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Abstract
It is known that younger patients treated with antipsychotics are at increased risk of metabolic events; however, it is unknown 
how this risk varies according to ethnicity, the class of antipsychotic and the specific product used, and by age group. We 
conducted a multinational sequence symmetry study in Asian populations (Hong Kong, Japan, Korea, Taiwan and Thai-
land) and non-Asian populations (Australia and Denmark) to evaluate the metabolic events associated with antipsychotics 
in both Asian and non-Asian populations, for typical and atypical antipsychotics, and by the subgroups of children and 
adolescents, and young adults. Patients aged 6–30 years newly initiating oral antipsychotic drugs were included. We defined 
a composite outcome for metabolic events which included dyslipidemia, hypertension and hyperglycemia. We calculated 
the sequence ratio (SR) by dividing the number of people for whom a medicine for one of the outcome events was initiated 
within a 12-month period after antipsychotic initiation by the number before antipsychotic initiation. This study included 
346,904 antipsychotic initiators across seven countries. Antipsychotic use was associated with an increased risk of composite 
metabolic events with a pooled adjusted SR (ASR) of 1.22 (95% CI 1.00–1.50). Pooled ASRs were similar between Asian 
(ASR, 1.22; 95% CI 0.88–1.70) and non-Asian populations (ASR, 1.22; 95% CI 1.04–1.43). The pooled ASR for typical 
and atypical antipsychotics was 0.98 (95% CI 0.85–1.12) and 1.24 (95% CI 0.97–1.59), respectively. No difference was 
observed in the relative effect in children and adolescents compared to young adults. The risk of metabolic events associ-
ated with antipsychotics use was similar in magnitude in Asian and non-Asian populations despite the marked difference in 
drug utilization patterns.
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Introduction

Over the past decades, there has been increased concern over 
the potential for premature death among youths treated with 
antipsychotics for behavioral and emotional problems [1–3]. 
It has been hypothesized that this increased risk of death 
may be partly driven by weight gain and other metabolic 
abnormalities, such as obesity, hyperglycemia and dyslipi-
demia, potentially induced by antipsychotics [1, 4]. As a 

result of these metabolic abnormalities, the use of antipsy-
chotics can also lead to an increased risk of type 2 diabetes 
mellitus (T2DM) and other cardiovascular diseases (CVDs) 
[5]. Metabolic syndromes, such as hyperglycemia, obesity, 
dyslipidemia and hypertension, are associated with a five-
fold increased risk of T2DM and a twofold increased risk of 
developing CVD over the next 5–10 years [6].

The use of atypical antipsychotics has increased among 
adults and youth, internationally, since the early 1990s [7, 
8]. Atypical antipsychotics have some of the most complex 
pharmacological properties in psychopharmacology [9]. 
Beyond antagonism of serotonin (5HT2A) and dopamine 
(D2) receptors, agents in this class interact with multiple 
other receptor subtypes for both dopamine and serotonin, 
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and have effects on other neurotransmitter systems [10]. No 
two atypical antipsychotics have identical binding proper-
ties, which may explain why they possess distinct clinical 
properties [11]. For instance, among atypical antipsychot-
ics, clozapine, olanzapine, quetiapine and risperidone have 
higher binding affinity with the H1 histamine receptor and 
the 5HT2C serotonin receptor [12]. As H1 histamine recep-
tors and 5HT2C serotonin receptors are reported to be associ-
ated with the increased risk of weight gain, especially when 
these receptors are blocked at the same time, this may lead to 
differences in side effect profiles among antipsychotics [12].

Differences in genes encoding the 5HT2C serotonin 
receptor, especially the rs1414334 C allele [13], have been 
observed between different ethnic populations; 10% of 
Americans and 15% of Europeans carry this allele, whereas 
only 1% of the Asian population carry it. Previous studies 
have suggested that increased risk of metabolic syndrome 
with the use of clozapine or risperidone is particularly pro-
nounced in carriers of the rs1414334 C allele [13], leading 
to a potential difference in the risk of metabolic side effects 
in antipsychotics users with different ethnicities. Moreover, 
some pharmacogenetic polymorphisms have been reported 
that contribute to antipsychotic-induced metabolic syn-
drome, including leptin, ghrelin, tumor necrosis factor alpha, 
adiponectin, D2 dopamine receptor, H1 histamine receptor, 
and alpha 1, beta 2 and beta 3 adrenergic receptor genes 
[14]. For example, Thomas et al. have reported that the D2 
TaqI polymorphism was associated with metabolic events 
in the Asian population [15]. Furthermore, metabolizer sta-
tus of CYP2D6 may influence metabolism and plasma con-
centrations of antipsychotics. As the genotype distribution 
differs considerably between ethnicities, this might lead to 
variations in risk of metabolic events: there are 1–2% ultra-
rapid metabolizers and 5–10% poor metabolizers in Euro-
pean populations, whereas only 1–2% poor metabolizers in 
Asian populations [16].

We hypothesized that the risk of metabolic events posed 
by the use of antipsychotics will vary according to ethnic-
ity, the class of antipsychotics, and the specific product 
used. We hypothesized that olanzapine, quetiapine and ris-
peridone would have a greater risk of metabolic syndrome 
than other atypical antipsychotics due to the binding affin-
ity with the H1 histamine receptor and the 5HT2C serotonin 
receptor. We also hypothesized that the risk would be lower 
in countries with more people of Asian ethnicity because 
the increased risk of metabolic syndrome with the use of 
risperidone is particularly pronounced in carriers of the 
rs1414334 C allele, which is present in 10% of Americans 
and 15% of Europeans, but only in 1% of the Asian popu-
lation. We, therefore, conducted a multi-national study to 
evaluate metabolic events associated with antipsychotics 
in both Asian and non-Asian populations, for typical and 

atypical antipsychotics, specific product used and subgroups 
of children and adolescents, and young adults.

