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Summary
Background Metabolic syndrome (MetS) is common following first-episode psychosis (FEP), contributing to
substantial morbidity and mortality. The Psychosis Metabolic Risk Calculator (PsyMetRiC), a risk prediction
algorithm for MetS following a FEP diagnosis, was developed in the United Kingdom and has been validated in
other European populations. However, the predictive accuracy of PsyMetRiC in Chinese populations is unknown.

Methods FEP patients aged 15–35 y, first presented to the Early Assessment Service for Young People with Early
Psychosis (EASY) Programme in Hong Kong (HK) between 2012 and 2021 were included. A binary MetS outcome
was determined based on the latest available follow-up clinical information between 1 and 12 years after baseline
assessment. The PsyMetRiC Full and Partial algorithms were assessed for discrimination, calibration and clinical
utility in the HK sample, and logistic calibration was conducted to account for population differences. Sensitivity
analysis was performed in patients aged >35 years and using Chinese MetS criteria.

Findings The main analysis included 416 FEP patients (mean age = 23.8 y, male sex = 40.4%, 22.4% MetS prevalence
at follow-up). PsyMetRiC showed adequate discriminative performance (full-model C = 0.76, 95% C.I. = 0.69–0.81;
partial-model: C = 0.73, 95% C.I. = 0.65–0.8). Systematic risk underestimation in both models was corrected
using logistic calibration to refine PsyMetRiC for HK Chinese FEP population (PsyMetRiC-HK). PsyMetRiC-HK
provided a greater net benefit than competing strategies. Results remained robust with a Chinese MetS definition,
but worse for the older age group.

Interpretation With good predictive performance for incident MetS, PsyMetRiC-HK presents a step forward for
personalized preventative strategies of cardiometabolic morbidity and mortality in young Hong Kong Chinese FEP
patients.
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Research in context

Evidence before this study
The pooled prevalence of metabolic syndrome (MetS) in
people with severe mental illness including psychosis was
32.6% which contributed significantly to the excess mortality
rate of this population. Even at the onset of psychosis, the
rate of MetS was 13% and continued to increase over time.
There are only two prognostic risk prediction algorithms of
MetS for general population and people with general SMI.
There is only one metabolic risk calculator for younger people
with first-episode psychosis (FEP), the PsyMetRiC, developed
in the UK population, and validated in two independent
European samples (Switzerland and Spain). PsyMetRic
performed consistently in both populations regarding clinical
usefulness and reliability of predicting the risk of developing
MetS in young individuals with psychosis. However, MetS risk
varies by ethnicity, which warrants further testing of this risk
prediction algorithm in non-European populations.

Added value of this study
This study reports the first validation of PsyMetRiC in a non-
European sample. Detailed sensitivity analysis also includes

the first assessment of PsyMetRiC’s predictive performance
for the Chinese MetS criteria, and the first assessment of
PsyMetRiC’s predictive performance in adults with first
episode psychosis aged >35 yrs. Results suggested that
PsyMetRiC showed stability in discriminative ability in the
Hong Kong sample but led to a systematic under-prediction
of metabolic risk. Site-specific recalibration of PsyMetRiC
greatly improved calibration performance and likely clinical
usefulness with no detriment to discrimination.

Implications of all the available evidence
The PsyMetRic is generalizable in the Hong Kong Chinese Han
population with satisfactory predictive accuracy and the
PsyMetRiC-HK is a thus a reliable prognostic risk prediction
algorithm of MetS in the younger FEP in Hong Kong. This is
the first step towards personalized preventive strategies of
cardiometabolic morbidity and mortality in young Chinese
FEP patients. Further validation studies in the Chinese or
Asian population will help to further probe the generalizability
of PsyMetRiC.
Introduction
People with severe mental illness (SMI) including
schizophrenia-spectrum, uni- and bipolar affective dis-
orders have two to three times higher mortality rates
than the general population.1,2 It is estimated that 60%
of this excess mortality could be attributed to physical
morbidities, predominantly diabetes, obesity and car-
diovascular diseases (CVD).2,3 A combination of car-
diometabolic risk factors including central obesity, high
blood pressure, low high-density lipoprotein (HDL)
cholesterol, elevated triglycerides and hyperglycaemia
are termed the Metabolic syndrome (MetS), and MetS is
a key risk factor of longer-term cardiometabolic
morbidity4 and mortality.5 Clear definitions of MetS
have been established by different organizations,6–9 with
slight variations over time and across international
borders, aiming to facilitate the identification of a high-
risk group so as to prevent the development of major
morbidity and reduce mortality.

