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theory of schizophrenia (7) suggests that heavy exposure 
to any drug of abuse, especially one that can cause acute 
psychosis, might interact with risk factors to increase vul-
nerability to development of persistent psychosis, we also 
included a second stimulant group (cocaine) as well as 
three nonstimulant drug use groups (cannabis, alcohol, 
and opioids) in our analyses.

M ethod

Data

The study was approved by the Research Ethics Board of the 
Centre for Addiction and Mental Health in Toronto. We used 
California inpatient hospital admissions data from 1990 through 
2000. The California Office of Statewide Health Planning and De-
velopment (OSHPD) provided anonymized individual-level in-
patient data collected from all California-licensed hospitals. The 
data set consisted of a record for each inpatient discharge from 
a licensed hospital (general acute care, acute psychiatric, chemi-
cal dependency recovery, and psychiatric health facilities) but 
excluded federal hospitals. Each medical record can contain up 
to 25 diagnoses per hospital admission episode. Inpatient data 
were screened by the OSHPD’s automated data entry and report-
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O b je c t iv e :  Clinical investigators in Japan 
have long suggested that exposure to 
methamphetam ine m ight cause a per-
sistent schizophrenia-like psychosis. This 
possibility is discounted in the Western 
literature. To investigate the relationship 
between drug use and later schizophre-
nia, the authors conducted a large-scale 
cohort study of drug users initially free of 
persistent psychosis.

M e thod :  A population-based cohort 
study was conducted using data from  Cali-
fornia inpatient hospital discharge records 
from  1990 through 2000. Patients w ith 
methamphetam ine-related conditions 
(N=42,412) and those w ith other drug use 
disorders (cannabis, cocaine, alcohol, and 
opioids) were propensity score-matched 
to individuals w ith primary appendicitis 
who served as a population proxy com -
parison group; the methamphetam ine 
cohort was also matched to the other 
drug cohorts. Cox modeling was used to 
estimate differences between matched 
groups in the rates of subsequent adm is-
sion w ith schizophrenia diagnoses.

R e su lts :  The methamphetam ine cohort 
had a significantly higher risk of schizo-
phrenia than the appendicitis group (haz-
ard ratio=9.37) and the cocaine, opioid, 
and alcohol groups (hazard ratios ranging 
from  1.46 to 2.81), but not significantly 
different from  that of the cannabis group. 
The risk of schizophrenia was higher in 
all drug cohorts than in the appendicitis 
group.

Co n c lu s io n s :  Study lim itations include 
difficulty in confirm ing schizophrenia di-
agnoses independent of drug intoxication 
and the possibility of undetected schizo-
phrenia predating drug exposure. The 
study ’s findings suggest that individuals 
w ith methamphetam ine-related disor-
ders have a higher risk of schizophrenia 
than those w ith other drug use disorders, 
w ith the exception of cannabis use disor-
ders. The elevated risk in methamphet-
am ine users may be explained by shared 
etiological mechanism s involved in the 
development of schizophrenia.

Epidemiological studies have suggested that use of 
cannabis may increase the risk of developing schizophre-
nia (1). However, an earlier literature, still controversial, 
suggests that abuse of methamphetamine could also trig-
ger the development of persistent psychotic syndromes 
(2). Clinical investigations in Japan describing persistent 
psychosis in some methamphetamine users long after 
drug withdrawal support this possibility (3). In Western 
psychiatry, however, a prolonged psychosis in the drug-
free state is not generally viewed as a feature of chronic 
methamphetamine exposure, and when such a psychosis 
is observed, it is thought to be explainable in toto by a pre-
existing (undiagnosed) psychotic disorder (4). Neverthe-
less, two Clinical Case Conference articles in this journal, 
spanning a 14-year period, have focused specifically on 
the still unresolved possibility that methamphetamine ex-
posure may induce a persistent psychotic state (5, 6).

In this study, we used data from a large cohort sample 
to assess whether the incidence of schizophrenia is el-
evated in methamphetamine users who were free of psy-
chosis before drug use. Because the stress-vulnerability 
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to schizophrenia or substance use disorders, has a well-defined 
clinical course (15), and has been used successfully as a popula-
tion proxy comparison condition in other epidemiological stud-
ies (16, 17). The incidence rate of schizophrenia in the unmatched 
appendicitis group in our study (13.9 per 100,000 years, 95% con-
fidence interval=11.6–16.5, N=188,732; mean group follow-up 
time=4.88 years; 128 incident cases) was similar to that report-
ed in a recent systematic review of literature (median=15.2 per 
100,000 person-years; central 80% of the cumulative distribution, 
7.7–43.0) (18).

S e condar y  p o pu la tio n  p ro x y : e xc lu s io n  c r ite r ia  g ro up . We 
created an additional population proxy comparison group based 
on appendicitis group assignment exclusion criteria 3 and 4 listed 
above. This exclusion criteria comparison group was created as 
follows: 1) we selected all individuals who were not assigned to 
any of the alcohol or drug cohorts as potentially eligible for the 
exclusion criteria comparison group; 2) we randomly selected 
one admission per individual in this initial group and designated 
the selected admission as the index admission; 3) to be eligible 
for the exclusion criteria comparison group, individuals could 
not have any prior or concurrent indication (in relation to their 
index admission) of drug use (see Table 1 for ICD-9 codes) or 
schizophrenia or schizophrenia-related conditions (as defined 
previously); and 4) eligible individuals could not have any drug 
episodes prior to or concurrent with their schizophrenia outcome 
or the end of the study period, whichever occurred first.

