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Abstract
The impact of initiatives aimed at reducing time in untreated psychosis during early-stage schizophrenia will be unknown for 
many years. Thus, we simulate the effect of earlier treatment entry and better antipsychotic drug adherence on schizophrenia-
related hospitalizations, receipt of disability benefits, competitive employment, and independent/family living over a ten-year 
horizon. We predict that earlier treatment entry reduces hospitalizations by 12.6–14.4% and benefit receipt by 7.0–8.5%, while 
increasing independent/family living by 41.5–46% and employment by 42–58%. We predict larger gains if a pro-adherence 
intervention is also used. Our findings suggest substantial benefits of timely and consistent early schizophrenia care.
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Introduction

Schizophrenia is a devastating mental illness that affects 
cognitive functioning and manifests through “positive” psy-
chotic symptoms such as paranoid delusions, and “negative” 
symptoms such as apathy (Weinberger and Harrison 2011). 
It has a disproportionately large burden of disease partly due 

to its early age of onset, typically in early adulthood, and 
its chronic course and poor long-term outcomes (Whiteford 
et al. 2013). In the U.S., more than three in four persons 
with schizophrenia lack gainful employment and depend on 
income supports (Bilder and Mechanic 2003; Rosenheck 
et al. 2006) and among homeless persons, approximately one 
in five have a schizophrenia diagnosis (Folsom et al. 2005). 
Moreover, relapses with exacerbation of positive symptoms 
leading to hospitalization or incarceration remain a common 
occurrence (Ascher-Svanum et al. 2010). Consequently, the 
illness exacts high costs to society, estimated at $155.7 bil-
lion for the U.S. in 2013, with excess healthcare costs and 
costs associated with unemployment accounting for 24% and 
38%, respectively, of the overall costs (Cloutier et al. 2016).

As a result of scientific advances, the ravages of this 
illness can be effectively treated. Antipsychotic drugs can 
control positive psychotic symptoms, and evidence-based 
psychosocial interventions such as supported employment, 
supported housing, and assertive community treatment, can 
improve employment and housing outcomes, reduce home-
lessness, and reduce hospitalizations (e.g., Kreyenbuhl et al. 
2009). However, these potential improvements are often not 
realized. Key drivers of this research to practice gap include 
the limited use of interventions to address poor adherence to 
antipsychotic medication, and limited access to high-quality 
psychosocial treatments (e.g., Horvitz-Lennon et al. 2009, 
Kane et al. 2013).

Aspects of this paper were presented in a poster titled “The 
Long-Term Benefits of Ensuring Timely Treatment and Improved 
Medication Adherence in Early Schizophrenia: A Microsimulation 
Study” at the ISPOR 23d Annual International Meeting in 
Baltimore, MD, USA.
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Empirical research has shown an association between 
longer “duration of untreated psychosis” (DUP) during the 
first episode of psychosis, and short- and long-term clini-
cal and functional outcomes (Boonstra et al. 2012; Marshall 
et al. 2005; Penttilä et al. 2014; Perkins et al. 2005). Because 
this association is unique to the early stage of the illness, this 
stage is considered to be a “critical period” of the illness 
(Birchwood et al. 1998; Crumlish et al. 2009). Although the 
evidence on this association is largely correlational, the con-
sistency of the signal generated by a large body of research 
of varied methodology suggests that, for most individuals, 
the association is likely causal (Srihari 2018).

Emerging evidence suggests that “time in psychosis” 
accrued during the critical period after entering treatment 
may be as consequential for long-term outcomes as the pre-
treatment DUP (Friis et al. 2016). In other words, the overall 
time in uncontrolled psychosis, i.e., the DUP accrued prior 
to treatment entry, and the time in psychosis accrued after 
accessing care due to ineffective treatment, may have sig-
nificant prognostic implications. Thus, short- and long-term 
benefits associated with DUP reduction may extend to any 
intervention that reduces time in psychosis following entry 
into care, including pro-adherence interventions and con-
tinuous engagement in specialized programs.

