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Background
Individuals with schizophrenia face high mortality risks.
The effects of lipid-modifying agents on this risk remain
understudied.

Aim
This study was conducted to investigate the effects of lipid-
modifying agents on mortality risk in people with schizophrenia.

Method
This nationwide cohort study collected the data of people with
schizophrenia from Taiwan’s National Health Insurance
Research Database for the period between 1 January 2001 and
31 December 2019. Multivariable Cox proportional hazards
regression with a time-dependent model was used to estimate
the hazard ratio for mortality associated with each lipid-
modifying agent.

Results
This study included 110 300 people with schizophrenia. Of them,
22 528 died (19 754 from natural causes and 1606 from suicide)
during the study period, as confirmed using data from Taiwan’s
national mortality database. The use of lipid-modifying agents
was associated with reduced risks of all-cause (adjusted hazard

ratio [aHR]:0.37; P < 0.001) and natural (aHR:0.37; P < 0.001)
mortality during a 5-year period. Among the lipid-modifying
agents, statins and fibrates were associated with reduced risks
of all-cause mortality (aHRs:0.37 and 0.39, respectively; P < 0.001
for both) and natural mortality (aHRs: 0.37 and 0.42, respectively;
P < 0.001 for both). Notably, although our univariate analysis
indicated an association between the use of lipid-modifying
agents and a reduced risk of suicide mortality, the multivariate
analysis revealed no significant association.

Conclusions
Lipid-modifying agents, particularly statins and fibrates, reduce
the risk of mortality in people with schizophrenia. Appropriate
use of lipid-modifying agents may bridge the mortality gap
between these individuals and the general population.
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Schizophrenia is a severe mental disorder that is typically associated
with several unfavourable outcomes. In addition to causing cogni-
tive impairment and compromising socio-occupational function,
people with schizophrenia have a two to four times higher mortality
rate and at least a 10-year shorter life expectancy than the general
population1,2 Furthermore, a more significant mortality gap is
noted in younger people, not only owing to suicide but also
because of natural causes.3 Accordingly, developing treatment
modalities is imperative for reducing premature and excessive mor-
tality in individuals with schizophrenia.

Dysregulated lipid metabolism has been proposed as the puta-
tive pathophysiological mechanism underlying schizophrenia.
Growing evidence suggests that dysregulation of lipid homeostasis
precedes the onset of psychosis,4 impairs cognitive function,5 inter-
feres with response to antipsychotic medications,6 increases the risk
of suicide7 and constitutes a trait marker of schizophrenia.8

Moreover, hyperlipidemia is prevalent in individuals with schizo-
phrenia9 and is associated with an elevated risk of mortality.10

Lipid-modifying agents mitigate not only the risk of cardiovascular
disorders10 but also the positive and negative symptoms of schizo-
phrenia.11,12 These agents likely exert their effects through various
biological pathways encompassing the reduction of lipid levels in
cerebral vessels, protection of the neuronal cell membrane and func-
tion, and exertion of antioxidative and anti-inflammatory effects
through metabolic master enzymes (e.g. peroxisome proliferator-
activated receptor).13,14 However, no evidence-based studies have
investigated the potential associations of lipid-modifying agents
with risks of natural and suicide mortality in individuals with
schizophrenia. The lack of studies may be attributable to the lack

of sufficient mortality cases in people with schizophrenia receiving
lipid-modifying agents.

To address the aforementioned literature gap, we conducted this
prospective nationwide cohort study in Taiwan to investigate the
associations between the use of lipid-modifying agents and mortal-
ity risk among people with schizophrenia. We estimated hazard
ratios for mortality associated with lipid-modifying agents by
using multivariable Cox proportional hazards regression with a
time-dependent model. This approach is advantageous for the ana-
lysis of effect variables that change over time, particularly useful in
clinical studies where medication prescriptions often change
because of disease progression and intolerable side effects. We
hypothesised that lipid-modifying agents reduce mortality risk in
people with schizophrenia, and that different lipid-modifying
agents exhibit different associations with mortality risk because of
their unique pharmacokinetic and pharmacodynamic profiles.
Furthermore, we performed sensitivity analyses to assess the robust-
ness of the primary results by examining the long-term effects of
lipid-modifying agents on mortality risk, the benefits of lipid-
modifying agents in the at-risk subpopulations and cardiovascular
and cerebrovascular mortality, and the potential confounding
effects of adherence to antipsychotic medications.