D rug  co ho r ts . Patients were assigned to only one of the follow-
ing drug cohorts: methamphetamine, cocaine, opioids, cannabis, 
or alcohol. To be assigned to a drug cohort, an individual must 
have had 1) an ICD-9 diagnosis, in any diagnostic position in the 
medical record, indicating a condition in only one single drug cat-
egory (Table 1) at index admission; 2) no prior or concurrent indi-
cation (in relation to the index drug admission) of schizophrenia 
spectrum disorders (ICD-9 codes 295.x, schizophrenic disorders; 
297.x, delusional disorders; 298.x, other nonorganic psychoses; or 
301.2, schizoid personality disorder); 3) no concurrent diagnoses 
at index admission of drug-induced psychoses (code 292.1, drug-
induced psychotic disorders); and 4) no prior, concurrent, or sub-
sequent indication (in relation to the index admission) of any al-
cohol or drug use diagnoses other than that of their assigned drug 
cohort as listed in Table 1. In other words, the algorithm excluded 
individuals from a drug group who had any ICD-9 diagnostic 
codes within a medical record or across records indicative of drug 
use other than that designated by their drug group membership. 
For example, individuals assigned to the methamphetamine 
group could have only methamphetamine-related ICD-9 diag-
nostic codes in any of their inpatient records (in any diagnostic 
position) from the time of their first discharge event to the time of 
the first schizophrenia admission (or the study end date).

The ICD-9 coding framework does not distinguish between 
methamphetamine and other amphetamines. However, it is likely 
that the ICD-9 amphetamine-related codes can serve as reason-
able proxies for methamphetamine-related conditions based on 
two lines of evidence. During the time frame of our study, almost 
all amphetamine-related admissions to substance abuse treat-
ment in California were specifically for methamphetamine. From 
1992 through 2000, there were 225,999 primary amphetamine-
related inpatient and outpatient treatment admissions to pub-
licly funded substance abuse treatment programs in California, 
and methamphetamine accounted for 96.4% of these episodes 
(19). Also, in California, Arizona, and Nevada, federal legislation 
to control methamphetamine precursors in order to reduce the 
manufacture and supply of methamphetamine produced sta-
tistically significant reductions in inpatient hospital admissions 
with the methamphetamine-related ICD-9 diagnostic codes we 
used in our study (20)—a pattern supporting the use of the ICD-9 

ing software program (MIRCal), and data fields with error rates of 
0.1% or higher were returned to the hospitals for correction (8, 9). 
Reabstraction studies comparing OSHPD inpatient data files with 
original medical records found specificities for diagnoses ranging 
from 0.98 to 1.00 and sensitivities for diagnoses ranging from 0.88 
to 1.00 (8–10).

Outcom e  M ea su re

The primary outcome variable was time to readmission with 
any of the four characteristic schizophrenia diagnoses specified in 
ICD-9 (code 295.1, disorganized type; 295.2, catatonic type; 295.3, 
paranoid type; 295.6, residual type). Other ICD-9 295 schizophre-
nia codes were excluded (e.g., schizophreniform, schizoaffective) 
to ensure use of the strictest definition of schizophrenia for com-
parison purposes. Reabstraction studies have found high agree-
ment for schizophrenia-related diagnoses between medical chart 
information and ICD-9-based administrative data files, ranging 
from 90% to 100% (11–13).

Pa tien t G roup s

P r im ar y  p o pu la tio n  p ro x y : app end ic itis  g ro up . Patients 
with a primary appendicitis-related diagnosis were included in 
the appendicitis group if they had the following characteristics: 
1) a primary diagnosis of an appendicitis-related condition (ICD-
9 codes 540–542) at index admission; 2) no prior or concurrent 
indication (in relation to the index appendicitis admission) of any 
schizophrenia spectrum disorder (codes 295.x, schizophrenic 
disorders; 297.x, delusional disorders; 298.x, other nonorganic 
psychoses; or 301.2, schizoid personality disorder); 3) no concur-
rent diagnoses at index admission of drug-induced psychoses 
(code 292.1, drug-induced psychotic disorders); and 4) no prior, 
concurrent, or subsequent indication of any alcohol or drug use 
diagnosis. The codes used are listed in Table 1.

Appendicitis was selected as the primary population proxy 
comparison condition because it is a relatively common reason 
for hospital admissions, is not associated with socioeconomic 
status (14), does not appear on theoretical grounds to be related 

TA BLE  1 . ICD -9  A lcoho l and  D rug  Code s U sed  to  Id en tify  
Coho rt G roup s

Drug Category and 
ICD-9 Code Description

Alcohol
  303 Alcohol dependence
  305.0 Alcohol abuse
  980.0 Alcohol (ethyl) poisoning
Methamphetamine
  304.4 Methamphetamine dependence
  305.7 Methamphetamine abuse
  969.7 Methamphetamine poisoning
  E854.2 Accidental methamphetamine poisoning 
Cocaine
  304.2 Cocaine dependence
  305.6 Cocaine abuse
  968.5 Poisoning by cocaine
Opioids
  304.0 Opioid type dependence
  305.5 Opioid abuse
  965.0 Poisoning by opiates and related narcotics
Cannabis
  304.3 Cannabis dependence
  305.2 Cannabis abuse
  969.6 Poisoning by cannabis (derivatives)
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a significantly greater risk of readmission with a schizo-
phrenia diagnosis than individuals in the appendicitis or 
exclusion criteria cohorts (Table 3). The results generated 
from use of either of the population proxies demonstrat-
ed, in each drug group, similarly elevated risks of schizo-
phrenia, similar patterns of statistical significance, and 
overlapping 95% confidence intervals for the correspond-
ing hazard ratio estimates.

