
Vol.:(0123456789)1 3

European Child & Adolescent Psychiatry (2022) 31:21–37 
https://doi.org/10.1007/s00787-020-01582-9

REVIEW

Weight and body mass index increase in children and adolescents 
exposed to antipsychotic drugs in non‑interventional settings: 
a meta‑analysis and meta‑regression

Marco Pozzi1 · Roberta Ida Ferrentino2 · Giulia Scrinzi3 · Cristina Scavone4 · Annalisa Capuano4 · Sonia Radice5 · 
Maria Nobile1 · Pietro Formisano2 · Emilio Clementi5 · Carmela Bravaccio2 · Carla Carnovale5 · Simone Pisano2,6

Received: 27 March 2020 / Accepted: 22 June 2020 / Published online: 2 July 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Antipsychotics increase weight, BMI and waist size, particularly in pediatric patients. Switching antipsychotics is com-
mon practice, thus defining the risk for each antipsychotic in real-life settings can be important for clinical guidance. 
We conducted a meta-analysis on antipsychotic-related changes in body measures in pediatric observational studies. Of 
934 publications found on PubMed, we analyzed 38, including nine treatment arms: no treatment, mixed antipsychotic 
treatment, first-generation antipsychotics, aripiprazole, clozapine, olanzapine, quetiapine, risperidone and ziprasidone. 
Changes in weight, BMI, BMI-Z and waist size were meta-analyzed according to the duration of clinical observations: 6, 
12, > 12 months. Meta-regressions probed influencing factors. Weight in Kg was increased at 6, 12, > 12 months by olanzapine 
[+ 10.91, + 10.7, data not available (n/a)], mixed antipsychotic treatment (n/a, + 9.42, + 12.59), quetiapine (+ 5.84, n/a, n/a) 
and risperidone (+ 4.47, + 6.01, + 9.51) and without treatment (n/a, + 2.3, n/a). BMI was increased at 6, 12, > 12 months by 
olanzapine (+ 3.47, + 3.42, n/a), clozapine (n/a, + 3, n/a) mixed antipsychotic treatment (+ 3.37, + 2.95, + 3.32), risperidone 
(+ 2, + 2.13, + 2.16), quetiapine (+ 1.5, + 1.82, n/a), aripiprazole (n/a, + 1.7, + 2.1) and without treatment (n/a, + 0.75, n/a). 
BMI-Z was increased at 6, 12, > 12 months by olanzapine (+ 0.94, + 0.98, + 0.89), clozapine (n/a, + 0.8, n/a), risperidone 
(+ 0.62, + 0.61, + 0.48), quetiapine (+ 0.57, + 0.54, n/a), mixed antipsychotic treatment (+ 0.51, + 0.94, + 0.44), without treat-
ment (n/a, + 0.37, n/a) and aripiprazole (no gain, + 0.31, n/a). Waist size in cm was increased at 6, 12 months by risperidone 
(+ 8.8, + 11.5), mixed antipsychotics treatment (+ 9.1, + 10.2) and quetiapine (+ 6.9, + 9.1). Overall, olanzapine and clozapine 
displayed maximum risk, followed by risperidone, quetiapine and aripiprazole (more risky at longer terms); ziprasidone 
was associated with no gains. No time-based trends emerged, suggesting a drug-specific risk magnitude. Meta-regressions 
evidenced variable roles for persistence in therapy and follow-up length, increased risk for drug-naïve patients, and a ceiling 
effect determined by higher baseline BMI/BMI-Z values.
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Introduction

Antipsychotic drugs (APs), especially the second-generation 
ones (SGAs), are increasingly being used in children and 
adolescents, on- and off-label, to treat a wide range of acute 

and chronic psychiatric disorders [1]. The efficacy of APs 
comes at the cost of a progressive accumulation of meta-
bolic disorders [2]. A key issue with the risk–benefit bal-
ance of APs is that, while efficacy is often connected to 
continued drug use and therapeutic compliance, metabolic 
adverse effects are cumulative and usually irreversible, tilt-
ing progressively the risk–benefit balance towards a disad-
vantageous one [3]. The metabolic adverse effects of APs 
are indeed a prominent factor that may limit patients’ com-
pliance and thus the effectiveness of APs in the long term 
[4, 5]; in addition, youths display an increased vulnerability 
to metabolic adverse effects of APs, as compared to adults 
[6]. Initial symptoms are usually weight gain, dyslipidemia 
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and insulin resistance, which may precipitate during time 
towards obesity, type 2 diabetes, and even overt metabolic 
syndrome [7, 8]. Many studies have focused on the meta-
bolic adverse effects of APs by studying weight gain (or 
body mass index -BMI- increase), which is the metabolic 
outcome most often reported in randomized controlled tri-
als (RCTs) on mixed-age populations. These studies have 
been reviewed systematically and meta-analyzed [9–13], 
with results that supports the general notion of excessive 
weight gain during AP exposure in adults, more with SGAs 
than with older APs. In particular, olanzapine and clozap-
ine seem to promote the largest weight gain, followed by 
quetiapine, risperidone and then aripiprazole, ziprasidone 
[14, 15]. These meta-analytical conclusions may be, how-
ever, not applicable to youths. Indeed a more recent network 
meta-analysis focused on RCTs conducted only in the pedi-
atric age has changed the order of risk of APs to olanzapine, 
quetiapine, clozapine, risperidone, aripiprazole, ziprasidone 
[16]. While the age-related discrepancy is now known, it is 
not yet clear whether if moving from weight, which is a raw 
outcome measure, to more standardized outcomes like BMI 
and BMI-Z, could provide comparable results. Another rele-
vant clinical outcome lacking from most RCTs, and therefore 
from meta-analyses, is waist circumference, which is directly 
related to the risk of hypertension, diabetes, dyslipidemia 
and overt metabolic syndrome [17]. Another issue with the 
generalizability of the results from these meta-analyses is 
that data drawn primarily from RCTs are good at assess-
ing efficacy, yet less informative when assessing safety. 
Clinical trials are often too short to capture long-term or 
developing adverse events. They typically exclude patients 
with complex poly-therapy or with concomitant medical 
conditions that may affect weight gain. Patients included 
in RCTs are intensively monitored and they usually receive 
psycho-educational counseling, which may not be a standard 
of care and may significantly improve their lifestyle [18]. 
Moreover, the metabolic adverse effects of APs are recog-
nized as important factors that determine clinical decisions 
over therapy continuation vs. tapering or switch [4, 19], an 
aspect that cannot be verified in clinical trials having fixed 
treatment options. Given the above limitations, the adverse 
metabolic effects of APs are best observed within observa-
tional studies, as they can focus more easily than RCTs on 
youth, can capture all routinely monitored parameters and 
can report on patients’ behaviors regarding eating and exer-
cise habits, as well as clinicians’ attitudes towards adverse 
drug reactions and therapeutic management. Another point 
of strength of observational studies, crucial to study meta-
bolic aspects, is their duration: clinical trials often last 1 to 
3 months, whereas observational studies are usually longer, 
lasting up to 36 months. The duration of drug exposure in 
clinical trials allows the detection of weight changes at the 
study endpoint, when the clinical benefit can be measured 

