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Objectives: To determine the prevalence and correlates of treatment-resistant schizophrenia (TRS)
through a systematic review and meta-analysis.

Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
criteria, an electronic search was performed in PubMed and Embase through May 17, 2022. All study
designs that assessed a minimum of 20 schizophrenia-spectrum patients and provided data on TRS
prevalence or allowed its calculation were included. Estimates were produced using a random-effects
model meta-analysis.

Results: The TRS prevalence across 50 studies (n = 29,390) was 36.7% (95%CI 33.1-40.5, p <
0.0001). The prevalence ranged from 22% (95%CI 18.4-25.8) in first-episode to 39.5% (95%Cl 32.2-
47.0) in multiple-episode samples (Q = 18.27, p < 0.0001). Primary treatment resistance, defined as
no response from the first episode, was 23.6% (95%CI 20.5-26.8) vs. 9.3% (95%CI 6.8-12.2) for later-
onset/secondary (> 6 months after initial treatment response). Longer illness duration and recruitment
from long-term hospitals or clozapine clinics were associated with higher prevalence estimates.
In meta-regression analyses, older age and poor functioning predicted greater TRS. When including
only studies with lower bias risk, the TRS prevalence was 28.4%.

Conclusion: Different study designs and recruitment strategies accounted for most of the observed
heterogeneity in TRS prevalence rates. The results point to early-onset and later-onset TRS as two
separate disease pathways requiring clinical attention.

Registration number: PROSPERO CRD42018092033.
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Introduction in 2001,° which reported a TRS prevalence of up to 50%
(based on two studies).”® Thus, the evidence base for

Articles, textbooks, and publications on schizophrenia ~ TRS prevalence is minimal and is not based on

often mention an approximate prevalence of treatment-
resistant schizophrenia (TRS) of 30%." However, this
statement is only based on clinical manuals or review
papers, not on systematic evidence, essentially citing
three main sources: 1) the 2004 American Psychiatric
Association guideline,®> which reported a 10-30% pre-
valence, without references; 2) a 2007 review by Elkis,*
which reported a 20-30% prevalence based on two
publications*®; and 3) a comprehensive review published
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comprehensive meta-analytic data, despite the fact that
it is the most severe subtype of schizophrenia and has
considerable implications on personal, health-care man-
agement, and societal levels.>'°

Furthermore, TRS may be the only clinical condition
in schizophrenia with a single best-evidence treatment,
i.e., clozapine.*'" However, despite its clinical superiority
for TRS, including symptom reduction, hospitalization
risk, and all-cause as well as specific-cause mortality,'?
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clozapine is largely underutilized, which increases the
disease burden and direct and indirect health care
costs.’® Thus, a more precise estimate of TRS
frequency could increase awareness, and thereby
appropriate identification, of TRS, which could guide
public policies regarding resource allocation and the
cost-benefit of more frequent and earlier clozapine
utilization, given the association between older patient
age, delayed clozapine use, and poorer outcomes.'
More specifically, knowing the probability and correlates
of TRS when assessing a patient may raise awareness
and further increase diagnostic accuracy and earlier
recognition of TRS.'®

Moreover, emerging evidence indicates that TRS has a
distinct biosignature from non-TRS,'®'® which has led
some authors to recognize TRS as a subtype, rather than
an stage, of schizophrenia.’® Additionally, even within
TRS, a distinction has been made between early-onset/
primary TRS (with no antipsychotic response) and later-
onset/secondary TRS, which emerges after initial
response to first-line, non-clozapine antipsychotics,
although precise estimates of these potential TRS
subtypes are unknown. Therefore, neurobiological
research would also benefit from more precise estimates
of the frequency of TRS and its potential subtypes.

A recent meta-analysis investigated the prevalence of
TRS in first-episode schizophrenia (FES),"” reporting an
overall TRS frequency of 24.4% (95%CI 19.5-30.0)
across nine studies (n = 11,649). However, two studies
on TRS relied on clozapine treatment as a definition for
TRS (risking underestimation), while two studies consid-
ered non-remission as TRS, and in one study half of the
patients only had prior failure to one antipsychotic (risking
overestimation). Moreover, information on TRS correlates
was limited to men. Thus, given these methodological
considerations, the lack of any meta-analytic data
regarding TRS in multi-episode patients, early-onset/
primary vs. later-onset/secondary TRS, and TRS corre-
lates beyond sex differences, as well as the importance
and impact of TRS, we aimed to meta-analytically
determine the prevalence of TRS and its correlates
overall and in patient subgroups.