M atche d  m e tham phe tam ine  and  o th e r d ru g  co ho r t 

an a ly se s . In the final Cox models, individuals assigned to 
the methamphetamine group manifested a significantly 
greater risk of readmission with a schizophrenia diagnosis 
than individuals in the cocaine, alcohol, and opioid drug 
groups, but no difference in hazard in comparison with 
the matched cannabis group (Table 4).

Sum m ary  o f  M a in  F ind ing s

Figure 1 presents a visual summary of the main findings. 
The panel on the left demonstrates a significantly elevated 
risk of schizophrenia in all of the drug groups relative to 
the appendicitis comparison group, with the metham-
phetamine group, followed by the cannabis cohort, having 
the highest hazard ratio point estimates. The panel on the 
right shows that the methamphetamine cohort has a sig-
nificantly higher risk of schizophrenia than all of the drug 
comparison groups except the cannabis cohort.

Sen sitiv ity  A na ly se s

As shown in Table S1 in the online data supplement, we 
found that the Cox models with propensity score match-
ing and traditional Cox modeling with covariate adjust-
ment produced 1) the same pattern of statistical signifi-
cance across each of the analyses listed in Tables 3 and 4; 
2) the same pattern of elevated risk of schizophrenia in 
the methamphetamine group relative to the appendicitis 
comparison group and the other drug cohorts; 3) similar 
patterns of an elevated risk of schizophrenia in the other 
drug groups relative to the population proxy comparison 
groups; but 4) more conservative hazard ratio estimates in 
the propensity score matching approach in the drug co-
horts relative to the population proxy comparison groups.

To reduce the possibility that our findings were affected 
by patients’ having received psychosis-related diagnoses 
before the start date of the study (July 1, 1990), we repeat-
ed the analyses listed in Tables 3 and 4 but with a study 
start date of July 1, 1992, thus ensuring that the sample 
analyzed had at least a 2-year period without such diag-
noses. The resulting Cox regression hazard ratio estimates 
and statistical significance patterns were similar (data not 
shown).

D iscu ssion

We found that methamphetamine users who have 
been hospitalized have a much higher risk of receiving a 
subsequent diagnosis of schizophrenia than do matched 
population proxy groups. However, in comparison with 

amphetamine-related codes as sensitive indicators of metham-
phetamine use disorders.

Ana ly sis

P ro p en sit y  s co re  m a tch in g  and  Co x  re g re ss io n . We chose 
the propensity score matching method as our primary approach 
because research suggests that conventional regression meth-
ods with covariate adjustment can produce biased estimates of 
treatment or outcome effects if there is extreme imbalance in the 
background characteristics of the examined study groups (21). As 
can be seen in Table 2, our unmatched cohort groups varied con-
siderably across age, race, and sex—all of which are significantly 
related to the incidence of schizophrenia—as well as patterns of 
readmission and the average amount of time from index admis-
sion to the end of the study period (which would lead to an ascer-
tainment bias of schizophrenia across groups). Propensity score 
matching offered a technique to avoid possible confounding aris-
ing from such initial differences across cohorts.

We used a 1:1 propensity score matching procedure (22) to 
create groups matched on age at index admission, race (white, 
black, Hispanic, other), sex, time from the index admission to the 
last date in the study file, California region of patient’s residence, 
Charlson comorbidity index score (a clinical severity algorithm 
providing a weighted score based on the presence of major medi-
cal comorbidities diagnosed at the index admission in the study) 
(23), and number of hospital admissions following index admis-
sion until the outcome event or study end, whichever occurred 
first. Balance between variables in all of the propensity score-
matched samples was assessed using standardized differences 
(d), where a value of d >10 represented a meaningful difference 
between groups (24).

Co x  re g re ss io n . The Cox proportional hazards method was used 
to compare differences in hazard of readmission with schizophre-
nia between the matched drug cohorts and population-proxy 
control groups and between the matched methamphetamine 
group and drug cohorts. All Cox models involving propensity 
score-matched groups used a robust variance estimator to ac-
count for the matched nature of the sample (25).

Re su lts

Table 2 summarizes the characteristics of all eligible 
individuals assigned to the unmatched comparison and 
drug groups. Approximately 93% of individuals in the 
methamphetamine group (N=42,412) received a single 
ICD-9 diagnostic code for either methamphetamine 
abuse (304.4) or methamphetamine dependence (305.7).

P ropensity  Sco re  M atch ing

None of the matched cohort groups listed in Tables 3 
and 4 (or in Table S1 in the data supplement that accom-
panies the online edition of this article) had any meaning-
ful standardized differences across any of the continuous 
variables or any level of the categorical variables used in 
the propensity score matching process. Hence, we fol-
lowed the recommended approach and did not include 
any of the matching variables in the Cox modeling proce-
dures (26).

Cox  Reg re ssio n

M atche d  d ru g  and  p opu la tio n  p ro x y  co ho r ts . The final 
Cox models demonstrated that individuals assigned to the 
methamphetamine group or to the other drug cohorts had 
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data are available from large-scale, sufficiently powered 
longitudinal studies specifically investigating the possible 
influence of the other drugs of abuse we examined here in 
relation to schizophrenia, and our findings therefore re-
quire independent replication (27). In this regard, one of 
the original Swedish cohort investigations (28), although 
focused on cannabis, reported a significant univariate as-
sociation between risk of schizophrenia and use of stimu-
lants. The authors noted, however, that this effect did not 
appear in the multivariate analyses, and the study design 
was not adequately powered to address this question.

Our findings are consistent with and extend the per-
spective of our colleagues in Japan who propose that 
methamphetamine can produce prolonged psychotic 

the other drug use groups, the risk was similar to that of 
cannabis users and modestly higher than that of users of 
alcohol, cocaine, or opioids. Somewhat surprisingly, the 
risk of schizophrenia was also higher in users of all exam-
ined drugs compared with the proxy comparison groups.