The reasons for the extraordinary significance of 
untreated psychosis during the “critical period” have not 
been elucidated. An as yet unconfirmed hypotheses is that 
psychotic symptoms might have neurotoxic effects (Rund 
2014). An alternative or complementary hypothesis is that 
emergence of psychosis in the late teens/early twenties dis-
rupts individuals’ ability to make developmentally appropri-
ate progress.

The evidence linking untreated psychosis and outcomes 
has generated strong interest as it provides the first indication 
that there is a role for secondary prevention in schizophrenia. 
The existence of this narrow window for timely and consist-
ent treatment in early-stage schizophrenia suggests a “time 
is brain” treatment paradigm akin to the treatment approach 
that so radically improved the prognosis of ischemic stroke. 
This paradigm shift is particularly important in the U.S. 
context for two reasons. First, delays in access to care for 
patients with early schizophrenia are longer compared to 
other industrialized countries (Kotov et al. 2017). Secondly, 
long-acting injectable (LAI) antipsychotic formulations, a 
widely available pro-adherence intervention, are underused, 
as evidenced by the fact that LAI agents are prescribed to 
just one of every ten early-stage patients (Robinson et al. 
2014).

High-level initiatives have sought to promote early inter-
vention services that aim to reduce DUP and improve patient 
outcomes by facilitating access to evidence-based care for 

people with early schizophrenia and others experienc-
ing a first episode of psychosis. For example, the National 
Institutes of Mental Health (NIMH) funded the 2008 the 
“Recovery After an Initial Schizophrenia Episode” (RAISE) 
initiative to evaluate the effectiveness of an early interven-
tion program, the Coordinated Specialty Care (CSC) model 
(National Institute of Mental Health). CSC is a team-based 
program that provides antipsychotic medication treatment, 
assertive case management, cognitive-behavioral psycho-
therapy, supported employment and education, and family 
education and support (Heinssen et al. 2014). A RAISE-
sponsored randomized controlled trial showed that patients 
treated in non-academic CSC programs remained in treat-
ment longer, experienced greater improvement in quality of 
life and symptomatology, and experienced greater involve-
ment in work and school than patients receiving routine care 
(Kane et al. 2016). Although CSC patients’ DUP was com-
parable to that of patients in routine care, quality of life and 
symptom outcomes were substantially better for those with 
shorter DUP, a finding that prompted authors to state that 
“reducing DUP from current levels of > 1 year to the recom-
mended standard of < 3 months should be a major focus of 
applied research efforts” (Kane et al. 2016). The moderating 
effect of DUP was recently replicated by a study that evalu-
ated the effect of early intervention on negative symptoms 
(Dama et al. 2019). Building on these encouraging findings, 
the NIMH continues to solicit grant proposals on early inter-
vention services (Department of Health and Human Services 
2017). In addition to its grant-making initiatives, NIMH was 
instrumental in an effort to educate legislators on the poten-
tial benefits of reducing DUP, which eventually led to a new 
policy aimed at expanding access to evidence-based care 
for people with early psychosis. Starting in FY 2014, the 
Substance Abuse and Mental Health Services Administra-
tion (SAMHSA) at the Department of Health and Human 
Services has required states to set aside a growing portion 
of the Mental Health Block Grant (MHBG) funds for CSC-
like models (“Guidance for revision of the FY2016–2017 
block grant application for the new 10 percent set-aside,” 
2016). An early assessment of the “MHBG set-aside” policy 
in 12 states showed that the states had embraced the policy 
and as a result, access to services had improved; however, 
the early stage of program implementation did not permit 
systematic assessment of patient outcomes (Horvitz-Lennon 
et al. 2015).

Since the long-term effects of policies that aim to reduce 
DUP will not be known for many years, policymakers 
would benefit from estimates of their potential benefits to 
justify funding commitments, especially given the cur-
rent fiscal environment. In this study, we seek to provide 
estimates based on the best available evidence. We use a 
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microsimulation model to predict the long-term benefits of 
interventions to reduce the time in psychosis during the early 
phase of the illness, with and without accompanying efforts 
to improve medication adherence.

