance proportion significantly

increased from 84.45% to 86.03% during the year of

2015–2017 (Z = −2.372; p = 0.018), while the proportions for

optimized treatment remained 26.29%, 27.14%, and

27.93 respectively (Z = −0.808; p = 0.419).

Longitudinal characteristics of treatment
duration

With the increase in treatment level, an extension of

treatment duration was observed, and the median duration

were 28, 64.5, and 70.5 days for level 1–3, respectively. For

patients stayed in level 1 during the study, 24.97% stopped

treatment in 2 weeks. The median treatment duration of level

2 and level 3 were more than 4 weeks, and 54.14% and 61.17%

reached 8 weeks respectively. Before the first change in

medication (entered level 2), 27.08% of patients had more

than 8 weeks of level 1 treatment (index AD), whereas 32.10%

had less than 2 weeks of treatment. Of those who entered level 2,

all had more than 4 weeks of treatment and 54.14% had more

than 8 weeks of treatment before entering level 3 (Table 3).

Longitudinal characteristics of medication
regimen

In the study cohort (N = 19,955), 17 different ADs were

observed as initial drugs, and the top five ADs were

Escitalopram (n = 5861, 29.37%), Sertraline (n = 3573, 17.91%),

Mirtazapine (n= 2047, 10.26%), Venlafaxine (n= 2018, 10.11%) and

Paroxetine (n = 1762, 8.83%). The medication changes from level

1 to level 3 were shown in Table 4. In the study cohort, 3106

(15.57%) had at least one change in treatment regimen during

follow-up and the number of patients having a switch, add-on from

level 1 to level 2 was 1601 (8.02%), 1351 (6.77%) respectively. 154

(0.77%) patients attempted to change the treatment regimen stayed

at level 1. Among patients who had a switch from level 1 to level 2

(N = 1601), the number of patients further had a switch or add-on

from level 2 to level 3 was 427 (26.67%) and 220 (13.74%)

respectively, and the rest 954 (59.59%) remained unchanged. The

top three drugs used under the switch pattern from level 1 to level

2 were escitalopram (N = 179; 11.18%), venlafaxine (N = 135;

8.43%), andmirtazapine (N = 110; 6.87%). Among patients who had

an add-on from level 1 to level 2 (N = 1351), 534 (39.53%) did not

undergo further medication changes, and the number of patients

who had a switch or add-on from level 2 to level 3 was 813 (60.18%)

and 4 (0.30%) respectively. The top three drugs used under the add-

on pattern from level 1 to level 2 were mirtazapine (N = 306;

22.65%), quetiapine (N = 212; 15.69%), and trazodone (N = 189;

13.99%).

TABLE 2 Trend comparison of concordance proportions between years.

Guideline-concordance Index year n Proportion, % Z p Value

Overall 2015 4225 84.45 −2.372 0.018

2016 5847 85.82

2017 7002 86.03

First-line treatment 2015 4797 95.88 −2.553 0.011

2016 6569 96.42

2017 7874 96.74

Optimized treatmenta 2015 204 26.29 −0.808 0.419

2016 269 27.14

2017 338 27.93

Bold values indicate p < 0.1.
aPercentages were computed among the number of patients who had medication changes after recommended first-line treatment.
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Algorithm-discordant practice from level
1 to level 2 of patients who initiated with
recommended first-line AD

Among 19,240 patients who initiated recommended first-

line drugs, 2829 (14.70%) received subsequent optimized

treatment (moved to level 2 with switch or add-on strategy).

Among the 1528 patients with switch strategy, 447 (29.25%)

received an algorithm-discordant switch pattern, including 359

(23.49%) with ≥ 2 switching drugs at a time. Among the

1301 patients with add-on strategy, 390 (29.98%) received an

algorithm-discordant add-on pattern, including 57 (4.38%)

TABLE 3 Duration of treatment levels of study patients.