Method

Data source

Relevant data were collected from Taiwan’s National Health
Insurance Research Database (NHIRD), which contains the data
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of approximately 23 000 000 residents of Taiwan. Launched in 1995,
the National Health Insurance (NHI) programme provides compre-
hensive and accessible medical care to approximately 99% of
Taiwan’s population. The NHIRD contains the registration files
andmedical claims data of NHI beneficiaries. This database is main-
tained by the Health and Welfare Data Science Center. Data from
the NHIRD have been used extensively for research purposes and
have served as the basis for numerous epidemiological studies pub-
lished in peer-reviewed journals. The present study was approved by
the Research Ethics Committee of Taipei City Hospital (TCHIRB-
10905022-E). The requirement for informed consent was waived
because of the de-identified and retrospective nature of the data.
The present study adhered to the REporting of studies Conducted
using Observational Routinely-collected health Data (RECORD)
Statement.15

Identification of schizophrenia cohort

From the NHIRD, we selected the data of people who had received a
principal diagnosis of schizophrenia (International Classification of
Diseases, ninth revision, clinical modification [ICD-9-CM] code
295.xx; International Classification of Diseases, tenth revision
[ICD-10] codes F20.x, F25.x) over the period between 1 January
2001 and 31 December 2019 (N = 212 601; Supplementary e-Fig. 1
available at https://doi.org/10.1192/bjp.2024.85). To consolidate
the certainty of schizophrenia diagnosis, we excluded people who
had received at least one diagnosis of bipolar disorder (ICD-9-CM
codes 296.0–296.16, 296.4–296.81, 296.89, 296.9; ICD-10 codes
F30.x, F31.x) over the same period (n = 99 011). The date of first
being diagnosed as having schizophrenia was defined as the base-
line. We subsequently omitted individuals without information on
gender or birth date (n = 3290). Finally, we included 110 300
people with schizophrenia in our study cohort.

Identification of mortality

The data of each individual in the study cohort were electronically
linked with the Department of Health Death Certification System
– the national mortality database in Taiwan – for the period from
1 January 2001 to 31 December 2019, by using patients’ national
identification number as an identifier. In Taiwan, national cause-
of-death statistics were classified on the basis of ICD-9-CM codes
for all deaths until 31 December 2014, and have been classified on
the basis of ICD-10 codes for all deaths after 1 January 2015.
The ICD-9 codes for deaths from suicide are E950 to E959, and
the ICD-10 codes for deaths from suicide are X60 to X84 and Y87.0.

Measurement of exposure to lipid-modifying agents

We retrieved data regarding the use of lipid-modifying agents from
prescription files from the out-patient and in-patient units derived
from the NHIRD. Lipid-modifying agents were categorised into
statins, fibrates, bile acid sequestrants, and nicotinic acid and its
derivatives, as per the recommendations of the Taiwan Lipid
Guidelines for High Risk Patients.16 To assess the time-dependent
effects of lipid-modifying agents on mortality risk, we applied 30-
day time windows from the baseline. Specifically, we traced the
use of lipid-modifying agents for each individual until the occur-
rence of mortality or the end of the study period (31 December
2019). We first recorded any exposure to a specific lipid-modifying
agent of interest (yes/no) in each 30-day time window. An exposed
time window was defined as any 30-day window during which a
lipid-modifying agent of interest had been prescribed on any day.
We subsequently evaluated the dose-dependent effect of specific
lipid-modifying agents on mortality risk. Specifically, we calculated
the defined daily dose (DDD) for each lipid-modifying agent on the

basis of the Anatomic Therapeutic Chemical classification system
(Supplementary e-Table 1). For each individual, the cumulative
dose was calculated as the total number of DDDs of a specific
lipid-modifying agent within a 30-day time window; moreover,
the cumulative treatment duration was calculated as the total
number of days for which a specific lipid-modifying agent was pre-
scribed during a 30-day time window.

Covariates

The study covariates were gender, age, employment status,
comorbidities and exposure to concomitant drugs other than
lipid-modifying agents. Regarding comorbidities, we included phys-
ical and psychiatric comorbidities diagnosed within 180 days before
the index date (Supplementary e-Tables 2 and 3 provide detailed
information on diagnostic codes). Exposure was recorded for each
30-day time window by using the same exposure assessment
method as that used for lipid-modifying agents.

