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IMPORTANCE Methylphenidate is the leading pharmacological treatment for
attention-deficit/hyperactivity disorder (ADHD) in childhood and adolescence. Individuals
with ADHD have a higher risk of psychosis, but the long-term relationship between
methylphenidate and risk of developing psychotic disorders is unknown.

OBJECTIVE To estimate the relationship between methylphenidate treatment and the risk
of nonaffective psychosis in children and adolescents diagnosed with ADHD.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included instrumental variable analysis
of data linkage from multiple national Finnish registries for all individuals born from 1987
to 1997 (n = 697 289). These registries were used to identify childhood and adolescent
ADHD diagnoses (age <18 years) from 2003 onwards. Data were analyzed from June 2023
to December 2025.

EXPOSURE Cumulative amount of treatment with methylphenidate used in 4 intervention
windows: within 1, 2, 3, and 4 years after ADHD diagnosis. Hospital district prescribing
propensities (average prescribing within each hospital district, within each intervention
window) were used as instruments.

MAIN OUTCOME AND MEASURES Diagnosis of nonaffective psychotic disorder (by code from
International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision) by the end of follow-up (December 31, 2016). Instrumental variable analyses were
conducted using 2-stage least squares modeling and the Anderson-Rubin test. Risk
differences (RDs) were estimated for each intervention window.

RESULTS Among 3956 individuals diagnosed with ADHD (3181 male [80.4%], 775 female
[19.6%]; median [IQR] age, 14.16 [11.78-15.93] years), 2728 (69.0%) received
methylphenidate at least once. A total of 222 individuals (5.7%) were diagnosed with
nonaffective psychosis by mean (SD) age 22.16 (2.39) years (range, 19.00-29.81 years). There
was substantial variation in hospital district prescribing propensity (for example, first-year
range, 0.07 to 0.30). Instrumental variable analysis indicated that sustained treatment with
methylphenidate (30 mg/d) was not associated with the risk of nonaffective psychosis in the
overall ADHD sample (1-year RD, −0.14; 95% CI, −0.85 to 0.42; and 4-year RD, −0.15; 95% CI,
−0.49 to 0.11). Secondary analyses indicated a reduced risk of nonaffective psychosis among
individuals diagnosed in childhood (age <13 years: 3-year RD, –0.24; 95% CI, –0.45 to –0.03;
P = .03; 4-year RD, –0.21; 95% CI, –0.48 to –0.07; P = .02). An insufficiently strong
instrument precluded the same secondary analyses in those diagnosed in adolescence.

CONCLUSION AND RELEVANCE This study of national Finnish registry data for individuals with
ADHD found no overall relationship between sustained treatment with methylphenidate risk
of nonaffective psychosis; in secondary analyses, a potentially protective effect of
methylphenidate treatment against later psychosis in children diagnosed with ADHD was
found. Further research is needed to evaluate potential effects of treatment in individuals
diagnosed in adolescence and adulthood.
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A ttention-deficit/hyperactivity disorder (ADHD) is
one of the most prevalent chronic diagnoses of
childhood,1 characterized by inattention, impulsivity,

and hyperactivity.2 Stimulant medications, such as methyl-
phenidate, are an effective treatment for ADHD3,4 and the
use of stimulant medication has risen dramatically in recent
years.5-7

Questions remain about long-term psychiatric outcomes
of people diagnosed with and treated for ADHD, including risk
of psychotic disorders.8,9 Salazar de Pablo and colleagues10

showed an increased risk of psychotic disorder in young people
treated for ADHD but noted that residual confounding in ob-
servational studies limits our ability to draw causal infer-
ences. The evidence for the relationship between stimulant
treatment and psychotic disorder has been mixed, and most
studies have had a follow-up period less than 2 years.11-15 Given
that treatment initiation typically begins in childhood, and the
peak age at onset for psychosis is 20.5 years,16 a follow-up pe-
riod of 2 years from treatment initiation is likely insufficient
to identify the long-term effects of childhood stimulant use on
risk of psychosis.