Com parison  W ith  Ex isting  Lite ra tu re

Our finding of an elevated risk of developing schizo-
phrenia in cannabis users not only supports similar find-
ings from previous longitudinal studies (1) but also con-
tributes to this literature by showing that an even greater 
risk of subsequent schizophrenia can be observed in a 
group of (likely) heavy cannabis users having a severity 
that warranted a hospital diagnosis. To our knowledge, no 

TA BLE  3 . R isk  o f  Sch izoph ren ia  in  P ropen sity  Sco re -M a tched  D rug  Coho rts  and  Popu la tion  P roxy  Com parison  G roup s

Appendicitis Cohort as Matcheda Reference Group Exclusion Criteria Cohort as Matcheda Reference Group

Group Total Nb Eventsc
Hazard 
Ratiod 95% CI p Total Nb Eventsc

Hazard 
Ratiod 95% CI p

Appendicitis 352,024e 102:83 1.23 0.93–1.63 0.15
Methamphetamine 72,324 324:34 9.37 6.59–13.32 <0.001 78,474 343:20 17.49 11.15–27.45 <0.001
Cocaine 43,752 177:31 5.84 3.99–8.55 <0.001 66,386 350:41 8.57 6.20–11.84 <0.001
Alcohol 243,064 535:97 5.56 4.48–6.90 <0.001 722,974 2028:313 6.47 5.75–7.29 <0.001
Opioids 90,436 180:49 3.60 2.63–4.94 <0.001 101,480 224:51 4.32 3.19–5.86 <0.001
Cannabis 41,670 155:19 8.16 5.08–13.12 <0.001 44,348 164:12 13.56 7.56–24.31 <0.001
a	Cohorts were matched 1:1 on age, race, sex, time from the index admission until the last date in the study file, California region of patient’s 

residence, Charlson comorbidity index score at index admission, and number of hospital admissions following index admission until re-
admission with schizophrenia (the outcome measure) or study end, whichever occurred first. The exclusion criteria group is described in the 
Method section.

b	This column represents the total combined number of individuals across both matched cohorts that were included in the Cox modeling; 
each cohort had a sample size of one-half of the number listed in this column.

c	The numbers before and after the colon represent the number of schizophrenia events in the target cohort and in the reference group, 
respectively.

d	Covariate adjustment on matching variables in the Cox models is not necessary if groups are balanced across covariates (26); all matched 
groups in this table showed balance, measured according to standardized differences (24) across all continuous variables as well as all levels 
of categorical variables used as covariates in the propensity score matching process.

e	The appendicitis group and the exclusion criteria group are not mutually exclusive, by definition, but have some overlap. In our compara-
tive analyses, matched pair duplicates across cohorts represented 4.7% of the overall combined sample size (N=352,024), but our statistical 
analyses would have accounted for the correlation across matched pairs.

TA BLE  2 . Charac te ristic s  o f  Pa tien ts  A ssigned  to  In itia l Unm atched  Coho rt G roup s in  a  S tudy  o f  U se  o f  M e tham phe tam ine  
and  O the r D rug s and  Sch izoph ren ia

Race

Follow-Up Time (Years)cBlack White Hispanic Other Age (Years) Female Visitsa

Schizophrenia EventsbGroup N % N % N % N % Mean SD N % Mean SD Mean SD

Appendicitis (N=188,732) 7,384 3.9 107,375 56.9 54,050 28.6 19,923 10.6 35.5 16.2 77,969 41.3 0.51 1.5 128 5.0 2.9
Exclusion criteriad 
(N=10,056,583) 749,206 7.4 6,098,589 60.6 2,193,678 21.8 1,015,110 10.1 48.2 21.9 6,650,615 66.1 0.63 1.5 4,545 5.1 2.9

Methamphetamine 
(N=42,412) 1,724 4.1 31,830 75.0 6,889 16.2 1,969 4.6 30.7 9.8 24,297 57.3 1.03 2.3 425 4.8 2.5

Cocaine (N=39,390) 19,777 50.2 12,664 32.2 5,524 14.0 1,425 3.6 34.3 9.6 19,321 49.1 1.92 3.5 425 5.6 2.8
Alcohol (N=408,604) 37,832 9.3 284,200 69.6 69,545 17.0 17,027 4.2 50.6 16.8 117,950 28.9 1.26 3.0 2,549 5.3 2.9
Opioids (N=56,844) 6,670 11.7 36,168 63.6 11,873 20.9 2,133 3.8 41.8 14.4 28,624 50.4 2.05 5.2 263 4.8 2.9
Cannabis (N=23,335) 4,692 20.1 14,480 62.1 3,145 13.5 1,018 4.4 27.0 10.6 13,828 59.3 0.82 2.0 182 3.9 2.6
a	Number of hospital admissions after the index admission until readmission with schizophrenia (the outcome measure) or last date in the 

study file, whichever occurred first.
b	Number of incident schizophrenia events in the cohort, with schizophrenia defined as ICD-9 codes 295.1, 295.2, 295.3, and 295.6.
c	Mean time from the index admission to the last date in the study file.
d	The exclusion criteria group is described in the Method section.
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sity score matching methods tending to yield more con-
servative results—a pattern we found in our head-to-head 
comparisons of the two approaches (see Table S1 in the on-
line data supplement). At this time, however, there do not 
appear to be any criterion standards to determine whether 
either of the approaches provides a truer result (26).

