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Summary
Background Although the association between short-term antipsychotics exposure and triglycerides (TG) levels has
been confirmed, the effects of long-term antipsychotics exposure on TG trajectories and its implications in cardiovas-
cular disease (CVD) remains largely unknown.

Methods A total of 39,988 participants with at least 3 TG measurements between January 2014 and February 2021
were included in this longitudinal study, with a median follow-up was 4.48 years. A latent class growth mixed model
(LCGMM) was used to identify TG trajectories. Based on the LCGMM parameters, we calculated the area under the
curve (AUC) and estimated the effect of antipsychotics on AUC and TG trajectory slopes. The primary outcome was
CVD events. We also investigated and compared the association between antipsychotics and CVD in subgroups strat-
ified by TG trajectory and TG levels.

Findings A total of 11,543 CVD events were documented and the incidence density was 64.64 per 1000 person-years.
We identified two TG trajectories labeled as inverse-U shape (30.77%, n=12306) and low-decreasing (69.23%,
n=27682). The antipsychotic exposure increased total AUC by 13% and increased the slopes of TG trajectories before
age 48 years. In the inverse-U and low-decreasing group, the adjusted hazard ratios (HRs) and 95% confidence inter-
vals (CI) for antipsychotics associated with CVD were 1.40 (1.21-1.62) and 1.29 (1.14-1.45), respectively, and the differ-
ence between the two trajectory groups become larger with the increase of the antipsychotic exposure. The
association of antipsychotics with CVD (HR=1.72, 95%CI: 1.36-2.19) in inverse-U trajectory and high TG group was
stronger than that in other subgroups.

Interpretation Long-term antipsychotic exposure increased the TG burden and TG increase rate early in life.
The strength of the association between antipsychotics and CVD risk in the inverse-U group was stronger than that
in the low-decreasing group.

Funding The National Key Research and Development Program of China, Shandong Province Major Science and
Technology Innovation Project, and National Natural Science Foundation of China.

Copyright � 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Antipsychotics; Triglyceride; Trajectory; CVD
*Corresponding author at: Department of Biostatistics, School

of Public Health, Shandong University, 44 Culture West Road,

Jinan 250012, China.

E-mail address: xuefzh@sdu.edu.cn (F. Xue).

www.thelancet.com Vol 81 Month , 2022
Introduction
Major mental illness (SMI) includes several serious
neuropsychiatric disorders such as schizophrenia, bipo-
lar disorder, major depression, and their related spec-
trum disorders, most patients with SMI need long-term
antipsychotic treatment.1�4 While most antipsychotics,
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Research in context

Evidence before this study

We searched PubMed for articles published up to
December 1, 2021, with the search terms “antipsy-
chotics”, “triglycerides”, “TG”, “lipid”, “trajectory”, and
“CVD”. Antipsychotic medications may cause lipid disor-
ders, particularly elevated triglyceride levels, thereby
contributing to the development of CVD. Nevertheless,
most of the studies were conducted using observational
data over several weeks, which are usually collected at
specific time points or several time points in a short
period, and could only reflect the short-term effects of
antipsychotics on TG. The clinical significance of anti-
psychotic drugs on TG might be more evident after
long-term antipsychotic treatment. Different lipid trajec-
tories in the population are associated with CVD risk. At
present, no studies have explored the effect of antipsy-
chotics on TG trajectory and its implication in CVD risk.

Added-value of this study

Collectively, we identified two trajectories of TG using
LCGMM. It is estimated that the whole life-course anti-
psychotics exposure can increase total AUC by 13%; In
the early life course (before age 48 years), antipsychotics
increased the TG increase rate in the inverse-U group
and decreased the TG decline rate in the low-decreasing
group. We also found that the adjusted HRs for antipsy-
chotics associated with CVD in the inverse-U group
were higher than those in the low-decreasing group,
and the difference between the two trajectories groups
become larger with the increase of the cumulative anti-
psychotics’ exposure. Among the four subgroups strati-
fied by TG trajectory and TG level, individuals exposed
to antipsychotics in the inverse-U trajectory and high
TG level group had the highest risk of CVD.