Methods
Systematic literature search and selection criteria

We searched PubMed and Embase from database
inception to May 17, 2022, without language restrictions,
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines'®
(Table S1, available as online-only supplementary mate-
rial), employing the following terms in all fields: (“first
episode psychosis” OR schizophrenia OR “first episode”
OR psychotic OR psychosis OR “schizoaffective dis-
order” OR schizoaffective) AND (“treatment resistant”
OR treatment-resistant OR ultra-resistant OR resistant
OR resistance OR “treatment refractory” OR treatment-
refractory OR ultra-refractory OR refractory OR refractori-
ness OR unrespon* OR non-responsive OR “failed to
respond” OR “failed to improve” OR “failure to respon™”

Treatment resistance prevalence in schizophrenia

OR “failure to improve” OR clozapine). Additionally,
reference lists of included studies, systematic reviews,
and meta-analyses were searched manually. Studies in
languages other than English were assessed by native or
bilingual reviewers and translated, if eligible, to extract
relevant data. Finally, authors were contacted for addi-
tional information or unpublished data. Four authors (DR,
ED, LF, and RC) independently performed a title and
abstract screening of all studies. Each paper included in
the full-text review phase was independently evaluated by
two of the four authors (DR, ED, LF, and RC). After
completing each phase, blinding was removed and any
disagreement was resolved by consensus or consulting
with two other investigators (AG and CUC). We included
studies that: 1) reported on > 20 patients aged > 16
years (the lowest age for which the SCID-IV is validated)
diagnosed with schizophrenia or schizoaffective disorder,
regardless of diagnostic criteria; 2) provided information
that yielded a TRS prevalence or allowed its estimation by
calculating the rate of non-responding participants; 3) had
longitudinal, prospective (interventional or observational),
retrospective, case-control, or cross-sectional designs;
and 4) presented original data published in a peer-
reviewed journal. We excluded studies with inadequate
TRS criteria (e.g., clozapine use as the sole proxy for
TRS) or inadequate samples (e.g., only TRS patients).
Case reports, case series, and non-peer reviewed
publications were excluded as “wrong publication type.”

Studies enrolling individuals with diagnoses other than
schizophrenia spectrum disorders (e.g., affective psycho-
sis) were included, as long as separate TRS prevalence
data could be extracted. When more than one study
reported on the same sample, the larger was included in
the meta-analysis.

Data extraction and quality assessment

Two out of four (DR, ED, LF, and RC) investigators
independently extracted the data, including a compre-
hensive list of variables regarding study design, proce-
dures, sample characteristics, and results (for a complete
list, see the supplementary material).

Moreover, we examined the degree to which each
study used the diagnostic criteria of the Treatment
Response and Resistance in Psychosis (TRRIP) Working
Group,' including psychopathology (assessment, sever-
ity, duration, functioning), treatment (assessment of past
response, duration, dosage, number of antipsychotics,
current adherence), symptom domains, time course, and
clozapine-treatment resistance, quantifying and summing
up the 11 TRRIP criteria (i.e., criterion not fulfilled: score =
0, minimum requirement: score = 1; optimum require-
ment: score = 2).

Study quality was assessed with a modified version of
the Newcastle-Ottawa Scale,'® which has five domains:
1) sample representativeness; 2) sample size; 3) non-
respondents (TRS criteria fulfilment); 4) ascertainment of
TRS (prospective vs. retrospective evaluation); 5) and
statistical quality (for full information regarding scoring)
(Table S2, available as online-only supplementary mate-
rial). Each study was independently judged as low risk of
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bias (> 3 points) or high risk of bias (< 3 points) by three
investigators (ED, LF, and RC). Any inconsistencies were
resolved by discussion or adjudication by a fourth
reviewer (AG).

Data synthesis and analysis

The protocol for this review was preregistered in
PROSPERO (CRD42018092033 at http://www.crd.york.
ac.uk/PROSPERO), and updated on March 13, 2019,
prior to data extraction to allow broader calculation
methods for TRS. For each study, we calculated the
TRS prevalence via two datasets: intent-to-treat (ITT) and
observed cases (OC). Within those analyses, we also
calculated a more conservative (MC) and less conserva-
tive (LC) TRS estimate, depending on whether or not
dropouts were counted as TRS (Figure S1). We decided
a priori that if no significant differences between these
four estimates (ITT MC, ITT LC, OC MC, and OC LC)
were found, the most conservative prevalence (ITT MC)
would be used in further analysis. Identical procedures
were used to calculate the prevalence of early-onset/
primary and later-onset/secondary TRS.