Streng th s and  Lim ita tio n s

Our record linkage study has a number of strengths, 
including the ability to track a large population-based 
sample of methamphetamine users over a substantial 
period. Given the high cost and common obstacles (e.g., 
participant loss to follow-up) associated with long-term 
longitudinal studies of severe drug users, especially in 
regard to estimation of low-incidence conditions such as 
schizophrenia, our record linkage approach may be the 
only feasible design available to address this question. 
Nonetheless, there are inherent limitations associated 
with our study. While our group assignment algorithm 
excluded individuals with indications of multiple drug 
abuse or dependence, some undetected use of other drugs 
was likely. Such polydrug use, especially the possible in-
fluence of cannabis consumption across groups, may 
have contributed to the similar incidence patterns seen 

syndromes in some individuals lacking preexisting psy-
chosis (29). However, the Japanese position relies almost 
exclusively on case-series studies of methamphetamine 
users admitted to psychiatric hospitals with already oc-
curring psychotic conditions (30), which cannot provide 
incidence estimates of persistent psychotic syndromes in 
this group. Our study extends this literature by providing 
comparative incidence data on the occurrence of a per-
sistent psychotic condition among individuals diagnosed 
with methamphetamine use disorders. Approximately 
1% of the hospital patients diagnosed with methamphet-
amine use disorders in our study were readmitted with 
a subsequent schizophrenia diagnosis, and this finding 
suggests that methamphetamine use severe enough to 
warrant a hospital diagnosis might be associated with the 
development of a schizophrenia-like persistent psychotic 
syndrome in a small subset of users.

Our primary results relied on Cox regression modeling 
with propensity score matching. As to the ongoing ques-
tion of the relative merits of propensity score versus con-
ventional regression approaches, systematic reviews (26, 
31) have found that the two approaches generate similar 
parameter estimates and patterns of statistical significance 
in a large majority of instances (~85%–90%), with propen-

TA BLE  4 . R isk  o f  Sch izoph ren ia  in  the  M e tham phe tam ine  Coho rt Re la tive  to  P ropen sity  Sco re -M a tched  D rug  Com parison  
G roup s

Group (Reference Group)a Hazard Ratiob 95% CI Total Nc Eventsd p

Methamphetamine (cocaine) 1.46 1.15–1.85 30,040 170:140 0.002
Methamphetamine (opioids) 2.81 2.21–3.58 49,048 252:89 <0.001
Methamphetamine (alcohol) 1.68 1.41–1.99 72,754 353:205 <0.001
Methamphetamine (cannabis) 1.24 0.98–1.56 35,756 161:129 0.073
a	Cohorts were matched 1:1 on age, race, sex, time from the index admission until the last date in the study file, California region of patient’s 

residence, Charlson comorbidity index score at index admission, and number of hospital admissions following index admission until re-
admission with schizophrenia (the outcome measure) or study end, whichever occurred first.

b	Covariate adjustment on matching variables in the Cox models is not necessary if groups are balanced across covariates (26); all matched 
groups in this table showed balance, measured according to standardized differences (24) across all continuous variables as well as all levels 
of categorical variables used as covariates in the propensity score matching process.

c	This column represents the total combined number of individuals across both matched cohorts; each cohort had a sample size of one-half 
of the number listed in this column.

d	The numbers before and after the colon represent the number of schizophrenia events in the target cohort and in the reference group, 
respectively.

TA BLE  2 . Charac te ristic s  o f  Pa tien ts  A ssigned  to  In itia l Unm atched  Coho rt G roup s in  a  S tudy  o f  U se  o f  M e tham phe tam ine  
and  O the r D rug s and  Sch izoph ren ia

Race

Follow-Up Time (Years)cBlack White Hispanic Other Age (Years) Female Visitsa

Schizophrenia EventsbGroup N % N % N % N % Mean SD N % Mean SD Mean SD

Appendicitis (N=188,732) 7,384 3.9 107,375 56.9 54,050 28.6 19,923 10.6 35.5 16.2 77,969 41.3 0.51 1.5 128 5.0 2.9
Exclusion criteriad 
(N=10,056,583) 749,206 7.4 6,098,589 60.6 2,193,678 21.8 1,015,110 10.1 48.2 21.9 6,650,615 66.1 0.63 1.5 4,545 5.1 2.9

Methamphetamine 
(N=42,412) 1,724 4.1 31,830 75.0 6,889 16.2 1,969 4.6 30.7 9.8 24,297 57.3 1.03 2.3 425 4.8 2.5

Cocaine (N=39,390) 19,777 50.2 12,664 32.2 5,524 14.0 1,425 3.6 34.3 9.6 19,321 49.1 1.92 3.5 425 5.6 2.8
Alcohol (N=408,604) 37,832 9.3 284,200 69.6 69,545 17.0 17,027 4.2 50.6 16.8 117,950 28.9 1.26 3.0 2,549 5.3 2.9
Opioids (N=56,844) 6,670 11.7 36,168 63.6 11,873 20.9 2,133 3.8 41.8 14.4 28,624 50.4 2.05 5.2 263 4.8 2.9
Cannabis (N=23,335) 4,692 20.1 14,480 62.1 3,145 13.5 1,018 4.4 27.0 10.6 13,828 59.3 0.82 2.0 182 3.9 2.6
a	Number of hospital admissions after the index admission until readmission with schizophrenia (the outcome measure) or last date in the 