through rating scales; however, it is too short to allow the 
assessment of weight when therapy is stably titrated accord-
ing to the clinical needs of each patient, and a real clinical 
improvement can be observed. We thus conducted a sys-
tematic review and a meta-analysis of naturalistic long-term 
pediatric studies, trying to overcome the limitations present 
in the current literature and being widely inclusive in terms 
of outcomes, using weight, BMI, BMI-Z score and waist 
circumference. Providing results that are more accurate 
and applicable to pediatric populations is important, since 
there are two opposite opinions on the relationship between 
weight/BMI gain and therapy duration. One claims that dif-
ferent APs have different weight gain potential [14, 16], the 
other claims that all APs are ultimately equal in magnitude, 
yet they cause weight gain with different latency [20]. Solv-
ing this conundrum by analyzing data from appropriately 
conducted long-term observational studies can improve the 
guidance on AP switch and therapeutic management in child 
and adolescent psychopharmacology.

Methods

Literature search

The review protocol was registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO ID: 
CRD42019121617) before the analyses began. The search 
used for this review included terms related to antipsychot-
ics, children and adolescents, metabolism and observational 
studies (the search string is available in the Supplemental 
Methods). The search was conducted in Pubmed on Feb-
ruary 1st 2019. No publication date or language restriction 
was applied. Other potentially relevant studies were searched 
from references of reviews and included as other sources. 
Duplicate studies were then removed (see the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
PRISMA diagram in Fig. 1). Retrieved records were inde-
pendently reviewed and screened based on title and abstract, 
by the second and third authors, under supervision by the 
first author. Criteria for article inclusion were the presence of 
an abstract and a full text; the actual presence in the abstract 
of terms related to antipsychotics, and metabolism; a clearly 
observational study nature; a follow-up duration of 3 months 
at least; a study population composed of children or ado-
lescents or young adults, (below 21 years) with an average 
sample age below 18 years. Criteria for article exclusion 
were: being letters, commentaries, reviews, case reports; 
dealing with addiction or substance abuse disorders or eating 
disorders; including patients with clearly stated genetically-
determined syndromes known to alter the sense of satiety or 
hunger (e.g.: Prader-Willi, or other forms of syndromic neu-
rodevelopmental disorders). Then the eligibility of screened 
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publications was assessed by examining full texts. The sec-
ond and third authors performed the task under supervision 
by the first author. Studies were considered eligible for this 
review if they were performed in groups of patients all of 
less than 20 years of age; they reported quantitative effects 
of antipsychotics on at least weight or BMI; they were for-
mally observational clinical studies.

Data systematization

The second and third authors split the selected studies among 
themselves and extracted the following data using pre-speci-
fied forms: bibliographic reference; year of publication: study 
type (prospective, retrospective); study duration; patients’ 
diagnosis; concomitant medical conditions (especially if 
comorbidities known to affect metabolism); number of treat-
ment arms; type of control group (same patients; matched 
controls; unmatched controls); antipsychotic(s) used and dose 
(mean, sd, range); concomitant drugs used (especially psy-
chologically or metabolically active drugs with an effect on 
appetite/weight); age of subjects (mean, sd, range); number 
of subjects; number of males and percentage; metabolic out-
comes, including: weight, weight-Z, BMI, BMI-Z, waist cir-
cumference, waist-hip ratio; study time-points. The extracted 
information was reciprocally verified for concordance with 
full-texts by the second and third authors. Discrepancies were 
resolved by consultation with the first author. Record manage-
ment was performed using Microsoft Excel. The risk of bias 
of selected studies was assessed using the Newcastle–Ottawa 
quality assessment scale for cohort studies (NOS) [21], with 
study-specific criteria (Supplemental Table 1). The first author 
then grouped studies based on the availability of baseline and 

follow-up observations for each of the outcomes proposed for 
meta-analysis, at each study time-point. Study time-points 
were determined following the distribution of study duration 
within observational studies, with most of them lasting around 
6 months and 12 months, with a tolerance of ± 2 months, and 
with a minority lasting more than 12 months.

Meta‑analysis and meta‑regression

Eleven separate meta-analyses were conducted, accord-
ing to data available for each combination of outcome and 
time-point: weight (6, 12, > 12), BMI (6, 12, > 12), BMI-Z (6, 
12, > 12), waist size (6, 12). Weight-Z and waist-hip ratio were 
discarded due to insufficient data availability. We calculated 
changes at the baseline vs. at the follow-up time, in antipsy-
chotic treatment arms and in control arms, as mean differ-
ences on each outcome, reporting 95% confidence intervals 
(CIs), using the inverse variance method in random effects 
models. We applied subgroups to each analysis to compare 
drugs among themselves. In addition, within each outcome and 
drug combination, we performed post-hoc Z-tests comparing 
time-points among themselves. Heterogeneity between studies 
was measured using the I2 statistic: p < 0.10 was considered 
indicative of statistically significant heterogeneity and an I2 
value of 40% or more was considered indicative of sizeable 
heterogeneity. Sensitivity analyses were performed to deter-
mine the variability of results when the number of studies 
exceeded five. Begg’s funnel plots were drawn; Egger’s tests 
were used to assess statistically the asymmetry of the funnel 
plots; significant asymmetry was claimed when the intercept 
reached significance levels (p < 0.05) within the regression 
model: SND = intercept + b × precision. Review Manager 
5.3 (Copenhagen, the Nordic Cochrane Centre, the Cochrane 
Collaboration) was used to conduct this meta-analysis. We 
attempted to conduct meta-regression analyses on the same 
outcomes and follow-up time points, using the inverse vari-
ance method in random effects models, to assess the effect of 
different treatments while controlling for confounding effects 
in a step-wise approach. Confounders used were: follow-up 
duration, patients’ age and sex, percentage of treatment-naïve 
patients, percentage of study completers at each time-point, 
study sample size, outcome values at the baseline. SPSS v22 
with the additional MetaReg package (https​://mason​.gmu.
edu/~dwils​onb/downl​oads/MetaR​eg.sps) was used to conduct 
meta-regressions.

