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The idea that a longer duration of untreated psychosis (DUP) leads to poorer outcomes has contributed to extensive changes in mental health ser-
vices worldwide and has attracted considerable research interest over the past 30 years. However, the strength of the evidence underlying this
notion is unclear. To address this issue, we conducted an umbrella review of available meta-analyses and performed a random-effects meta-
analysis of primary studies. MEDLINE, Web of Science, PsycINFO and EMBASE were searched from inception to September 3, 2020 to identify
relevant meta-analyses of studies including patients with schizophrenia spectrum disorders, first-episode psychosis, or affective and non-affective
psychosis. Thirteen meta-analyses were included, corresponding to 129 individual studies with a total sample size of 25,657 patients. We detected
potential violations of statistical assumptions in some of these meta-analyses. We therefore conducted a new random-effects meta-analysis of
primary studies. The association between DUP and each outcome was graded according to a standardized classification into convincing, highly
suggestive, suggestive, weak, or non-significant. At first presentation, there was suggestive evidence for a relationship between longer DUP and
more severe negative symptoms (beta=-0.07, p=3.6x10") and higher chance of previous self-harm (odds ratio, OR=1.89, p=1.1x10"). At follow-
up, there was highly suggestive evidence for a relationship between longer DUP and more severe positive symptoms (beta=-0.16, p=4.5x107°),
more severe negative symptoms (beta=-0.11, p=3.5x10"'°) and lower chance of remission (OR=2.16, p=3.0x10"'), and suggestive evidence for a
relationship between longer DUP and poorer overall functioning (beta=-0.11, p=2.2x10"°) and more severe global psychopathology (beta=-0.16,
p=4.7x10"°). Results were unchanged when analysis was restricted to prospective studies. These effect sizes are clinically meaningful, with a
DUP of four weeks predicting >20% more severe symptoms at follow-up relative to a DUP of one week. We conclude that DUP is an important
prognostic factor at first presentation and predicts clinically relevant outcomes over the course of illness. We discuss conceptual issues in DUP
research and methodological limitations of current evidence, and provide recommendations for future research.
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Psychotic disorders such as schizophrenia are often marked
by persistent symptoms, reduced quality of life, and long-term
disability’. There have been few advances in drug treatment in
the past 30 years, with a concomitant growth of interest in modi-
fiable factors which may determine outcomes?. The 1986 North-
wick Park study highlighted that some patients with psychosis
experienced considerable delays before starting treatment, and
that this delay was associated with poorer outcomes once treat-
ment was initiated®. This was subsequently conceptualized as
the duration of untreated psychosis (DUP), which is generally
considered to be the period from onset of psychotic symptoms to
the initiation of treatment”.

It was later proposed that psychosis has a persistent neuro-
toxic effect which cannot be fully reversed even once treatment
is initiated®. The critical window hypothesis extended this con-
cept to suggest that deterioration in psychotic disorders is non-
linear, with the peak deleterious effects of psychosis on long-term
outcomes occurring within the first two years, so that this period
should be the focus for intervention®. These ideas have been high-
ly influential, with the development of early intervention services
explicitly aimed at reducing the DUP"™. To assess how interest
in the concept of DUP has developed, we conducted a search of
PubMed on July 31, 2020 using the term “duration of untreated
psychosis” The results are presented in Figure 1, which shows in-
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creasing research interest, particularly in the last ten years.

Many mental health services devote significant resources
to early intervention in psychosis based, at least partly, on the
premise that reducing DUP improves outcomes'®®. This no-
tion has been investigated in over a hundred studies examin-
ing a number of different outcomes, summarized in several
meta-analyses'® >, However, due to the inclusion of overlapping
samples in different meta-analyses, and differences in inclu-
sion criteria, definition of outcomes, reporting standards and
analysis techniques, it is difficult to generate a clear hierarchy
of evidence. Furthermore, analyses at first presentation (during
the first psychotic episode, soon after the onset of the disease, or
at first contact with specialist services) have all included mixed
samples of antipsychotic naive and treated participants'®'%?*,
Thus, no previous analyses have delineated the effects of DUP on
outcomes in antipsychotic naive subjects.

In view of this, we conducted an umbrella review of previous
available meta-analyses and performed a new random-effects
meta-analysis of primary studies, in order to generate a hierar-
chical classification of evidence to inform the planning and tar-
geting of interventions to reduce DUP. We aimed to address two
related questions: a) what is the relationship between DUP and
clinical measures at first presentation?; b) what is the relationship
between DUP and outcomes following treatment for psychosis?
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Figure 1 Number of publications per year in PubMed for “duration of untreated psychosis”

METHODS

The umbrella review was performed in line with the relevant
guidelines, the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) recommendations, and the Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
guidelines***®. The protocol was registered with PROSPERO on
June 30, 2020 (no. CRD42020193673) and accepted on August 30,
2020.

Study selection

A search of MEDLINE, Web of Science, PsycINFO and EM-
BASE was carried out from inception to September 3, 2020, with
no date or language restrictions, to identify meta-analyses of
studies on the relationship between DUP and outcomes.

We included meta-analyses of studies on patients with schizo-
phrenia spectrum disorders, first-episode psychosis, or affective
and non-affective psychosis, which provided data sufficient to
allow the calculation of an effect size for the relationship be-
tween DUP and outcomes comparable with other studies.

We excluded meta-analyses which: a) focused specifically on
affective disorders without psychosis, substance induced psy-
chosis, or psychosis secondary to an organic condition; b) cal-
culated the relationship between DUP and outcomes without
using subject level data (e.g., by meta-regression of study level
statistics), because this provides a measure of the relationship
between DUP and outcomes across studies that is not necessar-
ily comparable with the effect within studies, due to aggregation
bias?” . We excluded primary studies which: a) used affective
and negative symptoms in the definition of DUP; b) only re-
ported relationships with duration of untreated illness (DUI); c)
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were follow-up studies from the pre-antipsychotic era, or stud-
ies examining the natural course of psychotic disorders where
no subjects were treated; d) were based on carer or patient rated
symptom outcomes; €) had more than 10% of participants with
substance induced or organic psychosis. Exclusion criteria for
primary studies were added after registration of the study proto-
col, as studies with such designs were not comparable with other
included studies, and it was not anticipated that these designs
would be encountered.

Only meta-analyses available in English were included, as no
systematic bias has been found in meta-analyses including only
English language studies, and the majority of countries with spe-
cialist early intervention services where DUP research is expect-
ed to originate from are either English speaking or have samples
which have been extensively described in English®. If a primary
study was not in English, but was included in a meta-analysis
published in English, we included it if sufficient data for analy-
sis and assessment against inclusion criteria could be obtained
from the paper and the meta-analysis.