Duration of
treatment level

Level 1 (N = 19,955) Level 2 (N = 2952) Level 3
(N = 1522)

Only index
drug
(n = 16,849)

With Medication
change
(n = 3106)

Total
(n = 19,955)

Stopped at
level 2
(n = 1430)

With Medication
change
(n = 1522)

Total
(n = 2952)

Mean (SD) 87.25 (151.40) 63.87 (107.75) 83.61 (145.71) 150.20 (178.54) 102.49 (101.22) 125.6 (145.89) 141.05 (159.25)

Median (Q1-Q3) 28 (15–75) 28 (14–63) 28 (14–72) 74 (41–178) 61 (40–124) 64.5 (41–146) 70.5 (43–171)

<2 weeks, % 4208 (24.97) 997 (32.10) 5205 (26.08) 0 (0) 0 (0) 0 (0) 0 (0)

2–4 weeks, % 4728 (28.06) 736 (23.70) 5464 (27.38) 0 (0) 0 (0) 0 (0) 0 (0)

4–6 weeks, % 1945 (11.54) 323 (10.40) 2268 (11.37) 377 (26.36) 468 (30.75) 845 (28.62) 378 (24.84)

6–8 weeks, % 939 (5.57) 209 (6.73) 1148 (5.75) 199 (13.92) 230 (15.11) 429 (14.53) 213 (13.99)

>8 weeks, % 5029 (29.85) 841 (27.08) 5870 (29.42) 854 (59.72) 824 (54.14) 1678 (56.84) 931 (61.17)

SD, standard deviation; Q1, first quartile; Q3, third quartile.

TABLE 4 Medication changes on the first three levels of patients initiated single AD.

N (%)

Patients initiated with a single AD 19,955 (100)

Total number of patients with medication change during follow-up 3106 (15.57)

Switch (Level 1 → Level 2) a 1601 (8.02)

Top three drugs b

Escitalopram 179 (11.18)

Venlafaxine 135 (8.43)

Mirtazapine 110 (6.87)

Subsequent medication change b

Pattern 1a: Switch → Unchanged 954 (59.59)

Pattern 1b: Switch → Switch 427 (26.67)

Pattern 1c: Switch → Add-on 220 (13.74)

Add-on (Level 1 → Level 2) a 1351 (6.77)

Top three drugs c

Mirtazapine 306 (22.65)

Quetiapine 212 (15.69)

Trazodone 189 (13.99)

Subsequent medication change c

Pattern 2a: Add-on → Unchanged 476 (39.53)

Pattern 2b: Add-on → Switch 871 (60.18)

Pattern 2c: Add-on → Add-on 4 (0.30)

Attempt (Level 1) a 154 (0.77)

aPercentages were computed among the number of patients initiated with single ADs (N = 19,955).
bPercentages were computed among the number of patients who had a switch from level 1 to level 2 (N = 1601).
cPercentages were computed among the number of patients who had an add-on from level 1 to level 2 (N = 1351). AD, antidepressants.

Frontiers in Pharmacology frontiersin.org07

Yang et al. 10.3389/fphar.2022.954973

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.954973


with ≥ 2 adding drugs at a time. Figure 3 presents the flowchart of

the algorithm-discordant practice from level 1 to level 2.

Characteristics of patients who received
CANMAT algorithm-concordant/-discordant
treatment after algorithm-concordant initial
therapy

Among 2977 patients who initiated recommended first-line

drugs and received optimized treatment, 811 patients followed

CANMAT algorithm during their subsequent treatment.

Demographics and healthcare utilization of algorithm-

concordant/-discordant subgroup were presented in Table 5.

Overall, the median follow-up duration of algorithm-

concordant subgroup and algorithm-discordant subgroup was

153 (Q1-Q3 = 79–128) and 368 days (Q1-Q3 = 181–577)

respectively. The average number of clinical visits per person-

year was 13.07 and 13.08 among patients who received

algorithm-concordant and discordant treatment respectively.

The median time length between hospital visits of patients

with and without algorithm-concordant treatment was 25

(Q1-Q3 = 16.17–37.88) and 29.17 (Q1-Q3 = 21.33–38.79)

respectively.

Discussion

Our study described the longitudinal characteristics of

treatment patterns for MDD in China. To our knowledge, this

is the first study to examine the concordance of the current practice

of AD treatment with the CANMAT algorithm in a real-world

setting. The overall proportion of algorithm-concordant treatment

with the CANMAT algorithm was more than 80%, but only about

27% of patients received algorithm-concordant optimized

treatment (switch/add-on). The gaps between algorithm

FIGURE 3
Flowchart of the algorithm-discordant practice from level 1 to level 2.