Results

Description of studies

Following our search criteria, we identified 934 entries 
in PubMed. We expanded them by searching references 

Included in meta-
analysis: 38

No meta-analyzable 
outcome: 45

Excluded (132):
Open-label extension: 12

Open-label trial: 27
Adults:   5

Insufficient duration: 15
Cross-sectional: 12

Clinical trial:  9
Other reasons: 52

Included after additions, 
deduplication and 

abstract screening: 215

Included after full text 
screening: 83

PubMed search results: 
934

Fig. 1   Flow-chart of the study selection process. The number of stud-
ies excluded or maintained at each step is reported with the related 
reasons

https://mason.gmu.edu/~dwilsonb/downloads/MetaReg.sps
https://mason.gmu.edu/~dwilsonb/downloads/MetaReg.sps
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from review articles and selected 215 abstracts, from 
which 83 full texts were selected as relevant to our topic. 
Of those, 38 observational study reports contained meta-
analyzable information. A full description of included 
studies is available in Table 1. The study quality was 
rated by the NOS scale (Supplemental Table 1): individ-
ual study scores are available in Supplemental Table 2. 
Briefly, 10 studies were scored eight points, 20 studies 
seven points and 8 studies six points: the average score 
was 7. Seventeen studies were prospective and 21 retro-
spective, reporting data from time points spanning over 
4–192 weeks. Twenty studies observed only 1 treatment 
arm, six observed 2 arms, nine observed 3 arms, three 
observed 5 or more arms; overall, there were 5 control 
arms. The drug treatments most frequently observed 
were risperidone, olanzapine and quetiapine; a minority 
of studies observed “mixed” treatment arms without dis-
tinguishing single drugs, containing mainly risperidone, 
quetiapine and antipsychotic polytherapy (details shown 
in Supplemental Table 3). Patients were predominantly 
males (67.8 ± 15.4%) of 13.1 ± 2.5 years of age. Four-
teen studies focused on antipsychotic-naïve patients (see 
details at the end of results), while in the other studies 
the prevalence of naïve patients was 34.6%. Most studies 
included patients who were also using psychostimulant 
and/or antidepressant medications.

Following study criteria, we excluded all time-points 
shorter than six months, thus removing from the dataset 
four studies [22–25]. In view of the time-points found, 
we chose to organize the meta-analysis based on the 
duration of observations in three groups: 6 months (aver-
age duration 6.1 ± 0.6 months), 12 months (11.8 ± 0.7) 
and > 12 months (26.6 ± 10.5); each study could report 
on multiple time-points and thus be included in more 
than one meta-analysis. Regarding outcomes, weight was 
observed for 6 months in 16 studies (30 treatment arms, 
879 patients) [26–41], at 12 months in 10 studies (23 
arms, 3473 patients) [28, 34, 35, 38–44] and at longer 
times in 4 studies (5 arms, 121 patients) [39, 41, 43, 45]. 
BMI was observed for 6 months in 17 studies (31 treat-
ment arms, 903 patients) [26, 27, 30–36, 38–41, 46–49], 
at 12 months in 13 studies (28 arms, 3667 patients) [34, 
35, 38–44, 46, 47, 50, 51] and at > 12 months in 6 studies 
(10 arms, 363 patients) [39, 41, 43, 46, 47, 52]. BMI-
Z was observed for 6  months in 12 studies (24 treat-
ment arms, 413 patients) [32, 33, 35–41, 46, 49, 53], at 
12 months in 12 studies (28 arms, 1591 patients) [35, 
38–42, 44, 46, 51, 53–55] and at > 12 months in 7 studies 
(14 arms, 647 patients) [39, 41, 46, 52, 56–58]. Waist size 
was observed in 3 studies (4 treatment arms, 88 patients) 
at 6 months [34, 49, 53] and in 2 studies, (3 arms, 53 
patients) at 12 months [34, 53].

Meta‑analyses

Complete meta-analysis and meta-regression results are pro-
vided in Table 2 for weight, Table 3 for BMI, Table 4 for 
BMI-Z and Supplemental Table 4 for waist size. Significant 
results are reported here below.

For weight, at 6  months, there were significant 
increases with risperidone (+ 4.47 kg, 95% CI [2.71, 6.23], 
P < 0.00001), quetiapine (+ 5.84 kg, 95% CI [2.54, 9.13], 
P = 0.0005) and olanzapine (+ 10.91 kg, 95% CI [6.68, 
15.13], P < 0.00001); weight gain with olanzapine was 
significantly larger than in the untreated (P = 0.02) and 
risperidone (P = 0.006) groups. We found no evidence of 
heterogeneity (risperidone P = 0.92, I2 = 0%, quetiapine 
P = 0.85, I2 = 0%, olanzapine P = 0.98, I2 = 0%, untreated 
P = 0.85, I2 = 0%. In meta-regression, higher patients’ 
age was associated with larger weight gain (P = 0.0002, 
B = 0.43). At 12 months, weight gain was significant with-
out treatment (+ 2.3 kg, 95% CI [1.30, 3.31], P < 0.00001), 
in mixed treatment arms (+ 9.42 kg, 95% CI [6.88, 11.95], 
P < 0.00001), with risperidone (+ 6.01 kg, 95% CI [3.15, 
8.87], P < 0.0001) and olanzapine (+ 10.7 kg, 95% CI [3.98, 
17.42], P = 0.002); weight gain was significantly larger with 
mixed treatment (P < 0.00001), risperidone (P = 0.02) and 
olanzapine (P = 0.02) as compared to untreated arms. There 
was no significant heterogeneity (untreated P = 0.83, I2 = 0%, 
mixed P = 0.77, I2 = 0%, risperidone P = 0.77, I2 = 0%, 
olanzapine P = 0.22, I2 = 32%). In meta-regression, longer 
follow-up length was associated with smaller weight gain 
(P = 0.03, B = − 0.40), while higher dropout rates were asso-
ciated to larger weight gain (P = 0.04, B = 0.37). At time 
points longer than 12 months, risperidone (+ 9.51 kg, 95% 
CI [2.01, 17.01], P = 0.01) and mixed treatment (+ 12.59, 
95% CI [9.87, 15.30], P < 0.00001) were associated with 
significant weight gain, without heterogeneity (respectively 
P = 0.81, I2 = 0%, P = 0.49, I2 = 0%). Meta-regression was 
not feasible, due to the low number of studies.