The process from screening to inclusion was conducted in-
dependently by two of the authors (MO and LT), with disagree-
ments resolved by discussion. The search strategy used the key
words (“systematic review” OR “meta-analysis”) AND (“DUP”
OR “duration of untreated psychosis” OR "untreated psycho-
sis" OR “duration of untreated illness”). The reference lists of all
included papers were also screened to identify further meta-
analyses for inclusion. Two authors (MO and TW) individu-
ally checked all included meta-analyses and primary studies
independently, to assess for overlapping samples, determine
selection of outcomes, and ensure that the primary studies met
inclusion criteria, resolving disagreements by discussion.

We selected primary studies from identified meta-analyses
for two syntheses. To address our first question, we examined
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the relationship between DUP and clinical variables at first pres-
entation. To address our second question, we examined the re-
lationship between DUP and outcomes at follow-up following
initiation of treatment. Samples could appear in both of these
separate analyses if relevant data for each question were avail-
able. Cross-sectional studies were considered as part of the first
presentation analysis if they took place during the first psychotic
episode. Follow-up samples were those assessed after the first
psychotic episode or after study baseline in longitudinal stud-
ies, regardless of duration of follow-up. Where the information
reported was insufficient, corresponding authors were contacted
and invited to provide further details.

We identified overlapping samples as recommended in the
Cochrane Handbook®!. When there was substantial overlap, we
preferred samples identified from meta-analyses based on indi-
vidual patient data, if these were available. Otherwise, only the
largest dataset was retained for analysis. If the overlap was less
than 5%, both samples were included. For follow-up studies, if
data for the same sample were available at multiple follow-up
points, we preferred the larger sample to maximize sample size,
unless the sample sizes were within 15% of each other, in which
case we preferred the longer follow-up sample.

Data extraction

From each meta-analysis, we extracted data related to quality
of studies, and assessed this quality using the AMSTAR 2 check-
list modified for observational studies by Hildebrand et al*.

All data were re-extracted from each primary study onto pilot-
ed forms. One author (MO) performed the primary data extrac-
tion, and this was independently checked by at least one other
author. Disagreements were resolved by discussion.

From each primary study, we extracted the following data:
design, years and location, sample size, patient characteristics,
outcomes considered and measures, method of measuring DUP,
mean/SD/median of DUP, mean/SD of each outcome (for con-
tinuous outcomes), statistics used for analysis (including whether
transformations or dichotomization were performed), and effect
size. If duration of psychosis was not reported, we calculated it as
age at study entry minus age at onset of psychosis.

Where results were presented for pooled outcomes and sub-
groups, we preferred pooled outcomes to maximize sample size.
If results were presented across several different measures on the
same outcome (e.g., a study using more than one scale for neuro-
cognition, quality of life or symptoms), effect sizes were averaged
across all reported assessment measures, to avoid bias associated
with selective preference for significant results.

We preferred unadjusted to adjusted relationships if both
were available, as, although adjusted relationships address the
issue of confounding, there was no consistency among studies in
the variables used for adjustment. If only adjusted relationships
were available, we extracted these and planned a sensitivity anal-
ysis to exclude such studies. Where data were only available in
graphical format, we used WebPlot digitizer to extract them™.
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We included all outcomes considered in the original meta-anal-
yses. As there is no consensus on how to measure some outcomes
in psychosis (e.g., remission, quality of life, overall functioning,
cognition), we analyzed outcomes as defined in the original me-
ta-analyses, and did not combine similar variables if they were
analyzed separately by the original reviews, with the following
pre-specified exceptions: a) if the relationship between DUP and
outcome was pooled across first presentation and follow-up stud-
ies, we separated them to perform two separate analyses; b) if sep-
arating the outcomes or including subgroups would allow pooling
across different meta-analyses which considered the outcomes
separately, we separated outcomes or included the subgroups to
maximize overall sample size and ensure consistency in outcome
definitions; c) if positive and/or negative symptoms subscale rat-
ings were available, we included these separately, as the relation-
ship between DUP and these outcomes is of clinical interest.

Statistical analysis

We planned to analyze relationships using the effect size mea-
sure most commonly reported in the original meta-analysis.
However, it became necessary to deviate from the pre-specified
protocol, as previous syntheses had combined outcome mea-
sures and effect sizes which are not comparable for meta-analysis.

DUP is usually right skewed, as the majority of individuals are
treated relatively quickly, but a long tail of people experience a
prolonged DUP. For example, in a meta-analysis®® including
1,391 patients, DUP was not normally distributed, with a mean
value (61.7 weeks) exceeding the value of the third quartile (56
weeks), due to the long tail which extended up to 1,200 weeks
(23 years). DUP therefore violates the major assumption of the
Pearson’s product moment correlation, which is that the data
are sampled from an underlying bivariate normal distribution®.
Some of the primary studies of DUP use Pearson’s correlation
for analyses despite the violation of that assumption, whilst the
others use different statistical approaches, either transforming
DUP (often with a log or log10 transformation), dichotomizing it
into long and short categories, or using non-parametric statistics
such as the Spearman’s rank correlation coefficient.

The skewed distribution of DUP and these manipulations of
the data have important implications for meta-analysis®, which
have not been considered by the majority of previous analyses.
Meta-analysis of Pearson’s correlations is likely to result in re-
duced power, and lead to poor performance for point and interval
estimates®®*”, Spearman’s and Pearson’s correlations should not
be combined in the same meta-analysis®**. Effect sizes based
on log transformed data should not be combined with untrans-
formed effect sizes in the same meta-analysis®'. Dichotomization
may lead to loss of power and obscure the true relationship be-
tween DUP and continuous outcomes, particularly for those with
averylong DUP*'. Moreover, there is no consensus on the thresh-
old separating short vs. long DUP, and cut-off points ranging from
four weeks to five years were used in primary studies included in

this review*>*,
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The point biserial correlation explores the relationship be-
tween a continuous and a dichotomous variable*, This correla-
tion may be encountered when studies dichotomize DUP into
long/short, or if DUP remains continuous and the outcome is
either naturally dichotomous (completed suicide) or artificially
dichotomous (high/low symptom scores). When utilizing com-
monly recommended formulae for converting among effect
sizes, it is the point biserial correlation and not the Pearson’s cor-
relation which is obtained when converting from means/SDs, t
values or Cohen’s d into the r family of effect sizes*. On the other
hand, the phi coefficient represents the correlation between
two dichotomous outcomes®, generated when DUP has been
dichotomized and the outcome is either artificially or naturally
dichotomous. When utilizing common formulae for convert-
ing chi squared statistics into correlations, it is the phi correla-
tion which is obtained®. The point biserial correlation and phi
correlation coefficients obtained by converting from artificially
dichotomized data are not comparable with Pearson’s product
moment correlations, and should not be combined in the same
meta-analyses44. Another index, the biserial correlation coeffi-
cient, estimates the underlying continuous relationship between
a continuous variable and an artificially dichotomized one, and
can be synthesized with the Pearson’s product moment correla-
tion for the purposes of meta-analysis**. The point biserial cor-
relation calculated from artificially dichotomized data is always
less than 80% of the biserial correlation®.