Clopper-Pearson (or exact binomial) Cls for individual
studies were calculated by modeling proportion data
using a beta-binomial distribution.?® We adopted an
approximate likelihood approach, using the Freeman-
Tukey double arcsine transformation to compute the
pooled estimates and perform the back-transformation for
stabilizing variances, enabling the inclusion of studies
with proportions near 0 or 1.2" Furthermore, 95% Cls of
pooled estimates were calculated using the Wald
method.?> For overall prevalences, we adopted the
DerSimonian and Laird random effects model®® with the
heterogeneity estimate being taken from the inverse
variance model due to the expected heterogeneity of
the results. For early-onset/primary and later-onset/
secondary TRS estimates, we used both fixed and
random effects models. Between-study heterogeneity
was assessed using the P and chi-square tests.

Publication bias was assessed with the Peters tes
and visual inspection of funnel plots. The final pooled
results and 95% Cls in the forest plots were back-
transformed for ease of interpretation. We also eval-
uated the influence of individual studies on the overall
prevalence by serially excluding each study in a
sensitivity analysis.

In pre-specified subgroup analyses, we determined
whether TRS prevalences differed according to: con-
tinent, study design, diagnostic criteria of schizophrenia
(classification system), specific schizophrenia-spectrum
diagnoses, illness phase (first- vs. multiple-episode
samples), participant “chronicity” defined (yes vs. no),
studies enrolling only previous nonresponders to one
antipsychotic (yes vs. no), studies exclusively enrolling
symptomatic subjects (yes vs. no), illness duration,
minimum antipsychotic trial duration, follow-up duration,
or treatment setting.

We also performed univariate random-effects meta-
regression analyses to assess the effect of continuous
variables on TRS prevalence: publication year, mean age,
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% male, race/ethnicity, illness duration, age at onset,
antipsychotic dose, total Positive and Negative Syndrome
Scale (PANSS) score (final score for experimental and
longitudinal studies), total Clinical Global Impressions-
Severity scale score, total Global Assessment of Func-
tioning score, duration of untreated psychosis, % of
clozapine users, total % of PANSS change as a response
criterion, dropout rate, and TRRIP criteria fulfillment
(individual items and total score).

Analyses were performed using the meta package in
R version 3.5. All statistical tests were two-sided with an
alpha of 0.05.

Results

The search results are summarized in Figure 1.

Patient characteristics

The 50 independent studies”® 257" included in the

quantitative synthesis were published between 1975
and 2022 and were from every continent, although
357,8,16,25,27,28,31,34-44,46,47,50-53,56-65,70 were from high-
income countries and only 10?6:30:45:48:49.54.55.66.68.69 yarg
from upper-middle-income countries. The five multicenter
studies were from high- and upper-middle-income coun-
tries 2232336771 The list of excluded full-text records,
including the reasons for exclusion, are shown in Table
S3, available as online-only supplementary material.

Altogether, 29,390 participants were included in the
meta-analysis (mean age = 38.3 [SD, 6.2] years, 64.8
[SD, 12.1%] males). Sociodemographic and clinical
characteristics for the complete sample and for patients
with TRS are shown in Table 1.

Overall prevalence of treatment-resistant schizophrenia

Neither the ITT and OC estimates nor the MC and LC
analyses yielded statistically significant differences for
TRS prevalence (Table S4, available as online-only
supplementary material). The Clinical Antipsychotic Trials
of Intervention Effectiveness (CATIE) study*® only
allowed a single estimate (OC LC). Due to the CATIE
study’s large sample size, prospective TRS determina-
tion, and its relevance, further analyses were conducted
by pooling this estimate with the prevalence estimates
calculated from the MC ITT method of the other 49
studies (indicated as ITT MC? in Table S4).

Thus, across all studies, the pooled TRS prevalence
was 36.7% (95%CI 33.1-40.5), ranging from 15.4% (95%
Cl 13.4-17.5)%° to 75.6% (95%Cl 69.1-81.3),%% with
considerable between-study heterogeneity (/2 = 97.3%,
p < 0.0001) (Table S4 and Figure 2).

Characteristics of the individual studies can be found in
Table S5.