Meta-analyses found that the prevalence of MetS in
patients with schizophrenia was 32.5%10 and the pooled
prevalence of MetS of patients with SMI was 32.6%.2

Compared with the general population, people with
SMI have a significantly higher risk of MetS.2 Even
among younger individuals at psychosis onset, the rate
of MetS was found to be 13%10 and significantly
increased over time.11 Furthermore, about twice as many
patients with a first-episode psychosis (FEP) as age and
sex matched healthy controls had at least one altered
MetS component.12 FEP are patients who experienced
signs or symptoms of psychosis, such as hallucinations,
delusions, with the level of severity and period that
warrant a psychiatric diagnosis, for the first time in their
life. Therefore, identification of people at psychosis
onset who are at higher risk of developing MetS would
allow the personalised tailoring of treatments to reduce
the development of CVD-related morbidity and mortal-
ity. Prognostic risk prediction algorithms are routinely
used in the general population to identify individuals at
higher cardiometabolic risk. However, psychosis has a
peak incidence around the early twenties, and existing
cardiometabolic prognostic algorithms substantially
under-estimate cardiometabolic risk in this group.13

Therefore, a Psychosis Metabolic Risk Calculator
(PsyMetRiC) was developed in the UK to predict the risk
of developing MetS up to six-years after FEP for patients
aged 16–35 years, and external validation in the UK
demonstrated the potential for generalisability in the UK
www.thelancet.com Vol 47 June, 2024
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population (C-statistics of full-model ranged from 0.75
to 0.80).14 PsyMetRiC has recently been further validated
in two independent Western European FEP samples of
the same age group (Spain and Switzerland) and
retained good discriminative accuracy (C-statistics
ranged from 0.72 to 0.73).15 The results suggest the
generalizability of PsyMetRiC in European populations.
Differences in MetS prevalence between different eth-
nicities and regions have been observed including the
Western and Chinese population. A comparative study
found the prevalence of MetS doubled in the Western
population compared with the Hong Kong Chinese
population.16 Some of these differences may be due to
genetics, however many could be attributed to the dif-
ferences in lifestyle, diet, health systems, and/or
urbanicity.17 Indeed, it has been suggested that about
3% of the heterogeneity between the prevalence of MetS
in FEP could be attributed to ethnicity in general.18

Therefore, PsyMetRiC requires validation in the Chi-
nese population to ensure it is generalisable.

The current study aimed to validate and recalibrate
PsyMetRiC in a Hong Kong Chinese Han population
(PsyMetRiC-HK) of people with a FEP, aged 16–35 years,
who were receiving care from psychosis early interven-
tion services (EIS) in Hong Kong. In 2001, the Early
Assessment Service for Young People with Early
Psychosis (EASY) Programme was established by the
Hospital Authority as a region-wide service to provide
two-year phase-specific multi-disciplinary interventions to
patients with FEP of age 15–25.19,20 The service was
further expanded to a three-year service covering FEP
with ages 15–64 in 2011.21 In order to examine the
possible generalizability of the algorithms for the whole
population served by the early intervention service locally
and across different MetS criteria, the prediction perfor-
mances of PsyMetRiC-HK using Chinese Diagnostic
Criteria for MetS proposed by the Chinese Diabetes So-
ciety (CDS) or among those age over 35 were also
examined as sensitivity analyses in the current study.
Methods
Study sample and data sources
We included patients with a FEP who first presented to
the Early Assessment Service for Young People with
Early Psychosis (EASY) Programme of Queen Mary
Hospital, Hong Kong, between 2012 and 2021. The
EASY service of Queen Mary Hospital is one of the
seven centers of the EASY programme in Hong Kong,
serving a population of 0.55 million approximately. In-
clusion and exclusion criteria follow that of the previous
PsyMetRiC study.14 In detail, patients with FEP, Han
Chinese, aged 16–35 years at first service contact, and
who had ≥1 year of follow-up data available were
included. Patients who had missing data on all predictor
or outcome variables were excluded, as were individuals
who had MetS at baseline (first mental health service
www.thelancet.com Vol 47 June, 2024
contact). Information of subjects aged 36–64 years were
also obtained for sensitivity analysis. Patients with a
diagnosis of a non-organic psychosis-spectrum disorder
at baseline (ICD-10 codes F06.0–2, F20–F31, F32.3,
F33.3, F53.1 as defined in the original PsyMetRiC study)
were included. As the EASY service excludes people
with co-morbid organic brain conditions, drug-induced
psychosis or moderate to severe learning disabilities,
individuals with these diagnoses were also excluded.
Supplementary Table S1 shows the diagnostic classifi-
cation of included patients, and a recruitment flow-chart
is shown in Supplementary Figure S1. Clinical infor-
mation was obtained from the written clinical records
and the Clinical Management System (CMS), which is a
central electronic health record system of the public
health system in Hong Kong, including psychiatric
services. All clinical information including investigation
results, inpatient and outpatient records, medication
prescribed, and clinical diagnosis are included in the
CMS.22 Institutional ethical approval was obtained from
the Institutional Review Board of The University of
Hong Kong/Hospital Authority Hong Kong West
Cluster (IRB reference number: UW 21–626). All in-
formation was obtained anonymously, and written
consent was waived. Data was collected from 6
December 2022 to 12 April 2023.

