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Abstract

Objective—This study tested whether the incidence of hospitalization for psychosis was reduced

by a community-wide system of early identification and intervention to prevent onset of

psychosis.

Method—The Portland Identification and Early Referral (PIER) program was initiated in 2001.

Youth and young adults ages 12-35 were identified by professionals in a wide variety of

educational, health and mental health settings. PIER staff assessed, confirmed risk for psychosis

and provided treatment for 24 months to eligible and consenting young people (N=148). The

monthly rate of hospital admissions for first episode psychosis was the outcome measure for

efficacy of identification and intervention. Admission rates before and after the program began

accepting referrals were compared, both in the experimental area and in aggregated urban areas of

Maine. ARIMA models were used to assess the effect.

Results—Based on ARIMA models, the rate of hospitalized psychosis decreased significantly by

26% (95% C.I., -64% to -11%) in the Greater Portland area. Conversely, it increased by 8% (95%
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C.I. -5% to +36%) in the Urban Control area. Including increases in the control area, the actual vs.

expected difference (-26% -8%) was -34%. The change was largest for non-affective-non-

schizophrenic Disorders.

Conclusions—PIER demonstrated that population-wide early identification is feasible.

Preventive intervention can reduce rates of initial hospitalizations for psychosis in a mid-sized

city.

Clinical trial registration—The study was reviewed and approved by the Maine Medical

Center Institutional Review Board and registered at ClinicalTrials.gov (NCT01597141). All

research subjects gave informed consent prior to participating.

INTRODUCTION

Schizophrenia and the psychotic forms of the mood disorders remain a major challenge to

public health. Often associated with long-term disability, they rank high among all causes of

Disability-Adjusted Life Years 1. In the United States, it has been estimated that the annual

costs associated with schizophrenia alone are greater than $61 billion2. While improved

treatment of psychotic disorders can ameliorate disability, the prevailing approaches do so to

only a limited degree3.

Approaches to several other major causes of disability, such as cardiovascular disease and

cancer, increasingly emphasize early intervention, if possible prior to onset of frank disease.

A similar trend is emerging for psychotic disorders, where early intervention is increasingly

seen as a promising approach for preventing initial episodes as well as for reducing

associated disability4-6. Recent research has focused on the “prodromal” period within

which it is possible to identify individuals at clinical high risk (CHR) for psychosis7. The

preventive treatments tested have included psychoeducational multifamily groups, cognitive

therapy, assertive community treatment, antipsychotic medication and omega-3 fatty

acids8-16. A recent meta-analysis estimated the risk ratio achieved by preventive intervention

to be .34 (95% C.I., .219-.575, p<.001)17. There are legitimate concerns about potential

adverse effects of interventions on youth who may not develop psychosis, but these have not

yet been documented, with the exception of antipsychotic drugs 18.

No previous large study has examined a central question for public health: can a

community-wide effort to enhance early identification and treatment have a meaningful

impact on incidence of psychotic disorders at the community level? One small-scale effort in

the United Kingdom suggested that such an effect might be possible 19.

In the present study, a community-wide intervention, the Portland Identification and Early

Referral (PIER) program, was implemented for persons age 12-35 years, in Greater

Portland, Maine20. The goal of PIER was to reduce the incidence of psychotic disorders.

PIER involved identification and referral for treatment of at-risk youth by primary care and

pediatric physicians, and psychiatric, counseling, guidance and nursing personnel in

educational, community mental health and health organizations and practices. Assessment of

effects on true incidence requires community-ascertained measurement of rates of onset of

psychosis; this was not feasible for this study. Instead, we compared the rate of first hospital
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admission for psychosis in the Greater Portland area, before and during implementation,

with the rate in three urban areas of Maine where PIER was not implemented. This is a

meaningful measure of impact on mental health policy and economics. The intervention and

control areas were well defined communities, and historical data allowed us to account for

secular trends. In a community-based quasi-experimental design, a sizable and significant

effect on incidence of first-episode admissions requires both accuracy of early identification

and efficacy of the preventive treatment, thereby alleviating some of the uncertainty in

indicated prevention.