Prospectively assessed early-onset/primary and late-
onset/secondary treatment-resistant schizophrenia

Only two longitudinal FES cohorts provided data on early-
onset/primary vs. later-onset/secondary TRS prevalence,


http://www.crd.york.ac.uk/PROSPERO
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through other sources

up to May 17, 2022
(n=612)

p—
c Records identified
= through database searching up Additional records identified
S to May 17, 2022
= (n=21,158)
§ PubMed: n=12,173
= Embase: n=8,985
l
p—
Records after duplicates removed
> (n=16,149)
=
c
! !
1)
n

Records screened
(n=17,031)

Records excluded
(n=16,036)

= l

Full-text articles excluded,
with reasons
(n=945)

— Wrong publication type: 181

— Insufficient or wrong population: 116
— Wrong definition of TRS: 37
— No TRS assessment: 409

— Insufficient trials/duration or lacking
AP information: 114

E- Full-text articles assessed
= for eligibility
= (n=995)
[}
N
—
° S
2 Studies included
3 in quantitative synthesis
g (meta-analysis)
(n=50)
N

— Overlapping sample: 88

Figure 1 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. AP = antipsychotic;

TRS = treatment-resistant schizophrenia.

one with schizophrenia patients®® and another that also
included patients diagnosed with unspecified psychotic
disorders.'® Both defined later-onset/secondary TRS as
resistance appearing = 6 months after an initial treatment
response. Early-onset/primary TRS prevalence could
be calculated from another FES study.?®> The pooled
prevalence of early-onset/primary TRS was 23.6% (95%
Cl 20.5-26.8; I? = 36.5%, p = 0.207; n = 694), while that
for late-onset/secondary TRS was 9.3% (95%CI 6.8-12.2;
=0, p=0.613; n = 450) (Table S6 and Figure S2, both
available as online-only supplementary material).

Subgroup analyses

Studies that only included patients with FES found a
lower TRS prevalence (22%, 95%CI| 18.4-25.8; n =
10,579)16:25:27.38,39,62,64.66.69 than those that only included
multi-episode patients (39.5%, 95%CI| 32.2-57.0; n =
4’685)8,29,31,34,36,40,43,49,70 (Q — 177, p < 00001)
There were also significant differences in TRS pre-
valence according to illness chronicity, study continent,
TRS criteria, antipsychotic switching due to intolerance,
diagnostic criteria for schizophrenia, treatment setting,

illness duration, follow-up duration, and decade of
publication (Table S7).

There were no significant differences regarding diag-
nosis, study design, use of clozapine as a criterion for
TRS, TRS estimate type (original study vs. calculated),
inpatient vs. outpatient setting, exclusive recruitment of
symptomatic patients, exclusive inclusion of non-respond-
ers to a previous trial, response measurement (scale vs.
clinical evaluation), or minimum duration of antipsychotic
trial (Table S7).

Meta-regression analysis

In the meta-regression analyses, there were significant
associations between higher TRS prevalence, older age
(0 0066 p — 0 0436) 7,25-31,33-38,40,42-47,49-51,53,55,56,58-61,