Methods

Common protocol and distributed network 
approach

We used a common protocol to study the risk of metabolic 
events associated with the use of antipsychotics in individu-
als aged 6–30 years of age in seven countries across Asia 
(Hong Kong, Japan, Korea, Taiwan and Thailand), Oceania 
(Australia) and Europe (Denmark). All data sources were 
generated from automated capture of patient-level electronic 
data from either administrative clinical records or admin-
istrative claims records in a defined population or portion 
thereof. Additional details about the included databases and 
study years can be found in Table 1 in the “Appendix” sec-
tion and the reports by Lai et al. [17], Mellish et al. [18] and 
Ilomäki et al. [19]. In brief, we included four claims data-
bases, 2 electronic health records databases, and one registry 
database with a total of about 40 million individuals. This 
study has been approved by Human Research Ethics Com-
mittees or Data Custodian External Requests Committees on 
the basis of each site’s regulations.

A distributed network model was established, requiring 
participating sites to create a common minimum dataset 
containing (1) a unique patient identifier, (2) a variable to 
identify the medicine dispensed based on the World Health 
Organization (WHO) standard Anatomical Therapeutic 
Chemical (ATC) code, and (3) a variable to identify the 
date of medicine supply. The statistical analysis code was 
developed as a stand-alone SAS program for execution by 
each participant in their home institution. This approach 
eliminates the complex programming burden for participants 
and overcomes barriers due to language and disparate data 
structures. Standardized summary results were returned to 
the coordinating center in Taiwan for collation.

Sequence symmetry analysis (SSA)

We included patients aged 6–30 years who were new users 
of an oral antipsychotic drug. New users were defined as 
those who had not been dispensed the medicine of interest in 
the previous one year. We conducted a sequence symmetry 
analysis (SSA) [20] which is a method for detecting signals 
of potential adverse drug events by utilizing computerized 
health data [21]. Validation studies have indicated that SSA 
has moderate sensitivity, high specificity and robust perfor-
mance [22, 23]. SSA is based on analyzing the sequences 
of medications; if the outcome medication is more often 
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initiated after antipsychotics than before, it may be an indi-
cation of an adverse effect of antipsychotics [20].

We calculated the sequence ratio (SR) by dividing the 
number of people for whom the outcome medication was 
initiated after antipsychotics (index medication) by the 
number of people for whom the outcome medication was 
initiated before antipsychotics within a 12-month period. As 
such, the SR can be regarded as an estimate of the ratio of 
incidence rate of the outcome in the exposed period versus 
the non-exposed period [20, 23]. The SSA may be affected 
by prescribing trends over time which may possibly lead to 
a biased effect estimate. To adjust for this time trend, we 
calculated a null-effect SR derived by the calculation of the 
probability of each incident index drug user being exposed 
to an outcome drug within the specified exposure window 
after the day the antipsychotic (index medication) was initi-
ated [24]. The adjusted SR (ASR) was then calculated as the 
crude SR divided by the null-effect SR. The corresponding 
95% confidence interval was derived from bootstrapping 
with 10,000 samples of the ASR [25].

Index and outcome medications

We used the Anatomical Therapeutic Chemical (ATC) Clas-
sification System to capture the records of medicines [26]. 
We included new use of any of the antipsychotics listed in 
Table 2 in the “Appendix” section as index medications. 
These antipsychotics were selected because they are com-
monly used for the younger population in each participat-
ing country. We considered a composite metabolic event 
as our primary outcome, including medicines dispensed to 
treat dyslipidemia, hypertension and hyperglycemia. The 
medications included were antihypertensive drugs (ATC 

codes: C03A, C03C, C09, C07, C08CA) for hypertension, 
oral blood glucose-lowering drugs (ATC code: A10B) for 
hyperglycemia, and lipid-modifying agents (ATC code: 
C10) for dyslipidemia. We excluded propranolol (ATC 
codes: C07AA05) from the list of antihypertensive drugs 
because it may be used for the control of anxiety or tremor 
but only rarely for hypertension. We used antihypertensive, 
antidiabetic or lipid-modifying drugs as outcome indicators 
for metabolic events since the use of these drugs in a young 
population can be assumed to reflect that the metabolic event 
was overt and required treatment.

Statistical analysis

The primary analysis assessed the risk of composite meta-
bolic events associated with the use of any antipsychotics. 
Further subgroup analyses were conducted based on stratifi-
cation by different population groups (Asian vs non-Asian), 
different outcomes (hypertension, hyperglycemia and dys-
lipidemia), age groups (children and adolescents aged 6–18 
and young adults aged 19–30), medication classes (typical 
vs atypical antipsychotics, and individual medicines: halop-
eridol, olanzapine, risperidone, quetiapine and sulpiride, the 
five most commonly used antipsychotics. The ASRs from 
each site were pooled using DerSimonian and Laird’s ran-
dom-effect model with the corresponding 95% confidence 
interval [27]. I2 statistic and Cochran’s Q-test were used to 
test for heterogeneity and subgroup difference, respectively, 
with a p-value < 0.1 indicating statistical significance [28]. 
Datasets from two sites, Thailand and Japan, may not be 
representative of the whole population, as the data from 
Thailand only came from 3 hospitals; whereas, data from 
Japan only included claims from people in the work force 

Fig. 1   Associations between antipsychotics and composite metabolic events
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Fig. 2   Associations between antipsychotics and individual outcomes. a Hypertension, b Hyperglycemia, or c Dyslipidemia
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and their dependents. We, therefore, conducted a sensitivity 
analysis by removing Thailand and Japan from the analysis 
to estimate this impact. All analyses were conducted by SAS 
version 9.4 and RevMan version 5.2.

Results

In total, we identified 346,904 antipsychotic initiators 
aged between 6 and 30 years across seven countries (3871 
in Korea, 93,291 in Japan, 266 in Hong Kong, 11,050 in 
Australia, 43,532 in Denmark, 193,534 in Taiwan and 1360 
in Thailand), of whom 53.3% were male. The detailed age 
distribution is shown in Fig. 5 in the “Appendix” section. 