METHODS

Overall study design

This indicated prevention study attempted to identify and offer treatment to consenting CHR

persons ages 12-35 in the Greater Portland, Maine area. Three control areas neither

contained nor received comparable community or clinical interventions during the study

period. The primary outcome measure was change in rate of first hospital admission for

psychosis (RFHAP). We hypothesized that in Greater Portland the RFHAP would be lower

in the experimental period (2001-2007) than in the historical control period (1999-2000),

and that this reduction would not be observed in the control areas during the same periods.

In accepting referrals and computing RFHAP in the intervention and control areas, we

adhered rigorously to age and geographic criteria as required for a valid test. Since two

control areas were contiguous with Greater Portland, the intervention may have influenced

practices in these two areas and attenuated the effect.

Study population

The Greater Portland area comprised 25 towns, including the city of Portland, its suburbs

and a few surrounding rural areas. The total population was 313,918 in 2000 and increased

to 326,603 by 2010. The control areas (henceforth Urban Control areas) comprised the three

other most urban areas in Maine, each having a comparable population in 2000: Bangor

(284,166), Augusta (276,450) and Lewiston-Auburn (201,298). Their combined population

was 761,914 in 2000, and that increased to 796,484 by 2010. Thus, the total population

increased by 4% in both the Greater Portland and Urban Control areas. The 12-35 year age-

specific population in 2000 was 92,565 and 223, 585, respectively, and over the subsequent

decade increased more in Greater Portland (8% vs. 4%). Greater Portland is almost entirely

urban or suburban, whereas substantial parts of the Urban Control areas are rural (population

per square mile: 3,493 in Portland, 1,043 in Lewiston, 444 in Bangor and 207 in Augusta;

the density ratio, Portland:mean Urban Control area, is 6.2:1. The Greater Portland

population is relatively stable, with limited in-and out-migration, and largely homogeneous

with respect to race (96% Caucasian), although many diverse immigrant cultures are

represented in small numbers. Despite some in-migration by international refugees during

the study period, the Urban Control areas are similarly stable and homogeneous (95-98%

Caucasian).
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Computation of RFHAP

Counts per month for first hospital admissions for psychosis during the historical control

(from the 2nd quarter of 1999 through the first quarter of 2001) and experimental (2nd

quarter of 2001 through the 3rd quarter of 2007) periods were determined for Greater

Portland and the Urban Control areas. The data were derived from that collected by the

Maine Health Data Organization (MHDO). The database includes all persons hospitalized in

Maine and records their discharge diagnoses, age and residence.

Independent analysts at the Maine Health Information Center selected inpatient discharges

in the MHDO database meeting the following inclusion criteria: residing in the study

catchment areas at the time of admission, at least 12 and less than 36 years of age, and a

principal discharge ICD-9 diagnosis code of: schizophrenic disorder (295.xx), or mood

disorder with psychotic features (296.x4), or non-affective non-schizophrenic psychosis

(Brief Psychotic Episode or Psychosis NOS; 297.x or 298.x). The principal measure for

analysis was the aggregate of these categories, i.e., all non-organic psychoses. This

corresponded with the psychotic diagnoses identified in the prodromal stage and those used

to define psychosis in a recent survey of incidence of psychosis21. Each admission was

assigned an ordinal designation within each individual’s record. Counts for RFHAP were of

all the admissions that were not preceded by another for a clearance period of at least 9 years

preceding the starting date for the historical control period. Counts of admissions were then

categorized by 28-day month (n=110 months) and area. Geographic assignment was by

residential zip codes, not location of hospital.

Computation of rates

Although ARIMA was appropriate for our primary analysis in this study, this approach can

be vulnerable to changes in population denominators. We computed incidence rates of first

hospitalizations for psychoses. This enabled us to verify that we obtained consistent results

when the denominators were taken into account, and to compare our results with other

studies reporting incidence of hospitalized psychoses in well-defined populations. The

computation of rates (cases/person-years observation) requires person-year denominators,

here derived from 2000 and 2010 U.S. Census data for each area. Age-specific (12-35 years)

and total population data were estimated for each year based on an assumption of linear

change between the censuses. The population denominator for each period was the mean for

the years within that period. We refer to the rate using this denominator as the annual

incidence rate of hospitalized psychosis for the respective periods.