To address all these issues, we analyzed continuous outcomes
by using the formulae proposed by Souverein et al* to convert
Pearson’s correlations, Spearman’s rank correlations, log trans-
formed correlations, and regression beta values into a single
comparable effect size measure, the regression coefficient be-
tween log DUP and the log outcome (LogBetaXY). We also cal-
culated the sampling variance of LogBetaXY as recommended
by Souverein et al*®. This approach required the mean and SD
of both DUP and the outcome to be reported. If means and SDs
were reported separately by subgroup, we calculated the pooled
mean/SD using standard formulae™. If ranges, medians or in-
terquartile ranges were reported instead of means/SDs, we used
Souverein et al’s formulae to estimate the log mean and log SD*.
If no data regarding the mean or SD were reported, we imputed
these data, referring to other publications describing the same
sample, or, if not available, using results from similar studies. If
no comparable data were available for imputation, we excluded
these studies.

The above approach assumes that the natural logarithm of
DUP and the natural logarithm of the outcome have a bivari-
ate normal distribution, which allows the relationship between
DUP and the outcome in the natural scale to be linear, mono-
tonic convex or monotonic concave®®, Support for this distribu-
tional assumption comes from a meta-analysis'® demonstrating
a monotonic concave relationship between DUP and negative
symptoms, and a primary study*® documenting a similar rela-
tionship between DUP and Positive and Negative Syndrome
Scale (PANSS) total and subscale scores. Due to the double log
transformation, the effect size measure (beta) represents the
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difference in the log e-transformed predicted value of the out-
come for each one-unit difference in the log e-transformed value
in DUP®. Therefore, an overall beta of 0.1 means that, for every
doubling in DUP, the predicted difference in the outcome is obeta
(2°'=1.07 or 7%)*".

When DUP or the outcome were artificially dichotomized,
we employed Jacobs and Viechtbauer’s formulae** to obtain the
biserial correlation coefficient. This coefficient was then used to
calculate an estimate of LogBetaXY using the above-mentioned
formulae. Its sampling variance was estimated by rearranging
the formulae for the sampling variance of LogBetaXY with the
Soper’s approximate method for the sampling variance of the bi-
serial correlation coefficient described by Jacobs and Viechtbau-
er*!. The sampling variance obtained from a biserial correlation
is larger than one obtained from a product moment correlation,
reflecting the underlying uncertainty associated with the conver-
sion™.

All calculations were performed in Microsoft Excel, Version
16. All continuous data are expressed such that a negative val-
ue indicates a relationship between DUP and poorer outcome
(for example, more severe symptoms, poorer functional status,
smaller reduction in symptoms).

For categorical outcomes, we synthesized effect size measures
using the odds ratio (OR). If the point biserial correlation was re-
ported, we calculated the OR using standard formulae®®. Where
2x2 tables were reported or could be constructed, we calculated
the OR and its sampling variance using standard formulae®*.
When means/SDs of DUP were reported at the level of the di-
chotomous outcome, we calculated the Cohen’s d effect size and
then converted it to the (log) OR and its standard deviation using
standard formulae®. For the few studies that reported hazard ra-
tios, we estimated the OR using previously proposed formulae™.
All categorical data are presented such that an OR above 1 indi-
cates a relationship between DUP and poorer outcome.

Final value and change in correlations were not combined
in the same analysis, including syntheses of treatment response
with remission. Effect size measures for truly binary outcomes,
artificially dichotomized outcomes and continuous outcomes
were not combined in the same meta-analysis. Log transformed
and untransformed effect sizes were not combined in the same
meta-analysis. Studies where a comparable effect measure and
outcome measure could not be calculated were excluded. We
only performed meta-analysis when there were more than three
studies.

Random-effects meta-analysis

Data were analyzed with the metafor package in R to calculate
the random-effects p value, effect size, confidence interval, het-
erogeneity (I°) and prediction interval for each outcome®. Ran-
dom-effects models were used as we anticipated considerable
heterogeneity in DUP definitions and values, outcome defini-
tions and sample characteristics. Where there were two subsam-
ples from the same study reporting effect sizes, the subsamples
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were first combined using fixed effects meta-analysis®'. If sig-
nificant relationships were reported only for one subsample or
outcome, with no comment on results in the other subsample(s),
the other subsample(s) was assumed to have an effect size of 0 to
be conservative.

We performed Egger’s test for small study effects™. A p val-
ue <0.10 combined with a more conservative effect in the largest
study than in the random-effects meta-analysis was judged to
provide evidence for small study effects, as in previous umbrella
reviews’®. When Egger’s test was significant, we used the Duval
and Tweedie’s trim-and-fill procedure to estimate true effects
controlling for any detected bias®’.

Excess significance bias was calculated using Ioannadis and
Trikalinos’ test®®. With the metaviz package in R, we estimated
the power of each study using a non-central p distribution®. The
sum of all power estimates provides the expected number of sig-
nificant datasets. The actual observed number of statistically sig-
nificant datasets is then compared to the expected number using
a y*-based test. Significance was assessed at two-sided p<0.10
with observed > expected, as in previous umbrella reviews*.

For significant results, we also conducted “file-drawer” anal-
ysis, where we calculated the number of fail-safe studies that
would have to be added to the observed set of results to reduce
the p value associated with the weighted average random-effects
effect size to 0.05%.

We applied the following criteria to assess the level of evidence
for the association between DUP and outcomes, as in previous
umbrella reviews™: a) convincing (class I): meta-analysis based
on sample size >1,000, results show significance with p<10‘6,
’<50%, 95% prediction interval excluding the null, no small study
effects, and no excess significance bias; b) highly suggestive (class
IT): N>1,000, p<10°%, largest study with a statistically significant ef-
fect, and class I criteria not met; c) suggestive (class I1I): N>1,000,
p<1073, and class I-II criteria not met; d) weak (class IV): p<0.05
and class I-I1I criteria not met; e) non-significant: p>0.05.