Notably, 19.7% of antipsychotics users in Thailand were 
aged 6 or below, compared to 6.1% in Taiwan, 3.0% in Aus-
tralia, 2.6% in Japan and less than 1% for the other countries. 
Differences in the antipsychotic agent initiated across coun-
tries were observed. The most common antipsychotic was 
aripiprazole in Japan, quetiapine in Australia and risperi-
done in Denmark, Hong Kong, Korea, Taiwan and Thailand. 
(Fig. 6 in the “Appendix” section).

Antipsychotic initiation was associated with an increased 
risk of composite metabolic events with a pooled ASR of 
1.22 (95% CI 1.00–1.50). We observed a high heterogene-
ity (I2 = 78%) of the ASRs between sites with ASRs rang-
ing from 0.37 in Thailand to 6.4 in Hong Kong. The effect 
was similar in Asian (ASR = 1.22; 95% CI 0.88–1.70) and 

Fig. 3   Associations between antipsychotics and composite metabolic event in the subgroup of a Children and Adolescents and b Young Adults
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non-Asian (ASR = 1.22; 95% CI 1.04–1.43) populations (test 
with subgroup difference p = 0.99) (Fig. 1). Regarding the 
individual outcomes, an association was found for dyslipi-
demia only (pooled ASR = 1.51; 95% CI: 1.18–1.93) with 
moderate heterogeneity (I2 = 50%) in ASRs; the ASR in each 
site varied from 0.27 (Thailand) to 1.95 (Hong Kong) with 
statistically significant results in Japan, Taiwan and Den-
mark only (Fig. 2a–c).

In the analysis stratified by age groups, the pooled ASR 
was 1.23 (95% CI 0.95–1.60) in children and adolescents 
(Fig. 3a) and 1.25 (95% CI 1.08–1.43) in young adults 
(Fig. 3b); however, there was no statistically significant dif-
ference between the age groups (test for subgroup difference: 
p = 0.95). The pooled ASR in typical antipsychotics for com-
posite metabolic events was 0.98 (95% CI 0.85–1.12) and 
the pooled ASR in atypical antipsychotics was 1.24 (95% 

Fig. 4   Subgroup analysis: associations between Different Antipsychotics and Composite Metabolic Event. a Typical Antipsychotics, b Atypical 
Antipsychotics, c Haloperidol, d Olanzapine, e Risperidone, f Quetiapine or g Sulpiride
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Fig. 4   (continued)
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CI 0.97–1.59) (Fig. 4a and b). The subgroup difference was 
marginally non-significant between typical and atypical 
antipsychotics with I2 = 63% (test for subgroup difference: 
p = 0.1). None of the ASR for the individual agents except 
for risperidone (ASR = 1.18; 95% CI 1.00–1.39) reached sta-
tistical significance. (Fig. 4c–g). Sensitivity analyses exclud-
ing Thailand and Japan yielded similar results (Figs. 7 and 8 
in the “Appendix” section). The results of subgroup analysis 
for specific outcomes by typical and atypical antipsychotics, 
respectively, are presented in Table 3 in the “Appendix” sec-
tion. The numbers of patients in each country used for SSA 
of outcomes (about composite metabolic events, specific 
outcomes, and subgroup analysis) are presented in Table 4 
in the “Appendix” section.

Discussion

This study investigated the risk of metabolic events associ-
ated with new use of antipsychotics among children, ado-
lescents and young adults across 7 countries. We found that 
antipsychotic initiation was associated with a 22% increased 
risk of a composite measure of metabolic events, whereby 
although dyslipidemia, hypertension and hyperglycemia are 
often correlated, the magnitude of the risk for individual 
events varied. Our results suggest that the effect of antipsy-
chotics was similar across age groups and different ethnici-
ties. However, there is some suggestion that the risk may 
vary according to the class of antipsychotic used.

Fig. 4   (continued)
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Despite the pharmacological differences in metabo-
lizing enzymes between these populations suggested in 
the literature, the risk of metabolic events was not differ-
ent between the Asian and non-Asian populations overall 
(22% increase in both Asian and non-Asian populations) 
nor for the individual outcomes, that is hypertension (15% 
increase in Asian-, 22% increase in non-Asian populations), 
hyperglycemia (7% increase in Asian-, 23% increase in 
non-Asian populations), and dyslipidemia (53% increase in 
Asian-, 46% increase in non-Asian populations). As such, 
our results suggest that the differences in genetic composi-
tion, at the population level, may not have a major impact on 
metabolic effects related to the use of antipsychotics. How-
ever, we observed a high heterogeneity of effect estimates 
across the Asian populations, with I2 = 78% for the com-
posite metabolic event outcome. Considering the relatively 
similar genetic composition among Asians, this may further 
support that genetic effect may not have a huge impact on 
this association and any differences in risk identified could 
potentially be due to differences in the healthcare systems, 
the database settings, and lifestyle factors of the included 
countries [29].

Heterogeneity observed among Asian populations could 
also be due to variability in the antipsychotic prescribing 
patterns across countries. Asian countries varied more in the 
antipsychotic drugs used; while in Denmark and Australia, 
similar patterns were observed in the distribution of antipsy-
chotic drug types. In view of potentially fatal adverse effects 
such as agranulocytosis, clozapine should not be prescribed 
as an incident antipsychotic treatment [30]. In some partici-
pating sites (e.g., Hong Kong), genetic testing is required 
before prescribing drugs with a high risk of agranulocytosis, 
which may account for the difference in the utilization pat-
tern observed. We found that there was a marked difference 
in the use of sulpiride among the participating sites, with 
Taiwan having the most patients initiated with this medi-
cation while sulpiride was rarely, if ever used in Denmark 
and not used at all in Australia. Although previous studies 
supported the effectiveness of sulpiride in adults [31], little 
is known about its safety in children and adolescents. We 
did not find an association between sulpiride and metabolic 
events. Further, in our subgroup analyses focusing on indi-
vidual antipsychotics, we found that risperidone was associ-
ated with an increased risk of metabolic events; olanzapine 
tended to pose a higher risk of metabolic events although 
with no statistical significance; and no association between 
quetiapine and risk of metabolic events was observed except 
in Denmark. While many of the results were not statistically 
significant, the point estimates were about 10–15% higher 
risk in Denmark and Australia compared to Asian countries. 
Polymorphisms might be one of the likely explanations for 
the observed association between quetiapine and risk of met-
abolic events in Denmark but not in other countries [32]. We 