Baseline information and outcome
Baseline information included age at presentation, bio-
logical sex, waist circumference (cm), weight (kg),
height (cm), body mass index (BMI), current smoking
status, prescription of more metabolically-active anti-
psychotic medications (Supplementary Table S2), tri-
glycerides (mmol/L), high-density lipoprotein (HDL;
mmol/L), systolic and diastolic blood pressure (mmHg),
and fasting blood glucose (FBG; mmol/L). As per the
original PsyMetRiC study,15 we used the harmonized
definition of MetS as a binary outcome8: ethnicity-
specific waist circumference ≥90 cm in males and
≥80 cm in females for our sample, or BMI >29.9;
alongside two of: triglycerides ≥1.70 mmol/L; HDL
<1.03 mmol/L (males) or <1.29 mmol/L (females); sys-
tolic blood pressure >130 mmHg; FBG >5.60 mmol/L.
When multiple follow-ups were available for each
participant, we used the latest follow-up available be-
tween 1 and 12 years after baseline with the most
available data.

Study population characteristics
The Hong Kong population is mostly Han Chinese
(98.3%), the sociodemographic, economic, and
healthcare-related information were recorded in
Supplementary Table S3. Hong Kong has a population
of 7.498 million (mid-2023) inhabitants, of whom 0.55
million is served by the Queen Mary Hospital, covering
the Central, Western and Southern districts of the Hong
Kong Island. According to the Census and Statistics
3
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Department (C&SD)–The Government of the Hong
Kong Special Administrative Region (HKSAR), of the
employed persons in 2022, 87.5% work in services,
11.7% work in industry, and 0.8% work in the primary
sector, with unemployment rate to be 3.7% in Quarter 4
(September–November, 2022), and the gross domestic
product per capita in 2022 was HK$383,611.

The PsyMetRiC algorithms
Two forced-entry multivariable penalized logistic
regression equations are included in the PsyMetRiC: the
full-model and the partial-model. Predictors were
included on a balance of clinical knowledge, prior
research, and likely clinical usefulness/patient accept-
ability. The partial-model was developed to cover even-
tualities where biochemical results may not be available.
The PsyMetRiC algorithm coefficients are presented in
Supplementary Table S4. See the original PsyMetRiC14

study for further details.

Statistical analysis
Sample preparation and estimation of analytic precision
Biochemical values of triglycerides, HDL, and FBG,
were converted to mmol/L where necessary. Multiple
imputation with chained equations was used to address
missing data (Supplementary Methods). For numerical-
based analyses, Rubin’s rules were used to pool the es-
timates. For plot-based analyses, plots were generated in
each imputed dataset and checked for similarity, with
one randomly selected plot per analysis presented in the
main manuscript and Supplementary Figures S5–S7.
Recently developed criteria23 to estimate analytic preci-
sion given the fixed sample sizes were applied
(Supplementary Methods). Briefly, the expected SEs for
the C-statistic were 0.032. The expected standard errors
(SEs) for the calibration slope and calibration-in-the-
large were 0.16 & 0.15 respectively. Comparisons be-
tween the original PsyMetRiC development sample and
EASY samples for key sociodemographic, lifestyle and
biochemical characteristics were performed using
ANOVA (for means) and the chi-square equality of
proportions test (for proportions). All analyses presented
herein were performed independently in Hong Kong,
conducted using R version 4.2.3.