Implications of all the available evidence

Those findings provided new insights into the effects of
antipsychotics on TG on a whole life course scale, and
suggested new strategies for primary public health serv-
ices and clinicians to screen patients at high risk of CVD
treated with antipsychotics.
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especially second-generation antipsychotics (SGAs), are
related to weight gain, lipid disturbance, and glucose
dysregulation, thereby leading to the development of
metabolic syndrome.5 A meta-analysis showed that the
overall rate of MetS was 32.5% in patients with schizo-
phrenia and related disorders,6 much higher than that
in general populations.7,8 In terms of lipid disturbance,
although the effects of antipsychotics on total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol (LDL-C) are
still controversial,5,9�13 most studies have confirmed
that antipsychotics can increase triglyceride (TG)
levels.14 These studies were mostly conducted using
cross-sectional data or short-term observational data,
which are usually collected at specific time points or sev-
eral time points in a short period and can only reflect
the short-term effects of antipsychotics on TG. Whereas,
the clinical implications of the effect of antipsychotics
on TG are even more evident after mid-and long-term
antipsychotic treatments.15,16

Compared with the general population, patients with
SMI have a 10-17.5-year shorter life expectancy,17 with
CVD contributing 17.4% and 22.0% to the reduction in
life expectancy in men and women with SMI,
respectively.18 The gap in mortality and life expectancy
between patients with schizophrenia and the general
population appears to be widening,19 suggesting a need
for further understanding of underlying CVD factors in
this population. A large portion of this excess mortality
is due to cardiometabolic disorders caused by antipsy-
chotics.20 At present, most studies focus on exploring
the short-term effects of antipsychotics on metabolic
indicators levels and their relationship with CVD risk.
Whereas, many studies have shown that there are differ-
ent trajectories of body mass index (BMI), fasting
plasma glucose (FPG), and lipids with age in the popu-
lation, and trajectory categories are level-independent
risk factors for CVD.21�24 Additionally, Alimu et al. fur-
ther found that the lipid change rate in early life is a bet-
ter predictor of CVD than the lipid level in early life.21

Therefore, it is necessary to investigate the effects of
antipsychotics on TG trajectories and their implications
in CVD.

In this longitudinal cohort study, we used the latent
class growth mixture model (LCGMM) to integrate the
repeated measurement data of TG with antipsychotic
exposure to evaluate the impact of antipsychotics on TG
in the whole life course dimension. Meanwhile, we also
explored whether there is a difference in the strength of
the association between antipsychotics and CVD risk
among the subgroups stratified by TG trajectory and TG
level. It is expected to provide clinical and public health
personnel with a simple and effective strategy to identify
individuals at high CVD risk in antipsychotic-exposed
populations.
Methods

Study cohort
The longitudinal cohort of this study was constructed
based on the Pingyi Medical big data platform. This
platform integrated the electronic medical record data
of all hospitals in Pingyi county and the basic public
health data of the Center for Disease Control and Pre-
vention, such as the health examination database, which
contains annual physical examination data from Janu-
ary 2014 to February 2021. This platform uniformly
encrypted the ID number to protect privacy and uses
www.thelancet.com Vol 81 Month , 2022
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the encrypted ID number as a unique index to link
everyone's information on the platform. The inclusion
criteria in this study are as follows: (1) without previous
history of CVD events; (2) individuals with ages ranging
from 20 to 80 years; (3) no records of using lipid-lower-
ing drugs or hyperlipidemia diagnosis; (4) no high lip-
ids (TC � 7.76 mmol/L or LDL � 5.18 mmol/L or
TG�5.65 mmol/L) records; (5) at least 3 lipid
measurements. Supplementary Figure S1 presented the
flowchart of enrollment. A total of 39,988 participants
(48.3% were men) were included in the study, with a
mean baseline age of 66.51 § 8.68 years (ranging from
20 to 80 years). The median follow-up was 4.48 years
(25th to 75th, 3.45�5.53 years). Referring to other studies
using LCGMM for trajectory analysis,21�24 the sample
size of this study is feasible for LCGMM.
Antipsychotics exposure
The antipsychotics use records were obtained from
EMR prescription records of the Pingyi County Psycho-
logical Hospital from January 2014 to February 2021,
including prescription dates and total dosage of
antipsychotics. Antipsychotics are classified into first-
generation antipsychotics (FGAs: perphenazine, halo-
peridol, sulpiride, flupentixol, chlorprothixene, and pen-
fluridol) and second-generation antipsychotics (SGAs:
risperidone, quetiapine, ziprasidone, clozapine, olanza-
pine, amisulpride, and aripiprazole).

