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Abstract

Introduction: Accurate detection of cardiometabolic risk in early psychosis is
crucial to reducing somatic morbidity and mortality in people with psychotic
disorders. We conducted an external validation of the psychosis metabolic risk
calculator (PsyMetRiC), a cardiometabolic risk prediction tool developed in the
UK and tailored for young people with psychosis. We compared the predictive
accuracy and clinical usefulness of PsyMetRiC and a general population-based
risk prediction tool for type 2 diabetes, the Finnish Diabetes Risk Score
(FINDRISC).

Methods: We included first-episode psychosis and ultra-high-risk for psycho-
sis patients without metabolic syndrome aged 18-35 years from the Helsinki
Early Psychosis and Turku Early Psychosis Study cohorts. We tested two ver-
sions of PsyMetRiC: the full model including age, sex, ethnicity, body-mass
index, smoking status, prescription of metabolically-active antipsychotic medi-
cation, high-density lipoprotein, and triglyceride concentrations, and the
partial-model excluding biochemical predictors, and the simplified FINDRISC
including BMI, sex, systolic blood pressure, and fasting glucose. Discrimina-
tion, calibration, and decision curve analyses were used to assess the predictive
performance and clinical usefulness of both PsyMetRiC and FINDRISC. We
performed a site-specific re-calibration of PsyMetRiC (PsyMetRiC-Fi).

Results: The study sample consisted of 278 individuals (all White European
ethnicity, 58.6% male, mean age 24.8 years, 37.8% smoking, mean BMI 23.5).
Discrimination was marginally better in the PsyMetRiC full model (C = 0.72,
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1 | INTRODUCTION

Patients with psychotic disorders are known to have
excessive somatic morbidity." Cardiovascular diseases
(CVD), type 2 diabetes (T2D) and obesity are up to five-
times more prevalent in this group compared to the gen-
eral population.” The life expectancy of people with psy-
chotic disorders is shortened by 10-15 years on average,
with general medical conditions including CVD and met-
abolic disorders an important contributor.® Mortality
rates of 15% are observed in patients with psychotic disor-
ders already by around age 40.* In addition to the years
of life lost, comorbid psychotic and cardiometabolic dis-
orders are a substantial economic burden on society.
Thus, the optimization of preventive strategies of CVD
should be a priority for psychiatric clinicians from the
onset of psychosis.’

Metabolic syndrome (MetS) comprises abdominal obe-
sity, hyperglycaemia, dyslipidaemia and elevated blood
pressure.6 It is an established risk factor for CVD, T2D, and
premature mortality.” While the prevalence of MetS is not
higher at baseline in first-episode psychosis (FEP), meta-
analytic evidence suggests that early markers of developing
cardiometabolic morbidity, e.g. insulin resistance® and dys-
lipidemia® are commonly present. Weight gain during the
first year after a diagnosis of a psychotic disorder, acceler-
ated by antipsychotic medication, predisposes to metaboli-
cally harmful abdominal obesity, and deterioration of
glucose-insulin homeostasis."’

Cardiometabolic risk prediction algorithms are rou-
tinely used by clinicians to reduce the risk of future
adverse cardiometabolic events in the general population.
The Finnish Diabetes Risk Score (FINDRISC) was devel-
oped to estimate the risk of developing type 2 diabetes in
the Finnish population, and it has also been validated for
screening''* and predicting'* MetS.

95% CI, 0.59-0.82) compared with partial model (C = 0.70, 95% CI 0.59-0.80)
or FINDRISC (C = 0.63, 95% CI 0.54-0.71). Calibration plots displayed evi-
dence of minor miscalibration for PsyMetRiC, which corrected following reca-
libration. Miscalibration was more pronounced for FINDRISC. Decision curve
analysis showed that PsyMetRiC offers likely clinical usefulness in improving
cardiometabolic risk management in early psychosis compared with giving
everyone or no one an intervention.

Conclusion: PsyMetRiC has utility in predicting cardiometabolic risk in Finn-
ish patients with early psychosis. It has better discriminatory accuracy and
offers more accurate risk prediction compared to other available strategies.

early intervention, metabolic syndrome, psychosis, risk prediction algorithm

Significant outcomes

« Psychosis metabolic risk calculator
(PsyMetRiC) provides likely clinical benefit in
predicting metabolic risk in early psychosis in
Finland.