TABLE 5 Demographics and healthcare utilization of patients who received CANMAT algorithm-concordant/-discordant treatment.

Patients who received
CANMAT algorithm-concordant
treatment (N = 811)

Patients who received CANMAT
algorithm-discordant treatment
(N = 2166)

Age (years), mean (SD) 38.87 (13.89) 37.94 (13.92)

Gender, %

Male 280 (34.53) 762 (35.18)

Female 531 (65.47) 1404 (64.82)

Follow-up duration (days), median (Q1-Q3) 153 (79–328) 368 (181–577)

Number of clinical visits/person-year 13.07 13.08

Intervals of hospital visits (days), median (Q1-Q3) 25.00 (16.17–37.88) 29.17 (21.33–38.79)

Duration of hospital stay (days), median (Q1-Q3) 38 (23–51) 37.5 (25.5–52.5)

SD, standard deviation; Q1, first quartile; Q3, third quartile.
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recommendations and clinical practice existed in both optimized

strategies and treatment duration.

The real-world practice by Chinese clinicians in the overall

prescriptions was quite concordant with the CANMAT algorithm,

as the overall concordance proportion reached 85.56% in this

study. In our previous study on guideline concordance in the

treatment of acute bipolar depression, 49.8% of patients were

treated in adherence to CANMAT guidelines (Wang et al.,

2014). Our results suggested that patients with unipolar

depression were more likely to receive guideline-concordant

treatment compared to those with bipolar depression. In

addition, this disparity might be resulted from the efforts in the

dissemination of evidence-based medicine and CANMAT

guidelines in China. However, consistency in the present study

is mainly attributed to the consensus on the first choice of ADs.

When it comes to the subsequent optimized treatments, the

concordance proportion was much lower and turned out to be

27.24%. Although there is an increasing yearly trend in the

concordance proportion, the unsatisfied situation has not been

improved for the optimized treatment. Algorithm-guided

treatment is recognized as a stepwise treatment regimen for

timely and efficient optimization to manage treatment-resistant

depression (Bauer et al., 2019). Although adherence to algorithms

may not benefit every patient, it offers general principles and

systematic instructions for clinicians based on the evidence

synthesis. Inconsistencies with algorithms could lead to more

trial-and-error processes and reduce the remission rate of

depression (Kim et al., 2020). Implementation of standardized

guidelines was considered as the priority to improve the quality of

medical care, especially in underdeveloped countries and regions

(Lee et al., 2020). Our results suggested the urgent need for

guideline-concordant practice in optimizing strategies for

depression following unsatisfied outcomes of initial

prescriptions. In the present study, 15.74% of patients initiated

with first-line ADwere identified to enter level 2. This is in contrast

with the previous studies that more than 50% of patients required

optimized treatment following monotherapy (Rush et al., 2006),

which may be explained by the loss of follow-up and thus

subsequent prescriptions were unavailable to obtain. Another

explanation might be the improved treatment efficacy caused

by supplementary treatment such as psychotherapy and

repetitive transcranial magnetic stimulation (rTMS), which was

commonly used in the hospital based on themedication treatment.