Primary external validation analysis
Histograms were used to check the distribution of the
predicted probabilities of outcomes. Algorithm perfor-
mance was primarily assessed with measures of
discrimination (concordance (C-) statistic), and calibra-
tion (calibration plots) (Supplementary Methods). We
also recorded the Nagelkerke-Cox-Snell-Maddala-Magee
r2 index, the calibration intercept (ideally close to 0),
calibration slope (ideally close to 1), and the Brier score
(ideally close to 0, with scores >0.25 indicating poor
performance). TRIPOD reporting guideline was fol-
lowed24 (Supplementary Table S5).
Recalibration and generation of site-specific PsyMetRiC
versions
Due to the differences of data from international sour-
ces, variations in the calibration performance compared
to the original PsyMetRiC was anticipated. Visual ex-
amination of the calibration plots was conducted to
detect any miscalibration (i.e., disagreement between
the observed proportions and predicted probability).
Logistic calibration was conducted to adjust for vari-
ances in baseline risk that may exist between pop-
ulations by re-estimating the intercept and the slope.
Consequently, logistic calibration assumes that the
relative effects of the predictors are similar while
accommodating the possibility of larger or smaller ab-
solute effects. By completing this step, we obtained a
site-specific version of PsyMetRiC (PsyMetRiC-HK)
(Supplementary Methods for the recalibration with lo-
gistic calibration). For all results, we present perfor-
mance estimates accompanied by 95% CIs. The relative
importance of predictors in the original PsyMetRiC al-
gorithm were checked and the same predictors of the
PsyMetRic was used to fit a new regression model in the
EASY data. The relative importance of the predictors in
this regression model was checked and compared with
the those in the original PsyMetRiC.

Clinical usefulness
To evaluate the clinical usefulness of the algorithm, we
employed decision curve analysis, which assessed the
net benefit over a threshold. The threshold represents
the risk score at which an intervention would be
considered necessary (see Supplementary Methods). In
our study, we set a risk threshold upper bound of 0.30,
indicating a roughly one-third chance of developing
MetS if no intervention takes place, as risk thresholds
exceeding this value may likely require intervention. Net
benefit considers the consequences of decisions made
using the algorithm and is therefore a more favourable
measure. We presented the net benefit and standardized
net benefit (net benefit divided by outcome prevalence,
representing the additional percentage of cases that
could be addressed using PsyMetRiC without increasing
false positives) across a range of reasonable risk
thresholds. To visualize and compare the net benefit of
the original PsyMetRiC and PsyMetRiC-HK, a decision
curve plot was created. According to Classical decision
theory, the option with the highest net benefit should be
preferred when a risk threshold is chosen.

Data visualisation and sensitivity analyses
An online data visualization website for PsyMetRiC was
created to accompany the original study (https://
psymetric.shinyapps.io/psymetric/). The website was
updated with site-specific PsyMetRiC-HK versions ob-
tained through recalibration analysis.

Sensitivity analysis was carried out in patients >35
years old to examine whether PsyMeRiC is generalisable
www.thelancet.com Vol 47 June, 2024
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to older age groups. In addition, we also conducted
sensitivity analysis using MetS criteria developed by the
Chinese Diabetes Society (CDS). The definition of MetS
for Chinese as per the CDS MetS criteria in the 2019
revision25 was adapted, with the presence of at least
three of the following: waist circumference ≥90 cm for
male and ≥85 cm for female; triglycerides ≥1.70 mmol/
L; HDL-C <1.04 mmol/L; systolic blood pressure
≥130 mmHg; diastolic blood pressure ≥85 mmHg;
FBG ≥5.60 mmol/L. For FBG, we adapted the cut-off
value according to the revision recommended by a
nationwide study in China.9
Results
Samples
In total, our sample frame included 608 patients aged
15–64 years. After applying inclusion and exclusion
criteria (we excluded n = 13 [3.03%] due to the presence
of the outcome, MetS, at baseline; n = 179 were
excluded for the main analysis based on being >35 years
old; no patients were excluded due to missing data on all
predictor or outcome variables), our main analysis
included 416 patients (Table 1). Supplementary Table S6
shows the comparison of the characteristics of included
and excluded samples. The included sample has a
significantly younger age, higher in HDL, and lower in
triglycerides, FBG, BMI, systolic BP, number of
smokers, follow-up time, and metabolic syndrome at
baseline and follow-up. Ninety-three included subjects
(22.4%) were identified to have MetS at follow-up. The
Characteristic Orig
dev

Sample before Inclusion/Exclusion Criteria Applieda, N. 150

Included sample sizea, N. (%) 651

Age in Years, mean (SD) 24.5

White European/NR Ethnicity, N. (%) 360

Black/African-Caribbean Ethnicity, N. (%) 109

Asian/Other Ethnicity, N. (%) 181

Male Sex, N. (%) 440

HDL at baseline, mmol/L, mean (SD) 1.88

Triglycerides at baseline, mmol/L, mean (SD) 1.39

BMI at baseline, kg/m2, mean (SD) 23.6

FBG at baseline (mmol/L), mean (SD) 5.19

Systolic BP at baseline (mmHg), mean (SD) 120

Prescribed a More-Metabolically-Active Antipsychoticb, N. (%) 455

Smoking at baseline, N. (%) 315

Follow-up time, years, mean (SD) 1.86

Antipsychotic Naïve at baseline, N. (%) NR

Metabolic Syndrome at baseline, N. (%)c 49

Metabolic Syndrome at Follow-up, N. (%) 109

HDL, high-density lipoprotein; BMI, body mass index; FPG, fasting plasma glucose; BP, blo
bDefinitions of Metabolically-active antipsychotics are listed in Supplementary Table S2
conducted using t-tests. Analysis of proportions was conducted using the chi-square e