Statistical analysis

We calculated the survival (contributed) time for each individual in
the study cohort from the baseline until mortality or the end of the
study period. We used the Gehan generalised Wilcoxon test to
evaluate differences between incidence rates by gender. The stan-
dardised mortality ratio (SMR) was estimated as the ratio of
deaths in the schizophrenia cohort to the expected number of
deaths in the general Taiwanese population between 1 January
2001 and 31 December 2019.

We applied amultivariable Cox proportional hazards regression
model using the baseline study variables (i.e. demographic charac-
teristics and physical and psychiatric comorbidities) and time-
varying variables (i.e. exposure to lipid-modifying agents and
other concomitant drugs) measured after the baseline. Univariable
Cox proportional hazards analyses were performed to estimate
crude HRs for each demographic variable and physical or psychi-
atric comorbidities at baseline. Each covariate with P < 0.01 was
further included in a multivariable regression model through back-
ward selection. Subsequently, multivariable Cox proportional
hazards regression with a time-dependent model was conducted
to estimate adjusted HRs (aHRs) for mortality associated with
each lipid-modifying agent (time window: 30 days) in a 5-year
period. Our measurement of the effect of exposure to lipid-
modifying agents on mortality risk was confined to the first
5 years after the baseline because many factors could influence the
risk of mortality over a prolonged period. The cumulative dose
(per 10 DDDs) and duration (per 10 days) of exposure to each
lipid-modifying agent were regarded as continuous variables in
our statistical models. All statistical analyses were conducted
using SAS for Windows (version 9.4; SAS Institute, Cary, North
Carolina, USA; see https://www.sas.com). A P value of < 0.01 was
considered significant.

Sensitivity analyses

In the first sensitivity analysis, we investigated the associations of
the use of lipid-modifying agents with the risks of all-cause,
natural and suicide mortality in the schizophrenia cohort during
the 10-year study period (long-term analysis). Additionally, we
assessed the associations between cumulative exposure (i.e. dose
[per 10 DDDs] and duration [per 10 days]) to lipid-modifying
agents and the risk of each mortality outcome across the 10-year
study. In the second sensitivity analysis, we examined the associa-
tions in the at-risk subpopulations of individuals with schizophrenia
(i.e. individuals with comorbid cardiovascular disease, cerebrovas-
cular disease or depressive disorder, respectively). Furthermore, to
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ascertain whether lipid-modifying agents benefit people with
schizophrenia who did not have any cardiovascular or cerebrovas-
cular comorbidity, we analysed the associations in a
sub-population without any cardiovascular or cerebrovascular
comorbidity. In the third sensitivity analysis, we evaluated the asso-
ciations of the use of lipid-modifying agents and the risks of cardio-
vascular and cerebrovascular mortality. The final sensitivity analysis
was performed to determine whether adherence to antipsychotic
drugs exerts a confounding effect on risk estimation. Medication
possession ratio, a proxy measure of medication adherence, was cal-
culated by dividing the total days of antipsychotic drug dispensed to
an individual by the treatment period (day) during a 30-day time
window. Our multivariate models were adjusted for this parameter.
Medication possession ratios of ≥80% and <80% indicated good
adherence and poor adherence, respectively.

Results

Characteristics of the study cohort

This study enrolled 110 300 people with schizophrenia, of whom
22 528 died between 1 January 2001 and 31 December 2019.
Among the various causes of mortality, natural causes accounted
for 19 754 (87.7%) deaths, and suicide accounted for 1606 (7.1%)
deaths. The SMRs for all-cause, natural and suicide mortality were
5.85 (95% CI: 5.77–5.93), 5.82 (95% CI: 5.74–5.90) and 9.89 (95%
CI: 9.41–10.38), respectively (Supplementary e-Table 4). We plotted
survival curves for the cumulative incidence rates of all-cause,
natural and suicide mortality; the curves revealed that mortality
rates were greater among men than among women in the study
cohort during the 5-year follow-up period (Supplementary e-Fig. 2).