One register-based study followed up young people with
ADHD for up to 12 years and found an elevated risk of psycho-
sis associated with stimulant treatment.17 While this study had
the benefit of a long-term follow-up, it did not account for con-
founding by indication. Namely, the study did not account for
the fact that individuals with more severe ADHD are more likely
to be treated with stimulants18 and may also be more likely to
develop psychosis. Thus, while these findings show an asso-
ciation between stimulant treatment and risk of psychosis, it
is unclear whether this association is causal.

Ideally, a randomized clinical trial (RCT) would be used to
test whether there is causal relationship between stimulants and
psychosis. However, it would be unethical to withhold an evi-
denced-based treatment for ADHD (in the placebo arm) to as-
sess a hypothetical relationship with psychosis. Furthermore,
such an RCT would need to run for more than a decade to evalu-
ate any psychotogenic effects on the developing brain. Where
an RCT is not possible, quasi-experimental methods, such as in-
strumental variable designs, can help identify plausible causal
relationships between stimulant use and psychosis.

Instrumental variables are factors that are associated with
the exposure and not associated with the outcome except
through their effects on the exposure.19,20 Instrumental vari-
able designs have been used in psychiatric research to
examine the genetic etiology of disease21 and the efficacy
of medical interventions.22-24 A commonly used instrument
in pharmacoepidemiology is prescribing propensity, which
exploits the variability in prescribing practice between physi-
cians and geographic regions.25,26 Stimulant prescribing prac-
tices have been shown to vary by geographical region,7,27 which
can provide an opportunity to create a quasi-experimental
design, allowing for causal inference.28

We leveraged the variation in prescribing propensity across
Finnish hospital districts (ie, natural differences between the
districts in the likelihood of a person diagnosed with ADHD
being treated with stimulants) to conduct this study. Using con-
ventional and instrumental variable analyses, we examined the

relationship between stimulant treatment, specifically
methylphenidate and risk of psychotic disorder.

Methods
National Registry Data
We linked data from the Medical Birth Registry, the Care Reg-
ister for Health Care (Hilmo), Statistics Finland, Digital and
Population Data Services, and the Social Insurance Institu-
tion of Finland (Kela). Hilmo provides information on inpa-
tient visits throughout a person’s lifetime and outpatient vis-
its to secondary-level health care from 1998 to present. The
registry has been shown to capture mental disorders with
high diagnostic validity.29-31 The Kela registry provides infor-
mation on medical reimbursements, regardless of age, wealth,
or address.32 The national health insurance scheme in Fin-
land covers some of the cost of prescribed medicines.32 In
addition, we used drug prescription information from the
medical products registry provided by the Finnish Medicines
Agency. Ethics approval for this study was provided by the
Finnish Institute for Health and Welfare ethics committee. In
line with Finnish law, informed consent is not required from
participants in register-based studies.

Participants
Figure 1 illustrates the sampling process. All individuals born
in Finland in the years 1987 through 1997 were identified using
the Medical Birth Registry (n = 697 289). Those who died or
emigrated were excluded. The main sample included indi-
viduals diagnosed with ADHD (primary International Statis-
tical Classification of Diseases and Related Health Problems,
Tenth Revision [ICD-10] diagnosis F90.X) before age 18 years,
and after January 1, 2003 (following methylphenidate licens-
ing in December 2002). Finland’s universal health care sys-
tem captures the vast majority of diagnoses and treatment.
Hilmo only includes public sector specialist care data; indi-
viduals who exclusively used primary or private health care
were not included. Guidelines on primary health care’s in-
volvement in the treatment of ADHD were largely amended in
2017 (after the end of follow-up: December 31, 2016).33,34

Key Points
Question Does methylphenidate alter the long-term risk
of psychotic disorder in children with attention-deficit/
hyperactivity disorder (ADHD)?

Findings This cohort study of a Finnish national multiyear birth
cohort, using instrumental variable analysis, did not find an overall
difference in the long-term risk of psychotic disorders in children
and adolescents diagnosed with ADHD who were treated with
methylphenidate. Looking specifically at childhood (age <13 years)
ADHD diagnoses, there was a potential protective effect of
sustained methylphenidate treatment against subsequent risk
of psychotic disorder.