Table 1: Sociodemographic characteristics and metabolic measurements of t

www.thelancet.com Vol 47 June, 2024
Hong Kong samples differed from the original UK
PsyMetRiC development sample on most sociodemo-
graphic, lifestyle and biochemical characteristics
(Table 1). The Hong Kong sample has a significantly
smaller proportion of males, fewer smokers, metabolic
syndrome at baseline, lower in BMI, and biochemical
values at baseline including triglycerides, HDL, and
FBG. However, the Hong Kong sample has a signifi-
cantly higher number of patients prescribed with a
more-metabolically-active antipsychotic, and having a
longer follow-up time (mean = 4.13 years, SD = 3.16
years). The pattern of missing values was assessed
(Supplementary Figure S2), 25% of missing data was
observed among the predictor variables. The matrix of
missing values per pair of predictor variables
(Supplementary Figure S3) and proportion of missing
data per variable (Supplementary Table S7) were
supplemented.

Primary external validation analysis in EASY, Hong
Kong
The shape of the distribution of predicted probabilities
was similar to the original PsyMetRiC study
(Supplementary Figure S4). Predictive performance
statistics before and after recalibration are reported in
Table 2. Assessment of discrimination showed full-
model C = 0.76, 95% C.I., 0.69–0.81; partial-model:
C = 0.73, 95% C.I., 0.65–0.8. Calibration plots for the
full-model and partial-model were similar across
imputed datasets (Fig. 1, Supplementary Table S8,
Supplementary Figure S5).
inal PsyMetRiC
elopment sample (UK)

EASY validation
sample (Hong Kong)

Between-group differencesd

4 608 /

(43.28) 416 (68.42) /

2 (4.91) 23.81 (5.69) t = 4.68, p = 0.031

(55.3) / /

(16.74) / /

(27.80) 416 (100) /

(67.59) 168 (40.38) χ = 75.52, p < 0.001

(0.57) 1.44 (0.38) t = 193.03, p < 0.001

(1.06) 1.03 (0.59) t = 40.05, p < 0.001

3 (5.43) 22.77 (5.28) t = 6.50, p = 0.011

(1.28) 4.65 (0.66) t = 63.27, p < 0.001

.65 (11.68) 119.27 (16.59) t = 2.54, p = 0.112

(69.89) 359 (86.30) χ = 36.86, p < 0.001

(48.39) 57 (13.70) χ = 132.94, p < 0.001

(1.32) 4.13 (3.16) t = 263.97, p < 0.001

NR /

(6.58) 13 (3.03) χ = 7.33, p = 0.007

(16.74) 93 (22.36) χ = 4.85, p = 0.028

od pressure; NR, Not recorded. aSee Supplementary Figure S1 for a flow-chart of included participants in the study.
. cCorresponds to the percentage of sample before those participants were excluded. dAnalysis of means was
quality of proportions test.

he original PsyMetRiC development sample and PsyMetRiC-HK.

5
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Measure of predictive performance Primary analysis, estimate (95% C.I.) After logistic recalibration, estimate
(95% C.I.)

Full-Model Partial-Model Full-Model Partial-Model

PsyMetRiC-HK

C-Statistic 0.76 (0.69, 0.81) 0.73 (0.65, 0.8) 0.76 (0.69, 0.81) 0.73 (0.65, 0.8)

r2 0.14 (0.10, 0.18) 0.12 (0.09, 0.15) 0.17 (0.14, 0.21) 0.14 (0.11, 0.17)

Calibration intercept 0.78 (0.20, 1.37) 0.79 (0.42, 1.16) 0.04 (0.01, 0.06) 0.08 (−0.01, 0.17)

Calibration slope 1.30 (0.89, 1.72) 1.15 (0.73, 1.58) 1.05 (0.97, 1.13) 1.07 (0.94, 1.13)

Brier score −0.04 (−0.12, 0.04) 0.04 (−0.04, 0.11) 0.03 (0.01, 0.05) 0.04 (0.01, 0.08)