« The predictive performance of PsyMetRiC in
this sample was comparable to other external
validations of PsyMetRiC conducted in other
European samples.

» PsyMetRiC is likely a more useful tool for met-
abolic risk assessment in early psychosis com-
pared to other risk prediction tools developed
for the general population.

Limitations

+ The sample size in the study is limited and for
estimation of wider generalizability, external
validations with larger samples are needed.

» There was a relatively large amount of missing
data at follow-up. We did not detect patterns of
not-random missingness, which allowed for
the use of imputation in the statistical
analyses.

Existing risk-prediction algorithms, including FIN-
DRISC, were developed for populations of middle-
to-older adults due to the highest incidences of cardiome-
tabolic disturbances in these age groups.'” Because these
disturbances emerge much earlier in patients with psy-
chotic disorders, the algorithms severely underpredict
cardiometabolic risk in this high-risk group.'®'” There-
fore, recently the Psychosis Metabolic Risk Calculator
(PsyMetRiC) was developed in the UK to predict the
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6-year risk for MetS among FEP patients aged 18-
35 years.'® PsyMetRiC has been externally validated in
the United Kingdom (UK), Spain and Swizerland.'® Psy-
MetRiC has potential for clinical usefulness in treating
young adult patients with psychotic disorders, and could
help clinicians to personalize counseling, pharmacologi-
cal and behavioral interventions in diminishing
CVD risk.

PsyMetRiC has not yet been tested in Nordic coun-
tries, and so its generalizability in those regions cannot
be assumed. Even large-scale general population-based
cardiometabolic risk prediction algorithms show variabil-
ity in predictive performance when tested across
borders.?>2? There are a multitude of cultural, social,
health behavioral or environmental confounders that
could limit the performance of PsyMetRiC outside previ-
ously validated populations.

We studied the predictive accuracy of PsyMetRiC
across two clinical samples in Finland by performing
detailed external validation analysis to assess whether
PsyMetRiC may be generalizable for potential future use
in Finland. Then, where we identified evidence of differ-
ing predictive accuracy across borders, we performed
population-specific recalibration to develop a revised ver-
sion of the PsyMetRiC algorithm tailored for the Finnish
population (PsyMetRiC-Fi). Finally, we studied the accu-
racy and likely clinical usefulness of PsyMetRiC-Fi com-
pared with the FINDRISC algorithm in three early
psychosis samples in Finland. This study is reported
according to TRIPOD guidelines (see Table S1).**

The aim of this study was to validate and recalibrate
PsyMetRiC in a Finnish early psychosis sample and com-
pare its clinical usefulness to another readily available
risk prediction calculator aimed for the general popula-
tion. Ultimately, accurate metabolic risk prediction
would inform both the clinician and the patient about
individual-level risk and help clinicians target interven-
tions to those who are most likely to benefit from them.

2 | METHODS

2.1 | Data sources

2.1.1 | Helsinki Early Psychosis Study

The patients in the Helsinki Early Psychosis
Study (HEPS) study were recruited from the catchment
areas of Helsinki University Hospital and Helsinki Psy-
chiatric Services from December 2010 through June 2016.
At the time of recruitment, participants were receiving
either inpatient or outpatient care. Inclusion criteria
were: (1) receiving a minimum score of 4 in the Brief Psy-
chiatric Rating Scale—Expanded (BPRS-E)** Unusual
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thought content or Hallucinations and (2) fluency in
Finnish. Patients with previous psychotic episodes, sub-
stance induced psychosis and psychosis due to a general
medical condition were excluded. The study was carried
out in accordance with the International Code of Medical
Ethics of the World Medical Association (the Declaration
of Helsinki). The study protocol was approved by the
Ethics Committee of the hospital district of Helsinki and
Uusimaa (257/12/03/03/2009; 226/13/03/03/2013) and
the institutional review boards of the Finnish Institute
for Health and Welfare, Helsinki, Finland, and the Uni-
versity of Helsinki. All participants gave a written
informed consent.