Meaning Methylphenidate treatment of ADHD may have
a protective effect against psychosis in individuals diagnosed
in childhood.
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Variables
Demographic and Clinical Variables
We report demographics including sex at birth and parents’
education. Parental education was categorized using the
International Standard Classification of Education 2011 and
coded as low (classes 0-2), intermediate (classes 3-5), high
(classes 6-8), or missing (separate category). For individuals
with ADHD, we report the percentage with at least 1 methyl-
phenidate reimbursement, parental psychosis diagnosis
or psychiatric inpatient admission before the child’s fifth
birthday, age at first ADHD diagnosis, number of psychiatry
visits before ADHD diagnosis, number of other psychiatric
diagnoses before ADHD, any inpatient admission before
ADHD diagnosis, and age at first methylphenidate reim-
bursement.

Methylphenidate Treatment
The definition of methylphenidate treatment followed pre-
vious instrumental variable analyses of stimulant use with
electronic patient records.27,35 Within this sample, methyl-
phenidate accounts for the vast majority (>90%) of recorded
reimbursements and was brought to market in Finland in
December 2002. We identified the cumulative amount of
methylphenidate reimbursed within 4 intervention win-
dows: 1 year, 2 years, 3 years, and 4 years since the ADHD
diagnosis. Each treatment was then defined as the cumula-
tive amount of methylphenidate reimbursed within the cor-
responding intervention window. Each treatment variable
was standardized based on a defined daily dose (DDD) per

prescription such that 0 corresponded to no treatment over
the intervention window and 1 corresponded to 30 mg of
methylphenidate each day for the intervention window. The
DDDs for this investigation were based on the World Health
Organization Anatomical Therapeutic Chemical class rec-
ommendation using code N06BA04.36 The methylpheni-
date purchase records provide the prescribed daily dose,
tablet count, and packet. Thus, the 2-year intervention win-
dow cumulative dose was defined as the standardized sum
of the DDD in the 2-year period ÷ (365 × 2). Four years was
chosen as the final follow-up point because the variability in
prescribing reduces over time.35

Outcome
We report 2 psychosis outcomes based on ICD-10 diagnosis:
nonaffective psychosis and schizophrenia. Nonaffective
psychosis included recorded ICD-10 diagnoses F20.x, F22.x,
F23.x, F24, F25.x, F28, and F29. Schizophrenia included
recorded F20. If the outcome diagnoses were recorded
before the childhood ADHD diagnosis or during the inter-
vention window, the individual was excluded from the
analysis (see Figure 2).

Instrument
The instrumental variable was the hospital district prescrib-
ing propensity of methylphenidate for individuals diagnosed
with ADHD before age 18 years. Finland has a universal health
care system, and hospital districts are the public administra-
tive regions that provide specialized health care services, in-
cluding psychiatric services. Patients are assigned to a hospi-
tal district based on their place of residence. Hospital districts
were identified based on home municipality recorded in Hilmo
during the first ADHD diagnoses observation.

Four instrumental variables were generated, one for each
intervention window. Specifically, hospital district prescrib-
ing propensity was defined as the average number of DDD
filled for ADHD within the intervention window, in each hos-
pital district, among individuals in the analytical sample. A
leave-self-out approach was used to ensure each patient’s treat-
ment did not contribute to their own estimated likelihood of
receiving treatment. In all hospital districts, more than 30 in-
dividuals received the treatment, ensuring precise estima-
tion of reimbursement rates for each district.

Confounders
eFigure 1 in Supplement 1 shows the directed acyclic graph
illustrating the hypothesized association between the instru-
ment, treatment and outcome as well as individual- and hos-
pital district-level confounders. For individual-level vari-
ables, we included all demographic and clinical variables
listed above (except for age at first methylphenidate reim-
bursement). The hospital district–level variables included the
size of the relevant population for each hospital district, per-
centage of the hospital district who attended child and ado-
lescent psychiatry services, and percentage of individuals with
high, intermediate, and low education level for mother or
father within the hospital district. A rationale for each con-
founder is presented in eTable 1 in Supplement 1.