PsyMetRiC–external validation in the UK

C-Statistic 0.75 (0.69, 0.80) 0.74 (0.67, 0.79)

r2 0.21 (0.18, 0.25) 0.17 (0.14, 0.20)

Calibration intercept −0.05 (−0.08, −0.02) −0.07 (−0.11, −0.03)

Brier score 0.07 (0.04, 0.10) 0.08 (0.05, 0.11)

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. For comparison, results from the original PsyMetRiC external validation in the
UK are shown in the table, see the original PsyMetRiC manuscript for further details.14

Table 2: Predictive performance statistics of the PsyMetRiC full- and partial models before and after logistic calibration in PsyMetRiC-HK.
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Algorithm recalibration and generation of site-
specific PsyMetRiC versions (PsyMetRiC-HK)
After logistic calibration (Fig. 1, Supplementary
Table S8), the shape of the distributions of predicted
probabilities changed slightly (Supplementary
Figure S4). Recalibrated performance statistics are re-
ported in Table 2. Recalibration plots for both Psy-
MetRiC versions were similar across imputed datasets
(Fig. 1; Supplementary Figure S6) and showed
Primary Analysis

Full-Model

Partial-Model

Fig. 1: Calibration plots of PsyMetRiC-HK. Calibration plots illustrate a
Perfect agreement would trace the red line. Algorithm calibration is illus
participants at deciles of predicted risk, with 95% C.I.’s indicated by the ve
baseline risk that may exist between populations by re-estimating the i
similar relative effects of the predictors but allowing for a larger or smal
improved calibration performance. We assessed for the
presence of predictor multicollinearity by measuring the
variance inflation factor (Supplementary Table S9). See
Supplementary Table S10 for the associations of indi-
vidual PsyMetRiC predictors with MetS in the EASY
sample. The relative importance of the predictors in the
original UK PsyMetRiC and in the recalibrated
PsyMetRiC-HK after the new regression model was
fitted are shown in Supplementary Table S11 and Fig. 2.
After Logistic Calibrationa

greement between the observed (y axis) and predicted risk (x axis).
trated by the black line. Triangles denote grouped observations for
rtical black lines. aLogistic calibration takes into account differences in
ntercept term, and also re-estimates the slope term thus assuming
ler absolute effect of the predictors. See Methods.

www.thelancet.com Vol 47 June, 2024
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Fig. 2: Comparison of variable importance between the original PsyMetRiC regression model and a logistic regression model with the
same predictors fit in EASY sample. BMI, body mass index; HDL, high-density lipoprotein cholesterol; Met_Antipsychotics, metabolically-active
antipsychotics; FPG, fasting plasma glucose; BP, blood pressure. aCorresponds to the regression model fit in the EASY sample. *Ethnicity is a
constant variable in PsyMetRiC-HK, as there was no ethnicity diversity in the EASY sample. Therefore, it is not reported in the variable
importance.
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Ethnicity is a constant variable in recalibrated
PsyMetRiC-HK, as only Han Chinese was included in
the EASY sample. Therefore, ethnicity was not reported
in the variable importance. Only small differences in the
relative importance of different predictors in the EASY
data compared with the original PsyMetRiC model were
seen (Fig. 2), which explained the differences in algo-
rithm performances, but the relative variable impor-
tance is generally consistent.

Clinical usefulness
Before recalibration, decision curve analysis (Fig. 3;
Supplementary Figure S7) showed that in the EASY
sample, both PsyMetRiC versions only displayed
evidence of net benefit compared with competing stra-
tegies at relatively high risk-thresholds (>0.20 for the
full-model; >0.16 for the partial-model). After recalibra-
tion, clinical utility vastly improved and both PsyMetRiC
versions showed universally greater net benefit than
competing strategies, net benefit was 0.073 at threshold
www.thelancet.com Vol 47 June, 2024
0.30, which means a 7.3% improvement in detecting
MetS compared with competing strategies, and 6.4%
improved compared with the original PsyMetRiC
version before calibration. After recalibration, net
benefit was about equal between PsyMetRiC versions.
For example, if an intervention was considered for pa-
tients scoring higher than 0.15, the recalibrated full- and
partial-models provided net benefits of 0.13 (95% C.I.,
0.09–0.18) and 0.13 (95% C.I., 0.09–0.19) respectively,
meaning that an additional 52% of metabolic syndrome
cases could be prevented with both PsyMetRiC versions,
with no increase in false positives (Fig. 3;
Supplementary Figure S7; Supplementary Tables S12
and S13).