At baseline, 61% (59/97) of patients were hospitalized.
Weight, waist circumference and blood pressure were
measured, and blood samples collected at baseline and at
the follow-up measurement. Participants’ physical activ-
ity, diet and smoking were also assessed. Mean time
between baseline and the follow-up measurements was
391 days (range 356-545 days). Psychiatric diagnostic
interviews were done at the follow-ups of two and
12 months. The diagnostic assessments were based on
the Research Version of the Structured Clinical Interview
for DSM-IV Axis I Disorders (SCID-I)** and available
medical records. Detailed methods of the HEPS study
have previously been described in Keininen et al. 2018.%°

2.1.2 | Turku Early Psychosis Study
First-episode psychosis patients and clinical-high-risk for
psychosis patients (CHR) (ages 18-50 years) with at least
adequate skills in Finnish were recruited from the psychi-
atric inpatient and outpatient units of Turku Health Ser-
vices and the Hospital Districts of Southwest Finland and
Satakunta. The time period of recruitment was from
October 2011 to December 2017. The study design and pro-
tocols were approved by the ethics committee of the Turku
University Hospital (Approval numbers Turku Early Psy-
chosis Study (TEPS) ETMK 64/180/2011, PRONIA ETMK
99/180/2013 and METSY ETMK 98/180/2013). All partici-
pants gave a written informed consent.

FEP was defined as fulfilling the criteria for DSM-IV
Axis I psychosis diagnosis, including schizophrenia, delu-
sional and bipolar psychoses, acute transient psychoses and
other psychoses, and having received treatment for the psy-
chosis for less than 2 years. Clinical high risk for psychosis
was determined according to the Structured Interview for
Prodromal Symptoms.”” Exclusion criteria for study
patients were a previous psychotic disorder and IQ < 70.

‘Intent to study’-CHR (Clinical High Risk) group con-
sisted originally of patients that had a high risk for psy-
chosis according to a clinical estimate by the treating
clinical team in psychiatric health care services. These
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TABLE 1 Sociodemographic characteristics of the original PsyMetRiC development sample and included external validation sample.

Original PsyMetRiC development

Characteristic sample (UK)

Sample before inclusion/exclusion criteria 1504
applied®, N

Included sample size®, N (%) 651 (43.28)
Age in years, mean (SD) 24.52 (4.91)
White European/NR ethnicity, N (%) 360 (55.3)
Male sex, N (%) 440 (67.59)
HDL at baseline (mmol/L) mean (SD) 1.88 (0.57)
Triglycerides at baseline (mmol/L) mean 1.39 (1.06)
(SD)

BMI at baseline (kg/m?), mean (SD) 23.63 (5.43)
FPG at baseline (mmol/L), mean (SD) 5.19 (1.28)

Systolic BP at baseline (mmHg), mean (SD)  120.65 (11.68)

Prescribed a more-metabolically active 455 (69.89)
antipsychotic®, N (%)

Smoking at baseline, N (%) 315 (48.39)
MetSyndrome at baseline, N (%) 49 (6.58)
MetSyndrome at follow-up, N (%) 109 (16.74)

Full analytic sample Between-group
(Finland) differences®

334 -

278 (83.23) -

24.8 (4.60) t=0.21,p = 0.835
100 (100) x = 141.62, p < 0.001
163 (58.60) 7 =5.14,p =0.023
1.46 (0.38) t = —10.02, p < 0.001
1.03 (0.53) t=—4.58, p < 0.001
23.50 (4.32) t=0.17, p = 0.866
4.91 (1.15) t = —4.00, p < 0.001
122.00 (13.40) t=1.42,p = 0.156
203 (73.0) 7 =15.24, p < 0.001
105 (37.80) ¥ =5.58, p=0.018
27 (8.90) x =5.15,p=0.023
53(19.11) x =0.76, p = 0.384

Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; MetS, metabolic syndrome.
#Analysis of means was conducted using unpaired t-tests. Analysis of proportions was conducted using the chi-square equality of proportions test.

bSee Figure 1 for a flow-chart of included participants in the study.