Figure 1. CONSORT Diagram for the Investigations

697 289 All individuals born in Finland from 1987-1997

678 546 Remaining sample

3946 Diagnosis of ADHD before age 18 y but after 2002

3888 Primary sample for nonaffective
psychosis investigation

3953 Primary sample for
schizophrenia investigation

3859 Included in nonaffective
psychosis analysis, 1-y windowa

3951 Included in schizophrenia
analysis, 1-y windowa

3830 Included in nonaffective
psychosis analysis, 2-y windowa

3802 Included in nonaffective
psychosis analysis, 3-y windowa

3948 Included in schizophrenia
analysis, 2-y windowa

3947 Included in schizophrenia
analysis, 3-y windowa

3775 Included in nonaffective
psychosis analysis, 4-y windowa

3945 Included in schizophrenia
analysis, 4-y windowa

18 743 Excluded, died,
or emigrated

3 Excluded (schizophrenia
before ADHD)

68 Excluded (nonaffective
psychosis before ADHD)

aExcluded those who developed the outcome during the possible intervention
window.
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Statistical Analysis
We report the length of follow-up, age at end of follow-up, and
descriptive characteristics for individuals with ADHD (the over-
all sample and when stratified by methylphenidate treat-
ment). We used logistic regression to examine the unad-
justed association between ADHD diagnoses with nonaffective
psychosis and schizophrenia. We examined the association be-
tween methylphenidate treatment (binary: treated vs not
treated by the end of the 4-year intervention window; and con-
tinuous: cumulative amount of treatment within each inter-
vention window) and the outcomes, while adjusting for all con-
founders. For comparison purposes with the instrumental
variable analysis, we report risk differences (RDs) in the prob-
ability of each outcome. This was based on a linear probabil-
ity model and was considered a noncausal estimate.

Instrumental variable analysis was conducted using
2-stage least squared estimators following Keane and Neal.37

We estimate a linear probability instrumental variables model
using the ivregress function in Stata version 18.38 Under the

instrumental variable assumptions listed below, the coeffi-
cient on treatment is interpreted as the causal RD in the out-
come (the percentage point change in the probability of the out-
come) among patients for whom variation in hospital district
prescribing practices affects whether they receive treatment.
A unit increase in the coefficient corresponds to an addi-
tional dose of 30 mg of methylphenidate per day on average
for the duration of the intervention window. Analyses were
adjusted for all confounders listed above for additional preci-
sion. We assessed statistical significance using Anderson-
Rubin tests39 that are valid for the values of our F statistics.37

We derived 95% CIs by inverting these tests using the weakIV
procedure by Finlay et al.40 Standard errors were clustered at
the hospital district level. Data were analyzed from June 2023
to December 2025.

Instrumental Variable Assumptions
Instrumental variable analysis requires assumptions of rel-
evance, exclusion (eTable 4 in Supplement 1), independence,

Figure 2. Study Design: Birth Cohort, Years of Follow-Up, and Schematic of the Investigation
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End of follow-up,
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The blue line indicates the introduction of methylphenidate as a treatment for
attention-deficit/hyperactivity disorder (ADHD). Beige represents childhood
(possible ADHD exposure), and green represents adulthood (ie, age >18 years).

The numbers of ADHD cases are individuals before exclusion for those with
each outcome before their initial ADHD diagnosis or during the intervention
window.
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and monotonicity.41 Support for these assumptions were as-
sessed through direct or falsification testing (eMethods in
Supplement 1).

Heterogeneity
We used instrumental variable analysis to estimate the causal
effect of methylphenidate treatment on psychosis risk across
the levels of specific demographic confounders: sex (male/
female), education level (low/intermediate/high), age at diag-
nosis (childhood, <13 years, or adolescence, ≥13 years), and birth
year (median split, 1987-1994 or 1995-1997), family history of
an inpatient stay (yes/no) (eTable 5 in Supplement 1).

Robustness Checks
To address possible out-of-range predictions in the linear prob-
ability instrumental variable models, we also estimated the ef-
fect using instrumental variable probit estimation (eTable 3 in
Supplement 1). Finally, we examined the effect of tF ratio ad-
justment on the interpretation of the results (eTable 6 in
Supplement 1).42 The tF procedure is a method for adjusting
t-ratio inference, based on the first-stage F statistic, to ac-
count for potential bias and distortion in standard t-ratio tests.42

Results

Demographics
Our 2 primary analysis samples included 3888 and 3953
individuals with childhood ADHD in the nonaffective psy-
chosis and schizophrenia investigations, respectively
(Table 1). The mean (SD) length of follow-up was 8.47 (3.00)
years, and the mean (SD) age at the end of follow-up was
22.16 (2.39) years. A total of 3181 individuals (80.4%) diag-
nosed with ADHD were male, and 775 were female (19.6%).
Descriptive comparisons of those with and without methyl-
phenidate treatment are described in eTable 8 in Supple-
ment 1.