study file, whichever occurred first.
b	Number of incident schizophrenia events in the cohort, with schizophrenia defined as ICD-9 codes 295.1, 295.2, 295.3, and 295.6.
c	Mean time from the index admission to the last date in the study file.
d	The exclusion criteria group is described in the Method section.
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APA (DSM-III-R from 1990 to 1994 and DSM-IV from 1994 
to 2000), which in turn would be translated to an ICD-9-
CM diagnosis for coding purposes. The use of “crosswalk” 
documents (33) helping coders determine the ICD-9-CM 
code corresponding to the DSM diagnosis makes it likely 
that DSM-III-R and DSM-IV clinical diagnoses of schizo-
phrenia would be similarly coded in the ICD-9 classifica-
tion. Both systems seek to distinguish primary psychotic 
disorders such as schizophrenia from drug-induced psy-
chotic disorders. In the absence of independent chart 
reviews, however, there is uncertainty as to whether diag-
noses of schizophrenia were justified or whether patients 
were correctly assessed as not having schizophrenia at 
study entry. However, our supplemental analyses, which 
ensured that individuals had at least a 2-year period with-
out any psychosis-related inpatient events prior to their 
index admission, limits to some extent the possibility of 
reverse causality. Also, we cannot confirm that patients 
with a schizophrenia diagnosis were assessed over a pro-
longed drug-free interval to exclude a drug-induced psy-
chotic state.

There is also concern about whether the primary popu-
lation proxy appendicitis comparison group was appro-
priately chosen. However, as mentioned previously, the 
unmatched appendicitis group in our study manifested an 
incidence rate of schizophrenia similar to that in a recent 
review of literature. In addition, the appendicitis group 
and our secondary population proxy group had similar in-
cidence rates of schizophrenia, and analyses using either 

among the drug cohorts. Also, study subjects were limited 
to substance users having a severity sufficient to receive a 
hospital diagnosis, and thus a dose-response relationship 
could not be assessed.

Compared with patients in the appendicitis group, 
those in the methamphetamine cohort may have died at 
a higher rate during follow-up or had lower rates of health 
care insurance and, as a result, less access to medical 
care—two factors that could have led to an underestima-
tion of the incidence rate of schizophrenia in our analy-
ses of the methamphetamine and appendicitis groups. In 
addition, the mortality rates of the drug groups may have 
differed, and the lack of linked death records in our study 
may have introduced bias into our comparisons between 
the methamphetamine group and the other drug cohorts. 
Also, our identification of incident schizophrenia cases 
relied on inpatient admissions, an approach that would 
not have captured individuals with schizophrenia diag-
nosed in other settings. Nonetheless, a systematic review 
of the incidence of schizophrenia found that detection of 
schizophrenia outcomes across studies did not differ sig-
nificantly by method of case ascertainment (e.g., use of 
hospital records, face-to-face interviews, and community-
based surveys) (18).

Diagnostic validity is a significant concern, especially 
given the absence of a clear etiopathogenetic understand-
ing of schizophrenia (32). In the United States, clinical 
diagnoses of schizophrenia during the 1990–2000 period 
would have been guided by the criteria established by 

FIGURE  1 . R isk  o f  Sch izoph ren ia  in  the  D rug  Coho rts  Re la tive  to  the  Popu la tion  P roxy  (A ppend ic itis ) Com parison  G roup  
and  in  the  M e tham phe tam ine  Coho rt Re la tive  to  the  D rug  Coho rt Com parison  G roup sa
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Finally, our findings bring again into focus the ongoing 
debate—not addressed in this study—of whether persis-
tent substance-related psychosis is in any way distinct (in 
pathogenesis, symptom features, course, and treatment 
response) from that classified as schizophrenia and hence 
requires a separate diagnostic classification (38).

Rece ived  Ju ly  5 , 2010 ; rev ision  rece ived  Aug . 3 , 2011 ; accep ted  
Sep t. 6 , 2011  (do i: 10 .1176 /app i.a jp.2011 .10070937 ). From  the  Cen -
tre  fo r Add iction  and  M enta l Health , To ronto ; the  Dalla  Lana Schoo l 
o f Pub lic  Health , the  Departm ents o f P sych ia try  and  Pharm aco logy, 
Facu lty  o f M ed icine , and  the  In stitu te  o f M ed ica l Sc ience , Un iver-
sity  o f To ronto, To ronto ; the  Departm ent o f Fam ily  and  Com m unity  
M ed icine , Un iversity  o f A rizona, Tucson ; and  the  Departm ent o f Pub -
lic  Health  Sciences, Karo lin ska  In stitu te t, Sto ckho lm . Address co rre -
spondence  to  D r. Ca llaghan  (russe ll_ca llaghan@cam h.net).

D r. Rem ington  has rece ived  re search  support from  M ed icure , Neu -
rocrine  B io sciences, and  Novartis and  has se rved  as an  adv ise r to  
Roche . D r. K ish  has rece ived  re search  fund ing  from  the  National 
In stitu te  on  D rug  Abuse  (g ran ts 071301  and  DA  025096 ) and  has 
rece ived  rem uneration  as an  expert w itness (to  p rov ide  an  op in ion  
on  am phetam ine  toxic ity ). The  o ther au tho rs repo rt no  financia l re -
la tionsh ip s w ith  com m ercia l in te rests.

Supported  ind irectly  by  an  in stitu tional g ran t (w h ich  contributes 
sa lary  support to  sc ien tists) from  the  Ontario  M in istry  o f Health  and  
Long-Term  Care  to  the  Cen tre  fo r Add iction  and  M enta l Health . The  
m in istry  d id  no t have  any  ro le  in  the  study  design , analyses, in te rp re -
ta tion  o f re su lts, m anuscrip t p reparation , o r approval to  subm it the  
final ve rsion  o f the  m anuscrip t fo r pub lica tion . The  v iew s expressed  
in  th is artic le  do  no t necessarily  reflect tho se  o f the  m in istry.