found the ASR of haloperidol was less than one, reflecting 
that more patients initiated their metabolic treatment before 
receiving their first prescription for haloperidol. The result 
showed there was no increased risk for patients after the 
initiation of haloperidol, rather than that haloperidol led to 
a decreased risk of metabolic events. One might hypothesize 
that some clinicians prefer using haloperidol in patients with 
a history of metabolic disorders, but the hypothesis requires 
additional analysis for confirmation.

Atypical antipsychotics are widely dispensed by child- 
and adolescent psychiatrists for the treatment of various dis-
orders, and there is growing evidence that children who take 
antipsychotic drugs are at a higher risk of weight gain and 
metabolic syndrome than adolescents and adults [33–35]. 
Many of the current clinical guidelines suggest the use of 
atypical antipsychotics, in particular aripiprazole and quetia-
pine, for children and adolescents who require antipsychotic 
treatment [2, 36–38]. Our results indicate that aripiprazole 
and quetiapine were increasingly used as the first antipsy-
chotic treatment in most of the sites, and thus further studies 
focusing on the long-term effect of these medications are 
required in both children and adults. We found that olanzap-
ine was commonly used in most countries but not Thailand, 
as olanzapine was indicated for prevention of chemotherapy-
induced nausea and vomiting but not for psychiatric disor-
ders. Consistent with previous studies [2, 4, 39], we found 
that olanzapine may pose a higher risk of metabolic events 
in some countries (Australia and Denmark). Previous studies 
have suggested that the use of olanzapine has decreased over 
time in most countries [40, 41]. However, we could only 
identify this trend in Denmark and South Korea. In view of 
the popularity of olanzapine, clinicians should be aware of 
possible metabolic events and be cautious when initiating 
olanzapine for those with existing high risk.

We found antipsychotics were associated with an 
increased risk of metabolic events in young adults. Although 
there was no statistical significance, the risk point estimate 
of children and adolescents was similar to the young adult 
group, highlighting potential risk of metabolic events. 
Importantly, our results showed that metabolic events were 
occurring in the first year of treatment, and were likely to be 
of clinical significance as medication was required. Given 
the young age of our cohort and increasing use of antip-
sychotics for off-label indications, our results highlight the 
need for metabolic monitoring in all children and young 
adults who are treated with antipsychotics. Healthcare pro-
viders should be cautious when using these treatments for 
off-label indications in children, adolescents and young 
adults or those with milder forms of disease.

The main strength of this study is the large data sets 
available for analysis across multiple countries. Also, we 
used a common protocol method and distributed analytic 
approach which ensured results were comparable regarding 
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the statistical analytical program and data variables used 
[42–44]. Our study investigated the association between 
antipsychotics and metabolic events using SSA, which 
has the advantage of inherently addressing measured and 
unmeasured confounders that are stable over time [20] as 
many of the metabolic factors such as baseline blood pres-
sure or lipid profiles are not commonly recorded in data-
bases [17]. However, this study has limitations. First, the 
dataset used in some of the participating sites may not be 
representative of the entire population (Thailand, Japan). 
However, risk estimates did not show a material difference 
after removing the above mentioned sites from our analyses. 
Second, our study may not have enough power in some of 
the stratified analyses. Third, concomitant use of multiple 
antipsychotics was not considered, although the rate of such 
concomitant use can be assumed to be very low in children, 
adolescents and young adults. Fourth, as with all studies 
using claims databases, we were not able to confirm whether 
metabolic abnormalities really occurred by using laboratory 
examination results. Although we used the records of anti-
hypertensive, antidiabetic or lipid-modifying drugs as indi-
cators for metabolic events, we may have failed to identify 
cases with mild conditions not requiring medical treatment. 
Fifth, we performed a standard SSA including any users who 
ever received antipsychotics for intention-to-treat analysis, 
examining the propensity of chronological order of incident 
prescriptions of the index drug before versus after the out-
come drug [20]. Therefore, bias toward null is possible if 
the antipsychotic was used to treat a short-term condition. 
Moreover, we did not consider dose–response relationship 
for metabolic risk in the SSA because the dosage and some 
clinical information (e.g., body mass index) is not available 
for some countries. Our results should be interpreted with 
caution because the observed risk differences may possibly 
be explained by different treatment guidelines and protocols 

of the included countries. Finally, we cannot exclude the 
possibility that some of the differences observed across 
countries may be due to differences in health-care practice 
as we observed a major difference in the choice of antipsy-
chotics in different countries.