Methods

Model and Data

We use a microsimulation to model trajectories for 10,000 
hypothetical patients over a ten-year period from onset of 
psychosis (for greater details on the model, see Horvitz-
Lennon et al. 2018). The model consists of two compo-
nents. The first is the critical period, which is divided into 
the time between onset of psychosis and treatment entry, 
i.e., the DUP, and a “Calibration Phase,” during which 
treatment starts and treatment decisions are varied. The 
second is the “Chronic Phase,” during which we predict 
long-term outcomes. Since the critical period is estimated 
to last 2–5 years following psychosis onset (Carpenter and 
Strauss 1991; Eaton et al. 1995), we selected a duration of 
3 years. The simulated chronic phase lasts 7 years.

The model starts with the onset of a patient’s first psy-
chotic episode. Patients access care after spending a ran-
domly assigned and variable time in untreated psycho-
sis, i.e., DUP. Immediately after entering care, patients 
receive antipsychotic treatment. Throughout the Calibra-
tion Phase, patients go through treatment cycles, during 
which they can experience treatment success if symptoms 
abate, i.e., treatment is effective, or treatment failure, if 
symptoms persist or return, which leads to accrual of time 
in psychosis. We use the term “Time in Uncontrolled Psy-
chosis” to refer to the overall time in psychosis, which as 
above, is the sum of the DUP and the time in psychosis 
accrued after entering treatment. After the end of the criti-
cal period, we predict long-term outcomes over the seven-
year chronic phase as a function of symptom severity at 
the end of the calibration phase expressed as Positive and 
Negative Syndrome Scale (PANSS).

A comprehensive literature review combined with 
expert input provided model parameters as well as empiri-
cal support for design assumptions. We reviewed studies 
published after 1985 in English or Spanish on three broad 
topics: DUP’s short- and long-term effects; the compara-
tive adherence and relapse effects of LAI and oral agents 
in early schizophrenia; and for outcome estimation, the 
association between PANSS and short- and long-term 
outcomes (for inpatient utilization, we limited our review 
to U.S. studies published between 2000 and 2017). We 
selected studies based on their relevance and methodo-
logical quality.

Key model parameters are drug efficacy, derived from 
the Scandinavian TIPS study (Friis et al. 2010), which 
evaluated the effectiveness of an early detection interven-
tion relative to usual care; drug adherence, derived from a 
well-designed trial in first-episode patients (Subotnik et al. 
2015); and probability of relapse, also derived from the 
first-episode trial (Subotnik et al. 2015). Key calibration 
phase assumptions (and supporting literature) include: (1) 
efficacy of antipsychotic treatment declines with increas-
ing time in psychosis (Sarpal et  al. 2017, Svein Friis, 
personal communication); and (2) antipsychotic adher-
ence is determined by whether the patient received oral 
vs. LAI treatment (e.g., Taylor and Ng 2013; Tiihonen 
et al. 2011). As a result of these assumptions, treatment 
effectiveness in each treatment cycle is estimated as the 
product of time-varying efficacy and treatment-dependent 
probability of adherence. Two other assumptions are (3) 
DUP is the only characteristic that varies among patients 
entering calibration phase, i.e., they are comparable with 
regard to sociodemographic and clinical characteristics 
also associated with long-term outcomes (see Friis et al. 
2016) for key characteristics); and (4) since the objective 
of our study is to predict the long-term effects of treatment 
decisions made during the critical period of schizophrenia, 
we assume that the effect of chronic phase treatment is 
identical for all patients.

Our outcomes of interest are schizophrenia-related admis-
sions over the entire 10-year model horizon (defined as 
hospitalizations per 1000 patient-years), and three chronic 
phase outcomes: competitive employment, and independ-
ent or family living at the end of the chronic phase, as well 
as receipt of disability benefits, i.e., Supplemental Secu-
rity Income (SSI) or Social Security Disability Insurance 
(SSDI), at the start of the chronic phase. Sources for param-
eter values were peer-reviewed studies identified in our lit-
erature review (Olfson et al. 2011; Rosenheck et al. 2017; 
Slade and Salkever 2001; Tsai et al. 2011).