Childhood ADHD, Methylphenidate Use,
and Risk of Psychosis
Relative to individuals without a history of ADHD, those with
ADHD had a strongly elevated unadjusted odds of nonaffec-
tive psychosis (odds ratio [OR], 3.83; 95% CI, 3.34-4.39;
P < .001) and schizophrenia (OR, 2.37; 95% CI, 1.67-3.36;
P < .001).

Table 1. Demographic and Clinical Information in Individuals With and Without ADHD and Those With and Without Methylphenidate Usea

Characteristic
Without ADHD,
No. (%)

With ADHD, No. (%)

Overall
Treated with
methylphenidate

Not treated with
methylphenidate

No. of individuals 678 546 (99.42) 3956 (0.58) 2728 (68.96) 1228 (31.04)

Sex

Male 343 752 (50.66) 3181 (80.41) 2239 (82.07) 942 (76.71)

Female 334 794 (49.34) 775 (19.59) 489 (17.93) 286 (23.29)

Mother’s education

Low 124 806 (18.50) 1264 (31.95) 877 (32.15) 387 (31.51)

Intermediate 462 314 (68.53) 2387 (60.34) 1655 (60.67) 732 (59.61)

High 80 932 (12.00) 261 (6.60) 168 (6.16) 93 (7.57)

Missing 6538 (0.97) 44 (1.11) 28 (1.03) 16 (1.30)

Father’s education

Low 151 031 (22.39) 1342 (33.92) 954 (34.97) 388 (31.60)

Intermediate 410 482 (60.86) 2155 (54.47) 1468 (53.81) 687 (55.94)

High 99 427 (14.74) 328 (8.29) 212 (7.77) 116 (9.45)

Missing 13 550 (2.01) 131 (3.31) 94 (3.45) 37 (3.01)

Parental history of psychosis 5803 (0.83) 62 (1.57) 44 (1.61) 18 (1.47)

Parental history of psychiatric inpatient admission 47 848 (6.89) 724 (18.30) 513 (18.80) 211 (17.18)

No. of CAP visits before ADHD diagnosis,
median (IQR)

NA 0 (0-1) 0 (0-1) 0 (0-1)

No. of psychiatric diagnoses before ADHD
diagnosis, median (IQR)

NA 0 (0-1) 0 (0-1) 0 (0-1)

Inpatient admission before ADHD diagnosis NA 72 (1.82) 42 (1.54) 30 (2.44)

Age at diagnosis, median (IQR), y NA 14.16
(11.78-15.93)

14.02
(11.74-15.80)

14.54
(11.91-16.11)

Age at first purchase, median (IQR), yb NA NA 14.04 (11.79-15.87) NA

Psychosis outcomesc

Nonaffective psychosis 10 503 (1.56) 222 (5.71) 144 (5.35) 78 (6.53)

Schizophrenia 2317 (0.34) 32 (0.81) 17 (0.62) 15 (1.22)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; CAP, child and
adolescent psychiatry; NA, not applicable.
a Table 1 is for descriptive characterization purposes only.

b First methylphenidate purchase.
c Excluding those who developed psychosis before ADHD.
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Of those with childhood ADHD, 2728 individuals (68.96%)
were prescribed methylphenidate at some point within the first
4 years after an ADHD diagnosis. In terms of the short-term
risk, within 3 and 6 months of their ADHD diagnosis, 6 and 11
people were diagnosed with nonaffective psychosis, respec-
tively. None of these individuals had been dispensed methyl-
phenidate within this time window. In all other analysis
(unadjusted and adjusted), methylphenidate use (binary and
cumulative use) was not associated with nonaffective psycho-
sis or schizophrenia (Table 2).