Factors associated with mortality

Table 1 presents the associations of clinical characteristics with all-
cause, natural and suicide mortality, as determined from our uni-
variable Cox proportional hazards regression. The risk of suicide
was highest among individuals aged <45 years and decreased with
age (linear trend, P < 0.001). By contrast, the risks of all-cause
and natural mortality were the highest in people aged >65 years,
and these risks increased with age (P < 0.001 for both).
Unemployment was associated with elevated risks of all-cause and
natural mortality but a reduced risk of suicide mortality.
Regarding comorbidities, the presence of physical comorbidities
across all organ systems and psychiatric comorbidities (e.g. neuro-
cognitive disorder and alcohol use disorder) was positively asso-
ciated with all-cause and natural mortality. Furthermore, the
prevalence of all categories of psychiatric comorbidities, except neu-
rocognitive disorder and intellectual disabilities, was positively asso-
ciated with suicide mortality.

As indicated in Table 2, lipid-modifying agents, nasal prepara-
tions, anti-Parkinson drugs and second-generation antipsychotics
were the medications significantly associated with decreased risks
of all-cause, natural and suicide mortality during the 5-year
follow-up period respectively (Supplementary e-Tables 5, 6 and 7
provide detailed information on proportions of concomitant drug
use).

Lipid-modifying agents and risk of mortality

Table 3 presents the associations of the use of lipid-modifying
agents with the risks of all-cause, natural and suicide mortality
during the 5-year follow-up period in the study cohort
(Supplementary e-Table 8 provides detailed information on
unadjusted associations). The use of lipid-modifying agents was
associated with significantly reduced risks of all-cause (aHR: 0.37,

P < 0.001) and natural mortality (aHR: 0.37, P < 0.001). The multi-
variable Cox proportional hazards regression model showed that
the use of lipid-modifying agents was associated with a decreased
risk of suicide marginally in statistics (aHR: 0.42, P = 0.028).
Regarding the various categories of lipid-modifying agents, we
observed that statins and fibrates were associated with lower risks
of all-cause (aHRs: 0.37 and 0.39, respectively; P < 0.001 for both)
and natural mortality (aHRs: 0.37 and 0.42, respectively; P < 0.001
for both) (Fig. 1).

We analysed the dose-dependent effects of lipid-modifying
agents on mortality risk in our cohort during the 5-year period
(Supplementary e-Table 9). The results revealed that long-term
exposure to statins and fibrates was associated with reduced risks
of all-cause mortality (aHRs: 0.71 and 0.76, respectively; P < 0.001
for both) and natural mortality (aHRs: 0.70 and 0.77, respectively;
P < 0.001 for both). Furthermore, higher cumulative doses of
statins and fibrates were associated with lower risks of all-cause
mortality (aHRs: 0.67 and 0.70, respectively; P < 0.001 for both)
and natural mortality (aHRs: 0.66 and 0.71, respectively; P < 0.001
for both).

Sensitivity analyses

The first sensitivity analysis revealed that the use of lipid-modifying
agents was significantly associated with reduced risks of all-cause
(aHR: 0.33; P < 0.001), natural (aHR: 0.34; P < 0.001) and suicide
(aHR: 0.38; P = 0.003) mortality in schizophrenia cohort during
the 10 years (Supplementary e-Table 10). Additionally, statins
and fibrates were associated with significantly reduced risks of
all-cause and natural mortality, respectively. The associations
of the use of statins and fibrates with the risk of suicide
mortality were marginally significant (aHR: 0.49 [P = 0.051] and
0.27 [P = 0.064], respectively). Furthermore, the dose-dependent
analyses during the 10 years showed that long-term exposure
to statins and fibrates was significantly associated with
decreased risks of all-cause mortality (aHR: 0.72 [P < 0.001] and
0.80 [P < 0.001], respectively; Supplementary e-Table 11) and
natural mortality (aHR: 0.71 [P < 0.001] and 0.81 [P < 0.001],
respectively).