656870 higher percentage of clozapine users (0.0056,
p — 0.0003)’25,30,31,33,34,38,39,41,43,45,46,50,54,56,59-61,64-68
lower Global Assessment of Functioning score (-0.0260,
p = 0.0324)%5%6961 gnd lower total TRRIP score
(-0.0143, p = 0.0059),”8182571 a5 well as three specific
TRRIP criteria: less fulfilment of current symptom
severity threshold (-0.0641, p = 0.00462),”816:2571 |esg
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Study Events Total Proportion 95% CI Weight
Chan et al., 2021 190 1234 < : 0.154 [0.134;0.175] 2.2%
Shalev et al., 1993 9 60 —=— 0.150 [0.071;0.266] 1.8%
Barnes et al., 2000 8 48 —— & 0.167 [0.075;0.302] 1.7%
Lieberman et al. (B), 1993 12 707 BB : 0.171 [0.092; 0.280] 1.8%
Thien et al., 2018 61 335 - 0.182 [0.142;0.228] 2.1%
Agid et al., 2011 50 244 - 0.205 [0.156; 0.261] 21%
Wimberley et al., 2016 1703 8044 & 0.212 [0.203; 0.221] 2.2%
Aytac et al_, 2020 25 113 - ! 0.221 [0.149; 0.309] 2.0%
Kogure et al., 2021 171 763 - 0.224 [0.195; 0.255] 2.2%
Ucok et al., 2016 35 154 - 0.227 [0.164;0.302] 2.0%
Takebayashi et al., 2011 32 129 - 0.248 [0.176; 0.332] 2.0%
Silveira et al., 2015 103 406 = 0.254 [0.212;0.299] 21%
Suzuki et al. (A), 2015 137 539 - 0.254 [0.218;0.293] 2.2%
Suzuki et al. (B), 2007 20 78 —— 0.256 [0.164;0.368] 1.9%
Breier et al., 1999 526 1996 &= 0.264 [0.244;0.283] 2.2%
Meltzer et al., 2003 263 980 B 0.268 [0.241;0.297] 2.2%
Jeste et al., 1997 251 910 = 0.276 [0.247,0.306] 2.2%
Lopes et al., 2014 39 125 — 0.312 [0.232;0.401] 2.0%
Terzic et al., 2014 44 138 —'— 0.319 [0.242; 0.404] 2.0%
Juarez-Reyes et al., 1995 95 293 - 0.324 [0.271;0.381] 2.1%
Demjaha et al., 2017 70 210 —'— 0.333 [0.270;0.401] 2.1%
Werner et al., 2020 108 321 - 0.336 [0.285;0.391] 2.1%
Lally et al., 2016 81 240 - 0.338 [0.278;0.401] 2.1%
CATIE study, 2005 218 637 - 0.342 [0.305;0.381] 2.2%
Freitas et al., 2019 501 1429 C 0.351 [0.326; 0.376] 2.2%
Ortiz et al., 2017 75 203 - 0.369 [0.303; 0.440] 2.1%
Martin et al., 2016 227 612 - 0.371 [0.333;0411] 2.2%
ElGamal et al., 2013 36 95 - 0.379 [0.281;0484] 1.9%
Schreiner et al., 2014 386 998 &= 0.387 [0.356; 0.418] 2.2%
Sosin et al., 2019 51 130 = 0.392 [0.308; 0.482] 2.0%
McGurk et al. (A), 2004 14 34 il 0.412 [0.246;0.593] 1.6%
Panov et al., 2022 45 105 - 0.429 [0.332;0.529] 1.9%
Swinton et al., 1999 32 74 —E— 0.432 [0.318;0.553] 1.8%
Patel et al., 2014 2222 5055 . 0.440 [0.426;0.453] 2.2%
Mundo et al., 2005 56 120 —— 0.467 [0.375;0.560] 2.0%
lasevoli et al., 2018 28 60 — 0.467 [0.337;0.600] 1.8%
Mortimer et al., 2010 62 132 —*— 0.470 [0.382;0.558] 2.0%
Moretti et al., 2018 78 162 e 0.481 [0.402; 0.561] 2.0%
Essock et al., 1996 392 803 ' - 0.488 [0.453;0.523] 2.2%
Chen et al,, 2012 24 48 — 0.500 [0.352;0.648] 1.7%
Emsley et al., 2000 184 365 P 0.504 [0.452;0.557] 2.1%
Cezaretto et al., 2014 36 68  —l— 0.529 [0.404;0.652] 1.8%
Bilic et al., 2014 92 173 - 0.532 [0.455;0.608] 2.0%
Sanchez et al., 2010 52 95 e 0.547 [0.442;0.650] 1.9%
McGurk et al. (B), 2000 17 31 —— 0.548 [0.360; 0.727] 1.5%
Itil et al., 1975 34 62 e 0.548 [0.417,0675] 1.8%
Woodall et al., 2004 59 91 - 0.648 [0.541;0.746] 1.9%
Spangaro et al., 2021 61 93 : e po 0.656 [0.550;0.751] 1.9%
Sayal et al., 2002 54 80 —_— 0.675 [0.561;0.776] 1.9%
Soares et al., 2021 155 205 . - 0.756 [0.691;0.813] 2.1%
Random effects model 29390 <> 0.367 [0.331; 0.405] 100.0%
Heterogeneity: 1°= 97%, 1°= 0.0169 f T T T !
0 02 04 06 08

Prevalence of TRS

Figure 2 Forest glot of treatment-resistant schizophrenia (TRS) prevalence across all studies (intent-to-treat [ITT]; more
]

conservative [MC]).

fulfillment of minimum functional impairment (-0.0439,
p = 0.0376),”%'6257" and time course (-0.0634, p =
0.0326)78:16:2571 (Taple S8).