D ata  used  in  the  study  w ere  ob ta ined  from  the  Ca lifo rn ia  O ffice  o f 
Sta tew ide  Health  P lann ing  and  Deve lopm ent.

Re fe rence s

1.	 M inozzi S: An overview  of systematic reviews on cannabis and 
psychosis: discussing apparently conflicting results. Drug Alco-
hol Rev 2010; 29:304–317

2.	 Zorick TS, Rad D, Rim  C , Tsuang J: An overview  of methamphet-
am ine-induced psychotic syndromes. Addict Disord Their Treat 
2008; 7:143–156

3.	 Sato M, Numachi Y, Hamamura T: Relapse of paranoid psy-
chotic state in methamphetam ine model of schizophrenia. 
Schizophr Bull 1992; 18:115–122

4.	 Angrist B: Amphetam ine psychosis: clinical variations of the 
syndrome, in Amphetam ine and Its Analogs: Pharmacology, 
Toxicology, and Abuse. Edited by Cho AK, Segal DS. New York, 
Academ ic Press, 1994, pp 387–411

5.	 Grelotti DJ, Kanayama G, Pope HG Jr: Rem ission of persistent 
methamphetam ine-induced psychosis after electroconvulsive 
therapy: presentation of a case and review  of the literature. 
Am  J Psychiatry 2010; 167:17–23

6.	 Flaum  M, Schultz SK: When does amphetam ine-induced psy-
chosis become schizophrenia? Am  J Psychiatry 1996; 153:812–
815

7.	 van W inkel R, Stefanis NC , Myin-Germeys I: Psychosocial stress 
and psychosis: a review  of the neurobiological mechanism s 
and the evidence for gene-stress interaction. Schizophr Bull 
2008; 34:1095–1105

8.	 Zach A: New Way to Edit: Discharge Data Review. Sacramento, 
California Office of Statew ide Health Planning and Develop-
ment, 1990

9.	 California Office of Statew ide Health Planning and Develop-
ment: Editing Criteria Handbook. Sacramento, 1995

10.	 California Office of Statew ide Health Planning and Develop-
ment: Report of the Results From  OSHPD Reabstracting Proj-

comparison group produced similar results. To address 
the potential ascertainment bias that might have occurred 
if comparison subjects had a different propensity to visit 
a hospital that would provide a psychiatric diagnosis, we 
matched cohorts on number of hospital admissions.

Conc lu sion s

Our findings add to the growing literature on cannabis 
as a risk factor for schizophrenia and, in addition, suggest 
that methamphetamine use sufficient to warrant a hospi-
tal diagnosis may also be a risk factor. We do have some 
skepticism about the suggestion in our data that the risk of 
subsequent development of schizophrenia is elevated in 
all of the major drug-of-abuse groups. This finding, which 
requires replication, was unanticipated, in large part be-
cause of the apparent absence in the literature of large-
scale longitudinal studies (except those examining can-
nabis users) sufficiently powered to have addressed this 
issue (27). In the context of the stress-vulnerability (7) and 
dopamine sensitization (34) hypotheses of schizophrenia, 
it could in fact be argued that the propensity for develop-
ment of a persistent psychosis could be elevated after sig-
nificant use of any drug of abuse, given that all such drugs 
are “stressors” and that most act on the dopamine system. 
It has also been proposed, for example, that drugs of abuse 
(e.g., alcohol) might cause brain structural abnormalities 
that could increase the risk of schizophrenia in genetically 
susceptible individuals (35). The relationship between 
methamphetamine use and schizophrenia could involve 
a common etiology, shared genetic and environmental 
(e.g., low socioeconomic status) vulnerability factors (36), 
or a premorbid state (e.g., depression, anxiety, and poor 
cognitive functioning) prompting substance use (as an at-
tempt at self-medication) and pathological drug-induced 
sensitization (34), in which repeated exposure to a dopa-
minergic stimulant induces a hyperdopaminergic state 
sufficient to induce psychosis in vulnerable individuals.

Schizophrenia can be a difficult diagnosis to establish, 
especially in chronic methamphetamine users, and clini-
cians need to be vigilant in monitoring their substance-
abusing patients for signs of a developing persistent psy-
chotic condition. There are important prognostic and 
treatment implications accompanying a diagnosis of 
schizophrenia. Current evidence links schizophrenia with 
impairment in both neurocognition and social cognition, 
as well as with significant functional disability over time. 
Antipsychotic medications, which often have significant 
side effects, are considered a cornerstone of treatment 
programs for schizophrenia, and current recommenda-
tions suggest that these be continued throughout life (37). 
Thus, an incorrect diagnosis can have profound negative 
implications. Clinicians should therefore be tentative in 
their coding until they are fairly certain that psychosis 
associated with methamphetamine use can reasonably 
be resolved into a chronic, drug-independent condition. 



3 9 6 	 ajp.psychiatryonline.o rg	 Am  J Psychiatry 169 :4 , April 2012

M ethamp  hetam  ine  Use  a nd  Sch izo phren ia

26.	 Shah BR, Laupacis A, Hux JE, Austin PC: Propensity score meth-
ods gave sim ilar results to traditional regression modeling in 
observational studies: a systematic review. J Clin Epidem iol 
2005; 58:550–559

27.	 Macleod J, Oakes R, Oppenkowski T, Stokes-Lampard H, Co-
pello A, Crome I, Sm ith GD, Egger M , Hickman M, Judd A: How 
strong is the evidence that illicit drug use by young people 
is an important cause of psychological or social harm? meth-
odological and policy implications of a systematic review  of 
longitudinal, general population studies. Drugs Educ Prevent 
Policy 2004; 11:281–297