Outliers, heterogeneity assessment, meta-regression,
sensitivity and subgroup analyses

We used the above software to run analyses with and without
outliers, defined as studies whose effect size confidence interval
did not overlap with the confidence interval of the pooled effect
size®'. We calculated I” and Cochrane’s Q to test for heterogeneity
of study effects.

Meta-regression required a minimum of ten complete data
points for continuous variables, and four studies per subgroup
for categorical variables, to ensure adequate power*’. The p val-
ues for meta-regression were corrected using the Benjamini-
Hochberg procedure, with a false discovery rate (FDR) of 5%

For the purposes of meta-regression, DUP startpoint, DUP
endpoint and previous antipsychotic exposure were assigned
into categories to see if these moderated effects. Samples were
categorized into antipsychotic naive (all participants antipsy-
chotic naive at study entry), minimal antipsychotic treatment
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(all participants had received less than 1-month antipsychotic
treatment, or more than 75% participants were antipsychotic
naive and the others had less than 3-month antipsychotic ex-
posure at study entry), and appreciable antipsychotic treatment
(greater than 1-month antipsychotic treatment at study entry, or
first presentation measures recorded at or after end of first hos-
pitalization)®. If the duration of previous treatment was unclear,
samples were categorized in the appreciable antipsychotic treat-
ment group if the majority of participants had been exposed to
antipsychotics, and in the minimal group if the majority were
antipsychotic naive. Studies in which previous antipsychotic ex-
posure was unclear were excluded from this analysis.

DUP onset definitions and DUP endpoints varied among
studies. We adapted the criteria used by Oliver et al** to define
DUP onset as either the onset of the first ever recalled psychot-
ic symptom, or the point at which psychotic symptoms met a
clearly defined threshold (either above a cut-off on the PANSS,
a description of “clear” or “overt” psychotic symptoms, or con-
tinuous psychotic symptoms over a given time period). We did
not distinguish between different symptom, severity or duration
thresholds used. DUP endpoints were categorized as initiation
of antipsychotic treatment, first hospitalization, first contact with
health services or study entry, and endpoints requiring either a
response to treatment or a specified duration of treatment (such
as 4-week antipsychotic treatment).

Meta-regression was undertaken after the removal of outlying
studies, as defined above. This analysis aimed to test if there was
a relationship between year of publication, scale used to assess
outcome measure, duration of follow-up and dropout percent-
age (for follow-up studies), percent of subjects diagnosed with
schizophrenia (or, separately, percent diagnosed with schizo-
phrenia spectrum disorders if insufficient studies reported the
percent with schizophrenia), mean age, mean duration of psy-
chosis, gender composition, mean DUP, DUP startpoint, DUP
endpoint, and statistics used to calculate effect size.

Where sample sizes permitted, we performed subgroup anal-
yses on subjects who were antipsychotic naive at study entry (in
first presentation analyses) and on studies excluding patients
with affective psychosis. We performed planned sensitivity anal-
yses removing studies that provided adjusted relationships, those
where data were imputed from other samples, and those includ-
ing any participants with drug induced or organic psychosis. For
follow-up studies, subgroup analysis was conducted on prospec-
tive studies only for variables rated class I to III.

RESULTS
Included studies

The systematic search identified 149 unique meta-analyses
(Figure 2). Two additional items were identified through being
referenced in the included papers. Of these, thirteen meta-anal-
yses met inclusion criteria. A full list of excluded studies with rea-
sons for exclusion is provided in the supplementary information.
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database searching after duplicate

Records identified through Additional records identified

through other sources

removal (N=2)
(N=149)
Records screened
(N=151)
Titles and abstracts
> excluded
(N=51)
A
Full-text papers assessed Full-text papers excluded
for eligibility (N=87)
(N=100)
¢ Conference abstracts (N=3)
¢ Duplicates (N=4)
 Narrative synthesis only
(N=28)
« Non-English (N=2)
« Not relevant to DUP
outcomes (N=38)
il « Not systematic review (N=7)
* Use of study level meta-
Meta-analyses included in quantitative regression (N=5)
synthesis (N=13)

Figure 2 PRISMA flow chart. DUP - duration of untreated psychosis

Table 1 summarizes the meta-analyses included, with their
flaws and other methodological considerations. From these
meta-analyses, we identified 129 reports of non-overlapping
primary studies for inclusion, with a total sample size of 25,657
patients. Some studies appeared in multiple meta-analyses; they
were coded as being identified from the most recent meta-anal-
ysis. The list of the primary studies included is provided in the
supplementary information.

Definitions of outcomes

As pre-specified, we avoided redefining outcomes as much
as possible. However, there were discrepancies between meta-
analyses on definitions of some outcomes, and some meta-
analyses combined effect measures and outcomes which were
not comparable. We defined overall, social and vocational func-
tioning as in Santesteban-Echarri et al*’, relapse as in Alvarez-
Jimenez et al®, global psychopathology as in Perkins et al'’, and
remission as in Marshall et al'®. We conducted subgroup analysis
of studies which defined remission as in Penttila et al'®, using
the operationalized Andreasen et al’s consensus criteria”. We
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combined violence and serious violence into one category since,
after excluding one study on serious violence which measured
DUI, there were only two remaining studies assessing serious
violence, and both were subgroup analyses in studies also as-
sessing violence.

Hospitalization was the only outcome not defined as in any
previous meta-analyses. Some studies which were included in
“hospital treatments” in Penttila et al'® were re-categorized as
assessing relapse for consistency with Alvarez-Jimenez et al®’,
and the remaining studies measured either duration of hospi-
talization or number of hospitalizations. We considered these
two outcomes separately as they measured different underlying
constructs.

Relationship between DUP and clinical variables at first
presentation

The relationship between DUP and clinical variables at first
presentation is summarized in Table 2, and in Figure 3 for con-
tinuous variables and Figure 4 for categorical variables. At first
presentation, there was suggestive (class III) evidence for a rela-
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tionship between longer DUP and more severe negative symp-
toms and greater risk of previous self-harm, and weak (class IV)
evidence for a relationship between longer DUP and poorer
quality of life. There was no significant relationship between
DUP and positive symptoms, global cognition, overall function-
ing, global psychopathology, risk of violence, and cannabis, alco-
hol or substance misuse at first presentation.