TRS prevalence was not significantly associated with
publication year, sex, illness duration, age at illness onset,
endpoint total PANSS score, endpoint Clinical Global
Impressions-Severity score, % of PANSS change as a
response criterion (= 20, = 30, > 40, > 50%), dropout
rate, race/ethnicity, or final antipsychotic dose (Table S8).

Sensitivity analyses

According to the sensitivity analysis, the pooled TRS
prevalence of schizophrenia-spectrum disorders varied

from 35.9% (95% Cl 32.4-39.5; 12 = 97.1%, p < 0.0001)®
to 37.3% (95% Cl 33.7-41; I> = 97%, p < 0.0001)%° after
serially excluding each study (Figure S3 and Table S9).
No individual study had a disproportionate influence on
the pooled prevalence.

Publication bias

Peters’ test indicated a small-study effect on TRS
prevalence (p = 0.044) (Table S4), as did visual
inspection of the funnel-plot (Figure S4): smaller studies
(< 200 participants) (40.9% [95% CI| 35.1-46.8], n =
2’568)26-28,30,31 ,34,35,39,41,43-47,49,51-53,55-57,59-61,65,66,70 had

higher TRS prevalence estimates than larger studies
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(32.8% [95% Cl 27.9-37.6], n = 26,822)7:816:25.29.32.33,
36-38,40,42,48,50,54,58,62-64,67-69,71 (Q — 4.61, p — 0.032).

Risk of bias within and between studies

Low risk of bias studies found a significantly lower TRS
prevalence (28.4%, 95% Cl 23.9-33.0)":16:25:26.32.33,36,
38-40,48,50,53,54,57,58,60,62,66,67,69,71 than hlgh rISk Of bIaS

studies (44.35%, 95% Cl 38.29-50.50)827-31.34.35.37.
41-47,49,51,52,55,56,59,61,63-65,68,70 (Q — 171’ p < 00001)
The results for individual scores and subgroup analyses
across studies for each criterion and total scores are
shown in Tables S10 and S11, respectively. Additionally,
a sensitivity analysis was performed by excluding high
risk of bias studies (Figure S5).

Discussion

The main results of this comprehensive meta-analysis
included: 1) an overall TRS prevalence of 36.7%; 2)
significantly lower TRS among FES than multiple-episode
patients (22% vs. 39.5%); 3) early-onset/primary and
later-onset/secondary TRS rates of 23.6% and 9.3%,
respectively, based on limited evidence from only three
studies; and 4) higher TRS frequency was significantly
associated with older age and greater iliness severity and
chronicity, as well as with the treatment setting of more
chronically ill patients and clozapine use. However, there
were no significant differences between men and women,
as had been reported in a FES sample, and TRS
frequency did not vary according to year of study/
publication.

The overall TRS prevalence in this meta-analysis was
higher than previous estimates in clinical manuals, non-
systematic reviews, or individual studies, which were
generally around 30%. Our finding of 36.7% summarizes
evidence from 50 independent studies and 29,390
participants.

The 28.4% TRS prevalence found after excluding high-
risk of bias studies reflects the predominance of higher-
quality FES studies, which had a lower TRS prevalence,
larger samples, and prospective evaluations. However,
this database is limited and further studies are needed to
more conclusively determine the TRS frequency from
such sources, including studies characterizing patients
with validated TRS criteria and not health care records
alone.

While we rigorously avoided using clozapine use as
a proxy for TRS (risking underestimation) or including
nonresponders in the definition of TRS (risking over-
estimation), we did not restrict the analyses to studies
specifically targeting TRS estimates, although we
required calculable TRS frequencies. As expected, TRS
frequencies were highly heterogeneous, reinforcing the
need for subgroup analysis. Unsurprisingly, the lowest
prevalence (22%) was in first-episode psychosis samples.
Eight'6:25:38.:39.62,64.66.69 o)t of nine FES studies were
longitudinal, but the estimates were still heterogeneous,
ranging from 15.4°° to 33.7%,3® which might be explained
by variations in recruitment, TRS criteria, non-response
criteria, and follow-up duration.

Braz J Psychiatry. 2023;45(5)

In a recently published meta-analysis focusing exclu-
sively on first-episode cohorts,'” the TRS prevalence (not
counting three mixed first-episode psychosis samples)
was 24.4% (95%CI 19.5-30.0) across nine studies and
11,649 participants. The authors included only cohort
studies and used different inclusion criteria from our
meta-analysis (allowing studies that defined TRS accord-
ing to clozapine use and/or including non-remission
patients who are not necessary treatment-resistant), and
found no significant TRS correlates besides male sex, !’
which was not replicated in this meta-analysis.