For BMI, at 6 months, there were significant increases 
with quetiapine (+ 1.5, 95% CI [0.37, 2.62], P = 0.009), 
risperidone (+ 2, 95% CI [1.40, 2.60], P < 0.00001), mixed 
treatment (+ 3.37, 95% CI [1.75, 4.98], P < 0.0001) and 
olanzapine (+ 3.47, 95% CI [2.21, 4.72], P < 0.00001), with 
a predictably high heterogeneity among mixed treatment 
arms (P < 0.00001, I2 = 88%) but not others (risperidone 
P = 0.93, I2 = 0% quetiapine P = 0.53, I2 = 0%, olanzap-
ine P = 0.97, I2 = 0%); BMI gain was higher in the mixed 
treatment (P = 0.03) and olanzapine (P = 0.02) arms, as 
compared to untreated, and with olanzapine it was higher 
than with quetiapine (P = 0.02) and risperidone (P = 0.04) 
as well. Meta-regression evidenced no significant modera-
tors. At 12 months, all treatments expect for ziprasidone 
(+ 6.06, 95% CI [− 5.61, 17.73], P = 0.31) were associated 
with significant BMI gain, without heterogeneity (untreated 
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Table 2   Results of the metanalysis and metaregression of the outcome: weight

Results of meta-analyses are presented separately for each time-point and treatment arm. Effect estimates are mean differences from baseline to 
endpoint. Subgroup differences are reported with a whole-group statistic followed by subgroup comparisons (showing only significant differ-
ences). Meta-regression moderators are shown only when significant, with their coefficient in the regression equation

Endpoint, sub-
group

Studies Participants Effect estimate 
[95% CI ]

Z test Heterogeneity Subgroup differ-
ences

Significant metar-
egression modera-
tors

6 months kg Chi2 = 13.28, 
df = 7, P = 0.07

Average patients’ 
age:

P = 0.0002, B = 0.43Untreated 2 104 0.25 [− 7.69, 8.19] 0.06, P = 0.95 P = 0.85, I2 = 0% P = 0.02 vs. Olan-
zapine

Mix 3 162 1.41 [− 8.60, 
11.42]

0.28, P = 0.78 P = 0.0002,  
I2 = 88%

FGA 1 46 − 3.03 [− 12.02, 
5.96]

0.66, P = 0.51

Aripiprazole 1 26 3.25 [− 10.83, 
17.33]

0.45, P = 0.65

Clozapine 1 54 7.43 [− 3.97, 
18.83]

1.28, P = 0.20

Olanzapine 5 150 10.91 [6.68, 
15.13]

5.06, P < 0.00001 P = 0.98,  I2 = 0% P = 0.02 vs. 
untreated

P = 0.006 vs. 
Risperidone

Quetiapine 5 178 5.84 [2.54, 9.13] 3.47, P = 0.0005 P = 0.85,  I2 = 0%
Risperidone 12 938 4.47 [2.71, 6.23] 4.97, P < 0.00001 P = 0.92,  I2 = 0% P = 0.006 vs. 

Olanzapine
12 months Chi2 = 36.37, 

df = 7, 
P < 0.00001

Follow-up Length:
P = 0.03, B = -0.40
Drop-out Rate:
P = 0.04, B = 0.37Untreated 2 4804 2.30 [1.30, 3.31] 4.48, P < 0.00001 P = 0.83,  I2 = 0% P < 0.00001 vs. 

mix
P = 0.02 vs. Olan-

zapine
P = 0.02 vs. Risp-

eridone
Mix 3 170 9.42 [6.88, 11.95] 7.28, P < 0.00001 P = 0.77,  I2 = 0% P < 0.00001 vs. 

untreated
Aripiprazole 2 326 4.65 [− 0.18, 9.47] 1.89, P = 0.06 P = 0.54,  I2 = 0%
Clozapine 1 30 9.60 [− 1.23, 

20.43]
1.74, P = 0.08

Olanzapine 4 194 10.70 [3.98, 
17.42]

3.12, P = 0.002 P = 0.22,  I2 = 32% P = 0.02 vs. 
untreated

Quetiapine 3 604 9.39 [− 0.08, 
18.87]

1.94, P = 0.05 P = 0.04,  I2 = 70%

Risperidone 7 778 6.01 [3.15, 8.87] 4.12, P < 0.0001 P = 0.77,  I2 = 0% P = 0.02 vs. 
untreated

Ziprasidone 1 40 6.06 [− 5.61, 
17.73]

1.02, P = 0.31

 > 12 months Chi2 = 0.68, df = 2, 
P = 0.71

Not computable

Untreated 1 38 10.00 [− 3.15, 
23.15]

1.49, P = 0.14

Mix 2 126 12.59 [9.87, 
15.30]

9.09, P < 0.00001 P = 0.49,  I2 = 0%

Risperidone 2 78 9.51 [2.01, 17.01] 2.48, P = 0.01 P = 0.81, I2 = 0%
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P = 0.40, I2 = 0%, mix P = 0.14, I2 = 45%, aripiprazole 
P = 0.70, I2 = 0%, olanzapine P = 0.42, I2 = 0%, quetiapine 
P = 0.33, I2 = 13%, risperidone P = 0.74, I2  = 0%); untreated 
arms (+ 0.75, 95% CI [0.45, 1.05], P < 0.00001) showed 
significantly lower BMI gain as compared to risperidone 
(+ 2.13, 95% CI [1.43, 2.84], P < 0.00001. Comparison 

P = 0.0004), mixed treatments (+ 2.95, 95% CI [2.13, 
3.77], P < 0.00001. Comparison P < 0.00001) and olan-
zapine (+ 3.42, 95% CI [2.10, 4.75], P < 0.00001. Com-
parison P < 0.0001), but not with respect to aripiprazole 
(+ 1.7, 95% CI [0.28, 3.12], P = 0.02), quetiapine (+ 1.82, 
95% CI [0.53, 3.11], P = 0.006) or clozapine (+ 3, 95% CI 

Table 3   Results of the metanalysis and metaregression of the outcome: BMI

Results of meta-analyses are presented separately for each time-point and treatment arm. Effect estimates are mean differences from baseline to 
endpoint. Subgroup differences are reported with a whole-group statistic followed by subgroup comparisons (showing only significant differ-
ences). Meta-regression moderators are shown only when significant, with their coefficient in the regression equation
Italics indicates the statistical significance

Endpoint, subgroup Studies Participants Effect estimate [95% 
CI ]

Z test Heterogeneity Subgroup differ-
ences

Significant metar-
egression moderators

6 months BMI points Chi2 = 12.60, df = 7, 
P = 0.08

None

Untreated 2 104 0.19 [− 2.15, 2.53] 0.16, P = 0.87 P = 0.67, I2 = 0% P = 0.02 vs. Olan-
zapine

P = 0.03 vs. mix
Mix 5 482 3.37 [1.75, 4.98] 4.09, P < 0.0001 P < 0.00001,  

I2 = 88%
P = 0.03 vs. 