“Definitions of Metabolically-active antipsychotics per Perry et al (2021)"° reported in Table S3.
dCorresponds to percentage of total sample before participants with MetS were excluded.

patients were subsequently examined with Structured
Interview for Prodromal Symptoms (SIPS), including
Global Assessment of Functioning (GAF). Following
high-risk criteria were used: Attenuated Psychotic Symp-
toms (APS), Brief Limited Psychotic Symptoms (BLIPS),
and Genetic risk and reduction of function (GRD). Some
of the clinician-defined psychosis risk patients did not
quite fulfill the SIPS criteria. However, as observed in a
previous publication, both CHR groups (SIPS positive
and SIPS negative) were clinically similar®® Thus, a com-
bined CHR group was used in this study.

At baseline, 82% (107/130) of patients were hospital-
ized. Weight, waist circumference and blood pressure
were measured, and blood samples collected at baseline
and at follow-up points.

The mean time between the baseline and the follow-
up measurements was 366 days (range 138-501 days).

2.1.3 | Comparisons between study
populations

While there are similarities between Finland and the UK,
where PsyMetRiC was originally developed, there are
also notable differences. Table 1 shows the sociodemo-
graphic characteristics of the study samples. See Table S2

for a detailed comparison of key sociodemographic, eco-
nomic, and healthcare-related metrics between the over-
all UK and Finnish populations.

Regarding the study regions specifically, the Greater
Helsinki Region has a population of 1,733,033 inhabi-
tants, of whom 664,028 live in the capital city, Helsinki.*
The wellbeing services county of Southwest Finland
(Turku region) has a population of 485,567 inhabitants,
of whom 197,900 live in Turku.?’

2.2 | Inclusion and exclusion criteria
Following the methodology of the original PsyMetRiC
study,'® in both samples we excluded participants who:
were aged <16 years or >35 years at the time of baseline
assessment; met the outcome criteria at baseline; or had
missing data on all predictor or outcome constituent vari-
ables. See Figure 1 for a flow-chart of included partici-
pants in the study from both samples.

2.3 | Outcome

As per the original PsyMetRiC study,'® we used the har-
monized definition®® of MetS as a binary outcome:
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FIGURE 1 Flow-chart of participants Helsinki FEP . o
included in the study. *Number of individuals et Turku FEP Clinical High-Risk
included in the final analyses (n = 278). n=97 n=130 n =107

L/

Total Sample

n=334

A 4

Baseline Age >16 and <35

n =305

A4

Without Metabolic
Syndrome at Baseline

n=278*

A4

With follow-up data available

n=157

*Number of individuals included in the final analyses (n=278)

ethnicity-specific waist circumference >94 cm in males
and >80 cm in females for Caucasians; >90cm in
males and >80 cm in females for other ethnic groups, or
body mass index (BMI) >29.9; alongside two of: triglycer-
ides €1.70 mmol/L; high-density lipoprotein (HDL)
<1.03 mmol/L (males) or <1.29 mmol/L (females); sys-
tolic blood pressure >130 mmHg; fasting plasma glucose
(FPG) >5.60 mmol/L. In each sample, where multiple
follow-ups were available for each participant, we used
the latest follow-up available between 1 and 6 years after
baseline with the least amount of missing data.

2.4 | Algorithms tested for predictive
performance

241 | Psychosis Metabolic Risk Calculator

Psychosis Metabolic Risk Calculator (PsyMetRiC),
developed in the UK,'® consists of two forced-entry multi-
variable penalized logistic regression equations: the full-

model and the partial-model. The full-model includes
age, sex, ethnic background, current smoking status, psy-
chotropic medication at baseline, BMI, HDL and triglyc-
erides. The partial-model is the same minus the
biochemical predictors (HDL and triglycerides). Briefly,
predictors were selected during the original PsyMetRiC
model development study'® based on clinical knowledge,
prior research, and likely clinical usefulness/patient
acceptability. Antipsychotic medications were categorized
as more or less metabolically-active (Table S3). The Psy-
MetRiC algorithm coefficients are presented in Table S4.
See the original PsyMetRiC study'® for further details.