It has long been argued that what should be the ideal gap

between the onset of initial ADs and optimized treatment. In the

present study, treatment duration was not considered when

defining the algorithm-concordant treatment. As the

appropriate length of treatment is emphasized in every

guideline and has a great influence on the clinical outcome, we

measured the treatment duration of different levels to provide

additional evidence on the algorithm discordance. Chinese

guidelines recommended clinicians wait for 4–6 weeks for ADs

to work before considering treatment adjustment, however,

substantial evidence suggested that shortening time might result

in better clinical outcomes (Kudlow et al., 2014; Habert et al.,

2016). CANMAT algorithm proposed to consider optimized

treatment at 2–4 weeks after initial pharmacotherapy. Evidence

showed that improvement in the first 2 weeks was a significant

predictor for later remission (Wagner et al., 2017; Hicks et al.,

2019). However, our results showed that over 30% of patients

underwent medication changes in the first 2 weeks after initial

monotherapy. This premature move may be inappropriate as low-

quality evidence supported the optimization within 2 weeks after

initial pharmacotherapy unless followed by tolerability problems

(Olgiati et al., 2018). Notably, none of the level 2 treatment

regimens was optimized within 4 weeks, indicating that the

psychiatrist preferred to maintain the treatment regimen for a

longer time if it has already been optimized once. We found that

27.8% and 54.14% of patients maintained the level 1 and level

2 treatment regimen for more than 8 weeks respectively before

entering the next level. One possible reason is the adherence to

other clinical guidelines such as American Psychiatric Association

(APA) guideline (Gelenberg et al.). APA guideline recommends an

adequate trial up to 8 weeks, which seems outdated given the

recent evidence. It has been suggested that delaying effective

treatment could lead to poor outcomes and MDD patients

should be treated with optimized treatment urgently (Romera

et al., 2012; Habert et al., 2016; Kraus et al., 2019). Moreover, for

patients with prior medication, early optimized treatment at

2 weeks showed a superior treatment effect (Dreimüller et al.,

2019). Our results suggested that early optimized treatment

especially for inadequate response to level 2 treatment regimen

should be emphasized to improve treatment outcomes.

Both Chinese and CANMAT guidelines for MDD included

first-line recommendations for physicians to select and initiate the

ADs. In the present study, SSRIs, SNRIs and NaSSAs–the new

generation of ADs as the first recommendations in both Chinese

andCANMATguidelines (Kennedy et al., 2016; Feng et al., 2019a),

were the most prescribed initiated ADs. This is consistent with the

previous studies conducted in China and many other regions

(Dold et al., 2016; Zhang et al., 2016; Gauthier et al., 2017),

suggesting that the initiators recommended by guidelines were

widely adopted by clinicians. As for subsequent optimizing

pharmacotherapy, we found escitalopram, venlafaxine and

mirtazapine were the top three choices for switching strategies

after initial treatment. This is in accordance with the first-line

recommendations in the CANMAT algorithm. For add-on

strategies, although mirtazapine was recommended as the

second-line adjunctive medication, approximately 23% of

patients used mirtazapine in combination with the initial AD

under add-on patterns. The combination treatment of mirtazapine

and venlafaxine is referred to as “California rocket fuel” due to its

advantages in efficacy and fast-acting. This treatment regimen was

proposed in 2009, when a study found that the Remeron-Effexor

had the greatest overall benefit for MDD patients among the

combinations of ADs with Remeron (Blier et al., 2010). However,
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the evidence for “California rocket fuel” turned out to be flimsy, as

subsequent studies failed to reproduce this result (Henssler et al.,

2016; Kessler et al., 2018). In the latest Chinese treatment

guidelines for MDD published in 2015, mirtazapine and

trazodone were the first recommendations for combination as

an alternative when switching strategy has failed (Li et al., 2015).

Our result is consistent with a recent UK study that found

mirtazapine was the most commonly prescribed AD and

mostly used in a combination with venlafaxine (Paton et al.,

2020), suggesting that this combination is still a preferred

choice despite the contradictory evidence. Our results showed

that trazodone was the third most frequently used drug in add-on

strategies, although it was recommended as the third-line

adjunctive medication in CANMAT guidelines given its

association with the poor response rate and side effects burden

(Andrade, 2018). In addition to the impact of published Chinese

guidelines, another possible reason is the sedative effects of

trazodone which has been widely recognized and applied in the

treatment of depressed patients with sleep disturbances (Treviño

et al., 2017; Settimo and Taylor, 2018). Although the combination

of mirtazapine with initial AD was still the mainstream regimen,

our study showed a trend in prescribing adjunctive antipsychotics,

especially quetiapine, indicating that Chinese psychiatrists were

adapting their clinical decisions to the up-to-date evidence and

guidelines when considering adjunctive agents for poor response.