There was evidence of significant publication bias and small
study effects for negative symptoms (Egger’s test p=0.045).
There was no evidence of significant publication bias, excess
significance bias or small study effects for the other significant
variables (Egger’s test p=0.24 for deliberate self-harm, p=0.49 for
quality of life). Using the trim-and-fill method, no studies were
imputed on the right-hand side for negative symptoms. “File-
drawer” analysis suggested that the significant results for delib-
erate self-harm and negative symptoms would require 30 and
559 missing studies, respectively, with an effect size of 0 to negate
their statistical significance. The overall random-effects result for
the quality of life analysis was marginally significant and, accord-
ingly, only one study would be required to negate its significance.

There was no statistically significant evidence of heterogeneity
in analyses of cannabis misuse, alcohol and substance misuse,
global cognition, deliberate self-harm, or overall functional sta-
tus. We encountered substantial heterogeneity in our analyses
of negative symptoms, quality of life, violence, global psycho-
pathology and positive symptoms (all p values <0.0001) (see
Table 2).

Removal of outliers led to variable reductions in heterogene-
ity, causing absolute reductions in I* between 17 and 30% for
negative symptoms, quality of life and positive symptoms, with
a 3% reduction seen in global psychopathology. No statistically
significant result changed from significant to non-significant af-
ter removal of outliers. On the contrary, all classes of evidence
remained the same with the exception of quality of life, which in-
creased from class IV to class III due to a decrease in the random-
effects p value.

Meta-regression was conducted to explore the residual het-
erogeneity in the relationship between DUP and negative symp-
toms, quality of life, and positive symptoms. For negative symp-
toms, year of publication and DUP endpoint definition were
significant predictors after Benjamini-Hochberg correction, with
a FDR corrected p value of 0.039 and 0.001, respectively. Studies
which were published more recently reported a smaller relation-
ship between DUP and negative symptoms (intercept=-12.5845,
beta=0.0064, residual 12:59%). Studies which used hospitaliza-
tion as the endpoint for DUP reported a larger effect size for the
relationship between DUP and negative symptoms (beta=-0.11)
compared to those which used adequate treatment (beta=-0.02)
or initiation of treatment (beta=-0.05). There was no significant
residual heterogeneity in the negative symptom analysis (I>=27%,
p>0.05) after inclusion of DUP endpoint in the random-effects
model.

Using meta-regression, we did not find any moderator vari-
ables to explain the remaining heterogeneity following removal
of outliers in quality of life (I>=77%, p=0.0001) or positive symp-
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toms (12:59%, p=0.02). These analyses were limited, as we were
only able to examine the effect of three moderator variables for
positive symptoms and one for quality of life, due to sample size
limitations. Although there was also substantial unexplained
heterogeneity in the violence analysis (I°=85%), there were no
outliers and too few data points for meta-regression for this vari-
able and for global psychopathology (I°=81% after removal of
outliers).

For the majority of analyses, sensitivity analysis which ex-
cluded samples recruiting participants with affective psychosis
had no discernible impact on the heterogeneity. The exceptions
were alcohol and substance misuse, where I* dropped from 32%
to 0%, and deliberate self-harm, where I? increased from 0% to
56%. Removing studies that included patients with affective psy-
chosis also did not affect the class of evidence for most analyses.
However, in the negative symptom analysis, removing the eight
samples which included participants with affective psychosis re-
duced the class of evidence from III to IV, due to an increase in
the random-effects p value from 3.6x107° to 0.003. For deliberate
self-harm and quality of life, removing these samples reduced
the class of evidence from IIT and IV respectively to non-signifi-
cant, because the random-effects p value became >0.05.

There was also no discernible impact on the heterogeneity
when we removed the small number of samples which included
participants with drug induced psychosis (up to 10%) from the
negative symptoms, quality of life, deliberate self-harm, global
cognition, violence and substance misuse analyses, apart from
finding that the relationship between DUP and quality of life
decreased from class IV to non-significant, because the random-
effects p value became 0.10. Inclusion of adjusted effect sizes and
imputations of the mean/SDs of DUP and/or the outcome from
other samples had no effects on classes of evidence and minimal
effect on heterogeneity for all analyses.

We conducted subgroup analyses of antipsychotic naive sub-
jects where data were available. We found that there was an abso-
lute reduction in I of 23% for the relationship between DUP and
negative symptoms after removal of patients who had received
any previous antipsychotic treatment, and results remained sta-
tistically significant.

Relationship between DUP and outcomes at follow-up

The relationship between DUP and outcomes at follow-up is
summarized in Table 3, and in Figure 5 for continuous outcomes
and Figure 6 for categorical outcomes.

We found highly suggestive (class IT) evidence for a relation-
ship between longer DUP and more severe negative symptoms,
more severe positive symptoms and lower chance of remission at
follow-up. We found suggestive (class IIT) evidence for a relation-
ship between longer DUP and more severe global psychopathol-
ogy and poorer overall functional outcome at follow-up. There
was weak (class IV) evidence for a relationship between longer
DUP and poorer social and vocational functioning, poorer qual-
ity of life, and smaller reduction in total symptoms at follow-up.
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Variable Beta 95% CI Beta coefficient between DUP and variable (95% ClI)
Negative symptoms -0.07 -0.10;-0.04 ‘
Quality of life -0.14 -0.29;-0.00 —
Global cognition -0.01  -0.02; 0.00
Global psychopathology  -0.02 -0.05; 0.02 ‘
Positive symptoms 0.01 -0.03;0.05 -l
Overall functional status -0.04 -0.21; 0.12
- L::)nger DUF’l poorer outcome ] ] ] Longer DL]JP better olutcome >|
-0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

Figure 3 Summary of effect sizes for relationships between duration of untreated psychosis (DUP) and continuous clinical variables at first

presentation

In follow-up studies, there was no significant relationship be-
tween DUP and risk of relapse, risk of deliberate self-harm, glob-
al cognition, time hospitalized, and number of hospitalizations.

Egger’s test was statistically significant with evidence of small
study effects for the analyses of positive symptoms (p=0.025),
remission (p<0.001) and number of hospitalizations (p<0.001).
Using the trim-and-fill method, no studies were imputed on the
right-hand side for positive symptoms or number of hospitaliza-
tions. Seven studies were imputed on the left-hand side in the
remission analysis; the class of evidence remained unchanged.
“File-drawer” analysis showed that more than 1,650 null studies
would be needed to nullify the results of the negative symptom
analysis, whereas the marginally significant results for vocation-
al functioning, reduction in total symptoms and quality of life
would require only one null study.