When we used the LCGMM to identify different TG
trajectories and estimate the effects of antipsychotics on
them, we needed to determine whether subjects were on
antipsychotic medication at the time of the lipid test. We
divided the total amount of the antipsychotics obtained on
a specific prescription date by the defined daily dose
(DDD) to estimate the number of medication days. Taking
into account the possible delayed effects of antipsychotics
on lipid, the antipsychotic exposure at the time of lipid test
was defined as the lipid test date between 3 days after the
prescription date and 5 days after the end date of medica-
tion (Supplementary Figure S2). When we calculated the
TG burden with 1 year as the smallest unit, we needed to
confirm whether participants were exposed to antipsy-
chotics within one year, which was defined as cumulative
defined daily doses (cDDDs) exceeding 60 during one
year. When we estimated the relationship between anti-
psychotics and CVD risk, the antipsychotics (categorical)
were defined as having antipsychotic use records in the
EMR; We also used cDDDs to measure and standardize
exposure to different antipsychotics for investigating the
dose-response relationship between antipsychotics expo-
sure and CVD.
Examinations
After overnight fasting for at least 12 hours, all partici-
pants underwent a health check-up performed by
www.thelancet.com Vol 81 Month , 2022
doctors of the community service center, including rou-
tine anthropometrics, and clinical and laboratory exami-
nations. The height and weight of the subjects were
measured while wearing light clothes and no shoes.
Body mass index (BMI) is calculated by dividing body
weight (kg) by the square of height (m). After partici-
pants rested for 5 min, the right upper arm blood pres-
sure, including systolic blood pressure and diastolic
blood pressure, was measured with participants in a sit-
ting position. Smoking was defined as smoking at least
1 cigarette per day on average during the last three
months; Drinking was defined as consuming alcohol at
least once a week on average during the last three
months. Diabetes was defined according to the medical
records of the subjects in the hospital EMR. The periph-
eral blood sample was collected in the morning after
12-hours of fasting to obtain the biochemical
measurements. The biochemical tests of blood samples
were all completed at the clinical laboratory of the com-
munity health service center following standard proce-
dures.
Outcome
The primary outcome was CVD events. We used the
International Classification of Diseases, 10th Revision
(ICD-10) clinical codes to identify CVD events. The
ICD-10 codes for CVD included I20, I21, I22, I23, I24,
I25, I60, I61, I62, I63, I64, I65, I66, and I67.
The health examination data was linked to the death
registration data, coronary heart disease registration
data, stroke registration data, and hospital electronic
medical records (EMR) by using a unique identification
number of each participant. If participants had CVD
diagnosis records in the above database, we confirmed
that they had CVD. The earliest record date of CVD in
the above database was defined as the diagnosis date of
CVD, and the time from baseline to the diagnosis date
of CVD was defined as survival time. Participants with-
out CVD records in the above databases were regarded
as free of CVD by February 2021.
Statistical analysis
In this study, we used the LCGMM to identify different
trajectory patterns of TG.25 Logarithmic transformation
was applied to TG levels because it has a positive skew-
ness (TG all referred to log (TG) hereafter). The trajec-
tory patterns of TG were specified as a function of age
(centered to 68 years and divided by 10), with interac-
tion with antipsychotics. The random effects of the
models are specified as a linear term of age. We tested
multiple trajectory shapes with 3 possible age polyno-
mials: linear, quadratic, and cubic to allow for linear
and nonlinear patterns of TG. For each specification of
trajectory shape, repeated trajectory analysis was per-
formed by changing the class number from 2 to 4, with
3
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the same starting values calculated from the 1-group
model. The above trajectory analysis based on LCGMM
was performed using the R package lcmm (version
1.7.9). We determined the trajectory shapes and the
optimal number of groups based on the following crite-
ria: (1) improvement in the Bayesian information crite-
rion; (2) high mean posterior class membership
probabilities (>0.70); (3) no less than 5% membership
in any single trajectory group; and (3) high posterior
probabilities (>0.70). For more details on LCGMM see
Supplementary Text S1.