Conclusion

We provide further evidence of the association between 
the use of antipsychotics and the risk of metabolic events. 
We have identified that the risk is of similar magnitude 
in children and adolescents and in young adults. There is 
some suggestion that the risk may vary according to class 
of antipsychotics used. While the risk of metabolic events 
was significantly increased, the effect was similar between 
populations despite the marked difference in drug utilization 
patterns and genetic composition between Asian and non-
Asian countries and amongst the Asian countries.
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See Figs. 5, 6, 7, 8 and Tables 1, 2, 3, 4.
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Fig. 5   Age and sex distribution of the patients receiving antipsychotics among countries
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Fig. 6   Distribution of antipsychotics use by years and countries
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Fig. 7   Sensitivity analysis: associations between antipsychotics and composite metabolic events (excluding Thailand and Japan)
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Fig. 8   Sensitivity analysis: associations between antipsychotics and individual outcomes (excluding Thailand and Japan). a Hypertension, b 
Hyperglycemia, or c Dyslipidemia



113European Child & Adolescent Psychiatry (2022) 31:99–120	

1 3

Table 1   Summary of participating databases

a Enrollees of work force and their dependents
b Patients from three academic hospitals

Country Database name (abbreviation) Source type Starting year 
for the study

Ending year 
for the study

Estimated No. of 
individuals in the 
database

Percentage covered 
of the total popula-
tion

Hong Kong Clinical Data Analysis and Report-
ing System (CDARS)

National EHR 2008 2013 700,000 1% random sample

Japan Japan Medical Data Center Database 
(JMDC)

Claims database 2009 2016  > 2.3 million 2%a

Korea Korean National Health Insurance 
Database

Claims database 2002 2013  > 50 million  ~ 100%

Taiwan National Health Insurance Database 
(NHID)

Claims database 2003 2013  > 25 million  ~ 100%

Thailand Thai Electronic Hospital Databases Hospital EHR 2005 2016 300,000 individuals 0.4%b

Australia Australian Pharmaceutical Benefits 
Scheme

Claims database 2013 2016 2.4 million 10% random sample

Denmark Danish Nationwide Health Regis-
tries

Registry 2000 2016  > 5 million  ~ 100%

Table 2   Codes for antipsychotics

ATC code Index antipsychotics

Typical Chlorpromazine N05AA01
Fluoperazine N05AB06
Haloperidol N05AD01
Pimozide N05AG02
Sulpiride N05AL01
Thioridazine N05AC02

Atypical Amisulpride N05AL05
Aripiprazole N05AX12
Clozapine N05AH02
Olanzapine N05AH03
Paliperidone N05AX13
Quetiapine N05AH04
Risperidone N05AX08
Ziprasidone N05AE04
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Table 3   Subgroup analysis: associations for specific outcomes by typical and atypical antipsychotics

NA not available because the number is considered an identifiable number

Typical antipsychotics Atypical antipsychotics

Causal group Non-causal 
group

Adjusted 
sequence ratio

95% CI Causal group Non-causal 
group

Adjusted 
sequence ratio

95% CI

Dyslipidemia
 Asian
  Hong Kong NA NA NA NA NA NA NA NA
  Japan NA NA NA NA 26 20 1.15 (0.64–2.05)
  Korea NA NA NA NA NA NA NA NA
  Taiwan 411 406 0.97 (0.84–1.11) 244 263 0.89 (0.74–1.05)
  Thailand NA NA NA NA NA NA NA NA

 Non-Asian
  Australia NA NA NA NA NA NA NA NA
  Denmark NA NA NA NA 25 18 1.23 (0.67–2.25)

Hyperglycemia
 Asian
  Hong Kong NA NA NA NA NA NA NA NA
  Japan 11 19 0.51 (0.24–1.08) 39 20 1.73 (1.01–2.97)
  Korea 9 11 0.57 (0.24–1.38) 39 29 1.00 (0.62–1.61)
  Taiwan 166 150 1.08 (0.87–1.35) 103 98 1.04 (0.79–1.37)
  Thailand NA NA NA NA NA NA NA NA

 Non-Asian
  Australia NA NA NA NA NA NA NA NA
  Denmark NA NA NA NA NA 50 1.27 (0.89–1.83)

Hypertension
 Asian
  Hong Kong NA NA NA NA NA NA NA NA
  Japan 55 59 0.90 (0.62–1.30) 161 107 1.46 (1.14–1.86)
  Korea 8 15 0.48 (0.20–1.14) 24 23 0.94 (0.53–1.66)
  Taiwan 1120 1258 0.94 (0.87–1.02) 696 829 0.89 (0.80–0.98)
  Thailand NA NA NA NA NA NA NA NA

 Non-Asian
  Australia NA NA NA NA NA NA NA NA
  Denmark 20 24 0.76 (0.42–1.37) 239 170 1.31 (1.08–1.60)
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Table 4   The number of patients 
of each country used for 
sequence symmetry analysis for 
outcomes

Country Age groups No. of causal/No. of non-causal group Crude 
sequence 
ratio

Risk evaluations: antipsychotics–metabolic syndrome (composite)
 Taiwan Overall 1867 / 1807 1.03

Young adult 1505 / 1483 1.01
Child and adolescent 362 / 324 1.12

 Korea Overall 71 / 54 1.31
Young adult 40 / 23 1.74
Child and adolescent 31 / 31 1.00

 Japan Overall 376 / 215 1.75
Young adult 324 / 192 1.69
Child and adolescent 52 / 23 2.26

 Hong Kong Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Thailand Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Denmark Overall 339 / 252 1.35
Young adult 307 / 227 1.35
Child and adolescent 32 / 25 1.28

 Australia Overall 37 / 30 1.23
Young adult 29 / 28 1.04
Child and adolescent NA / NA 4.00

Risk evaluations: olanzapine–metabolic syndrome (composite)
 Taiwan Overall 451 / 236 0.91

Young adult 395 / 209 0.89
Child and adolescent 56 / 27 2.07

 Korea Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Japan Overall 185 / 78 1.37
Young adult 159 / 67 1.37
Child and adolescent 26 / 11 1.36

 Hong Kong Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Thailand Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Denmark Overall 234 / 94 1.49
Young adult 211 / 86 1.45
Child and adolescent NA / NA NA

 Australia Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

Risk evaluations: haloperidol–metabolic syndrome
 Taiwan Overall 567 / 757 0.75

Young adult 491 / 658 0.75
Child and adolescent 76 / 99 0.77
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Table 4   (continued) Country Age groups No. of causal/No. of non-causal group Crude 
sequence 
ratio

 Korea Overall NA / NA NA

Young adult NA / NA NA

Child and adolescent NA / NA NA
 Japan Overall 18 / 23 0.78

Young adult 16 / 19 0.84
Child and adolescent NA / NA NA

 Hong Kong Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Thailand Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Denmark Overall 17 / 18 0.94
Young Adult 13 / 16 0.81
Child and Adolescent NA / NA NA