Outreach and case-finding operations

The PIER clinical team had two functions: outreach to, and education for, referring

professionals, and assessment and treatment. These functions have been described

previously20,22 To summarize, a key strategy in this community-wide effort was widespread

education outside, as well as within, the mental health system. PIER team staff educated

over 7200 physicians, school and college counselors, community mental health practitioners,

community agency staff and others who had ongoing contact with potentially at-risk youth

and young adults, as well as their parents. These training meetings provided information on

the prodromal signs of psychosis, promoted the benefits of early treatment, and encouraged
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rapid referral of appropriate cases20. All those not meeting criteria were promptly referred to

other clinical services.

Initial and conversion assessment

In the experimental area and period, assessment and treatment were recommended and

offered to all referred, eligible and consenting youth. Inclusion criteria were: meeting CHR

criteria, residing in the catchment area at the time of referral, being 12 to 35 years of age and

giving informed consent or assent to research. Exclusion criteria included: a prior psychotic

episode greater than 30 days in duration, IQ by history of less than 70, and evidence that

psychotic symptoms were solely due to medical or toxic causes. Otherwise, those with

substance abuse disorders were included. After a screening telephone interview, the PIER

clinical team assessed for CHR of psychosis using the Structured Interview for Prodromal

Syndromes (SIPS 23). Only those meeting the scale’s criteria for the prodromal syndrome

were admitted to the study for treatment; if the individual met Presence of Psychotic

Syndrome (POPS) criteria on any of 5 positive symptoms, he or she was excluded.

Conversion to psychosis after intake was rated against the same POPS criteria 23. In this

study, agreement between a criterion rater of SIPS ratings and the interviewers was 88%

(Kappa = .778) 20, 23.

Intervention

The interventions were designed to prevent the onset of psychosis. The interventions offered

to eligible patients were a specially-adapted version of Family-aided Assertive Community

Treatment (FACT) or an attenuated version. FACT is an evidence-based combination of

psychoeducational multifamily group treatment, assertive community treatment and

supported employment and education 10, 20, 24. The attenuated version comprised education

and crisis intervention for the family, psychotropic medication administered by the same

criteria as in the FACT condition and, if needed, quarterly outreach to prevent drop-out.

Although 50 (34%) cases were randomly assigned to the attenuated version, 24 month

conversion rates, at 10% vs. 14%, were low, not significantly different and therefore

contributed equally to RFHAP. All cases were monitored monthly by clinicians and assessed

longitudinally by independent research interviewers for 24 months.

Statistical analysis

In both the Greater Portland and Urban Control areas, first hospitalizations for psychosis (as

defined above) were divided into the historical control and experimental periods, i.e. before

and after the beginning of the PIER intervention on May 6, 2001; the time series ended on

September 30, 2007. To account for strong weekly hospitalization cycles, the study

discharges were aggregated into 28-day totals for both the Greater Portland and Urban

Control areas. Each time series of 110 observations was then fitted to Auto Regressive

Integrated Moving Average (ARIMA) intervention models 25, 26. Where Yt is the number of

cases observed in the tth of 110 28-day periods and where It is a (0,1) binary variable coded

for the onset of the PIER program, these models can be written as
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L(νt) is a lagged ARIMA polynomial constructed empirically to satisfy the “white noise”

criterion,

Since L(νt) has no substantive interpretation, its structure can be ignored. Parameters α and

β, interpreted as the pre-PIER time series mean and the post-PIER change in mean, were

estimated with SCA27 for the Greater Portland and Urban Control areas. Maximum

likelihood estimates were calculated for the two time series. The change for each area was

expressed as the post-PIER change in mean as a % of the historical control period mean,

while the net difference was expressed as the % change in the Greater Portland area minus

the % change in the Urban Control area.

As noted earlier, we also conducted a secondary analysis, in which we computed average

annual incidence rates of first hospital admissions for psychoses. We report these as “mean

annual rates of N per 100,000 persons”. This is essentially equivalent to reporting rates in

terms of N per 100,000 person-years, but takes into account that annual rates were derived

by averaging across years. As a means of confirming that the intervention was the primary

cause of changes in RFHAP, admissions per quarter were tested for correlation with

quarterly counts of PIER program intakes from 2003 through 2007, after the majority of

community education was completed and intake rates had stabilized.