There are missing values in several variables, includ-
ing BMI (0.80%), smoker (0.24%), drinker (0.40%),
blood pressure (1.35%), LDL (1.51%), TC (1.75%), and
HDL (5.42%). The Markov Chain-Monte Carlo (MCMC)
algorithm was used to perform multiple imputations.
We used Cox proportional hazards model to investigate
the relationship between trajectory groups and CVD,
including model 1(unadjusted) and model 2 (adjusted
for age, sex, smoker, drinker, BMI, diabetes mellitus,
SBP, HDL, LDL, TG, and antipsychotics). During the
follow-up periods, the integral of the model parameters
was used to calculate the total area under the curve (total
AUC), which was defined as a measure of the TG bur-
den.26 Baseline AUC is calculated as the product of
model-estimated baseline TG levels and follow-up time.
Incremental AUC is defined as the value of total AUC
minus baseline AUC. AUC values were divided by fol-
low-up time due to different follow-up periods of
participants. A logistic regression model adjusted for
age, sex, smoker, drinker, BMI, diabetes mellitus, SBP,
and antipsychotics, was used to assess the association
between total AUC, baseline AUC, and incremental
AUC with CVD.

We used LCGMM to estimate the TG level and the
AUC in the case of receiving antipsychotic treatment or
not receiving antipsychotic treatment, to evaluate the
effect of antipsychotics on TG levels at different age
points. The first derivative of the LCGMM at each age
point was calculated as the slope of the TG trajectory
curve to evaluate the effect of antipsychotics on the
change rates of TG at different age points. Furthermore,
participants were divided into high TG and low TG
groups based on median TG levels. In different TG tra-
jectory groups and subgroups combined with different
TG levels, we investigated the relationship between anti-
psychotics and CVD risk using Cox proportional haz-
ards model with adjusted the same covariates as in the
previous models. Meanwhile, we also used logistic
regression models to explore the dose-response relation-
ship between cumulative exposure to antipsychotics and
CVD in different TG trajectory groups. P-value <0.05
was considered statistically significant and had no allow-
ance for multiplicity.

We performed several sensitivity analyses to test the
robustness of trajectory analysis. First, we rerun the
LCGMM with different random starting values to check
the robustness of the trajectory curve. Second, To assess
the robustness of the estimates of antipsychotics' effect
on TG levels in the trajectory analysis, we defined a neg-
ative variable of antipsychotics exposure, that is, we
redefined exposure to antipsychotics at the time of blood
lipid testing as the date of lipid testing was between
1-3 days after the prescription date and 5-10 days after
the end date of the medication (Supplementary Figure
S3). Then we re-evaluate the effect of antipsychotics on
TG levels in the same trajectory models. Third, we used
another different measure, olanzapine equivalents,27 to
measure and standardize exposure to different antipsy-
chotics, and repeated the primary analysis involving
antipsychotic exposure. Fourth, we introduced the E
value (RRþ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

RR � ðRR� 1Þp
) to evaluate the influence

of untested confounding on the results.28
Ethics
This study was approved by the ethics committee of the
School of Public Health, Shandong University
(20190826). Due to the retrospective nature of this
study, the requirement for informed consent was
waived by the board.
Role of the funding source
The funding sources had no role in the study design,
data collection, analysis, interpretation, and writing of
the manuscript.
Results
Supplementary Table S1 summarizes the fitting pro-
cesses of LCGMM. According to the criteria mentioned
above, we have chosen a model of quadratic parameters
with 2 classes as a trajectory model in our study. The
two trajectories were labeled as inverse-U shape
(30.77%, n=12306) and low-decreasing (69.23%,
n=27682) (Figure 1a). Table 1 summarizes the baseline
characteristics and CVD events of the participants
across the two TG trajectory classes. All subjects were
Han Chinese, and the median age of participants in
both trajectories groups was 66 years. The percentage
of women in the low-decreasing group (64.5%) is higher
than that in the inverse-U group (46.0%). Compared
with the inverse-U group, participants in the low-
decreasing group had higher BMI, SBP, DBP, HDL-C,
rates of diabetes mellitus and antipsychotics exposure,
and lower LDL-C, TG, TC, and rates of smoking and
drinking. During the follow-up period, a total of 11,543
CVD events were identified and the incidence density
was 64.64 per 1000 person-years. The incidence den-
sity of CVD in the inverse-U group (69.36 per 1000 per-
son-years) was higher than that in the low-decreasing
group (62.58 per 1000 person-years). Kaplan-Meier
curve was presented in Supplementary Figure S4.
www.thelancet.com Vol 81 Month , 2022