In our meta-analysis, which also included multi-episode
patients, this population had the highest proportions of
TRS, averaging 40% and reaching 55%.%° Around one-
third of the studies recruited patients from specialized
centers with more severe patients. Notably, population-
based studies, which reported lower TRS prevalences,
likely due to non-selected samples, also disproportio-
nately considered antipsychotic switching due to adverse
effects as failed trials. This methodological feature may
explain the unexpected finding that studies which
considered intolerability-related treatment failure as
TR825-27,29,31,34,35,40,41,47,53,57,64,65,69 reported a lower

TRS prevalence than those that did not.”-816:28:30.32.33,
36-39,42-46,48-52,54-56,58-63,66-68,70,71

The likely heterogeneous nature of TRS is also
reflected in our results. One patient group never
responded to currently available postsynaptic anti-dopa-
minergic agents, with up to 24% of the schizophrenia
patients having early-onset/primary TRS. This TRS
subtype might be related to hyper-glutamatergic rather
than hyper-dopaminergic pathology.’® A second TRS
group initially responded to antidopaminergic drugs but
developed TRS over time, which, in our limited prospec-
tive data, corresponded to 9% of schizophrenia patients.
This likely occurred after relapse,”® and/or was related to
substance abuse.”® While this 24% vs. 9% ratio may
suggest that more than two-thirds of TRS is early-onset/
primary TRS, prospective data were very limited and of
short duration. The pooled TRS prevalence of 22% in
FES patients vs. 40% in multi-episode patients, or 36.7%
of TRS overall suggests something like a 1:1 ratio of early
onset/primary vs. later onset/secondary TRS. Never-
theless, more data are needed to substantiate this and
identify potential risk factors and the biological under-
pinnings of early-onset/primary vs. later-onset/secondary
TRS.

Significant correlates of TRS frequency in our analysis
included older age and iliness chronicity, reinforcing the
idea that compromised neural regeneration’ or illness
progression triggers TRS. Lower Global Assessment of
Functioning scores were associated with higher TRS
rates, confirming an association between poor functioning
and TRS. Additionally, lower total TRRIP scores were
associated with higher TRS prevalence, likely because
non-first episode studies with higher TRS rates are less
likely to define TRS using high-quality criteria.

Several limitations should be considered when inter-
preting these results. First, although we excluded studies
whose definitions of TRS were based on clozapine use or
included patients who were not in remission, we did not



require detailed TRS criteria, and only 21 stu-
dies7,8,16,25,31,38,39,41,46,49,50,52-54,57,59,62-64,68,69 were
designed to determine TRS prevalence. Second, we
identified seven standardized but heterogeneous TRS
criteria, 2467577 which likely explains the wide-ranging
prevalences in addition to differences in treatment setting,
populations, etc. We found significant TRS prevalence
differences in the subgroup analysis, which is probably
explained by the lower TRS prevalence of a single study?’
that applied Brenner et al.’s”® criterion in first-episode
psychosis patients, which contrasts with the higher TRS
prevalence in studies that utilized other TRS criteria®*””
and included participants with longer illness duration.
Third, because antipsychotic adherence was not objec-
tively assessed in 41 studies,’8:26-33:35-37.39-4749-51,53-56,
58-6063-70.71 \ve were unable to differentiate between
true TRS vs. pseudo-resistance due to (partial) non-
adherence. Among the included studies, one reported an
adherence rate of 80% based solely on pill counts and
patient and caregiver feedback.?® Four studies exclu-
sively enrolled patients with a documented history of good
medication adherence according to medical reports, chart
reviews, or the accounts of relatives.'®*%8":70 Two
studies confirmed medication adherence by enrolling
patients who had been hospitalized.?®>*? One study
examined medication adherence by analyzing the dose/
serum ratio of antipsychotic treatment, finding a median
(interquartile range) of 0.53 in 65 of 108 treatment-
resistant patients, although data on serum concentration
from previous trials were not available.®® Only one study*
addressed pseudo-resistance via a 4-week prospective
trial, finding that 12 (36.4%) of 33 putative TRS patients
had pseudo-resistance. Due to the lack of reliable
information on medication adherence, its impact on TRS
prevalence could not be assessed, and it should be
considered a potential confounding factor. Hence, the
TRS prevalence may be overestimated. Fourth, alcohol
and/or substance dependence and misuse posed another
challenge: despite excluding diagnoses of substance-
induced psychosis, the available data could not be
analyzed due to insufficient information, potentially lead-
ing to overestimation of TRS prevalence. Twenty-five
studies provided no data on alcohol and/or substance
dependence and misuse.8,16,25-29,31,32,35,39,41,43-45,48-51,
54.55.57.59.61.85 Eight studies used alcohol/substance
misuse as an exclusion criterion.”:37+47:53.56.58.60.70 gayan
studies found no significant differences in alcohol/sub-
stance misuse between TRS and non-TRS sam-
ples.30:33:34.38.:42.46.68 Threg studies only reported history
of alcohol/substance abuse.*¢52¢2 Six studies presented
data on current alcohol or substance abuse, which ranged
from 3 to 30%.%0:64666769.71 One study®® reported a
58.5% prevalence of comorbid substance abuse in a
sample of first-episode psychosis (n = 544), although it
did not provide specific data on individuals with schizo-
phrenia spectrum psychosis (335 non-TRS vs. 61 TRS).
Fifth, six studies®®:32:3+40.70.71 \yere antipsychotic trials
that recruited patients unresponsive to a previous trial,
which probably increased the number of participants with
TRS, considering that there is an increased likelihood of
non-response after a first inefficacious antipsychotic trial.