RESULTS

Individuals referred and treated

The cases treated by the PIER clinical team in the experimental area were drawn from 404

referrals that had been screened for likelihood of meeting CHR criteria from May 6, 2001 to

September 30, 2007. Of those, 285 (71%) were interviewed and assessed using the SIPS,

148 (37%) met its associated criteria and, of those, 139 (94%) accepted assignment to

treatment and 9 (2%) withdrew. Thus, 56% of youth identified by those trained either met

CHR criteria (on average, 23 of 42 cases per year) and offered treatment or were found to be

in an early stage of psychosis (n =79, 20%, 13 per year) and were referred elsewhere for

treatment. The mean age was 16.6±3.2 years; 53% (n = 78 of 148) were male. As

determined by POPS criteria, the overall conversion rate was 8% (n=11 of 148) during the

first 12 months.

Admissions meeting criteria

In the MHDO database, there were 13,936 admissions that met the age and diagnostic

criteria and living in the control or experimental areas, from which were drawn the cases

that were admitted during the study period and that met the first hospitalization criterion.

That subset comprised 779 first admissions for psychosis during the historical control period

and 2,283 during the intervention period, a total of 3,062.
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Effects on rate of first hospital admissions for psychosis: analysis by ARIMA

First hospitalizations in the Greater Portland area decreased significantly during the

intervention period. Conversely, first hospitalizations in the Urban Control areas increased

(see Table 1). Hospitalizations dropped by 2.82 (95% C.I., -4.01 to -1.63) per 28-day month

in the Greater Portland area following the PIER intervention. This 26% reduction translates

into 189 fewer hospitalizations during the 332 weeks of the PIER intervention, or 29.7

admissions per year. The reduction is statistically significant by the most conservative

criteria. In the Urban Control area, on the other hand, hospitalizations rose by 1.41 (95%

C.I., -2.28 to +5.12) per 28-day month, an increase of 8% (see Figure 2). Including increases

in the control area, the actual vs. expected difference (-26% -8%) was -34%. The 36 CHR

and early first episode cases identified per year approximated the 29.7 calculated to have had

initial hospitalizations avoided. The changes were largest for Non-affective-Non-

schizophrenic Disorders (-30%) and, in decreasing order, for the Schizophrenic Disorder

(-26%) and Mood Disorder with Psychosis subgroups (-19%; see Table 2). To reduce the

possibility of a spurious effect, we examined correlation between PIER intake rates and

RFHAP. From 2003-2007, quarterly RFHAP and PIER intakes were significantly and

inversely correlated (r = -.75, p<0.001) 20.

Analysis of incidence rates

The mean annual admission rates for age 12-35 years in the Greater Portland area were

148.1/100,000 (44.7/100,000 total population) during the historical control period vs.

107.9/100,000 (33.0/100,000 total population) in the experimental period (see Table 3). The

comparable rates in the control area were 106.3/100,000 (30.9/100,000 total population) vs.

110.5/100,000 (33.3/100,000 total population), respectively. In Greater Portland, the annual

difference between historical control and experimental periods was -40.2/100,000

(-11.7/100,000 total population).

DISCUSSION

This study is the first to report reduced incidence of hospitalizations for psychotic episodes

using an indicated prevention strategy and methods on a large, systematic and community-

wide scale. In an attempt to reduce the inherent ambiguity of predictive methods in

psychiatric populations, the approach was intended to confirm the accuracy of the methods

being used for identifying and treating preventively. RFHAP reduction requires both

accurate identification and timely, effective preventive treatment, population-wide.

Principal findings

There was a large and significant decrease in first admissions for psychosis from historical

control to intervention periods in the Greater Portland area, while that measure increased in

the Urban Control catchment area. The largest difference was for Psychosis NOS/Brief

Psychotic Episode, the diagnosis group with the least precision but that corresponded to the

type of cases that were identified. The second largest effect was for Schizophrenic

Disorders, the original target of the early intervention paradigm28. In addition, in the Greater

Portland area the RFHAP rate was inversely correlated with treatment intakes, suggesting

that changes in RFHAP were largely associated with the intervention program.
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Comparison to other studies

The computation of annual incidence rates makes it possible to compare our results with

previous studies. The results based on annual incidence rates were concordant with the

ARIMA analysis. In two recent studies that reported national age-specific incidence rates of

first hospitalizations for psychosis, the annual incidence rates were somewhat lower than in

our study29, 30. This might be partly due to the selection of urban vs. semi-urban areas for

our study. There may also be other unknown reasons. The relatively high rates for this study

suggest that reduced hospitalization did not result from restrictions on access to hospital

admission.