2.42 | Finnish Diabetes Risk Score

The Finnish Diabetes Risk Score (FINDRISC)*! consists
of a forced-entry multivariable logistic regression equa-
tion developed using data from the Finnish national Pop-
ulation Register in 1987 and another independent sample
in 1992 (the FINRISK studies). Predictors, including age,
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BMI, waist circumference, hypertension history, fasting
blood glucose, diet and physical activity levels were
included on a balance of clinical knowledge, prior
research, and based on their likely convenience for use in
primary care. We performed analysis of the concise FIN-
DRISC version (all predictors except hypertension his-
tory, diet and physical activity). As reported by the
authors of FINDRISC, diet and physical activity were
added to the FINDRISC full model to emphasize lifestyle
factors in the prevention of diabetes, although they did
not meaningfully improve the predictive performance of
the model.** FINDRISC was originally developed to pre-
dict type 2 diabetes but has also been independently vali-
dated to predict MetS.'™*3

2.5 | Statistical analysis
2.51 | Sample preparation and estimation of
analytic precision

Where necessary, the units of biochemical values were
converted to mmol/L. Recently developed criteria®® to
estimate analytic precision given the fixed sample sizes
(Supplementary Methods) were applied. Briefly, the
expected SE for the C-statistic was 0.04. The expected SEs
for the calibration slope and calibration-in-the-large were
0.22 and 0.20 respectively. Multiple imputation using
chained equations was considered for missing data
(Supplementary Methods). Rubin's rules were used to
pool the estimates for numerical-based analyses. For plot-
based analyses, plots generated in each imputed dataset
were checked for similarity. In the main manuscript, one
randomly selected plot per analysis is shown and the
remaining plots are presented in the Supplementary
Results.

2.5.2 | Primary external validation analysis
After applying the algorithms to the analytic sample, the
distribution of predicted outcome probabilities was
inspected using histograms. Primary assessment of algo-
rithm performance was done with measures of discrimi-
nation (concordance (C-) statistic), and calibration
(calibration plots) (Supplementary Methods). We also
recorded the Nagelkerke-Cox-Snell-Maddala-Magee r*
index, the calibration intercept (ideally close to 0), cali-
bration slope (ideally close to 1), and the Brier score (ide-
ally close to 0, with scores >0.25 indicating poor
performance).

2.5.3 | Recalibration and generation of
Finland-specific PsyMetRiC version

Miscalibration was estimated by visual inspection of cali-
bration plots and where miscalibration was identified
(between the observed proportion and predicted probabil-
ity), logistic calibration approach was considered. By
completing this step, we obtained a Finland-specific ver-
sion of PsyMetRiC (PsyMetRiC-Fi) (Supplementary
Methods). Performance estimates are presented accompa-
nied by 95% CIs for all results in our analysis. We did not
perform recalibration analysis for FINDRISC.

2.5.4 | Clinical usefulness

Clinical usefulness was assessed using decision curve
analysis.”®> Net benefit was estimated across a range of
feasible thresholds (i.e., the risk score at which an inter-
vention would be deemed necessary) (Supplementary
Methods). We considered a risk threshold upper-bound
of 0.30 as in previous PsyMetRiC studies.'®'® Using net
benefit instead of related measures such as sensitivity
and specificity was preferred, as net benefit incorporates
the consequences of the decisions made on the basis of
an algorithm.>* We reported the net benefit and stan-
dardized net benefit (net benefit / outcome prevalence
that is, the additional percentage of cases that could be
intervened on with use of PsyMetRiC with no increase in
false-positives) across a range of reasonable risk thresh-
olds. Decision curve plot was drawn to visualize and
compare the net benefit of PsyMetRiC, PsyMetRiC-Fi
and FINDRISC, compared with intervening in all or
intervening in none. Classical decision theory proposes
that at a chosen risk-threshold, the choice with the great-
est net-benefit should be preferred.*

2.5.5 | Sensitivity analyses—Predictive
accuracy in young people at risk of developing
psychosis

The original PsyMetRiC study included sensitivity analy-
sis in young people at risk for developing psychosis as
measured using the Psychosis-Like Symptom Interview
and showed that PsyMetRiC may be generalizable for use
in these individuals."® To externally validate this finding
in an international sample for the first time, we con-
ducted analysis in 107 individuals from the TEPS study
with high-risk for psychosis. Analytic methods followed
those described above.
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TABLE 2 Predictive performance statistics of PsyMetRiC and FINDRISC in analytic sample.