 Australia Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

Risk evaluations: risperidone–metabolic syndrome (composite)
 Taiwan Overall 410 / 423 0.97

Young adult 314 / 321 0.98
Child and adolescent 96 / 102 0.94

 Korea Overall 42 / 31 1.35
Young adult NA / NA NA
Child and adolescent 22 / 22 1.00

 Japan Overall 140 / 99 1.41
Young adult 111 / 87 1.28
Child and adolescent 29 / 12 2.42

 Hong Kong Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Thailand Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Denmark Overall 145 / 106 1.37
Young adult 122 / 94 1.30
Child and adolescent 23 / 12 1.92

 Australia Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

Risk evaluations: atypical antipsychotics–metabolic syndrome (composite)
 Taiwan Overall 993 / 1098 0.90

Young adult 821 / 907 0.91
Child and adolescent 168 / 183 0.92

 Korea Overall 64 / 49 1.31
Young adult 37 / 20 1.85
Child and adolescent 27 / 29 0.93
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Table 4   (continued) Country Age groups No. of causal/No. of non-causal group Crude 
sequence 
ratio

 Japan Overall 342 / 201 1.70

Young adult 293 / 178 1.65

Child and adolescent 49 / 23 2.13
 Hong Kong Overall NA / NA NA

Young adult NA / NA NA
Child and adolescent NA / NA NA

 Thailand Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Denmark Overall 348 / 245 1.42
Young adult 313 / 227 1.38
Child and adolescent 35 / 18 1.94

 Australia Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

Risk evaluations: typical antipsychotics–metabolic syndrome (composite)
 Taiwan Overall 1644 / 1743 0.94

Young adult 1382 / 1477 0.94
Child and adolescent 233 / 236 0.99

 Korea Overall 17 / 23 0.74
Young adult 11 / 14 0.79
Child and adolescent NA / NA NA

 Japan Overall 107 / 95 1.13
Young adult 98 / 87 1.13
Child and adolescent NA / NA NA

 Hong Kong Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Thailand Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

 Denmark Overall 21 28 0.75
Young adult 16 / 22 0.73
Child and adolescent NA / NA NA

 Australia Overall NA / NA NA
Young adult NA / NA NA
Child and adolescent NA / NA NA

Risk evaluations: antipsychotics–dyslipidemia medications
 Taiwan Overall 340 / 261 1.30
 Korea Overall NA / NA NA
 Japan Overall 194 / 96 2.02
 Hong Kong Overall NA / NA NA
 Thailand Overall NA / NA NA
 Denmark Overall 72 / 42 1.71
 Australia Overall NA / NA NA

Risk evaluations: antipsychotics–hypertension medications
 Taiwan Overall 1298 / 1260 1.03
 Korea Overall 27 / 28 0.96



118	 European Child & Adolescent Psychiatry (2022) 31:99–120

1 3

References

	 1.	 Cooper SJ, Reynolds GP, With expert co-authors (in alphabetical 
order), et al. (2016) BAP guidelines on the management of weight 
gain, metabolic disturbances and cardiovascular risk associated 
with psychosis and antipsychotic drug treatment. J Psychophar-
macol. 30:717–748

	 2.	 Ben AL (2012) Antipsychotics in pediatric and adolescent 
patients: a review of comparative safety data. J Affect Disord 
138(Suppl):S22–S30

	 3.	 Mogwitz S, Buse J, Wolff N, Roessner V (2018) Update on the 
pharmacological treatment of tics with dopamine-modulating 
agents. ACS Chem Neurosci 9:651–672

	 4.	 Correll CU, Manu P, Olshanskiy V, Napolitano B, Kane JM, 
Malhotra AK (2009) Cardiometabolic risk of second-generation 
antipsychotic medications during first-time use in children and 
adolescents. JAMA 302:1765–1773

	 5.	 De Hert M, Detraux J, van Winkel R, Yu W, Correll CU (2011) 
Metabolic and cardiovascular adverse effects associated with 
antipsychotic drugs. Nat Rev Endocrinol 8:114–126

	 6.	 Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, 
Donato KA et al (2009) Harmonizing the metabolic syndrome: 
a joint interim statement of the International Diabetes Federa-
tion Task Force on Epidemiology and Prevention; National Heart, 
Lung, and Blood Institute; American Heart Association; World 
Heart Federation; International Atherosclerosis Society; and 
International Association for the Study of Obesity. Circulation 
120:1640–1645

	 7.	 Hálfdánarson Ó, Zoëga H, Aagaard L, Bernardo M, Brandt L, 
Fusté AC et al (2017) International trends in antipsychotic use: 
a study in 16 countries, 2005–2014. Eur Neuropsychopharmacol 
27:1064–1076

	 8.	 Lao KSJ, Tam AWY, Wong ICK, Besag FMC, Man KKC, Chui 
CSL et al (2017) Prescribing trends and indications of antipsy-
chotic medication in Hong Kong from 2004 to 2014: general 
and vulnerable patient groups. Pharmacoepidemiol Drug Saf 
26:1387–1394

	 9.	 Gardner DM, Baldessarini RJ, Waraich P (2005) Modern antip-
sychotic drugs: a critical overview. CMAJ 172:1703–1711

	10.	 Horacek J, Bubenikova-Valesova V, Kopecek M, Palenicek T, 
Dockery C, Mohr P et al (2006) Mechanism of action of atypical 
antipsychotic drugs and the neurobiology of schizophrenia. CNS 
Drugs 20:389–409

	11.	 Correll CU (2010) From receptor pharmacology to improved 
outcomes: individualising the selection, dosing, and switching of 
antipsychotics. Eur Psychiatry 25(Suppl 2):S12-21

	12.	 Nasrallah HA (2008) Atypical antipsychotic-induced metabolic 
side effects: insights from receptor-binding profiles. Mol Psychia-
try 13:27–35