Figure 1. The trajectories of triglyceride (TG) over time (a) and the slopes of trajectories (b). In panel a, the red solid line shows the
inverse-U shape trajectory of TG for individuals without treatment with antipsychotics (30.77%, n=12306, 45,894 biological repli-
cates), and the orange dashed line shows the inverse-U shape trajectory of TG for a hypothetical individual with treatment with anti-
psychotics; The blue solid line shows the low-decreasing trajectory of TG for individuals without treatment with antipsychotics
(69.23%, n=27682, 103,428 biological replicates), the green dashed line shows the low-decreasing trajectory of TG for a hypothetical
individual with treatment with antipsychotics. Lines of different colors in panel b represent the slopes of the corresponding colored
lines in panel a.
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In LCGMM, antipsychotics and their interaction
with polynomial terms of age were statistically signifi-
cant (P for interaction (LCGMM) < 0.05), indicating a
www.thelancet.com Vol 81 Month , 2022
statistically significant effect of antipsychotics on TG
trajectories with age. Detailed parameter estimates of
the LCGMM are shown in Supplementary Table S2-S4.
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Variable Low-decreasing (n=27682) Inverse-U shape (n=12306)

Age, years, median (IQR) 66 (64,71) 66 (65,72)

Women, n (%) 7943 (64.5) 12736 (46.0)

Ethnic Han n (%) 27682 (100) 27682 (100)

BMI, kg/m2 23.53 (3.00) 22.48 (2.68)

SBP, mmHg 127.14 (14.27) 125.09 (13.60)

DBP, mmHg 78.40 (9.21) 77.20 (9.04)

LDL-C, mmol/L 2.31 (0.30) 2.42 (0.33)

HDL-C, mmol/L 1.55 (0.34) 1.47 (0.38)

TG, mmol/L 0.89 (0.46) 1.55 (0.59)

TC, mmol/L 4.83 (0.26) 5.14 (0.28)

Smoker, n (%) 2488 (20.2) 7548 (27.3)

Drinker, n (%) 986 (8.0) 2915 (10.5)

Diabetes mellitus, n (%) 3066 (24.9) 4695 (17.0)

Antipsychotics 698 (5.7) 1297 (4.7)

FGAs 324 (2.6) 596 (2.2)

SGAs 645 (5.2) 1202 (4.3)

CVD incidence density, per 1000 PYs 62.58 69.36

Table 1: Baseline characteristics of the study population by triglycerides trajectory classes.
LDL-C, HDL-C, TG, and TG are presented as geometric mean (CV), other variables are presented as mean (SD) or frequency (percentage) or median (IQR). CV,

coefficient of variation; BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; FGAs, first-generation antipsychotics; SGAs, second-generation antipsychotics;

CVD, Cardiovascular disease; PYs, person-years.
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Individuals treated with antipsychotics had a higher pre-
dicted TG level than those not treated with
antipsychotics. For both TG trajectories, the effect of anti-
psychotics on TG levels gradually increased and peaked at
age 48. The difference in predicted TG levels between anti-
psychotic users and non-antipsychotic users increased
from 0.07 at age 20 to 0.15 at age 48 (Supplementary Table
S5). Overall, individuals with antipsychotic medications got
13% more total AUC between the age of 20 to 80 years. In
the Inverse-U group, the incremental AUC for antipsy-
chotics users and non-antipsychotics users were 13.7
(95%CI, 3.5-23.9) mmol/L*year and 8.5 (95%CI, 1.7-15.3)
mmol/L*year, respectively; the corresponding values in the
low-decreasing group were -4.7 (95%CI, -12.1-2.8) mmol/
L*year and -7.3 (95%CI, -3.8 to -10.8) mmol/L*year (Sup-
plementary table S6). Figure 1b presents the slopes of TG
trajectories. The slope of the inverse-U trajectory for
Total AUCb

HR (95% CI) P Value HR (95% CI

Quantile 1 Reference Reference

Quantile 2 1.83 [1.71;1.95] <0.001 1.58 [1.48;1.

Quantile 3 2.58 [2.42;2.75] <0.001 2.20 [2.07;2.

Quantile 4 2.02 [1.89;2.16] <0.001 1.75 [1.64;1.