Sensitivity analysis
The harmonized definition of MetS used in the original
PsyMetRiC study was replaced with the revised CDS
MetS criteria9 as a sensitivity analysis. After re-applying
exclusion criteria, eight (1.86%) patients with MetS at
7
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PsyMetRic

Full-Model

Partial-Model

Fig. 3: Clinical usefulness of PsyMetRiC before and after logistic calibration. The plot reports net benefit (y axis) of PsyMetRiC Full- and
Partial-Models (blue line = original PsyMetRiC algorithm applied to the sample; red line = recalibrated site-specific version PsyMetRiC-HK) across
a range of risk thresholds (x axis) compared with intervening in all (grey line) or intervening in none (black line). In Decision Curve Analysis, it is
customary to consider only the range of risk-thresholds that may reasonably be considered in clinical practice. Our upper bound of 0.30
represents around a one-in-three chance of developing MetS should nothing change, and it is unlikely that risk thresholds greater would be
tolerated. Net harm (i.e., more false positives than true positives exposed to an intervention at a selected risk threshold) is indicated when the
decision curve line is plotted at y <0.
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baseline were excluded. Supplementary Table S14
shows the comparisons of demographics and baseline
information between the included and excluded sample
using the CDS MetS criteria. The predictive perfor-
mance statistics were full-model C = 0.73, 95% C.I.,
0.65–0.8; partial-model: C = 0.71, 95% C.I., 0.61–0.79
(Supplementary Figure S9).

Further sensitivity analysis was carried out in older
population aged 36–64 (see sample characteristics in
Supplementary Table S13). Results showed predictive
performance of full-model C = 0.66 (95% C.I.,
0.49–0.81) and partial-model: C = 0.62 (95% C.I.,
0.5–0.73) (Supplementary Figure S8).
Discussion
The results of the current study suggest that PsyMetRiC,
a MetS risk prediction algorithm for patients with FEP
aged 16–35 developed in the UK, generalises well to the
Chinese population in Hong Kong as the value of C-
statistics and the confidence intervals of PsyMetRiC of
UK and Hong Kong (HK) were similar. We found that
PsyMetRiC in the HK sample discriminates cases of
MetS adequately and with stability compared to the
original UK study (C-statistics >0.70 for both PsyMetRiC
versions in this study, which is generally considered
acceptable/good, indicates over 70% of individuals who
developed MetS received a higher risk score than in-
dividuals who did not). However, we found in calibra-
tion analysis that both versions of PsyMetRiC
systematically underpredicted risk in the Hong Kong
sample. This miscalibration was improved through lo-
gistic recalibration, enabling the development of a Hong
Kong specific PsyMetRiC version (PsyMetRiC-HK), with
no negative impact on discrimination performance.
Results were similar in a sensitivity analysis including a
Chinese MetS definition. However, there was evidence
of worse predictive performance in older age-groups,
which is unsurprising as PsyMetRiC was specifically
developed to overcome the issue of models developed in
non-SMI older populations.

The HK sample has a longer follow up period than
that of the original UK sample, which might explain the
slightly higher proportion of patients developing MetS
in the HK sample but generally similar as that was re-
ported in previous studies.10,11 Demographically, the
current sample obtained from one HK region has a
similar pattern of demographic characteristics as the
www.thelancet.com Vol 47 June, 2024
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previous territory-wide studies in HK,19,26 but differed
significantly from that of the UK sample, specifically
being younger, with fewer smokers and a higher pro-
portion of females. The HK population also differed
significantly from the UK sample in many of the
metabolic measurements at baseline, including tri-
glycerides, HDL, and FBG. These differences in the
baseline predictors as well as the slightly higher MetS
rate are likely to have contributed to the less satisfactory
calibration performance. Indeed, differences in the
relative importance of the baseline variables in the
model between the two samples were seen. Neverthe-
less, logistic calibration improved the performance of
the algorithm by enhancing the agreement between the
observed proportion and predicted risk. With a different
MetS criteria specific for the Chinese population, the
performance of PsyMetRiC-HK remained stable. How-
ever, the performance of PsyMetRiC-HK drops in the
older population with confidence intervals of both full
and partial models overlap with chance performance.
Therefore, PsyMetRiC-HK of current form is not rec-
ommended for use in FEP aged 36 or over in Hong
Kong. The small sample size could be one possible
reason. On the other hand, age is a more important
cardiometabolic risk factor in older age groups,27 and the
coefficient of age in PsyMetRiC was trained between 16
and 25. Although age might seem to be a relatively weak
predictor in PsyMetRiC (Fig. 2), as it was only trained in
the younger populations, it is possible to vary non-
linearly with advancing age and may contribute to
worse performance of PsyMetRiC in the older age
group. Despite the positive findings of the validity of
PsyMetRiC in this Hong Kong sample, further valida-
tion of the PsyMetRiC-HK with a bigger sample of
different EASY service centers will still be required to
ensure the generalizability. Larger sample sizes will
permit further improvements to the predictive perfor-
mance of PsyMetRiC-HK through the addition of other
important baseline predictors such as low-density lipo-
protein (LDL), family history of MetS and education
level.28,29 Though there are age-appropriate algorithms
developed for older adults from the general population
(e.g., QRISK)30 and older adults with SMI (e.g., PRIM-
ROSE),27 none have yet been validated in the Chinese
population. Therefore, developing or validating the
existing tools in predicting the MetS in older FEP pa-
tients from the Chinese population is required. Apart
from the age of population that PsyMetRiC was devel-
oped that is distinct from the other existing models
including QRISK and PRIMROSE, PsyMetRiC used a
different definition of metabolically-active antipsy-
chotics, developed specifically in FEP population and
with partial model which allows for the use of the tool
without blood test results which might not be available
in some settings and for some group of people. Details
of distinction of PsyMetRiC compared with other
existing tools were provided in previous literature14
www.thelancet.com Vol 47 June, 2024
These features may allow PsyMetRiC to be more
readily usable in the clinical settings.