	13.	 Mulder H, Cohen D, Scheffer H, Gispen-de Wied C, Arends J, 
Wilmink FW et al (2009) HTR2C gene polymorphisms and the 
metabolic syndrome in patients with schizophrenia: a replication 
study. J Clin Psychopharmacol 29:16–20

	14.	 Correll CU, Malhotra AK (2004) Pharmacogenetics of antipsy-
chotic-induced weight gain. Psychopharmacology 174:477–489

	15.	 Thomas GN, Tomlinson B, Chan JC, Young RP, Critchley JA 
(2000) The Trp64Arg polymorphism of the beta3-adrenergic 
receptor gene and obesity in Chinese subjects with components 
of the metabolic syndrome. Int J Obes Relat Metab Disord 
24:545–551

	16.	 Hendset M, Molden E, Refsum H, Hermann M (2009) Impact of 
CYP2D6 genotype on steady-state serum concentrations of ris-
peridone and 9-hydroxyrisperidone in patients using long-acting 
injectable risperidone. J Clin Psychopharmacol 29:537–541

	17.	 Lai EC, Man KK, Chaiyakunapruk N, Cheng CL, Chien HC, Chui 
CS et al (2015) Brief report: databases in the asia-pacific region: 
the potential for a distributed network approach. Epidemiology 
26:815–820

	18.	 Mellish L, Karanges EA, Litchfield MJ, Schaffer AL, Blanch B, 
Daniels BJ et al (2015) The australian pharmaceutical benefits 
scheme data collection: a practical guide for researchers. BMC 
Res Notes 8:634

	19.	 Ilomäki J, Bell JS, Chan AYL, Tolppanen AM, Luo H, Wei 
L et al (2020) Application of Healthcare “Big Data” in CNS 
Drug Research: the example of the neurological and mental 
health global epidemiology network (NeuroGEN). CNS Drugs 
34:897–913

	20.	 Hallas J (1996) Evidence of depression provoked by cardiovas-
cular medication: a prescription sequence symmetry analysis. 
Epidemiology 7:478–484

Table 4   (continued) Country Age groups No. of causal/No. of non-causal group Crude 
sequence 
ratio

 Japan Overall 183 / 120 1.53
 Hong Kong Overall NA / NA NA
 Thailand Overall NA / NA NA
 Denmark Overall 233 / 173 1.35
 Australia Overall 18 / 18 1.00

Risk evaluations: antipsychotics–hyperglycemia medications
 Taiwan Overall 176 / 164 1.07
 Korea Overall 42 / 31 1.35
 Japan Overall 39 / 24 1.63
 Hong Kong Overall NA / NA NA
 Thailand Overall NA / NA NA
 Denmark Overall 68 / 50 1.36
 Australia Overall NA / NA NA

NA not available because the number is considered an identifiable number; SSA sequence symmetry analy-
sis



119European Child & Adolescent Psychiatry (2022) 31:99–120	

1 3

	21.	 Lai EC, Hsieh CY, Kao Yang YH, Lin SJ (2014) Detecting poten-
tial adverse reactions of sulpiride in schizophrenic patients by 
prescription sequence symmetry analysis. PLoS ONE 9:e89795

	22.	 Wahab IA, Pratt NL, Wiese MD, Kalisch LM, Roughead EE 
(2013) The validity of sequence symmetry analysis (SSA) for 
adverse drug reaction signal detection. Pharmacoepidemiol Drug 
Saf 22:496–502

	23.	 Lai EC, Pratt N, Hsieh CY, Lin SJ, Pottegård A, Roughead EE 
et al (2017) Sequence symmetry analysis in pharmacovigilance 
and pharmacoepidemiologic studies. Eur J Epidemiol 32:567–582

	24.	 Tsiropoulos I, Andersen M, Hallas J (2009) Adverse events with 
use of antiepileptic drugs: a prescription and event symmetry 
analysis. Pharmacoepidemiol Drug Saf 18:483–491

	25.	 Garrison SR, Dormuth CR, Morrow RL, Carney GA, Khan 
KM (2012) Nocturnal leg cramps and prescription use that pre-
cedes them: a sequence symmetry analysis. Arch Intern Med 
172:120–126

	26.	 WHO Collaborating Centre for Drug Statistics Methodology, 
Guidelines for ATC classification and DDD assignment 2019 
(https​://www.whocc​.no/filea​rchiv​e/publi​catio​ns/2019_guide​lines​
_web.pdf). Accessed 15 October 2019.

	27.	 DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. 
Control Clin Trials 7:177–188

	28.	 Higgins JPT, Green S. Cochrane handbook for systematic 
reviews of interventions version 5.1.0 [updated March 2011] The 
Cochrane Collaboration. Available via www.cochr​ane-handb​ook.
org. Accessed 1 Aug 2019.

	29.	 Lai EC, Ryan P, Zhang Y, Schuemie M, Hardy NC, Kamijima Y 
et al (2018) Applying a common data model to Asian databases 
for multinational pharmacoepidemiologic studies: opportunities 
and challenges. Clin Epidemiol 10:875–885

	30.	 Legge SE, Hamshere ML, Ripke S, Pardinas AF, Goldstein JI, 
Rees E et al (2017) Genome-wide common and rare variant analy-
sis provides novel insights into clozapine-associated neutropenia. 
Mol Psychiatry 22:1502–1508

	31.	 Lai EC, Chang CH, Kao Yang YH, Lin SJ, Lin CY (2013) Effec-
tiveness of sulpiride in adult patients with schizophrenia. Schizo-
phr Bull 39:673–683

	32.	 Arranz MJ, de Leon J (2007) Pharmacogenetics and pharmacog-
enomics of schizophrenia: a review of last decade of research. Mol 
Psychiatry 12:707–747