Table 2: OR of Log (TG) AUC quantiles on CVD by logistic regression mo
a When we calculated the TG burden with 1 year as the smallest unit, expose

doses (cDDDs) exceeds 60 during one year.
b Residuals of linear regression adjusted for age and antipsychotics exposure.

val; CVD, Cardiovascular disease; CHD, coronary heart disease; CBD, cerebrovasc
individuals treated with antipsychotics was higher than
that of individuals not treated with antipsychotics before
the age of 48, with the mean slopes of 0.08 and 0.05,
respectively, and the difference between them became
smaller with age; For low-decreasing group, the TG level
gradually decreased from age 20 to 80 years. Before the
age of 48, the trajectory slopes for non-antipsychotics users
were smaller than that of the group with antipsychotics,
with the mean slopes of -0.047 and -0.018, respectively
(Supplementary Table S7).

Compared with the low-decreasing group, the unad-
justed hazard ratio (HR) of the inverse-U group associ-
ated with the risk of CVD was 1.13 (95% CI, 1.09-1.18).
Adjusting for baseline age, BMI, SBP, smoke, drink,
diabetes mellitus, TG, LDL-C, and HDL-C, the inverse-
U trajectory group was still positively associated with
CVD risk (HR=1.07, 95%CI, 1.02-1.12). Table 2 presents
Baseline AUCb Incremental AUCb

) P Value HR (95% CI) P Value

Reference

69] <0.001 0.71 [0.66;0.76] <0.001

35] <0.001 1.03 [0.97;1.10] 0.358

87] <0.001 2.25 [2.12;2.39] <0.001

del
a

.
d to antipsychotics within one year was defined as cumulative defined daily

AUC indicates area under the curve; HRs, hazard ratios; CI, confidence inter-

ular diseases; TG, triglycerides.

www.thelancet.com Vol 81 Month , 2022
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the odds ratio (OR) of AUC quantiles associated with
CVD. Compared with participants in the lowest quantile
of total AUC, the ORs of CVD were 1.83 (95%CI, 1.71-
1.95), 2.58 (95%CI, 2.42-2.75), and 2.02 (95%CI, 1.89-
2.16) for those within higher quantile groups. The corre-
sponding ORs for baseline AUC were 1.58 (95%CI, 1.48-
1.69), 2.20 (95%CI, 2.07-2.35), and 1.75 (95%CI, 1.64-
1.87). Only the fourth quantile of incremental AUC was
positively associated with CVD (OR=2.25, 95%CI, 2.12-
2.39).

Figure 2 presents the associations between antipsy-
chotics and CVD risk in subgroups stratified by TG tra-
jectories. In the inverse-U group, the adjusted HRs for
antipsychotics (HR=1.40, 95%CI: 1.21-1.62), FGAs
(HR=1.42, 95%CI: 1.15-1.75), and SGAs (HR=1.35,
95%CI: 1.15-1.58) associated with CVD were all higher
than those in the low-decreasing group (antipsychotics,
HR=1.29, 95%CI: 1.14-1.45; FGAs, HR=1.29, 95%CI:
1.08-1.53; SGAs, HR=1.24, 95%CI: 1.09-1.41); Further
subgroup analysis combined with TG level showed that
the HR for antipsychotics associated with CVD
(HR=1.72, 95%CI: 1.36-2.19) in inverse-U trajectory and
high TG group was higher than that in other subgroups
(Figure 3). The same association patterns were also
observed for SGAs and FGAs in subgroups analysis.
Figure 4 shows the dose-response relationships between
CVD with cumulative exposure to antipsychotics, FGAs,
and SGAs. The ORs for exposure to antipsychotics asso-
ciated with CVD in the inverse-U group were higher
than those in the low-decreasing group, and the differ-
ence of ORs between the two trajectories groups become
Figure 2. Adjusted HRs (95% CI) for antipsychotics associated with C
estimated in Cox proportional hazards model adjusted for age, sex
FGAs, first-generation antipsychotics; SGAs, second-generation antip

www.thelancet.com Vol 81 Month , 2022
larger with the increase of the cumulative anti-
psychotics’ exposure.