The second sensitivity analysis revealed that the use of
lipid-modifying agents was significantly associated with reduced
risks of all-cause and natural mortality in people with schizophrenia
and comorbid cardiovascular disease (n = 15 307) (aHR: 0.33
[P < 0.001] and 0.31 [P < 0.001], respectively; Supplementary
e-Table 12), those with schizophrenia and comorbid cerebrovascu-
lar disease (n = 6080) (aHR: 0.45 [P < 0.001] and 0.46 [P < 0.001],
respectively; Supplementary e-Table 13), and those with schizo-
phrenia and comorbid depressive disorder (n = 10 414) (aHR: 0.40
[P < 0.001] and 0.38 [P < 0.001], respectively; Supplementary
e-Table 14). Among people with comorbid depressive disorder,
only 8 of 160 individuals who died by suicide had received lipid-
modifying agents. No significant association was observed
between the use of lipid-modifying agents and the risk of suicide.
As for people with schizophrenia without any cardiovascular
or cerebrovascular comorbidity (n = 88 913), the use of lipid-
modifying agents was also associated with significantly lower risks
of all-cause and natural mortality (aHR: 0.38 [P < 0.001] and 0.41
[P < 0.001], respectively; Supplementary e-Table 15). In addition,
the use of lipid-modifying agents was associated with decreased
risks of suicide marginally in statistics (aHR: 0.22, P = 0.031).

The third sensitivity analysis revealed that the use of lipid-modi-
fying agents, particularly statins, was significantly associated with
reduced risks of cardiovascular (lipid-modifying agents: aHR:
0.59; P < 0.001; statins: aHR: 0.63; P = 0.009) and cerebrovascular
(lipid-modifying agents: aHR: 0.20; P < 0.001; statins: aHR: 0.23;
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Table 1 Associations of all-cause, natural and suicide mortality with clinical characteristics of a national cohort of patients with schizophrenia during 2001–2019 (N = 110 300), as determined from Cox proportional hazards
regression

Characteristics

Cohort (N = 110 300) All-cause mortality (n = 22 528) Natural mortality (n = 19 754) Suicide mortality (n = 1606)

n (%) n (%)
Crude

hazard ratioa 95% CI P valuea n (%)
Crude

hazard ratioa 95% CI P valuea n (%)
Crude

hazard ratioa 95% CI P valuea

Gender
Male 59 894 (54.3) 13 326 (59.2) Reference 11 401 (57.7) Reference 1087 (67.7) Reference
Female 50 406 (45.7) 9202 (40.9) 0.83 0.81–0.85 <0.001 8353 (42.3) 0.88 0.86–0.91 <0.001 519 (32.3) 0.57 0.52–0.64 <0.001
Age

<45 years 69 581 (63.1) 7876 (35.0) Reference 5888 (29.8) Reference 1264 (78.7) Reference
45–65 years 29 422 (26.7) 7355 (32.7) 2.56 2.48–2.64 <0.001 6701 (33.9) 3.14 3.03–3.25 <0.001 311 (19.4) 0.64 0.57–0.73 <0.001
>65 years 11 297 (10.2) 7297 (32.4) 10.38 10.04–10.72 <0.001 7165 (36.3) 13.94 13.46–14.44 <0.001 31 (1.9) 0.23 0.16–0.32 <0.001

Employment
Yes 38 077 (34.5) 7167 (31.8) Reference 6144 (31.1) Reference 608 (37.9) Reference
No 72 223 (65.5) 15 361 (68.2) 1.13 1.10–1.17 <0.001 13 610 (68.9) 1.17 1.14–1.21 <0.001 998 (62.1) 0.87 0.79–0.96 0.006

Physical comorbidities
Cardiovascular diseases

Hypertension 14 166 (12.8) 6699 (29.7) 4.39 4.27–4.52 <0.001 6462 (32.71) 5.10 4.95–5.26 <0.001 86 (5.4) 0.53 0.42–0.66 <0.001
Ischaemic heart disease 4327 (3.9) 2251 (10.00) 3.88 3.71–4.05 <0.001 2179 (11.0) 4.35 4.17–4.56 <0.001 28 (1.7) 0.58 0.40–0.84 0.004
Congestive heart failure 2228 (2.0) 1410 (6.3) 5.89 5.58–6.22 <0.001 1375 (7.0) 6.68 6.32–7.06 <0.001 18 (1.1) 0.88 0.56–1.41 0.600
Other forms of heart disease 4883 (4.4) 2307 (10.2) 3.41 3.27–3.56 <0.001 2209 (11.2) 3.78 3.62–3.96 <0.001 53 (3.3) 0.96 0.73–1.26 0.770
Diseases of arteries, arterioles and capillaries 1050 (1.0) 525 (2.3) 3.58 3.29–3.91 <0.001 513 (2.6) 4.03 3.69–4.40 <0.001 4 (0.3) 0.35 0.13–0.93 0.036
Diseases of veins and lymphatics 2352 (2.1) 893 (4.0) 2.09 1.96–2.24 <0.001 828 (4.2) 2.22 2.07–2.38 <0.001 28 (1.7) 0.88 0.61–1.28 0.506