Measure of predictive performance

Primary analysis, estimate (95% CI)

After logistic calibration, estimate (95% CI)

PsyMetRiC

C-statistic

P

Calibration intercept

Calibration slope

Brier score

Full-model

0.72 (0.59, 0.82)
0.17 (0.15, 0.20)
0.16 (—0.04, 0.37)
1.03 (0.86, 1.21)
0.05 (0.01, 0.08)

Partial-model
0.70 (0.59, 0.80)
0.14 (0.11, 0.17)
—0.14 (—0.25, —0.02)
0.94 (0.81, 1.15)
0.06 (0.01, 0.12)

Full-model

0.72 (0.59, 0.82)
0.19 (0.16, 0.22)
0.01 (0.00, 0.01)
1.00 (0.99, 1.01)
0.04 (0.01, 0.07)

Partial-model
0.70 (0.59, 0.80)
0.16 (0.13, 0.19)
0.01 (0.00, 0.01)
1.01 (0.99. 1.02)
0.05 (0.01, 0.08)

FINDRISC
C-statistic 0.63 (0.54, 0.71)
r 0.06 (0.02, 0.10)
2.28 (1.45, 3.10)
0.58 (0.23, 0.93)

0.15 (0.11, 0.20)

Calibration intercept
Calibration slope

Brier score

Note: The C-statistic is a measure of discrimination and estimates the probability that a randomly selected ‘case’ will have a higher predicted probability than a
randomly selected non-case. Scores of 1.0 indicate perfect discrimination; scores of >0.70 are generally considered acceptable. The calibration intercept (ideally
close to 0) and calibration slope (ideally close to 1) are estimates of model calibration (i.e., the agreement between the observed proportion and predicted risk).

The Brier score (ideally close to 0, with scores >0.25 indicating poor performance) is an overall measure of algorithm performance. We did not perform logistic

calibration for FINDRISC.

2.5.6 | Data visualization

An online data visualization website for PsyMetRiC was
created to accompany the original study (https://
psymetric.shinyapps.io/psymetric). The website was
updated with the Finland-specific PsyMetRiC version
obtained through recalibration analysis. All statistical
analyses were done locally by researchers in Finland with
R version 4.3.2.%

3 | RESULTS
31 | Samples

After applying inclusion criteria, we included 278 partici-
pants (Table 1, Figure 1). The Finnish sample differed
from the UK PsyMetRiC development sample on most
sociodemographic, lifestyle and biochemical characteris-
tics (Table 1).

3.2 | Primary external validation
analysis

The distribution of predicted probabilities for PsyMetRiC
were similar to the original PsyMetRiC study (Figure S1).
The distribution of predicted probabilities for FINDRISC

showed that the vast majority of included participants
scored <10% predicted risk. Predictive performance sta-
tistics are reported in Table 2. In summary, there was
acceptable discriminative performance of PsyMetRiC
(full-model C = 0.72, 95% C.1., 0.59, 0.82; partial-model
C = 0.70, 95% CI, 0.59-0.80), but poor discriminative per-
formance of FINDRISC (C = 0.63, 95% CI, 0.54-0.71).
Calibration plots (Figure 2, Figure S3) show varying
degrees of miscalibration for PsyMetRiC across imputed
datasets, with predominantly risk underprediction in the
full-model, and overprediction in the partial-model. For
FINDRISC there was consistent under-prediction of risk
across all imputed datasets.