untreated
FGA 1 46 0.31 [− 2.70, 3.32] 0.20, P = 0.84
Aripiprazole 1 26 0.56 [− 5.07, 6.19] 0.19, P = 0.85
Clozapine 1 54 3.00 [− 0.48, 6.48] 1.69, P = 0.09
Olanzapine 5 140 3.47 [2.21, 4.72] 5.42, P < 0.00001 P = 0.97,  I2 = 0% P = 0.02 vs. 

untreated
P = 0.02 vs. Que-

tiapine
P = 0.04 vs. Risp-

eridone
Quetiapine 5 166 1.50 [0.37, 2.62] 2.61, P = 0.009 P = 0.53,  I2 = 0% P = 0.02 vs. Olan-

zapine
Risperidone 11 788 2.00 [1.40, 2.60] 6.55, P < 0.00001 P = 0.93, I2 = 0% P = 0.04 vs. Olan-

zapine
12 months Chi2 = 45.94, df = 7 

P < 0.00001
AP-Naïve Ratio:
P ≤ 0.0001, B = 1.15,
Drop-out Rate:
P = 0.002, B = 0.36,
Patients’ age:
P = 0.017, B = 0.22,
Follow-up Length:
P < 0.0001, 

B = − 1.19,
Baseline BMI:
P = 0.001, B = -− 0.40,
Sample size:
P = 0.002, B = − 0.31

Untreated 2 4804 0.75 [0.45, 1.05] 4.86, P < 0.00001 P = 0.40,  I2 = 0% P < 0.00001 vs. mix
P = 0.0001 vs. Olan-

zapine
P = 0.0004 vs. Risp-

eridone
Mix 4 332 2.95 [2.13, 3.77] 7.03, P < 0.00001 P = 0.14, I2 = 45% P < 0.00001 vs. 

untreated
Aripiprazole 3 364 1.70 [0.28, 3.12] 2.35, P = 0.02 P = 0.70,  I2 = 0%
Clozapine 1 30 3.00 [0.29, 5.71] 2.17, P = 0.03
Olanzapine 5 212 3.42 [2.10, 4.75] 5.06, P < 0.00001 P = 0.42,  I2 = 0% P = 0.0001 vs. 

untreated
Quetiapine 4 632 1.82 [0.53, 3.11] 2.77, P = 0.006 P = 0.33,  I2 = 13%
Risperidone 7 836 2.13 [1.43, 2.84] 5.91, P < 0.00001 P = 0.74,  I2 = 0% P = 0.0004 vs. 

untreated
Ziprasidone 2 124 0.74 [− 1.77, 3.26] 0.58, P = 0.56 P = 0.95,  I2 = 0%
 > 12 months Chi2 = 1.80, df = 5, 

P = 0.88
Not computable

Untreated 1 38 1.20 [− 4.56, 6.96] 0.41, P = 0.68
Mix 3 288 3.32 [1.78, 4.86] 4.22, P < 0.0001 P = 0.02,  I2 = 76%
Aripiprazole 1 140 2.10 [0.26, 3.94] 2.23, P = 0.03
Olanzapine 1 18 2.50 [− 1.59, 6.59] 1.20, P = 0.23
Quetiapine 1 18 2.85 [− 2.15, 7.85] 1.12, P = 0.26
Risperidone 3 224 2.16 [1.00, 3.32] 3.64, P = 0.0003 P = 0.91,  I2 = 0%
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Table 4   Results of the metanalysis and metaregression of the outcome: BMI-Z 

Results of meta-analyses are presented separately for each time-point and treatment arm. Effect estimates are mean differences from baseline to 
endpoint. Subgroup differences are reported with a whole-group statistic followed by subgroup comparisons (showing only significant differ-
ences). Meta-regression moderators are shown only when significant, with their coefficient in the regression equation
Italics indicates the statistical significance

Endpoint, sub-
group

Studies Participants Effect estimate 
[95% CI ]

Z test Heterogeneity Subgroup differ-
ences

Significant metar-
egression
moderators

6 months BMI-Z  score Chi2 = 6.52, df = 4, 
P = 0.16

Not computable

mix 2 220 0.51 [0.40, 0.63] 8.60, P < 0.00001 P = 0.48,  I2 = 0% P = 0.02 vs. Olan-
zapine

Aripiprazole 1 26 − 0.09 [− 1.51, 
1.33]

0.12, P = 0.90

Olanzapine 5 154 0.94 [0.60, 1.29] 5.32, P < 0.00001 P = 0.86,  I2 = 0% P = 0.02 vs. mix
Quetiapine 6 232 0.57 [0.40, 0.74] 6.62, P < 0.00001 P = 0.37,  I2 = 7%
Risperidone 10 826 0.62 [0.45, 0.79] 7.16, P < 0.00001 P = 0.22, I2 = 24%
12 months Chi2 = 15.79, 

df = 7, P = 0.03
Baseline BMI-Z :
P = 0.007, 

B = − 0.72Untreated 1 510 0.37 [0.18, 0.56] 3.81, P = 0.0001 P = 0.03 vs. Olan-
zapine

Mix 2 176 0.94 [0.20, 1.69] 2.48, P = 0.01 P < 0.00001,  
I2 = 98%

P = 0.04 vs. 
Ziprasidone

Aripiprazole 3 410 0.31 [0.14, 0.48] 3.53, P = 0.0004 P = 0.92,  I2 = 0% P = 0.02 vs. Olan-
zapine

P = 0.03 vs. Risp-
eridone

Clozapine 1 30 0.80 [0.08, 1.52] 2.19, P = 0.03
Olanzapine 5 212 0.98 [0.46, 1.51] 3.65, P = 0.0003 P = 0.10,  I2 = 49% P = 0.03 vs. 

untreated
P = 0.02 vs. Ari-

piprazole
P = 0.03 vs. Risp-

eridone
P = 0.006 vs. 

Ziprasidone
Quetiapine 5 666 0.54 [0.20, 0.88] 3.09, P = 0.002 P = 0.01,  I2 = 69%
Risperidone 9 1054 0.61 [0.40, 0.82] 5.71, P < 0.00001 P = 0.001,  

I2 = 68%
P = 0.03 vs. Ari-

piprazole
P = 0.03 vs. Olan-

zapine
P = 0.02 vs. 

Ziprasidone
Ziprasidone 2 124 0.04 [− 0.40, 0.47] 0.16, P = 0.87 P = 0.67, I2 = 0% P = 0.006 vs. 