Instrumental Variable Analysis
There was considerable variability in prescribing for methyl-
phenidate across hospital districts (eTables 2 and 7 in Supple-
ment 1). Hospital district prescribing propensity was associ-
ated with methylphenidate treatment, with first-stage cluster-
robust F statistics ranging from 22.68 to 39.01 across
intervention windows (Table 3 and eFigure 2 in Supple-
ment 1).

The instrumental variable analysis indicated no statisti-
cally significant evidence for an association between sus-
tained treatment with methylphenidate for 1, 2, 3, and 4
years on the risk of nonaffective psychosis in the overall
ADHD group. However, stratified analyses indicated a
potential protective treatment effect among children diag-
nosed with ADHD before age 13 years (eTable 5B in Supple-
ment 1). There was a (nonsignificant) trend indicating that 1
year (RD, −0.27; 95% CI, −0.62 to 0.04; P = .07) and 2 years
(RD, −0.28; 95% CI, −0.55 to 0.01; P = .06) of sustained
methylphenidate treatment may reduce the risk of nonaf-
fective psychosis in individuals diagnosed with ADHD in
childhood. By 3 years (RD, −0.24; 95% CI, −0.47 to −0.03;
P = .03) and 4 years (RD, −0.21; 95% CI, −0.48 to −0.07;
P = .02) of sustained methylphenidate treatment, there was
a significantly reduced risk of nonaffective psychosis. An
insufficiently strong instrument precluded us from directly
testing the effect for individuals diagnosed with ADHD in
adolescence.

Table 2. RDs and CIs Examining the Association Between Methylphenidate Use (Binary and Cumulative) and Psychosis

Treatment

Nonaffective psychosis, RD (95% CI) Schizophrenia, RD (95% CI)

Unadjusted Adjusted Unadjusted Adjusted
Methylphenidate use (any use)a −0.00 (−0.01 to 0.01) 0.00 (−0.01 to 0.02) −0.01 (−0.01 to 0.01) 0.00 (−0.01 to 0.00)

Cumulative methylphenidate use
since diagnosisa

Within 1 y −0.01 (−0.03 to 0.01) −0.00 (−0.03 to 0.02) −0.01 (−0.02 to 0.00) −0.01 (−0.02 to 0.01)

Within 2 y −0.01 (−0.03 to 0.02) 0.00 (−0.02 to 0.02) −0.01 (−0.02 to 0.00) −0.01 (−0.02 to 0.00)

Within 3 y −0.01 (−0.03 to 0.02) 0.00 (−0.02 to 0.02) −0.01 (−0.02 to 0.00) −0.01 (−0.01 to 0.00)

Within 4 y −0.00 (−0.02 to 0.02) 0.00 (−0.02 to 0.02) −0.01 (−0.02 to 0.00) −0.01 (−0.01 to 0.00)

Abbreviation: ADHD, attention-deficit/hyperactivity disorder; RD, risk difference.
a Within those with ADHD. Excluding those who developed the outcome before the end of the intervention window.

Table 3. Instrumental Variable Results (First-Stage F Statistics, RDs, and Anderson-Rubin 95% CIs)
for the Causal Effect of Methylphenidate on Risk of Psychosis

Intervention windows
(after initial ADHD diagnosis)

Outcomes

Nonaffective psychosis Schizophrenia
First year

No. of outcome events 193 30

Robust first-stage F statistic 22.68 24.28

RD in probability of psychosis (Anderson-Rubin
95% CI )

−0.14 (−0.85 to 0.42) −0.06 (−0.21 to 0.04)

Second year

No. of outcome events 164 27

Robust first-stage F statistic 35.42 32.93

RD in probability of psychosis (Anderson-Rubin
95% CI)

−0.09 (−0.47 to 0.37) −0.07 (−0.17 to 0.07)

Third year

No. of outcome events 136 26

Robust first-stage F statistic 38.95 36.14

RD in probability of psychosis (Anderson-Rubin
95% CI)

−0.14 (−0.49 to 0.27) −0.07 (−0.17 to 0.06)

Fourth year

No. of outcome events 109 24

Robust first-stage F statistic 38.18 36.19

RD in probability of psychosis (Anderson-Rubin
95% CI)

−0.15 (−0.49 to 0.11) −0.07 (−0.19 to 0.05)

Abbreviations:
ADHD, attention-deficit/
hyperactivity disorder;
RD, risk difference.
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Instrumental variables analysis did not indicate statisti-
cally significant relationship between methylphenidate re-
ceipt and schizophrenia. There were too few cases of schizo-
phrenia to conduct stratification analyses among individuals
with childhood vs adolescent ADHD diagnoses.