In the current study an upper risk threshold bound
of 0.30 was set for the decision curve analysis. After
logistic calibration, we found at risk threshold close to
0.07, the full model of PsyMetRiC-HK has higher net
benefit than intervention for all, and at-risk threshold
close to 0.10, the partial model has higher net benefit
than intervention for all. This suggests the likely clinical
usefulness of the PsyMetRiC-HK for a multitude of
different potential interventions. However, an accept-
able cut-off of risk threshold for the decision curve
analysis should be decided and agreed by all key stake-
holders including both patients and clinicians.
Furthermore, types of interventions provided to the in-
dividuals scoring above the cut-off risk to prevent the
development of MetS will require further study.

A population-based approach in monitoring the risk
MetS in patients with psychosis should certainly be part
of the routine care, however, targeted interventions for
high-risk population would be crucial for the develop-
ment of cost-effective service model.31 People with psy-
chotic disorders died 20 years sooner than the rest of the
population and the mortality gaps is getting bigger over
time.32 Furthermore, over half of the total cost of treat-
ing psychotic disorders are account for by costs of co-
morbidity.33 In fact, improvement of physical health
with precision medicine approach has been specifically
stated as a priority in a recent patient-led consensus
statement.34 Indeed, the high-risk approach has been
adopted routinely for decades to facilitate car-
diometabolic risk prediction in the general population
(e.g., QRISK in the UK which is in NICE guidelines).
Yet, existing tools are inaccurate for young people with
psychosis and will lead to further health inequalities in
this population. Therefore, PsyMetRiC could be one of
the useful clinical tools for the development of targeted
approach to reduce the MetS and thus other related
physical comorbidities in young people with FEP.

One of the key limitations of the study is sample size,
which prevents more complex approaches to improve
predictive performance (e.g., the addition of new pre-
dictors). In addition, included patients were from one
clinical center in Hong Kong which may limit general-
izability. In future, including other EASY service centers
in analysis may help to address this. Secondly, some of
the follow-up variables had a relatively high degree
of missingness. This likely reflects the lack of awareness
of measuring or documenting the key MetS measure-
ments for younger patients with FEP. While we carefully
used multiple imputation, a data-driven approach, to
address this limitation, the impact of missingness may
still impact the validity of our results. Furthermore,
some important predictors of MetS were not included in
the study which will also limit the predictive power of
the tool. In addition, there are differential risk factors of
MetS between different Asian populations, such as
9
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adipose tissue distribution.35 PsyMetRiC-HK only included
Hong Kong Chinese Han population, thus cannot be
generalizable for other Asian populations and further
validation studies for other Asian population are needed.

Conclusions
This validation and recalibration study of a risk predic-
tion model for MetS follows best-practice methods
(including TRIPOD guidelines24), and uses a well char-
acterized “real life” FEP sample of all suitable patients
entering the early intervention service for psychosis in
one clinical center in Hong Kong over 10 years. There-
fore, the predictive performance of PsyMetRiC-HK is
likely to match real clinical practice. Further studies are
needed to determine a clinically acceptable risk
threshold for MetS and types of interventions provided.
Nonetheless, the establishment of this HK-specific
version of PsyMetRiC is a clear step towards develop-
ment of personalized preventive strategies of MetS in
young FEP patients in Hong Kong.
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