	33.	 Morrato EH, Nicol GE, Maahs D, Druss BG, Hartung DM, 
Valuck RJ et  al (2010) Metabolic screening in children 

receiving antipsychotic drug treatment. Arch Pediatr Adolesc Med 
164:344–435

	34.	 Almandil NB, Liu Y, Murray ML, Besag FMC, Aitchison KJ, 
Wong ICK (2013) Weight gain and other metabolic adverse effects 
associated with atypical antipsychotic treatment of children and 
adolescents: a systematic review and meta-analysis. Paediatr 
Drugs 15:139–150

	35.	 Almandil NB, Wong ICK (2011) Review on the current use of 
antipsychotic drugs in children and adolescents. Arch Dis Child 
Educ Pract Ed 96:192–196

	36.	 McClellan J, Stock S, American Academy of Child and Adoles-
cent Psychiatry Committee on Quality I (2013) Practice parameter 
for the assessment and treatment of children and adolescents with 
schizophrenia. J Am Acad Child Adolesc Psychiatry. 52:976–990

	37.	 Pringsheim T, Panagiotopoulos C, Davidson J, Ho J (2011) Cana-
dian Alliance for Monitoring E, Safety of Antipsychotics in Chil-
dren guideline Evidence-based recommendations for monitoring 
safety of second-generation antipsychotics in children and youth. 
Paediatr Child Health 16:581–589

	38.	 Cheer SM, Wagstaff AJ (2004) Quetiapine. A review of its use in 
the management of schizophrenia. CNS Drugs 18:173–199

	39.	 Hirsch L, Yang J, Bresee L, Jette N, Patten S, Pringsheim T 
(2017) Second-generation antipsychotics and metabolic side 
effects: a systematic review of population-based studies. Drug 
Saf 40:771–781

	40.	 Roh D, Chang JG, Yoon S, Kim CH (2015) Antipsychotic pre-
scribing patterns in first-episode schizophrenia: a five-year com-
parison. Clin Psychopharmacol Neurosci 13:275–282

	41.	 Nielsen J, le Quach P, Emborg C, Foldager L, Correll CU (2010) 
10-year trends in the treatment and outcomes of patients with 
first-episode schizophrenia. Acta Psychiatr Scand 122:356–366

	42.	 Lai EC, Shin JY, Kubota K, Man KKC, Park BJ, Pratt N et al 
(2018) Comparative safety of NSAIDs for gastrointestinal events 
in Asia-Pacific populations: a multi-database, international cohort 
study. Pharmacoepidemiol Drug Saf 27:1223–1230

	43.	 Kubota K, Kamijima Y, Kao Yang YH, Kimura S, Chia-Cheng 
Lai E, Man KKC et al (2018) Penetration of new antidiabetic 
medications in East Asian countries and the United States: a cross-
national comparative study. PLoS ONE 13:e0208796

	44.	 Pratt N, Andersen M, Bergman U, Choi NK, Gerhard T, Huang C 
et al (2013) Multi-country rapid adverse drug event assessment: 
the Asian Pharmacoepidemiology Network (AsPEN) antipsy-
chotic and acute hyperglycaemia study. Pharmacoepidemiol Drug 
Saf 22:915–924

https://www.whocc.no/filearchive/publications/2019_guidelines_web.pdf
https://www.whocc.no/filearchive/publications/2019_guidelines_web.pdf
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org


120	 European Child & Adolescent Psychiatry (2022) 31:99–120

1 3

Affiliations

Kenneth K. C. Man1,2   · Shih‑Chieh Shao3,4 · Nathorn Chaiyakunapruk5,6 · Piyameth Dilokthornsakul7 · 
Kiyoshi Kubota8 · Junqing Li9 · Nobuhiro Ooba10 · Nicole Pratt11 · Anton Pottegård12 · Lotte Rasmussen13 · 
Elizabeth E. Roughead11 · Ju‑Young Shin9 · Chien‑Chou Su3,13 · Ian C. K. Wong1,2 · Yea‑Huei Kao Yang3 · 
Edward Chia‑Cheng Lai3,13 

1	 Research Department of Practice and Policy, UCL School 
of Pharmacy, London, UK

2	 Centre for Safe Medication Practice and Research, 
Department of Pharmacology and Pharmacy, The University 
of Hong Kong, Hong Kong, China

3	 School of Pharmacy, Institute of Clinical Pharmacy 
and Pharmaceutical Sciences, College of Medicine, National 
Cheng Kung University, No.1, University Road, Tainan 701, 
Taiwan

4	 Department of Pharmacy, Keelung Chang Gung Memorial 
Hospital, Keelung, Taiwan

5	 Department of Pharmacotherapy, College of Pharmacy, 
University of Utah, 30 2000 E, Salt Lake City, UT 84112, 
USA

6	 School of Pharmacy, Monash University Malaysia, Selangor, 
Malaysia

7	 Center of Pharmaceutical Outcomes Research, Department 
of Pharmacy Practice, Faculty of Pharmaceutical Sciences, 
Naresuan University, Phitsanulok, Thailand

8	 NPO Drug Safety Research Unit Japan, Tokyo, Japan
9	 School of Pharmacy, Sungkyunkwan University, Seoul, 

South Korea
10	 Department of Clinical Pharmacy, Nihon University School 

of Pharmacy, Chiba, Japan
11	 Quality Use of Medicines and Pharmacy Research Centre, 

Clinical and Health Sciences, University of South Australia, 
Adelaide, Australia

12	 Clinical Pharmacology and Pharmacy, Department of Public 
Health, University of Southern Denmark, Odense, Denmark

13	 Department of Pharmacy, National Cheng Kung University 
Hospital, Tainan, Taiwan

http://orcid.org/0000-0001-8645-1942
http://orcid.org/0000-0002-5852-7652

	Metabolic events associated with the use of antipsychotics in children, adolescents and young adults: a multinational sequence symmetry study
	Abstract
	Introduction
	Methods
	Common protocol and distributed network approach
	Sequence symmetry analysis (SSA)
	Index and outcome medications
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