The model was programmed in Microsoft Excel Visual 
Basic for Applications.

Analytic Approach

We simulate the effect of two calibration phase variables on 
patient outcomes. The first is the time in psychosis before 
entering treatment (i.e., DUP). For each patient, the time 
is drawn randomly from three DUP distributions, short, 
medium, and long, all of them realistic benchmarks as they 
were reported in previous studies. The “short” DUP distribu-
tion comes from a population enrolled in a randomized con-
trolled trial conducted in an academic center in Groningen, 
Netherlands, that assessed a treatment approach (antipsy-
chotic dose reduction versus routine maintenance treatment) 
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(“Dutch RCT”) (Wunderink et al. 2013); the “medium” DUP 
distribution was reported by a meta-analysis of studies that 
included U.S. and non-U.S. populations treated in aca-
demic and non-academic centers (“Multinational cohorts”) 
(Boonstra et al. 2012); and the “long” DUP distribution was 
reported by a study of patients receiving care in U.S. com-
munity clinics (“U.S. community clinics”) (Addington et al. 
2015) (Table 1).

The second calibration phase variable is the choice of 
antipsychotic treatment. Our baseline assumption is that 
patients only receive oral agents, which is consistent with the 
typical treatment of early schizophrenia in the U.S. (Robin-
son et al. 2014). We compare those predictions against those 
achieved when switching patients to an LAI agent after the 
second oral treatment failure.

We conducted one-way and probabilistic sensitivity anal-
yses to test the outcome effects of several model parameters 
including DUP and other calibration phase parameters.

The sponsor reviewed an earlier draft of the manuscript 
and provided comments, but the authors had full control 
over study design, execution, analysis and presentation of 
the results. The study was reviewed and considered exempt 
by our institution’s IRB.

Results

Figure 1 displays the model predictions for outcomes under 
the baseline condition for each of the three DUP scenarios 
mentioned above: Dutch RCT (short), multinational cohort 
(medium), and U.S. community clinics (long). For the base-
line prediction, patients are treated with orals drugs only.

On average over the 10-year model horizon, we predict 
333 schizophrenia-related hospitalizations per 1000 patient-
years, if patients enter treatment with the long DUP observed 
in U.S. community clinics. The prediction decreases to 
291 and 285 events per 1000 patient-years, respectively, if 
patients enter treatment with the shorter DUPs observed in 
the multinational cohort and the Dutch RCT, correspond-
ing to relative reductions of 12.6% and 14.4% (Panel A). 
The proportion of patients who receive disability benefits 
at the beginning of the chronic phase (Panel B) is estimated 
to decline from 71%, assuming the long DUP observed in 
U.S. community clinics, to 66% and 65% if the shorter DUPs 
observed in the multinational cohort and Dutch RCT were 

the norm, corresponding to relative reductions of 7.0% and 
8.5%, respectively. While approximately two out of five 
patients (41%) are predicted to live independently or with 
family 10 years after onset of psychosis assuming the long 
DUP observed in U.S. community clinics, the proportion 
would be higher, around three out of five, if the shorter 
DUPs observed in the multinational cohorts (60%) and the 
Dutch RCT (58%) were the norm (Panel C). Only 12% of 
patients are predicted to be competitively employed after 
10 years assuming the long DUP observed in U.S. com-
munity clinics, but the proportion would be higher, close to 
two in five, if the DUP observed in the multinational cohorts 
(17%) and the Dutch RCT (19%) were the norm (Panel D).

Table 2 displays the predicted incremental effects of an 
intervention to improve adherence to antipsychotic drugs 
(LAI treatment after the second oral treatment failure) rela-
tive to the baseline condition (oral treatment only), for each 
of the DUP scenarios described above.