Olanzapine
P = 0.02 vs. Risp-

eridone
P = 0.04 vs. mix

 > 12 months Chi2 = 5.83, df = 5, 
P = 0.32

Not computable

Mix 1 106 0.44 [0.29, 0.59] 5.92, P < 0.00001
Aripiprazole 2 272 0.30 [− 0.02, 0.62] 1.84, P = 0.07 P = 0.39,  I2 = 0%
Olanzapine 2 46 0.89 [0.21, 1.57] 2.57, P = 0.01 P = 0.82,  I2 = 0%
Quetiapine 2 78 0.04 [− 0.54, 0.62] 0.15, P = 0.88 P = 0.31,  I2 = 2%
Risperidone 6 726 0.48 [0.31, 0.66] 5.42, P < 0.00001 P = 0.73, I2 = 0%
Ziprasidone 1 66 0.13 [− 0.37, 0.63] 0.51, P = 0.61
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[0.29, 5.71], P = 0.03). In meta-regression, the prevalence 
of antipsychotic-naïve patients (P ≤ 0.0001, B = 1.15) and 
patients’ age (P = 0.017, B = 0.22) were associated with 
higher BMI gain, while longer follow-up length (P < 0.0001, 
B = − 1.19), lower dropout rates (P = 0.002, B = 0.36), larger 
sample size (P = 0.002, B = − 0.31) and higher baseline BMI 
(P = 0.001, B = − 0.40) were associated with lower BMI 
gain. At > 12 months, BMI gain was significant with ari-
piprazole (+ 2.1, 95% CI [0.26, 3.94], P = 0.03), risperidone 
(+ 2.16, 95% CI [1.00, 3.32], P = 0.0003. Heterogeneity 
P = 0.91, I2 = 0%), and with mixed treatments (+ 3.32, 95% 
CI [1.78, 4.86], P < 0.0001) that showed high heterogeneity 
(P = 0.02, I2 = 76%). No differences were found among treat-
ments and meta-regression was not feasible.

For BMI-Z, at 6 months, there were significant increases 
in the treatment arms mixed treatment (+ 0.51, 95% CI [0.40, 
0.63], P < 0.00001), quetiapine (+ 0.57, 95% CI [0.40, 0.74], 
P < 0.00001), risperidone (+ 0.62, 95% CI [0.45, 0.79], 
P < 0.00001) and olanzapine (+ 0.94, 95% CI [0.60, 1.29], 
P < 0.00001), which was the only treatment that showed a 
significantly larger increase than the mixed treatment arm 
(P = 0.02). In the aripiprazole arm, we did not detect a sig-
nificant change. There was no evidence of heterogeneity 
(risperidone P = 0.22, I2 = 24%, quetiapine P = 0.37, I2 = 7%, 
olanzapine P = 0.86, I2 = 0%, mixed P = 0.48, I2 = 0%) and 
meta-regression was not feasible.

At 12 months, all treatment arms were associated with 
significant increases, except for ziprasidone. BMI-Z gain was 
significant with aripiprazole (+ 0.31, 95% CI [0.14, 0.48], 
P = 0.0004. Heterogeneity P = 0.92, I2 = 0%), without treat-
ment (+ 0.37, 95% CI [0.18, 0.56], P = 0.0001), with que-
tiapine (+ 0.54, 95% CI [0.20, 0.88], P = 0.002. Heterogene-
ity P = 0.01, I2 = 69%), risperidone (+ 0.61, 95% CI [0.40, 
0.82], P < 0.00001. Heterogeneity P = 0.001, I2 = 68%), 
clozapine (+ 0.8, 95% CI [0.08, 1.52], P = 0.03), mixed 
treatments (+ 0.94, 95% CI [0.20, 1.69], P = 0.01. Hetero-
geneity P < 0.00001, I2 = 98%), olanzapine (+ 0.98, 95% CI 
[0.46, 1.51], P = 0.0003. Heterogeneity P = 0.10, I2 = 49%). 
BMI-Z gain with olanzapine was higher than with ziprasi-
done (P = 0.006), aripiprazole (P = 0.02), without treatment 
(P = 0.03), and with risperidone (P = 0.03); BMI-Z gain with 
risperidone was higher than with ziprasidone (P = 0.02) and 
aripiprazole (P = 0.03); BMI-Z with mixed treatments was 
higher than with ziprasidone (P = 0.04). Meta-regression 
evidenced that higher baseline BMI-Z was connected to 
lower BMI-Z gain (P = 0.007, B = − 0.72). At > 12 months, 
mixed treatments (+ 0.44, 95% CI [0.29, 0.59], P < 0.00001), 
risperidone (+ 0.48, 95% CI [0.31, 0.66], P < 0.00001) and 
olanzapine (+ 0.89, 95% CI [0.21, 1.57], P = 0.01) were 
associated with significant BMI-Z increases; there was no 
sign of heterogeneity (aripiprazole P = 0.39, I2 = 0%, que-
tiapine P = 0.31, I2 = 2%, risperidone P = 0.73, I2 = 0%) and 
meta-regression was not feasible.

For waist size, there were significant increases in all 
arms at 6 and 12  months, including mixed treatment 
(+ 9.1 cm, 95% CI [3.41, 14.79], P = 0.002 and + 10.2 cm, 
95% CI [5.62, 14.78], P < 0.0001), quetiapine (+ 6.9 cm, 
95% CI [3.95, 9.85], P < 0.00001; + 9.1 cm, 95% CI [5.73, 
12.47], P < 0.00001) and risperidone (+ 8.8 cm, 95% CI 
[1.62, 15.98], P = 0.02; + 11.5 cm, 95% CI [9.66, 13.34], 
P < 0.00001). There was no evidence of heterogeneity in 
the only arm reporting more than one study (risperidone 
at 6 months, P = 0.18, I2 = 44%), no difference across sub-
groups and meta-regression was not feasible.

Begg’s funnel plots were drawn for all meta-analyses, 
showing no suggestions of asymmetry, Egger’s tests were 
performed, finding no indication of significant asymmetry 
(Supplemental Results).

We have described in Supplemental Table 5 the time-
trends for all outcomes; however, due to the inter-correlation 
between values, we did not formally test the significance of 
changes across time-points.

Sensitivity analyses were carried out, considering only 
studies on drug-naïve patients (see Supplemental Table 7 for 
the dataset). Results obtained from the sensitivity analysis 
dataset (see Supplemental Results_ Sensitivity analyses and 
Supplemental Results_Comment to sensitivity analyses) did 
not differ in an appreciable way from those obtained from 
the whole dataset.

Discussion

In conducting this systematic review, we found that evidence 
coming from well-conducted long-term observational stud-
ies, which may be able to answer the crucial questions linked 
to metabolic disturbances induced by APs, is currently lim-
ited. In fact, even in observational contexts, we found that 
most studies cover follow-up durations of only 6–12 months, 
a period that does not allow a deep understanding of the 
metabolic disturbances progression, that may typically occur 
over years [2, 3, 8] and results in stabilization or waning. 
However, many studies suggest that statistically significant 
changes occur very rapidly, already after 2 or 4 weeks, as 
demonstrated by data from the TEA trial, which compared 
aripiprazole to quetiapine in youths [59]. In addition, treat-
ment protocols and measured outcomes were highly hetero-
geneous, resulting in few studies suitable for a meta-analysis. 
Despite this, the collected studies provided valuable infor-
mation and the results of our meta-analysis are still relevant 
for the clinical practice and intriguing in terms of AP choice.