The results of trajectory analysis were robust in the
sensitivity analyses. When we redefined a negative vari-
able to represent antipsychotics exposure and evaluated
its effect on TG levels in the same trajectory model, no
statistically significant effect of antipsychotics on TG
levels was observed (Supplementary Table S8). We also
observed association findings similar to the main find-
ings of this study when using olanzapine equivalents to
standardize exposure to different antipsychotics (Sup-
plementary Table S9, Figure S5). Furthermore, after
adjusting for common risk factors of CVD, the E-value
for the association between total AUC and CVD risk
was 3.45. In the low-decreasing and inverse-U trajecto-
ries groups, the E-values for the association between
antipsychotics and CVD risk were 1.90 and 2.19,
respectively. This indicates that the results of this study
are relatively robust.
Discussion
In this large-scale longitudinal study, we identified two
trajectories of TG using LCGMM. It is estimated that
the whole life-course antipsychotics exposure can
increase total AUC by 13%; Before age of 48 years, anti-
psychotics exposure increased the TG growth rate in the
inverse-U group and decreased the TG decline rate in
the low-decreasing group. We also found that the
adjusted HRs for antipsychotics associated with CVD in
the inverse-U group were higher than those in the low-
VD across subgroups stratified by TG trajectories. The HRs were
, smoker, drinker, BMI, diabetes mellitus, SBP, HDL, LDL, and TG.
sychotics; CVD, cardiovascular disease; TG, triglycerides.
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Figure 3. Adjusted HR (95% CI) for antipsychotics associated with CVD across subgroups stratified by TG trajectories and TG level.
The HRs were estimated in Cox proportional hazards model adjusted for age, sex, smoker, drinker, BMI, diabetes mellitus, SBP, HDL,
and LDL. “Low” and “High” in the leftmost column of the forest plot refer to high or low TG levels. CVD, cardiovascular disease; TG,
triglycerides; FGAs, first-generation antipsychotics; SGAs, second-generation antipsychotics.
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decreasing group, and the difference between the two
trajectories groups become larger with the increase of
the cumulative antipsychotics’ exposure. Among the
four subgroups stratified by TG trajectory and TG level,
individuals exposed to antipsychotics in the inverse-U
trajectory and high TG level group had the highest risk
of CVD.

Previous studies have confirmed that lipid levels at
baseline are an important risk factor for CVD.29�32 We
further found that individuals in the inverse-U trajec-
tory group had a higher risk of CVD, even after adjust-
ing for baseline TG and other covariates, indicating the
association was independent of baseline TG and other
factors. Similar to other studies reported,21,33 our study
also found the cumulative effect of TG on CVD risk.
The OR of total AUC was higher than that of baseline
AUC, which may indicate that the association between
the cumulative effect of TG and CVD was stronger than
the baseline TG burden. Furthermore, only the fourth
quantile of incremental AUC was positively associated
with CVD risk, which suggests that a moderate increase
in TG incremental AUC with age may be acceptable for
CVD risk. A meta-analysis indicated that statin therapy
can safely reduce the incidence of CVD events, which
was largely irrespective of the initial lipid profile.34 It is
reasonable to speculate that statins may reduce the risk
of CVD by reducing an individual's incremental lipid
burden. More research is needed to investigate the mini-
mum optimal lipid incremental level that has a clinical
guidance significance.21

This study indicated that the whole life-course anti-
psychotic exposure can increase total AUC and the
incremental AUC, which were associated with CVD
risk. TG burden most likely plays an intermediary role
between antipsychotics and CVD. Simultaneously, our
study found that antipsychotics increased the slopes of
TG trajectories before age 48. Several studies have
found that the level-independent change rate of certain
exposures in early life has an important impact on the
development of outcomes in later life.21�24 Fan et al.
found that the increased rate of BMI levels between 20-
30 years was more closely related to hypertension in
later life than BMI levels during that period.23 Another
study found that although lipid level has been recog-
nized as an important risk factor for CVD, lipid slope,
which reflects lipid increasing velocity, was a better
www.thelancet.com Vol 81 Month , 2022



Figure 4. The dose-response relationships between CVD with exposure to antipsychotics (a), SGAs (b), and FGAs (c), were estimated by the logistic regression model adjusted for age, sex,
smoker, drinker, BMI, diabetes mellitus, SBP, HDL, LDL, and TG. The gray sections represent the 95% CIs of OR. CVD, cardiovascular disease; FGAs, first-generation antipsychotics; SGAs, sec-
ond-generation antipsychotics; cDDDs, cumulative defined daily doses; CI, confidence interval.
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predictor up to age 42, and lipid level was a better pre-
dictor after age 53.21 In addition to increasing the bur-
den of TG, antipsychotics may also affect the CVD risk
of individuals exposed to antipsychotics by increasing
the slope of TG changes in early life. This finding may
suggest that when antipsychotics are prescribed for
patients with mental disorders, especially for young
patients in the inverse-U TG trajectory group, antipsy-
chotics with fewer adverse effects on lipids should be
selected as far as possible on the premise of meeting the
efficacy requirements.