There was no statistical evidence of heterogeneity in analy-
ses of social functioning, vocational functioning or deliberate
self-harm at follow-up. There was mild heterogeneity present
in global cognition (p=0.01). We encountered moderate to sub-
stantial heterogeneity in negative symptoms, positive symptoms,
remission, overall functional outcome, global psychopathology,
reduction in total symptoms, quality of life, relapse, and number
of hospitalizations (all p<0.0001).

World Psychiatry 20:1 - February 2021

Removal of outliers led to large (21-64%) absolute reductions
in I for negative symptoms, relapse, quality of life, overall func-
tional outcome and remission. There were smaller reductions
(5-12%) in heterogeneity for positive symptoms and global psy-
chopathology. The majority of results were minimally affected by
removal of outliers - no results went from significant to non-sig-
nificant, although remission decreased from class II to class III,
due to removal of the largest significant study, despite a large de-
crease in the random-effects p value (3x10™ to 2x10™%). Global
psychopathology, overall functional outcome, and quality of life
increased class of evidence (from III to II, III to II, and IV to III,
respectively) following outlier removal, due to decreases in the
random-effects p values.

Where sample sizes allowed, meta-regression was conduct-
ed for outcomes with moderate to substantial heterogene-
ity remaining after outlier removal. There were insufficient data
available for exploration of the residual heterogeneity in qual-
ity of life, relapse, reduction in total symptoms, global cogni-
tion and the hospitalization outcomes. For positive symptoms,
no potential moderators survived FDR correction. For negative
symptoms, dropout percent (corrected p=0.035) survived FDR
correction. Studies where fewer subjects were lost to follow-
up (intercept=-0.1364, beta=0.2247, residual 1°=44%) reported
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Variable OR 95% ClI Odds ratio between DUP and variable (95% Cl)
Deliberate self-harm 1.89 1.42; 252 ‘
Violence/Serious violence 1.66 0.70; 3.94
Alcohol/Substance misuse  0.88 0.70; 1.11 ‘

Cannabis misuse 0.99 0.82;1.19

<q Longer DUP better outcome

Longer DUP poorer outcome p»

I
0.5

I I 1
1 2 4

Figure 4 Summary of effect sizes for relationships between duration of untreated psychosis (DUP) and categorical clinical variables at first

presentation

larger relationships between DUP and negative symptoms. For
global psychopathology, percent of subjects with schizophrenia
(corrected p=0.0003) and dropout percent (corrected p=0.044)
survived Benjamini-Hochberg correction. Studies with higher
proportions of subjects with schizophrenia (intercept=-0.0260,
beta=-0.1530, residual 12:36%) and studies where fewer subjects
were lost to follow-up (intercept=-0.1819, beta=0.2658, residual
1°=42%) reported larger relationships between DUP and global
psychopathology.

For overall functional outcome, the definition of the endpoint
of DUP moderated the effects seen. Studies which used the initia-
tion of antipsychotic treatment as the endpoint for DUP reported
larger effects than those using adequate antipsychotic treatment
(corrected p=0.022; beta=-0.06 for studies using adequate treat-
ment, beta=-0.11 for studies using the initiation of treatment).
There was no statistically significant heterogeneity follow-
ing inclusion of DUP endpoint definition in the model (12:0%,
p=0.44).

For the majority of outcomes, sensitivity analysis which ex-
cluded samples recruiting participants with affective psychosis
had no discernible impact on the heterogeneity. The exceptions
were quality of life and remission, where I fell by 51% and 59%,
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respectively. For positive symptoms, removing these samples re-
duced the class of evidence from II to III, through an increase in
the random-effects p value from 5x107® to 4x107°. There was no
effect on the class of evidence for any other analysis. There was
one sample which included people with drug induced psychosis
in each of the social functioning, remission and overall function-
ing analyses. Removal of this sample had no discernible impact
on results. Restricting analysis of studies examining remission to
those using Andreasen et al’s operationalized criteria™ reduced
the class of evidence from II to IV, due to an increase in the ran-
dome-effects p value.

Imputations of the mean/SDs of DUP and/or the outcome
from other samples had no effect on the class of evidence and a
negligible effect on heterogeneity in most analyses. However, for
global psychopathology, removing studies where data were im-
puted reduced ? by 20% and the class of evidence from III to IV,
due to a reduction in the sample size below the class III thresh-
old of 1,000, although the p value was more significant. Overall,
findings were similar when removing studies which calculated
adjusted effect sizes, and most analyses remained in the same
class of evidence. The exception was remission, where heteroge-
neity fell to 0% and the class of evidence decreased from II to III,
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Outcome Beta 95% CI Beta coefficient between DUP and outcome (95% Cl)
Negative symptoms 011 -0.15;-0.08 ‘
Positive symptoms -0.16  -0.22;-0.11 o
Global psychopathology -0.16 -0.22; -0.09 e
Overall functional outcome ~ -0.11  -0.16; -0.07 et
Social functioning -0.06 -0.08; -0.04 ‘
Vocational functioning -0.04 -0.06; -0.02 ’
Reduction in total symptoms  -0.14 -0.26; -0.01
Quality of life -0.09 -0.17;-0.00 e
Global cognition -0.04 -0.09; 0.01 ’»
Time hospitalized -0.09 -0.31;0.13 .
Number of hospitalizations -0.24 -1.00; 0.57

-« Longer DUP poorer outcome

Longet DUP better outcome b

M
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Figure 5 Summary of effect sizes for relationships between duration of untreated psychosis (DUP) and continuous outcomes at follow-up

despite a more significant overall p value, due to exclusion of the
largest study.

For outcomes rated class I to III, 85-95% of studies were pro-
spective. Restricting analyses to these prospective studies led to
no changes in the classes of evidence and did not significantly
alter heterogeneity.

DISCUSSION
Findings and comparison with previous studies

We found highly suggestive evidence for a relationship be-
tween longer DUP and more severe positive symptoms, more
severe negative symptoms and lower chance of remission at
follow-up, and suggestive evidence for a relationship between
longer DUP and more severe global psychopathology and poorer
overall functioning at follow-up. More than 85% of studies were
prospective, and these findings were all replicated in subgroup
analyses restricted to prospective studies, indicating that they are
unlikely to be affected by reporting bias.

There was also suggestive evidence for a relationship between
longer DUP and more severe negative symptoms and higher
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chance of previous self-harm at first presentation. The relation-
ship between DUP and negative symptoms at first presentation
was also evident in a subgroup analysis of antipsychotic naive
patients.

There was weak evidence for a relationship between longer
DUP and poorer quality of life at first presentation and at follow-
up, and also weak evidence for a relationship between longer
DUP and lower chance of remission using operationalized An-
dreasen et al’s criteria, smaller reduction in total symptoms,
poorer social functioning and poorer vocational functioning at
follow-up.