Improving adherence once patients enter treatment aug-
ments the gains from earlier treatment entry, albeit to a dif-
ferent degree. The largest difference is predicted for prob-
ability of competitive employment, which increases by 6% 
if patients enter treatment with the long DUP prevailing in 
U.S. community clinics, and by 39% and 56% if they do 
with the shorter DUPs observed in the multinational cohorts 
and the Dutch RCT. The smallest incremental benefit is for 
probability of independent or family living, estimated at 24% 
(long DUP), 24% (medium DUP) and 27% (short DUP), 
respectively. In patients entering treatment as early as in 
the Dutch RCT, the pro-adherence intervention is predicted 
to prevent another 49 admissions over 1000 patient-years. 
However, only about half as many admissions (29/1000 
patient-years) are prevented assuming the long DUP pre-
vailing in U.S. community clinics. Relative reductions in the 
probability of receiving disability benefits range from 31% 
(long DUP) to 40% (short DUP).

Sensitivity analyses provided support for the soundness of 
our model. In particular, they underscored the significance of 
the DUP since longer DUPs reduce the time window during 
the critical period for effective treatment to have long-term 
impacts.

Table 1  Empirical sources for 
DUP distributions

Source/Notes: Authors’ literature review

Source Median [weeks] Average [weeks] Description

Wunderink 4.4 46.3 Dutch RCT (“short DUP”)
Boonstra 12.0 61.4 Multinational cohorts (“medium DUP”)
Addington 74.0 193.5 U.S. community clinics (“long DUP”)
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Panel A

Source/Notes: Authors’ simulation results

Panel B

Source/Notes: Authors’ simulation results

285
291

333

260
270
280
290
300
310
320
330
340

Short DUP Medium DUP Long DUP

Schizophrenia-related admissions per 1000 
pa�ent-years

65%

66%

71%

62%

63%

64%

65%

66%

67%

68%

69%

70%

71%

72%

Short DUP Medium DUP Long DUP

Receipt of SSI/SSDI benefits

Panel C

Source/Notes: Authors’ simulation results

Panel D

Source/Notes: Authors’ simulation results

60%
58%

41%

0%

10%

20%

30%

40%

50%

60%

70%

Short DUP Medium DUP Long DUP

Independent or family living

19%
17%

12%

0%
2%
4%
6%
8%

10%
12%
14%
16%
18%
20%

Short DUP Medium DUP Long DUP

Compe��ve employment

Fig. 1  Predicted Outcomes under each DUP

Table 2  Incremental gains from 
a pro-adherence intervention

Source/Notes: Authors’ simulation results

Absolute Gain Schizophrenia- 
related admissions 
per 1000 patient- 
years

Independent or family living Competitive employment Receipt 
of dis-
ability 
benefits

Short DUP 49 16% 10% 26%
Medium DUP 44 14% 7% 24%
Long DUP 29 10% 1% 22%
Relative Gain Schizophrenia- 

related admis-
sions per 1000 
patient- years

Independent or family living Competitive employment Receipt 
of Dis-
ability 
benefits

Short DUP 17% 27% 56% 40%
Medium DUP 15% 24% 39% 36%
Long DUP 9% 24% 6% 31%
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Discussion

Schizophrenia is a highly impairing mental illness often 
associated with severe social and occupational impairment, 
which along with frequent relapses, exact high costs largely 
borne by the healthcare and social services systems. Recog-
nition in the U.S. of this high disability burden coupled with 
mounting evidence that the prognosis of the illness can be 
improved through secondary prevention efforts targeting the 
early phase of the illness have spurred significant research 
and policy initiatives. Our study provides preliminary evi-
dence in need of empirical confirmation on the expected 
returns from these initiatives.