Our study found that the adjusted HRs for antipsy-
chotics associated with CVD in inverse-U group were
higher than those of the low-decreasing group, and this
difference increased as cumulative antipsychotics expo-
sure increased. Several reasons are contributing to the
explanation of this difference. There is a dose-response
relationship between total AUC and CVD risk, and the
increased rate of CVD risk increases with the increase
of total AUC. Although life-course exposure to antipsy-
chotics increased total AUC by 13% in both trajectory
groups, the total AUC and the increase of total AUC
caused by antipsychotics in the inverse-U group were
much more than that of the low-decreasing group; simi-
larly, the incremental AUC and the increase of incre-
mental AUC contributed by antipsychotics in the
inverse-U group were both higher than that in the low-
decreasing group. On the other hand, Alimu et al. found
that the TG increase rate in early life was positively cor-
related with CVD risk.21 Although antipsychotics
increase the slope of the low-decreasing trajectory, its
mean was negative; While the TG trajectory growth rate
in the inverse-U group was positive and higher than
that in the low-decreasing group, and antipsychotics
greatly increased the slope of the inverse-U trajectory in
early life, which also contribute to the explanation of
greater CVD risk caused by antipsychotics in the
inverse-U group.

In this study, we found that the inverse-U TG trajec-
tory was associated with an increased risk of CVD, and
the effects of antipsychotics on CVD risk in the inverse-
U trajectory and high TG level group were much greater
than those in other subgroups. These findings may pro-
vide a new perspective for screening the high-risk popu-
lation of CVD in patients with severe mental illness. In
general, we should focus on high-risk groups when
resources are limited in basic public health
services. Therefore, from the perspective of reducing
the risk of CVD in the later life of antipsychotic users,
we should strengthen health education and life inter-
ventions for groups with high TG levels and inverse-U
shaped trajectory groups, such as increasing physical
activity. Not only is it protective against hypertension,
hyperglycemia, and dyslipidemia, thereby reducing the
risk of CVD.35,36 The meta-review conducted by Firth
et al.37 also suggests that physical activity has positive
effects on the treatment of mental disorders, such as
reducing depression and anxiety and improving both
positive and negative symptoms of schizophrenia.

The strengths of our research include large-scale lon-
gitudinal cohorts, repeated measurement of study varia-
bles over time, available antipsychotic exposure
information, and the robustness of observed associa-
tions. Our study also had a few limitations. First, CVD
events were identified based on medical records from
hospitals and CVD registration data from CDC, some
CVD cases may be missed. Second, we can only obtain
the total amount of antipsychotics on each prescription
date, but not the frequency and dosage information,
thus obtaining the exposure dosages of antipsychotics
during the TG test. Third, the lack of medication adher-
ence information may lead to a degree of exposure bias.
Logically, when the medicine run out, patients will buy
them again. In this study, the vast majority of antipsy-
chotic users had at least two prescription records for
antipsychotics. In addition, we mainly focused on the
dose-response relationship between cumulative antipsy-
chotic exposure and CVD risk, rather than the specific
medication course. Therefore, we cautiously believe that
the overall impact of exposure bias due to medication
adherence is limited. Fourth, we determined the medi-
cation exposure levels based on prescription records, a
very small number of individuals may obtain drugs
from other sources and we cannot identify them. Fifth,
the primary data for this study were only from one
county, which limits the representativeness of this
study. In addition, the average age of subjects was rela-
tively older, which was mainly due to the requirement
of LCGMM that we could only include subjects who had
done at least 3 lipid tests. Further studies in younger
populations are needed. Finally, due to the relatively
small number of participants taking antipsychotics, we
did not analyze the effects of individual antipsychotics
on TG, so the results of this study provide a general per-
spective, but cannot be directly applied to specific popu-
lations taking specific antipsychotics.

In summary, we have identified two distinct trajecto-
ries of TG and suggested that long-term antipsychotic
exposure increased the TG burden and TG increase rate
in early life. We also found a difference in the strength
of the association between antipsychotics and CVD risk
in subgroups stratified by TG trajectories, and the differ-
ence tends to increase as cumulative antipsychotic expo-
sure increases. Our findings may provide a new
perspective on the effects of antipsychotics on TG and
its implications in CVD risk. Future research is needed
to validate our findings and examine whether our find-
ings can contribute to CVD prevention among individu-
als taking antipsychotics.
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