28.	 Zammit S, Allebeck P, Andreasson S, Lundberg I, Lew is G: Self 
reported cannabis use as a risk factor for schizophrenia in 
Swedish conscripts of 1969: historical cohort study. BMJ 2002; 
325:1199

29.	 Ujike H, Sato M: Clinical features of sensitization to metham -
phetam ine observed in patients w ith methamphetam ine de-
pendence and psychosis. Ann NY Acad Sci 2004; 1025:279–287

30.	 Konuma K: Use and abuse of amphetam ines in Japan, in Am -
phetam ine and Its Analogs: Pharmacology, Toxicology, and 
Abuse. Edited by Cho AK, Segal DS. New York, Academ ic Press, 
1994, pp 415–435

31.	 Sturmer T, Joshi M , Glynn RJ, Avorn J, Rothman KJ, Schneeweiss 
S: A  review  of the application of propensity score methods 
yielded increasing use, advantages in specific settings, but not 
substantially different estimates compared w ith conventional 
multivariable methods. J Clin Epidem iol 2006; 59:437–447

32.	 Jansson LB, Parnas J: Competing definitions of schizophrenia: 
what can be learned from  polydiagnostic studies? Schizophr 
Bull 2007; 33:1178–1200

33.	 Thompson JW, Pincus H: A crosswalk from  DSM-III-R to ICD-9-
CM. Am  J Psychiatry 1989; 146:1315–1319

34.	 Lieberman JA, Sheitman BB, Kinon BJ: Neurochem ical sensi-
tization in the pathophysiology of schizophrenia: deficits and 
dysfunction in neuronal regulation and plasticity. Neuropsy-
chopharmacology 1997; 17:205–229

35.	 Welch KA, McIntosh AM, Job DE, Whalley HC , Moorhead TW, 
Hall J, Owens DG, Lawrie SM, Johnstone EC: The impact of sub-
stance use on brain structure in people at high risk of develop-
ing schizophrenia. Schizophr Bull 2011; 37:1066–1076

36.	 van Os J, Rutten BP, Poulton R: Gene-environment interactions 
in schizophrenia: review  of epidem iological findings and fu-
ture directions. Schizophr Bull 2008; 34:1066–1082

37.	 National Institute for Clinical Excellence (NICE): Schizophre-
nia: Core Interventions in the Treatment and Management of 
Schizophrenia in Adults in Primary and Secondary Care. Lon-
don, NICE, 2009

38.	 Rounsaville BJ: DSM-V research agenda: substance abuse/psy-
chosis comorbidity. Schizophr Bull 2007; 33:947–952

ect: An Evaluation of the Reliability of Selected Patient Dis-
charge Data, July Through December 1988. Sacramento, 1990

11.	 Rawson NS, Malcolm  E, D ’Arcy C: Reliability of the recording 
of schizophrenia and depressive disorder in the Saskatchewan 
health care datafiles. Soc Psychiatry Psychiatr Epidem iol 1997; 
32:191–199

12.	 Schwartz AH, Perlman BB, Paris M , Schm idt K, Thornton JC: 
Psychiatric diagnoses as reported to Medicaid and as recorded 
in patient charts. Am  J Public Health 1980; 70:406–408

13.	 Kashner TM: Agreement between adm inistrative files and writ-
ten medical records: a case of the Department of Veterans Af-
fairs. Med Care 1998; 36:1324–1336

14.	 Hale DA, Molloy M , Pearl RH, Schutt DC , Jaques DP: Appendec-
tomy: a contemporary appraisal. Ann Surg 1997; 225:252–261

15.	 Sauerland S, Lefering R, Neugebauer EA: Laparoscopic versus 
open surgery for suspected appendicitis. Cochrane Database 
Syst Rev 2004; 4:CD001546

16.	 Callaghan RC , Cunningham  JK, Sajeev G , Kish SJ: Incidence of 
Parkinson’s disease among hospital patients w ith metham -
phetam ine-use disorders. Mov Disord 2010; 25:2333–2339

17.	 Lin HC , Hsiao FH, Pfeiffer S, Hwang YT, Lee HC: An increased 
risk of stroke among young schizophrenia patients. Schizophr 
Res 2008; 101:234–241

18.	 McGrath J, Saha S, Welham  J, El Saadi O, MacCauley C , Chant D: 
A systematic review  of the incidence of schizophrenia: the dis-
tribution of rates and the influence of sex, urbanicity, m igrant 
status, and methodology. BMC Med 2004; 2:13

19.	 US Department of Health and Human Services, Substance 
Abuse and Mental Health Data Archive: Treatment Episode 
Data Set: Adm issions (TEDS-A), concatenated, 1992 to 2008 
(computer file ICPSR25221-v2.2011)

20.	 Cunningham  JK, Liu LM: Impacts of federal ephedrine and 
pseudoephedrine regulations on methamphetam ine-related 
hospital adm issions. Addiction 2003; 98:1229–1237

21.	 D ’Agostino RB Jr, D ’Agostino RB Sr: Estimating treatment ef-
fects using observational data. JAMA 2007; 297:314–316

22.	 D ’Agostino RB: Propensity score methods for bias reduction in 
the comparison of a treatment to a non-random ized control 
group. Stat Med 1998; 17:2265–2281

23.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method 
of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis 1987; 40:373–383

24.	 Austin PC , Mamdani MM: A comparison of propensity score 
methods: a case-study estimating the effectiveness of post-AMI 
statin use. Stat Med 2006; 25:2084–2106

25.	 Austin PC: Propensity-score matching in the cardiovascular 
surgery literature from  2004 to 2006: a systematic review  and 
suggestions for improvement. J Thorac Cardiovasc Surg 2007; 
134:1128–1135