Our simulation results suggest that earlier treatment entry 
is associated with meaningful improvements in the likeli-
hood of independent or family living, competitive employ-
ment, receipt of disability benefits, and psychiatric hospi-
talization. Our results also suggest that these gains can be 
augmented by improving adherence to antipsychotic drugs 
during the early stage of the illness. While not widely avail-
able, evidence-based interventions to accelerate treatment 
entry and improve antipsychotic adherence do exist—these 
include early intervention services such as CSC, and pro-
adherence interventions such as LAI antipsychotics (Mih-
alopoulos et al. 2009; Stevens et al. 2016).

If our predictions related to transitioning from our “cur-
rent state” predictions (long DUP, oral treatment only) to our 
“best case” predictions (short DUP, early use of LAI treat-
ment) are borne out, patients’ quality of life should improve 
(Gaite et al. 2002; Norman et al. 2000), and healthcare and 
social service spending should decrease.

We acknowledge that the predicted gains accomplished 
through earlier access to treatment and better adherence in 
early-stage schizophrenia are smaller than those reported for 
interventions that are typically implemented in the chronic 
phase of the illness. For example, supported employment 
can increase the rate of employment by 18–55% points 
(Drake et al. 2016), and supported housing inclusive of 
intensive case management or assertive community treat-
ment can increase the rate of stable housing by 31% points 
(Aubry et al. 2015). However, these interventions are typi-
cally implemented later in the course of the illness, when 
patients have had years of living with a devastating illness, 
and their effects tend to dissipate after the interventions end.

Implications for Research

Although not all early intervention programs have been able 
to shorten DUP (Oliver et al. 2018), the goal of reducing 
DUP is attainable as demonstrated by successful programs 
(e.g., Melle et al. 2012). Over time, these programs cou-
pled with efforts to improve antipsychotic adherence will 

generate sufficient numbers of treated individuals to enable 
empirical research of their long-term effects on clinical, 
functional, and economic outcomes.

Implications for Policy

Our findings offer support for current research and policy 
initiatives to reduce time in uncontrolled psychosis, includ-
ing the previously mentioned NIMH’s funding opportunity 
and the “MHBG set-aside” policy, as well as Affordable 
Care Act-related insurance expansions (e.g., Beronio et al. 
2014). Additional policy efforts include educational initia-
tives such as programs targeting non-specialist clinicians 
on the detection and management of early psychosis (e.g., 
Lester et al. 2009).

Quality improvement interventions such as academic 
detailing and audit & feed-back may be used to heighten 
attention to antipsychotic drug adherence in early schizo-
phrenia and promote routine monitoring of adherence and 
greater use of evidence-based pro-adherence interventions. 
Greater use of LAI antipsychotics would require that provid-
ers have dedicated staff who can administer the injections. 
Payers could require ongoing measurement of antipsychotic 
drug adherence among beneficiaries with early-stage and 
chronic schizophrenia, for example, by using the relevant 
measure included in the core set of adult measures for Med-
icaid beneficiaries (Centers for Medicare & Medicaid Ser-
vices 2019).

Limitations

Our study has a number of limitations. This is a simulation 
study and as such, our findings are suggestive and in need of 
confirmatory empirical research. As any simulation study, 
we make several assumptions related to the structure and 
content of our model. Crucially, there is limited evidence on 
the effects of programs that aim to jointly reduce DUP and 
enhance antipsychotic drug adherence. However, we base all 
assumptions on empirical evidence augmented with expert 
opinion and our results are robust to different assumptions 
as demonstrated by our sensitivity analyses. Moreover, they 
are consistent with existing knowledge pertaining to early 
schizophrenia, namely, the critical importance of shortening 
time in psychosis, and better adherence outcomes for LAI 
agents relative to oral agents.
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Conclusion

Our simulation findings provide policymakers with prelimi-
nary estimates of the potential gains in long-term outcomes 
from ongoing efforts aimed at facilitating access to early 
intervention services for people with schizophrenia. Our 
findings also point to the potential benefits of a deliberate 
focus on improving antipsychotic drug adherence. While 
these simulation results will need to be confirmed with direct 
empirical evidence, they provide an initial indication of the 
value of a “time is brain” treatment paradigm in early-stage 
schizophrenia.
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