There was no relationship between DUP and global cogni-
tion, violence, global psychopathology, overall functioning or
positive symptoms at first presentation, and between DUP and
global cognition, relapse, hospitalization or deliberate self-harm
at follow-up.

Our findings extend previous reviews of DUP by considering
all the evidence from meta-analyses together and generating
a clear hierarchy of evidence. In addition, we present the first
meta-analysis of the relationship between DUP and outcomes in
antipsychotic naive patients.

Table 3 shows that each doubling in DUP predicts 8-12% more
severe symptoms, and 3-8% poorer functional outcomes. Thus,

World Psychiatry 20:| - February 2021



Outcome OR 95% CI Odds ratio between DUP and outcome (95% CI)
Remission 216 1.70;2.75 ‘
Relapse 1.67 0.92; 3.02 —— e ——
Deliberate self-harm  1.02 0.74;1.40 ’

<« Longer DUP better outcome

Longer DUP poorer outcome p»

T
0.5
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1 2 4

Figure 6 Summary of effect sizes for relationships between duration of untreated psychosis (DUP) and categorical outcomes at follow-up

an increase in DUP from 1 week to 4 weeks is associated with
>20% more severe symptoms if the relationship is linear, which
it approximates for short DUP'®*, This is a clinically meaningful
increase. Many services have been designed worldwide with the
aim of reducing DUP, and our review supports this approach by
indicating that DUP is an important prognostic factor.

It is noteworthy that the largest effect size at follow-up was
found between DUP and severity of positive symptoms. This
suggests that the mechanism underlying positive symptoms
could be central to the relationship between DUP and outcomes.
Striatal dopaminergic dysfunction is thought to underlie the de-
velopment of psychosis’""*, and it has been hypothesized that
psychosis feeds back on the regulation of dopamine neurons to
cause further dysregulation”"*. Thus, a longer DUP could lead to
continuing progression of dopaminergic dysfunction that makes
the system less responsive to D2 antagonism when antipsychot-
ic treatment is started”. However, this model does not explain
more severe negative symptoms at first presentation, and we
found no link between DUP and severity of positive symptoms at
first presentation, which would be expected if there was a feed-
back loop. In addition, it remains to be determined if untreated
psychosis is associated with other neurobiological changes, such
as lower synaptic markers’®"".

There are a few points of divergence from previous meta-
analyses. We found a weak relationship between DUP and vo-
cational functioning at follow-up, unlike Penttila et al'® and

World Psychiatry 20:1 - February 2021
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Santesteban-Echarri et al”". Penttila et al~ considered a broad
category of vocational functioning, which included assessments
of that functioning by rating scales, real-life outcome measures
(such as weeks employed or on disability pension) and binary
assessments of good or poor vocational outcome based on cli-
nician impression. Given that these assessments result in effect
size measures which should not be combined in a meta-analysis,
and target different underlying constructs, it is unsurprising that
their results differ from our analysis. Accordingly, we encoun-
tered no significant heterogeneity in our analysis, whereas there
was moderate heterogeneity in Penttila et al'®. We defined voca-
tional functioning as in Santesteban-Echarri et al®; the discrep-
ancy with our findings is likely to be due to the inclusion, in their
analysis, of a study’® that we excluded because the sample over-
lapped with that of another larger included study.

Our finding of a relationship between longer DUP and more
severe negative symptoms at first treatment contact is in contrast
to Marshall et al'® and Farooq et al®, but in keeping with two
larger meta-analyses'”'®. Similarly, our finding of no relationship
between DUP and first presentation positive symptoms is in con-
trast to the findings of Farooq et al®’, but in line with other larger
meta-analyses which did notrestrict inclusion criteria to low and
middle income countries'® %,

We found no relationship between DUP and risk of previ-
ous violence at first treatment contact, in contrast to the analy-
sis by Large and Nielssen®. This could be explained by a unit of
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analysis error in that paper, where two different outcomes which
derive from the same participants (risk of violence and risk of se-
rious violence) are combined in random-effects meta-analysis as
if they were independent measures.

Strengths and limitations

Our study has several strengths, such as providing a com-
prehensive analysis of the relationship between DUP and clini-
cal outcomes, and generating a clear hierarchy of evidence. We
performed data extraction not just from the meta-analyses, as
is common in umbrella reviews, but from the primary studies
themselves, to deal with the problems of non-normally distrib-
uted data, variable reporting of different test statistics, and pool-
ing of transformed and untransformed effect sizes, that were not
addressed in many of the previous meta-analyses.

Unlike previous analyses, we used comparable outcome cat-
egories and effect sizes. Whilst the formulae used required some
data imputation, which may lead to error or bias in the estima-
tion of the effect sizes, we consider this approach preferable to
exclusion of relevant studies. Sensitivity analyses indicated that
our findings were robust to these data imputations, as no results
went from significant to non-significant after exclusion of studies
where data were imputed, and there were no significant changes
in heterogeneity. Moreover, we examined the effects of DUP in
antipsychotic naive patients, and have shown for the first time
that varying definitions of the endpoint in DUP moderates some
of the effects observed.

We encountered considerable heterogeneity in our analyses.
However, we used a random-effects model which is robust to
heterogeneity™. The most comparable previous meta-analysis'®
also encountered moderate to substantial heterogeneity. The
heterogeneity we encountered was greater, which is unsurpris-
ing as we included more studies, included studies regardless
of duration of follow-up, preferred pooled results rather than
schizophrenia spectrum only results if both were available, and
placed no restriction on the percentage of patients with schizo-
phrenia in our inclusion criteria.

All statistically significant results remained significant after
removal of outliers. Other than remission, where the class of
evidence was reduced from II to III (although with a still highly
significant p value of 2x107'9), all classes of evidence for signifi-
cant findings remained either unchanged or were increased after
removal of outliers.

Whilst our further analyses identified a number of potential
contributors to heterogeneity, there remained substantial het-
erogeneity in first presentation quality of life, and in follow-up
positive symptoms and reduction in total symptoms, which we
were unable to account for. This residual heterogeneity may re-
flect differences in study designs, settings, outcomes and inclu-
sion criteria.

We identified important methodological issues with previ-
ous meta-analyses. Twelve of them had critical flaws in their
systematic search strategy, none were pre-registered, and only
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50% performed both study selection and data extraction inde-
pendently in duplicate. We attempted to mitigate these flaws as
much as possible in our own meta-analysis, by pre-registering,
conducting all data extraction and study selection in duplicate,
and extracting all data from primary studies to ensure the fidelity
of data extraction. However, as with any other meta-analysis and
umbrella review, we were limited to some extent by the meth-
odological flaws of the primary studies and meta-analyses we
included.