Our results on weight may be considered as the extension 
of those previously available from meta-analyses of short-
term RCTs. Previously reported weight gain over placebo 
after 3 months of treatment was between + 3.45/3.47 kg for 
olanzapine, + 1.72/1.77 kg for risperidone, + 1.41/1.43 kg for 
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quetiapine, + 0.85/0.94 kg for aripiprazole and − 0.04 kg for 
ziprasidone [9–11]. In our observational, longer-term data-
set olanzapine led to an average weight gain of 11 kg at 
6 months, which did not seem to change at 12 months, while 
gain with quetiapine ramped from + 6 to + 10 kg and with 
risperidone it showed a slower increase, from + 4.5 to + 6 
and to + 9.5 kg at > 12 months. Although risperidone was the 
only AP with data at > 12 months, it is reasonable to foresee 
that all three APs might have increased weight up to around 
10–11 kg, with differing time spans. The risk order of APs 
for weight gain was different from the risk order for BMI or 
BMI-Z gain, which were instead consistent among them-
selves. A possible way to solve this discrepancy might be 
to use as outcome the percent weight gain over baseline. In 
fact, an absolute change in kilograms is not very informative 
when 13-years old kids are compared with 17-years olds. In 
addition, many clinical trials report incidences of weight 
gain > 7%, an outcome that we have not found reported in the 
observational studies reviewed; future studies should include 
it among safety parameters to be monitored. A similar trend 
of risk across all outcomes was restored by using the relative 
weight gain measure, with an average gain of 17.5% with 
olanzapine, 10.9% with risperidone and 10.6% with quetia-
pine. These values increased progressively becoming 19.7% 
for olanzapine, 18.5% for quetiapine and 14.3% for risp-
eridone in the 12 months dataset, while in the > 12 months 
one, risperidone resulted in a 22.8% increase. This suggests 
that there may be in general a “ceiling effect” to relative 
weight gain that is time and drug-dependent, ranging up to 
slightly above 20%, where olanzapine is quicker and risperi-
done slower in reaching the ceiling. From a methodological 
point of view, our results may thus suggest that, in studies 
conducted without neither a control group nor standard-
ized values, percent weight gain over baseline may be an 
outcome more accurate than weight gain. When consider-
ing BMI, previously available pediatric results are limited: 
a meta-analysis on all APs used in naïve patients reported 
a + 1.97 mean BMI increase after one month [12]. Another 
meta-analysis on studies including patients with first-episode 
psychosis reported a mean BMI gain of 1.4 at three months, 
and 1.86 at longer terms [13]. In our dataset observing single 
APs, we found a risk order maintained through the different 
time points, with olanzapine, risperidone and quetiapine. 
Olanzapine was associated, even at 6 months, with a signifi-
cantly higher BMI gain (+ 3.5) than risperidone (+ 2) and 
quetiapine (+ 1.5), which instead did not differ from that in 
the untreated arm. In the 12 months dataset, the gain of the 
olanzapine arm did not change (+ 3.4), while that of risp-
eridone (+ 2.1) became significant vs. untreated. The gains 
in the quetiapine and aripiprazole arms (+ 1.8 and + 1.7 
respectively) were not different from those in the untreated 
arm. In the > 12 months dataset, risperidone and aripipra-
zole arms were undistinguishable (+ 2.2 vs. + 2.1). Thus, for 

BMI we observed a partial drug and time-dependent trend. 
BMI gains, seen with olanzapine and risperidone already 
in the shortest time dataset, showed minimal changes over 
time, while aripiprazole arms showed increasing BMI gains 
through the time-points, so that in the > 12 months dataset, 
the gain of aripiprazole was similar to that of risperidone. 
However, this apparent trend with aripiprazole was not sup-
ported by post-hoc time-wise Z tests, probably due to the 
limited sample size. Data regarding aripiprazole may thus 
confirm previous studies in support of a slower, but neither 
absent nor lower in magnitude, weight gain propensity [55] 
as compared to other APs. Results concerning quetiapine 
may suggest a lower risk as compared to olanzapine and 
risperidone, yet we lacked data for a > 12 months dataset. 
Analysis of BMI-Z showed a trend consistent with that of 
BMI, while literature suitable for comparisons is lacking. In 
our datasets at 6 and 12 months, olanzapine arms (+ 0.9, + 1) 
showed higher gains than risperidone (+ 0.62, + 0.6) and 
quetiapine (+ 0.57, + 0.5) ones, with the risperidone arm 
showing significantly higher gain than the quetiapine arm 
in the 12 months dataset. Of note, gain in aripiprazole and 
untreated arms was similar, while the ziprasidone arm 
showed no significant gain. In the > 12 months dataset, while 
the gain with olanzapine stood still (+ 0.9), that of risperi-
done arms showed a slight decrease (+ 0.5). BMI-Z analy-
sis may have thus confirmed a moderately inferior risk for 
quetiapine as compared to risperidone, which still must be 
confirmed in a dataset including observations lasting longer 
than 12 months.

Indications from meta-regression results suggest a role for 
the persistence in therapy of patients, as evidenced by the 
moderators dropout rate and follow-up length, although it is 
not clear whether the effect may be practically related to the 
retention into datasets of overweight or weight-gain-resistant 
patents over time. Patient selection is a prominent factor in 
observational studies, due to the extreme flexibility of drug 
doses and to the high incidence of therapeutic shifts or with-
drawals. Most clinical trials provide results of analyses con-
ducted on patients who completed predetermined follow-up 
assessments, thus automatically excluding patients who may 
drop out due to metabolic complications. It would be inter-
esting, in this regard, to include in trials systematic measures 
of body parameters at dropout, or systematically reporting 
reasons for dropout. Notably, most clinical trials deal with 
dropout, for instance with statistical methods as Last Obser-
vation Carried Forward (LOCF) or Mixed Model regression 
(MMR) analyses. However, we argue that MMR analyses 
with missing data imputation (for instance by LOCF) may be 
particularly inadequate when dealing with outcomes that are 
most likely in a constant worsening, such as the metabolic 
parameters during long-term treatment with antipsychot-
ics. Other moderators which should be investigated more 
adequately are patients age and drug-naïve status, which 
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may be reasonably entwined, considering that most patients 
access drug therapy when entering the school-age and, in 
adolescence, they can often be already past users of APs. 
Importantly, in the 12 months datasets of BMI and BMI-Z, 
the largest datasets, we could observe that as the baseline 
values were higher, the gains were smaller. This modera-
tor, together with meta-analysis data showing drug-specific 
gain values consistent across several time-point datasets, 
suggest that a ceiling effect is very likely with respect to 
body measure increases, and the ceiling effect becomes more 
evident when using more standardized outcomes, i.e. BMI-
Z. Indeed, baseline values were not significant moderators 
of weight gain, they were among moderators of BMI gain 
and they were the only significant moderator of BMI-Z gain. 
This is another observation in support of choosing BMI-Z 
as the only proper safety outcome. In addition to standard-
izing weight measures into BMI-Z, future studies should 
also monitor and standardize waist measures, for instance 
using waist-hip or waist-height ratio reference values [60] 
to express percentiles or Z values.