We investigated the empirically testable assumptions of
instrumental variable analysis (relevance) as well as per-
formed falsification testing of the exclusion, independence,
and monotonicity assumptions to investigate the presence
of evidence against these assumptions. This testing did not re-
veal any evidence against the instrumental variable assump-
tions; as such they were supportive of potential causal inter-
pretation. The full results of the assumptions testing,
heterogeneity testing, and robustness checks are reported in
eFigures 3-5 in Supplement 1.

Discussion
Children with ADHD have an elevated risk of psychosis in adult-
hood, and some researchers have suggested that stimulant use
may play a causal role in this elevated risk.14 Using instrumen-
tal variable analyses of a nationwide dataset of children and
adolescents, we did not find evidence that treatment with
methylphenidate resulted in an elevated risk of psychosis. In
individuals with childhood (age <13 years) ADHD diagnoses,
in fact, we found evidence that sustained methylphenidate
treatment (for 3-4 years) lowered the risk of psychosis.

Because of an insufficiently strong instrument, it was not
possible to carry out the same assessment of the relationship
between stimulant treatment and risk of psychotic disorders
in individuals diagnosed with ADHD in adolescence. While our
findings for the combined population of children and adoles-
cents did not find an increased risk of psychotic disorders as-
sociated with sustained methylphenidate treatment overall,
given this total sample included the childhood ADHD diagno-
ses, which were associated with a lower risk of developing psy-
chosis, we cannot out rule the possibility of an increased risk
of psychotic disorders in individuals diagnosed with ADHD
in adolescence. Previous research has demonstrated that there
may be important psychopathological differences between in-
dividuals with childhood-emerging ADHD symptoms com-
pared with individuals with symptoms that emerge later, in
adolescence or adulthood.43,44 This could include a poten-
tially higher psychosis risk in individuals with ADHD symp-
toms emerging after childhood.45 Therefore, further research
on individuals diagnosed with ADHD in adolescence and adult-
hood will be important.

Conventional analytical approaches using electronic pa-
tient records to examine the long-term association between
methylphenidate and risk of psychosis are likely to result in
biased estimates due to unmeasured confounding (such as con-
founding by indication).45 Our approach addresses this bias by
exploiting variability in hospital district prescribing propen-
sity that can plausibly induce as-if random variation. This al-
lows for the estimation of a potential causal effect provided
certain assumptions are met. We extensively assessed the plau-
sibility of these assumptions using direct and falsification

testing. The results of this testing suggest that hospital dis-
trict prescribing propensity for methylphenidate is likely to
have met the assumptions to be considered a valid instru-
ment.

The observation that treating ADHD with methylpheni-
date specifically in childhood was associated with a reduced
risk of nonaffective psychosis may point toward a sensitive
developmental window in which methylphenidate could
affect the trajectory of brain development. Widespread reduc-
tions in fractional anisotropy have been demonstrated in
psychosis.46 Research on children with ADHD has shown an
increase in fractional anisotropy after methylphenidate
treatment.47 This increase in fractional anisotropy was not
found in adults treated with methylphenidate, suggesting a de-
velopmental effect (though, notably, adolescents were not
assessed).

Research on juvenile animals has demonstrated long-
lasting effects of stimulant treatment on cerebral blood flow,
including in dopamine-rich brain regions implicated in
the development of psychosis.48 Long-term methylpheni-
date treatment in juvenile (but not adult) animals has
demonstrated persistent reductions in striatal dopamine
transporters49 and expression of D3 receptors in the prefron-
tal cortex.48 These long-term effects of childhood methylphe-
nidate treatment on the developing dopaminergic system could
be hypothesized to contribute to a reduced risk of psychosis
later in life. Further research is needed to understand why
methylphenidate treatment in childhood might lead to a
reduced risk of subsequent psychotic disorder.