Support and threats to validity

The strength of this study lies in its simultaneous evaluating whether the community-wide

process led to identification, accuracy of the identifying criteria and efficacy of the treatment

in preventing hospitalization among at-risk youth and young adults. Failure of any one of

those components would obviate a measurable effect. The database was comprehensive and

of sufficient duration, statistical power and diagnostic detail to support the analysis.

Although first hospital admission rates do not capture non-hospitalized persons with

psychoses, they are highly relevant to public health and mental health policy. The data

presented here suggest that the reduction in the proportion of initial episodes that required

hospitalization was primarily due to mitigation of symptoms that lead to acute episodes and

other manifestations of psychiatric disorder. Further, because they were rarely hospitalized,

cases of early psychosis also contributed to a reduced RFHAP, even though they were

referred to but not treated by the PIER team and, in the technical sense, were not prevented

from psychosis. Prevention of the initial episode of psychosis, regardless of diagnostic

distinctions, makes possible a longer-term reduction in prevalence, even if only delaying the

initial episode allows those at risk to develop additional resistance to later episodes. Given

the enormous costs of providing inpatient treatment2, early intervention may reduce costs of

care for a population that ultimately represents 2-3% of the adult population.

A legitimate concern about pre-psychotic intervention is that a majority of high risk youth

(approximately 60-80%) will not develop psychosis within 1-2 years in the absence of

treatment31. Recent reports indicate, however, that those who do not develop psychosis

already have or will develop another psychiatric disorder and are therefore likely to benefit

from early intervention 32, 33. Many will develop psychosis years later 34, 35. Because they

were very early in the onset phase and of lower severity, many first-episode cases referred to

PIER avoided hospitalization altogether. These factors mitigate such concerns, although

they need further examination. Finally, it is possible that intervention has some adverse

effects 29.

While the reduction of RFHAP was on the order of 26-34%, 66-74% of the first-admission

rate was unaffected. A significant reduction to the burden of disease is in itself important,

but further research on pathways to psychosis is needed. Some youth who did not meet

criteria were at risk for a later psychosis or were experiencing non-psychotic disorders. Few

referrals of adults in the late-20 to 35-year age range were received. Population-based public
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education, as occurs in medical disorders, might increase self-referrals in population

subgroups missed by PIER.

Hospitalization for psychiatric disorders can be influenced by a variety of secular trends that

can lead to spurious findings regarding incidence rates. The change in hospitalization rate or

differences between areas could have been due to factors other than the intervention alone

rates, e.g., outpatient service availability. However, the time series statistic tests the

difference at the precise point of initiation of the PIER intervention, greatly reducing the

chance that the effect was due to other unknown causes. Though the areas are potentially

non-equivalent, the control areas in large part abut Greater Portland geographically and are

similar epidemiologically and socioeconomically. Thus, the differences in admission rates

corresponded precisely to the beginning of the PIER intervention and the boundaries of the

catchment areas. The inherent incidence inaccuracy in this study is balanced by the fact that

this dataset includes virtually all admissions of clinically incident cases among the

population of Maine. The most plausible and parsimonious explanation is that the change

observed was due to the intervention itself.

This study in a mid-sized U.S. city suggests that combined early identification and treatment

can be effective as a public health approach for reducing rates of hospitalized first psychotic

episodes, by about 1/3. It offers promising possibilities for reducing the tremendous

personal, social and economic burdens imposed by the psychotic disorders. We are currently

testing the same system in six cities with more diverse populations33. We hope that this

study will promote wider testing and implementation of the indicated prevention approach.
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Figure 1.
Rates of hospital admission for first episode psychosis: Greater Portland Area vs. Urban

Control Area
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Figure 2.
Rates of hospital admission for first episode psychosis per 100,000 per year: Ratio of

Greater Portland area to Urban Control area, 1999-2007

The ratio is the rate for FEP hospitalizations per 100,000 persons age 12-35 per calendar

year in Greater Portland divided by the same rate for the Urban Control area in the same

year.
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