Cerebrovascular diseases 6080 (5.5) 3606 (16.0) 5.31 5.12–5.50 <0.001 3505 (17.7) 6.08 5.86–6.31 <0.001 37 (2.3) 0.59 0.42–0.81 0.001
Respiratory diseases

URI 10 429 (9.5) 1767 (7.8) 0.80 0.76–0.84 <0.001 1545 (7.8) 0.80 0.75–0.84 <0.001 129 (8.0) 0.82 0.69–0.98 0.033
Pneumonia 3605 (3.3) 1953 (8.7) 5.19 4.95–5.44 <0.001 1893 (9.6) 5.86 5.59–6.15 <0.001 26 (1.6) 0.80 0.54–1.18 0.254
Asthma 2984 (2.7) 1105 (4.9) 2.51 2.36–2.67 <0.001 1053 (5.3) 2.75 2.59–2.93 <0.001 16 (1.0) 0.47 0.29–0.76 0.002
Chronic bronchitis 3343 (3.0) 1812 (8.0) 4.18 3.98–4.39 <0.001 1745 (8.8) 4.66 4.44–4.90 <0.001 25 (1.6) 0.70 0.47–1.04 0.081
COPD 5498 (4.98) 2829 (12.6) 3.83 3.68–3.99 <0.001 2723 (13.8) 4.29 4.12–4.47 <0.001 40 (2.5) 0.64 0.47–0.88 0.005

Gastrointestinal diseases
Chronic hepatic disease 4776 (4.3) 1761 (7.8) 2.12 2.02–2.23 <0.001 1567 (7.9) 2.16 2.05–2.27 <0.001 79 (4.9) 1.27 1.01–1.59 0.038
Ulcer disease 6979 (6.3) 2684 (11.9) 2.41 2.31–2.50 <0.001 2483 (12.6) 2.56 2.46–2.67 <0.001 87 (5.4) 0.99 0.80–1.23 0.913
Irritable bowel syndrome 1653 (1.5) 492 (2.2) 1.63 1.49–1.78 <0.001 427 (2.2) 1.61 1.47–1.78 <0.001 34 (2.1) 1.55 1.10–2.18 0.011

Renal diseases
Chronic kidney disease and renal failure 1819 (1.7) 1139 (5.1) 6.94 6.53–7.37 <0.001 1105 (5.6) 7.86 7.40–8.36 <0.001 11 (0.7) 0.76 0.42–1.37 0.353

Endocrine/metabolic diseases
Diabetes mellitus 7558 (6.9) 3708 (16.5) 4.16 4.02–4.31 <0.001 3579 (18.1) 4.72 4.55–4.90 <0.001 38 (2.4) 0.46 0.33–0.64 <0.001
Hyperlipidemia 5214 (4.73) 1444 (6.4) 1.92 1.82–2.02 <0.001 1354 (6.9) 2.08 1.96–2.19 <0.001 51 (3.2) 0.85 0.64–1.13 0.261

Musculoskeletal/integument diseases
Connective tissue disease 998 (0.9) 294 (1.3) 1.75 1.56–1.96 <0.001 265 (1.3) 1.80 1.60–2.03 <0.001 17 (1.1) 1.37 0.85–2.21 0.198
Atopic dermatitis 1221 (1.1) 386 (1.7) 1.99 1.80–2.20 <0.001 358 (1.8) 2.11 1.91–2.35 <0.001 13 (0.8) 0.88 0.51–1.53 0.659