We were reliant on the included meta-analyses to identify pri-
mary studies, and it is therefore possible that some studies were
missed. However, our “file-drawer” analyses indicated that 559-
1,667 null studies would be needed to negate the significant re-
lationships we observed at both time points between DUP and
negative symptoms, indicating that these findings are robust,
although we also found that some other results could be sensi-
tive to future null studies. We observed that adjusted effect sizes
moderate the impact of some variables, highlighting the need to
account for this aspect in future meta-analyses on DUP.

To be conservative, we categorized a sample including any
treated patients as a medicated sample, as very few studies re-
ported results separately by medication status. However, this
may mean that any effect of antipsychotic treatment was dilut-
ed by the inclusion of untreated patients in some analyses. Our
finding that previous antipsychotic treatment explains heteroge-
neity in the relationship between DUP and symptoms highlights
the importance of conducting future studies at first presentation
in antipsychotic naive patients exclusively, or reporting results
separately for medicated and naive patients.

Conceptual issues in assessing DUP

We found evidence that the relationship between DUP, nega-
tive symptoms and functioning is influenced by the definition
of DUP. A number of studies defined DUP as the time from the
onset of psychosis to first hospitalization. Whilst this has the ad-
vantage that hospital admission is a straightforward variable, it
has the disadvantage of being dependent on health service or-
ganization. However, DUP defined this way showed the strongest
relationship with negative symptoms.

Another issue relating to the definition of DUP is what con-
stitutes treatment. In some studies, it is the first dose of antipsy-
chotic medication. However, this could be criticized, as single
dose is not considered adequate treatment””. Some studies re-
quired 28 days of antipsychotic treatment or treatment response
as the endpoint for DUP rather than initiation of treatment. Stud-
ies which used the initiation of antipsychotic treatment as the
endpoint of DUP showed a stronger relationship with functional
outcome than studies using adequate treatment.

These issues could be addressed through the development of
operationalized criteria for DUP, as has been achieved with both
remission’’ and treatment resistance® in psychosis.

DUP has always been assessed retrospectively in the available
studies. This raises the possibility of recall bias, as patients who
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are severely psychotic may have poorer long-term recall, or may
attach increased significance to the transition in their mental
state compared to those who are less impaired or have partially
recovered. Recall bias may also be more likely as DUP becomes
longer, although serial assessments of DUP during the course of
clinical recovery would be needed to illuminate this aspect. Fi-
nally, recall bias may be more or less likely with different meth-
ods of ascertaining DUP, or depending on the startpoint of DUP
used.

Earlier detection of psychosis may alter outcomes because
the observation window is shifted (lead-time bias). Long-DUP
patients may experience most of their decline in psychosocial
function prior to first admission, whereas short-DUP patients
may experience it after that admission®. It would be useful to
systematically assess this potential bias in future studies.

A related issue is confounded presentation. Severe, disrup-
tive symptoms hasten presentation and therefore shorten DUP,
which could confound the relationship between DUP and vari-
ables at first presentation®. This may partly explain the weaker
relationships in our analyses between DUP and measures at first
presentation compared to follow-up measures, and could be a
particular issue for our finding on deliberate self-harm. How-
ever, as longer DUP was associated with higher risk of deliberate
self-harm, this confounder does not explain our finding and, if
anything, would reduce the association. Nonetheless, the studies
included were not well designed to address this question. Future
analyses should control for severity of symptoms at first presen-
tation to account for this potential confounder.

The studies included were all observational, which limits in-
ferences on causation. It is possible that an unmeasured third
variable explains the relationship between DUP and positive
symptoms, negative symptoms, remission and functioning. Ex-
amples of potential confounding variables include premorbid
adjustment and diagnosis. A meta-analysis of almost 1,400 par-
ticipants found that DUP is almost four times longer in subjects
with schizophrenia compared to those with affective psychosis*.
Most studies did not report results separately for patients with af-
fective and non-affective psychosis, but we found that diagnosis
was an important moderator, with larger effect sizes for global
psychopathology seen in studies with higher percentages of sub-
jects with schizophrenia.

Moreover, it is important to consider the possibility of reverse
causality. For example, our finding that a longer DUP is associated
with more severe negative symptoms at first presentation could
be the result of negative symptoms predating the onset of psycho-
sis, which lead to delayed first contact with health services and
persist through follow-up as they show little treatment response””.

A further issue to take into account is that many of the out-
come measures show a degree of interrelation. For example,
some functional measures include assessments of symptoms,
and remission is partly defined by the level of symptoms. A lon-
gitudinal modelling study showed that the effect of DUP on func-
tional outcome measures was partly mediated by symptoms®. It
would be useful to determine if symptom improvement medi-
ates the relationship between DUP and other outcomes.
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Adjusted effect sizes were generally smaller in the studies
included in our review, which raises the possibility of selec-
tive reporting and publication of uncorrected relationships.
We detected some evidence of this, with statistically significant
evidence of publication bias in around 15% of our analyses. Nev-
ertheless, no results changed from significant to non-significant
and no classes of evidence changed after use of the trim-and-fill
method.

It is crucial that research on DUP be designed and analyzed
with confounding and reverse causality in mind. Prospective
studies in people at clinical high risk, where measures can be
obtained prior to the onset of the first psychotic episode, may
be one approach to address these issues, albeit there will still be
challenges even with such designs. For example, patients who do
not engage with services, who are expected to have the longest
DUP, may be unlikely to participate in these studies. Extra efforts
will be required to recruit such patients and ensure representa-
tive samples.

CONCLUSIONS

The concept of DUP has contributed to a paradigm shift in
psychosis services, resulting in the establishment of extensive
networks of early intervention teams in many countries''. Our
analyses show significant relationships between longer DUP and
a number of important outcomes. The evidence is very sugges-
tive for the relationships between DUP and positive symptoms,
negative symptoms and chance of remission, and the effect sizes
indicate that the relationships are clinically meaningful. How-
ever, more evidence is needed, particularly at first presentation
and for some functional outcomes.

Future work should also investigate the mechanisms which
may underlie the relationship between DUP and outcomes, ex-
plore the effect of DUP in antipsychotic naive patients, and con-
trol for potential confounders, particularly interrelated outcome
variables, mode of presentation and diagnosis, to allow clearer
inferences on causation to be drawn.
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