For the optimized treatment regimen after initial AD, our results

showed that one-third of patients had the algorithm-discordant

switch strategy and add-on strategy respectively. For algorithm-

discordant switch, most (80.3%) substitute the initial medication

with two new drugs at a time. It suggested that the discordant

practice in switch strategy was mainly due to the aggressive

adjustment of the regimen. Clinicians prefered to go a step

further than algorithm recommendations, prescribing

combination of other drugs rather than just substituting the

initial AD. Alternatively, 14.62% of algorithm-discordant add-on

strategy consists of two new adding drugs, especially combination of

ADs, which were not included in the add-on recommendation list,

were the most used drugs in the algorithm-discordant add-on

strategy. This is in accordance with the previous studies that

combination of two antidepressants was still widely recognized

and used among clinicians despite its relatively slight effect and

potential side effects compared to antipsychotic augmentation

(Gobbi et al., 2018; Gronemann et al., 2021). Clinicians should

remain aware of and alert to the drug interactions of antidepressants.

Our results showed a shorter median length of follow-up

among the patients who received guideline-concordant

treatment compared with the discordant subgroup. This is

reasonable as the guideline concordance was mainly attributed

to the consensus of the initiated ADs. The guideline-concordant

subgroup was mostly composed of patients who only stayed in

level 1 and had a shorter follow-up period compared to those who

entered level 2. In addition, algorithm-discordant treatment could

lead to improper clinical practice that could cause resistance or

recurrent course of depression (Wang et al., 2019). Patients might

switch to local or primary medical facilities such as community

hospitals after significant improvement or remission. Further

research with rigorous experimental methods is required to

validate the results and examine the concordance-related factors.

There are several limitations of this study. Firstly, we only

included patients with a previous 1 year of no AD prescription,

aiming to include patients who initiated pharmacotherapy for

comparison with the algorithm from the first-line treatment.

However, patients may not be completely “new user” of AD

treatment as their medical history outside the study hospital was

not captured. Further, only patients initiated with ADs were

included. The extent and profile of overall medications like

hypnotics, anticonvulsants, and stimulants were not described

thus some inappropriate or irrational prescriptions could not be

evaluated. Secondly, this study was likely to overestimate the

concordance proportion as it focused on the medication

regimens on the first three levels and dose-escalation was not

considered, which need to be further examined. In this study,

we described the duration of treatment levels to obtain a general

understanding of its consistency with the recommendations in

CANMAT guidelines. Also, some psychotic depression patients

prescribed AD could not be well distinguished, however, based on

baseline diagnosis, the proportion of such patients was quite low

and had limit impact on the main results of this study. Thirdly, this

was a descriptive study mainly focusing on the discrepancies

between AD algorithm and clinical practice. Although the

characteristics of the algorithm-concordant/-discordant subgroup

were described, no statistical test was conducted to detect significant

differences. Future research and group comparison methods are

required to explore the factors associated with the algorithm-

adherence practice. Finally, our data were derived from a single

tertiarymental health institution. Althoughmedical referral was not

compulsory, the study population consisted of a high proportion of

patients with recurrent depression, treatment resistance, and

complex conditions referred from the second or primary

hospitals. Cautions should be taken when extrapolating the

results to other institutions as specialists might turn their backs

on the general recommendations to achieve individual treatment.

However, the patients who visited our institute came from different

provinces and regions, which enhanced the demographic

generalizability of the results. There might be measurement bias

as some patients visited other hospitals and received medications

during their follow-up period, which was not reflected in our EMR

database. A considerable proportion of patients who stayed at the

first level were lost to follow-up, thus their subsequent medication

was unavailable for concordance assessment. Loss to follow-up in

the database may be due to improvement in disease, treatment

failure, moving to other hospitals or cities, and many other reasons.

Future research is required to describe the overall extent of

naturalistic medication based on the integrated database.

Meanwhile, this study aimed to identify the gap between

physicians’ practice and guideline recommendations to promote
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guideline practice on the doctors’ level. Factors related to patients’

adherence to the prescriptions should be included to examine the

algorithm-concordant practice in the future.

To summarize, although the overall concordance proportion

seemed relatively satisfactory, this concordance was mostly

attributed to the initial pharmacotherapy and decreased

dramatically during the subsequent optimized treatment. Gaps

existed between clinical practice and algorithm, mostly and

notably in improper adjunctive strategies and inadequate or

extended duration of treatment before optimization. These

gaps need to be bridged to improve the quality of medical

care and promote evidence-based medicine. Our results

indicated that there is still room to improve algorithm-based

clinical practice in China, especially for patients who needed

treatment optimizations.
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