Strengths and Limitations
There were a number of strengths to this study. We used a total
nationwide prospective birth cohort, which allowed for lon-
ger follow-up than normally possible with RCTs. We used in-
strumental variable analyses to minimize the risk of unmea-
sured confounding and to allow for causal inference. We
extensively tested the necessary assumptions for instrumen-
tal variable analyses. Our data allowed us to describe the total
reimbursement records for methylphenidate within each de-
fined intervention windows for individuals with ADHD. We
cannot be sure that individuals adhered to the dispensed treat-
ment regimen. However, given the investigation examined
dispensed medication over several years (and not just pre-
scribed medication), it is likely that individuals who were re-
imbursed on multiple occasions had a greater quantity of the
treatment than those who obtained fewer reimbursements.
Some individuals may not initiate treatment immediately
after diagnosis, which could result in a lower DDD within the
intervention window. However, the median difference be-
tween diagnosis and treatment was 7 days (0.02 years) sug-
gesting that, in individuals receiving treatment, lower DDDs
are usually a result of nonsustained treatment rather than de-
layed treatment. It was not possible to look at the effects of am-
phetamines as there were low rates of amphetamine prescrip-
tions for children with ADHD in Finland. Previous research
suggests a higher rate of psychosis outcomes in individuals
treated with amphetamines compared with methylphenidate.8

Future research on amphetamines using an instrumental
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variable design will be valuable. Our findings apply to chil-
dren and adolescents with recorded ADHD diagnoses and not
necessarily to adults with ADHD. Given rapidly increasing di-
agnoses and treatment of ADHD in adults,45 it will be impor-
tant to further investigate psychosis risk within this age group,
including applying robust methods such as those used in the
current study. Moreover, it would be valuable to further in-
vestigate differential effects within the adolescent age range
(≥13 years). We did not have sufficiently strong F statistics to
support these analyses in the current study, but further re-
search on treatment in early vs late adolescent diagnoses, as
well as on adult diagnoses, will be valuable.

We did not account for within-intervention-window
movement between hospital districts. Based on our com-
parison between the hospital district at birth and at diagno-
sis (a 14-year window), this is only likely to have occurred in
a small minority of cases. Our analyses examined the effect
of sustained methylphenidate treatment within defined
intervention windows (1-4 years postdiagnosis) and did not
account for treatment continuation or initiation after these
windows. This is similar to long-term follow-ups of RCTs,
where treatment after the active trial phase is often unmea-
sured. Our estimand is therefore the effect of an initial sus-
tained treatment strategy.

Regional prescribing propensity operationalizes not just
individual clinician prescribing preferences but a composite
of clinician differences and service context, such as local treat-
ment policies, practices, and resource availability, which al-
together shape prescribing propensity. Therefore, our esti-
mates should be interpreted as a policy-level local average
treatment effect, inclusive of the direct effect of methylphe-
nidate and any potential organizational or social spillovers re-
sulting from varying local policy and practice. Consequently,

our findings provide a policy-relevant estimate of the real-
world impact of shifting prescribing practices. While our in-
strument leverages a composite of district-level practices,
and our falsification tests support the exclusion restriction, we
cannot definitively rule out that some unmeasured aspect of
a district’s diagnostic culture or care pathway independently
influenced both prescribing propensity and psychosis risk.
However, such a factor would need to operate independently
of the socioeconomic and service-use variables that we ad-
justed for. Finally, there may be minor imprecision in our DDD
estimate for osmotic, controlled-release methylphenidate
hydrochloride. Some research has suggested that this release
system may have a slightly lower DDD than its short-release
equivalent.50

Conclusions
In this study of national Finnish registry data of individuals
with ADHD using instrumental variable analyses, we found
that sustained methylphenidate treatment of ADHD in child-
hood and adolescence was, overall, not associated with an
increased risk of later psychotic disorder. In secondary
analyses, we found that, for individuals diagnosed in child-
hood, methylphenidate treatment was associated with a
reduced risk of psychosis when followed up to adulthood.
Because we had an insufficiently strong instrument, it was
not possible to run the same analyses for individuals diag-
nosed in adolescence. The mechanisms underlying a poten-
tially reduced risk of psychosis in children treated for ADHD
will require replication and further study, but these findings
may provide important new insights for psychosis prediction
and prevention.
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