Treatment resistance prevalence in schizophrenia

However, a subgroup analysis found no difference
between studies that only recruited patients in their
second trial vs. those that did not, although other sample
characteristics, including recruitment strategies, might
have influenced this finding. Sixth, most studies had a
cross-sectional, observational design. Thirty-two”"82:
27,30,31,33,36,37,41-48,50-52,54-56,58,59,61,63-65,67-69 of the 50
studies assessed the treatment data retrospectively, such
as chart reviews and patient or informant reports, which
could have influenced the results. Finally, there was
considerable heterogeneity in the primary outcome (/? =
97.3%), and despite conducting subgroup and sensitivity
analyses, we were unable to ascertain the underlying
source of this heterogeneity. Our hypothesis is that it is
due to a combination of factors rather than isolated
variables, since most studies were not designed specifi-
cally to investigate TRS prevalence. These factors could
include study design, treatment setting, recruitment
strategies, population characteristics, criteria used to
define TRS, and methods of TRS calculation. However,
due to the limited number of studies in each subgroup, we
were unable to perform these analyses. Furthermore, our
search strategy focused on a specific outcome (treatment
resistance), which may not have been exhaustive and
could have contributed to publication bias. Consequently,
given these limitations, caution should be exercised when
interpreting the results of this meta-analysis. This high-
lights the need for further studies specifically designed to
determine the prevalence of TRS.

Nevertheless, despite these limitations, this is the first
comprehensive meta-analysis on the prevalence and
correlates of TRS in schizophrenia-spectrum disorders.
We found that roughly 20% of FES patients and 40% of
multi-episode patients with schizophrenia have TRS,
which did not significantly change over time despite
therapeutic advancements, thus making them candidates
for clozapine."® Several correlates of higher TRS rates
emerged, including older age, longer illness duration,
poor functioning, and recruitment from treatment settings
with more chronic/severely ill patients. The results of this
meta-analysis can inform clinical care, clinical and
neurobiological research, as well as health care policy
and resource allocation. First, clinicians should consider
the reported frequencies of TRS in FES and multi-episode
schizophrenia patients and perform routine screening,
given its magnitude and impact. Second, specific proto-
cols and services for early identification and treatment of
TRS should be developed and prioritized. These should
include training about clozapine as the most cost-effective
treatment for TRS patients,'®”® which remains under-
used,”® especially in FES."® Third, in clinical practice and
research, standardized criteria for TRS should be used,
such as those proposed by the TRRIP consensus.’
Fourth, population-based and longitudinal studies that
use TRRIP consensus criteria are needed, including
comprehensive epidemiological approaches to character-
izing TRS and the distinction between early-onset/primary
and later-onset/secondary TRS. Finally, given the high
prevalence of TRS and the fact that clozapine, which is
underutilized, is the only available evidence-based
pharmacological treatment for this patient population,
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increased effort should be made to develop novel
medications with specific efficacy for TRS.
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