Limitations

Several limitations affect the interpretation of our results, of 
which some are inherent to selected studies and unavoidable, 
while others are methodological. Regarding unavoidable 
limitations, there are two main weakness of observational 
studies. The first is that clinicians non-randomly assign 
patients to medications, implying that patients with a higher 
risk of metabolic issues may be prescribed lower doses and/
or safer drugs, being also more subject to dose reduction 
and drug withdrawal. This may result in smaller effect sizes 
and in drug-specific biases, which cannot be controlled for. 
The second is that observational studies often lack, by defi-
nition, a proper control arm. It is usually unethical to have 
a placebo or untreated arm including patients in need of 
medication, yet without that, conclusions on the deviation 
of treatment arms from the norm can only be partial. We 
observed that a minority of studies reported untreated arms, 
yet there is generally a problem when comparing over long 
periods of time untreated patients, with patients in antip-
sychotic treatment. For some time, schizophrenic patients 
may manage without medications, but over a longer time, 
one must assume these patients have substantially milder 
symptoms, including fewer negative symptoms. Presumably, 
these patients have stronger social networks, attend school, 
have more physical activities and are less prone to substance 
abuse and unhealthy living. As such, they are less prone than 
patients in treatment to be victims of disease-related risk 
factors for weight gain, which could be a substantial bias.

To minimize the limitation of lacking control groups, 
the best outcomes for observational studies that do not 
provide a control arm are Z values. Whether applied to 

weight, BMI, or other measures, Z values are advanta-
geous as they incorporate sex, age and ethnicity factors, 
which are essential to provide a reference for body param-
eters. In spite of this, we observed that the majority of 
included studies reported unstandardized values, thus 
being incompletely informative about body parameters 
changes. The presence of various outcomes (weight, BMI, 
BMI-Z) measuring the same clinical entity (body mass 
and its distribution) is thus another unavoidable limita-
tion, since data are not sufficient to transform these out-
comes to a common one. Another unavoidable limitation 
regards the drug-naïve status of patients. Clinical trials 
require patients to be drug-naïve or at least that a wash-
out period take place before the initiation of experimental 
treatment. That is not the case of clinical practice. Thus, 
in most observational studies, patients may be enrolled 
when they are already in a compromised metabolic sta-
tus and, therefore, baseline values of the study are not 
“real” baseline values. This can have direct consequences 
on finding a modest or null adverse effect of treatments, 
as supported by our meta-regression results that assign 
an important role to baseline values. Nevertheless, we 
conducted sensitivity analyses on studies including only 
drug-naïve patients, which produced results very similar 
to those of the main analyses. One additional limitation 
of included studies is that in several cases data used for 
different publications may have been taken from the same 
patient samples, as shown in Supplemental Table 6, thus 
leading to potential data multiplication. Methodological 
limitations comprise, in the first place, the choice of analy-
ses conducted in presence of insufficient sample sizes for 
most APs. We chose to conduct separate analyses for each 
molecule, rather than collating them into risk classes, to 
try to provide drug vs. drug comparisons, at the expense of 
analytical power. Another choice that might limit our find-
ings was to compare drugs among themselves, although 
they were drawn from studies with different designs, rather 
than performing a network meta-analysis: in case of such 
small datasets from heterogeneous studies, we preferred 
to use normal meta-analyses, under the suspicion that a 
network approach would have not been feasible. Conse-
quently, much more data is required in order to provide 
rigorous results. Our study comprised several separate 
meta-analyses for each time-point. There are several 
methods to collapse time-points into single outcome vari-
ables, yet we found it would not be optimal to do so, since 
source studies had many diverse time-points and there 
were many missing data. Mixed models may, especially in 
such cases, provide very limited advances over univariate 
analyses [61]. We thus preferred to conduct separate com-
parisons for each time point. Finally, our dataset was not 
big enough to perform all meta-regression analyses. We 
observed some moderators appear as significant in some 
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subsets, yet the heterogeneity in outcomes and time-points 
across studies did not allow us to verify the role of distinct 
moderators across all outcomes and/or time-points simul-
taneously; therefore, meta-regression could provide useful 
suggestions that require further verification.

Conclusions

Overall, results of our meta-analyses are consistent with 
those drawn from meta-analyses of interventional trials 
[14–16], with some new insights. Olanzapine was con-
firmed as the AP with the highest potential for metabolic 
disruption. It was followed by risperidone and quetiapine, 
in a risk order that could not be clearly interpreted, yet 
suggesting that quetiapine may be associate with smaller, 
but quicker, weight gain propensity as compared to ris-
peridone in observational settings. Presently, this inter-
pretation requires more data for adequate support: in par-
ticular, studies observing quetiapine effects on BMI and 
BMI-Z at time-points longer than 12 months are needed. 
We may have found, albeit in limited datasets, sugges-
tions that aripiprazole induces slower metabolic distur-
bances as compared to olanzapine and risperidone, and 
that ziprasidone is weight neutral. Suggestions for the 
clinical practice include: the opportunity to switch from 
olanzapine and risperidone to quetiapine, or aripiprazole, 
and possibly ziprasidone, when wanting to slow down or 
contain weight gain, obviously balancing safety with effi-
cacy. Olanzapine and Clozapine must be considered as 
second choices in pediatric patients, due to a vastly more 
rapid and large adverse effect. BMI or even better BMI-
Z should be strictly monitored during treatment with all 
antipsychotics, also in the long term. Being overweight 
should not be considered as a contraindication to begin-
ning treatment with APs, yet patients must be monitored 
more strictly and possibly offered psycho-educational 
interventions on healthy lifestyles. Suggestions for future 
observational studies are: to measure both BMI and waist-
hip/waist-wrist ratio, standardizing them to Z values; to 
report body measures also for patients who drop out of 
studies; to take into account baseline values as confound-
ing factors. More observational studies, using standardized 
measures and lasting more than 12 months, are required to 
refine our preliminary interpretations.
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