3.3 | Recalibration and generation of
site-specific PsyMetRiC version
(PsyMetRiC-Fi)

After logistic calibration of PsyMetRiC (Table S5), the
shape of the distributions of predicted probabilities was
similar to the primary analysis (Figure S1). Recalibrated
performance statistics for PsyMetRiC-Fi are reported in
Table 2. Discriminative performance was unchanged,
and calibration plots for both PsyMetRiC-Fi versions
were similar across imputed datasets (Figure 1;
Figure S4) and showed substantially improved agreement
between observed risk proportions and predicted risk.
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Primary Analysis After Logistic Calibration®
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FIGURE 2 Calibration plots in analytic sample. Calibration plots illustrate agreement between the observed (y axis) and predicted risk

(x axis). Perfect agreement would trace the red line. Algorithm calibration is illustrated by the black line. Triangles denote grouped
observations for participants at deciles of predicted risk, with 95% CI's indicated by the vertical black lines. The letter a in superscript
denotes logistic calibration takes into account differences in baseline risk that may exist between populations by re-estimating the intercept
term, and also re-estimates the slope term thus assuming similar relative effects of the predictors but allowing for a larger or smaller absolute

effect of the predictors. We did not perform recalibration for FINDRISC. See Methods.
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aty <O0.

3.4 | Clinical usefulness

Full decision curve analysis results are presented in
Figure 3, Figure S5 and Tables S6-S8. The decision curve
analysis plots indicate the net benefit provided by the
original (un-calibrated) PsyMetRiC, the recalibrated ver-
sion (PsyMetRiC-Fi), and FINDRISC in comparison to
intervening in all and intervening in none. In summary,
results were broadly similar across imputed datasets and
indicate that both PsyMetRiC versions are likely to con-
vey clinical usefulness across the range of studied risk

thresholds compared with competing strategies of using
FINDRISC, intervening in all or intervening in none.
Likely clinical usefulness for both PsyMetRiC versions
improved further on recalibration. Across all imputed
datasets FINDRISC appeared to be less clinically useful
than intervening in all (Figure 3, Figure S5) for most
studied risk thresholds. For example, at a risk threshold
of 15%, the recalibrated full and partial PsyMetRiC-Fi
versions provided net benefits of 0.13 (95% CI, 0.08-0.19)
and 0.13 (95% CI, 0.07-0.20) respectively, and FINDRISC
provided a net benefit of 0.01 (95% CI, 0.00, 0.03). This
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equates to an additional 52% of metabolic syndrome cases
that could be potentially prevented with the full model,
an additional 50% with the partial-model, and an addi-
tional 4% with FINDRISC, without an increase in false
positives (Tables S6-S8).

3.5 | Sensitivity analysis

In the CHR group, the C-statistic for PsyMetRiC full
model was 0.71 (95% CI 0.58-0.85) and partial model 0.66
(95% CI 0.51-0.80). The calibration plots shown in the
Figure S7 indicate similar performance of PsyMetRiC in
the CHR group as in the main analysis with mainly risk
undeprediction in the full model and overprediction in
the partial model.

4 | DISCUSSION

In this study, we evaluated the performance of the Psy-
MetRiC cardiometabolic risk prediction algorithm in a
sample of Finnish individuals with early psychosis, com-
paring its performance with FINDRISC, a type 2 diabetes
risk prediction tool developed locally for the general pop-
ulation. Our results indicate that PsyMetRiC-Fi has simi-
lar utility in this sample as in the previous external
validations conducted internationally, and that it is more
appropriate for use in the Finnish early psychosis popula-
tion compared with equivalent general population-based
tools, for example, FINDRISC.

As in previous validations of PsyMetRiC, we tested
both versions of the prediction model. Each model
includes age, sex, BMI, waist circumference, smoking,
and antipsychotic medication as predictors. In addition,
the full model includes the blood levels of triglycerides
and HDL cholesterol. Discrimination accuracy, measured
by the C-statistic, reports the proportion of individuals
who developed MetS who received a higher risk score
than individuals who did not develop MetS. Our results
show stable discriminative accuracy for both PsyMetRiC
versions compared with validations done in FEP cohorts
in Spain and Switzerland, each showing slightly lower
discriminative accuracy compared with the original exter-
nal validation in the UK. As in the previous PsyMetRiC
validations, the full model had marginally better discrim-
inative accuracy, supporting the utility of blood tests in
evaluating the risk of MetS in individuals with early psy-
chosis. However, validation in larger samples will be
required to confirm whether the PsyMetRiC-Fi full model
outperforms the partial model. Both PsyMetRiC versions
showed superior discriminative accuracy in this early
psychosis population compared with using FINDRISC.

Appropriate assessments of algorithm calibration are
essential to assess the agreement of predicted risk esti-
mates compared with observed risk proportions. A poorly
calibrated algorithm (i.e., where predicted risk estimates
under- or over-predict risk) may lead to individuals being
inappropriately withheld from potentially impactful, nec-
essary interventions, or vice versa—being offered inter-
ventions they do not need. In the calibration analysis we
detected that the PsyMetRiC full model tended to under-
predict risk, and that the partial model overpredicted
it. One potential explanation for this pattern of miscali-
bration is the difference in sociodemographic and clinical
characteristics of the Finnish sample compared with orig-
inal UK samples. Most notably, the ethnicity of the indi-
viduals in the Finnish sample was exclusively White
European, while in the UK sample roughly half of the
participants were of White European ethnicity.

Following recalibration of PsyMetRiC-Fi to account
for population differences, calibration of both models
improved substantially with no detriment to discrimi-
native accuracy. The advantage of recalibration is that
it does not change the predictor coefficients. This
means the algorithm benefits from the large sample
used to develop and externally validate it in the first
place, and each additional successful validation study
adds further confidence in the overall generalisability
of the algorithm, with a larger total sample size
involved across all validations. These are notable bene-
fits that are relatively rare in risk prediction research
across biomedicine.

Calibration analysis of FINDRISC demonstrated a
consistent underprediction of risk in this early psychosis
sample. This result is consistent with other studies show-
ing that cardiometabolic risk prediction algorithms devel-
oped for older adults from the general population are
unsuitable for the early psychosis population because
they substantially underpredict risk in this group.

We used decision curve analysis to estimate the likely
clinical usefulness of PsyMetRiC, compared to competing
strategies of using FINDRISC, intervening in all, or inter-
vening in none. Both PsyMetRiC versions displayed supe-
rior net benefit compared with competing strategies
across a range of reasonable risk thresholds, and the
likely clinical usefulness improved even further following
recalibration.

In sensitivity analysis, we found that the predictive
accuracy of PsyMetRiC was stable in the psychosis risk
group as compared to the FEP group, the full model
being again more accurate in predicting risk than the
partial model. Individuals with high risk for psychosis
have a high prevalence of metabolic risk factors similar
to those with FEP, including insulin resistance and
dyslipidemia.*®
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When considering the potential generalisability of our
results to the whole Finnish population with early psy-
chosis, the relatively large geographical variation in the
prevalence of cardiovascular disease and metabolic risk
factors across Finland should be taken into consider-
ation.’” The sample in our study was recruited from two
areas in the South-Western part of Finland and it would
also therefore be important to validate PsyMetRiC-FI in
other Finnish early psychosis samples.

There are a few other key limitations of our study.
First, the sample size, while relatively large for a longi-
tudinal study of early psychosis, limited the precision
with which we could estimate algorithmic accuracy. The
testing of PsyMetRiC in larger international samples in
future will help to confirm its accuracy across borders
and permit the extension of the model with additional
predictors of local importance. Second, the relatively
large proportion of missing data at follow-up is another
limitation. However, we did not detect any significant
patterns of not-random missingness and thus were able
to use imputation to account for the missing observa-
tions. Third, we did not use the complete FINDRISC
algorithm, leaving out family history of diabetes, use of
antihypertensive medication, and data on diet and phys-
ical activity. We do not expect this to significantly influ-
ence the risk assessment, as the diet and physical
activity variables were originally added to the FIN-
DRISC model to highlight the importance of modifiable
risk factors of T2D and did not contribute meaningfully
to the predictive accuracy of FINDRISC.?" Fourth, while
FINDRISC has been shown to be accurate in MetS pre-
diction in general population samples, it was developed
to predict risk of T2DM rather than MetS, meaning our
comparison to PsyMetRiC should be considered in this
context.

5 | CONCLUSION

We report the first validation study of a cardiometabolic
risk prediction algorithm tailored specifically for the early
psychosis population in the Nordic region. PsyMetRiC-Fi
appears promising for future routine use by health pro-
fessionals caring for young people with or at risk of devel-
oping psychosis in Finland. Further validation studies in
larger samples will be the critical next step toward clini-
cal implementation of the model.
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