HIV infection 243 (0.2) 55 (0.2) 2.18 1.67–2.84 <0.001 43 (0.2) 1.97 1.46–2.65 <0.001 7 (0.4) 3.35 1.59–7.03 0.001
Cancer 2212 (2.0) 1212 (5.4) 5.20 4.91–5.51 <0.001 1183 (6.0) 5.89 5.55–6.25 <0.001 11 (0.7) 0.56 0.31–1.02 0.057
Psychiatric comorbidities
Neurocognitive disorder 10 393 (9.4) 5321 (23.6) 4.41 4.27–4.55 <0.001 5103 (25.8) 5.01 4.85–5.17 <0.001 78 (4.9) 0.66 0.53–0.83 <0.001
Alcohol use disorder 2302 (2.1) 909 (4.0) 2.28 2.14–2.44 <0.001 764 (3.9) 2.19 2.04–2.36 <0.001 68 (4.2) 2.31 1.82–2.95 <0.001
Non-alcohol substance use disorder 2550 (2.3) 436 (1.9) 0.99 0.90–1.09 0.885 273 (1.4) 0.71 0.63–0.80 <0.001 102 (6.4) 3.30 2.70–4.03 <0.001
Depressive disorder 10 414 (9.4) 1782 (7.9) 1.03 0.98–1.08 0.251 1450 (7.3) 0.95 0.90–1.01 0.079 206 (12.8) 1.68 1.45–1.95 <0.001
Anxiety disorder 14 153 (12.8) 2608 (11.6) 1.02 0.98–1.07 0.274 2219 (11.2) 0.99 0.95–1.04 0.699 236 (14.7) 1.31 1.14–1.50 <0.001
Intellectual disabilities 3639 (3.3) 464 (2.1) 0.64 0.58–0.70 <0.001 403 (2.0) 0.63 0.57–0.70 <0.001 16 (1.0) 0.30 0.18–0.49 <0.001

a. Estimated using univariable Cox proportional hazards regression.
COPD, chronic obstructive pulmonary disease; URI, upper respiratory tract infection.
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Table 2 Associations of risks of all-cause, natural and suicide mortality with medication use during 5-year follow-up period in schizophrenia cohort (N = 110 300; total contributed person-years = 446 430)

Characteristics

Cohort
(N = 110 300)

All-cause mortality
(n = 12 817; person-years = 24 400)

Natural mortality
(n = 11 049; person-years = 21 360)

Suicide mortality
(n = 1090; person-years = 1772)

person-yearsa

(%b)
Person-yearsa

(%b)
Crude

hazard ratioc 95% CI
P

value
Person-yearsa

(%b)
Crude

hazard ratioc 95% CI
P

value
Person-yearsa

(%b)
Crude

hazard ratioc 95% CI P value

Cardiovascular drugs
Agents acting on renin-angiotensin system 15 020 (3.4) 2402 (9.8) 1.59 1.48–1.72 <0.001 2324 (10.9) 1.77 1.64–1.92 <0.001 28 (1.6) 0.35 0.20–0.60 <0.001
Beta blockers 31 738 (7.1) 2271 (9.3) 0.88 0.82–0.95 <0.001 2003 (9.4) 0.88 0.82–0.95 <0.001 169 (9.5) 0.87 0.69–1.10 0.251
Calcium channel blockers 17 861 (4.0) 3182 (13.0) 2.38 2.25–2.53 <0.001 3092 (14.5) 2.67 2.51–2.84 <0.001 29 (1.6) 0.42 0.27–0.65 <0.001
Diuretic agents 7778 (1.7) 2332 (9.6) 9.94 9.50–10.40 <0.001 2286 (10.7) 11.43 10.91–11.98 <0.001 14 (0.8) 1.49 1.07–2.08 0.019
Antihypertensives 2589 (0.6) 535 (2.2) 1.96 1.68–2.29 <0.001 520 (2.4) 2.13 1.82–2.50 <0.001 11 (0.6) 0.54 0.20–1.45 0.223

Lipid-modifying agents 8427 (1.9) 677 (2.8) 0.75 0.64–0.87 <0.001 636 (3.0) 0.80 0.68–0.94 0.005 12 (0.7) 0.36 0.17–0.76 0.008
Drugs used for diabetes 15 372 (3.4) 2608 (10.7) 4.01 3.81–4.23 <0.001 2536 (11.9) 4.46 2.23–4.71 <0.001 15 (0.8) 0.90 0.64–1.27 0.547
Antithrombotic agents 13 530 (3.0) 2841 (11.6) 3.06 2.89–3.25 <0.001 2778 (13.0) 3.38 3.18–3.59 <0.001 22 (1.2) 0.65 0.44–0.98 0.039
Respiratory drugs

Nasal preparations 4954 (1.1) 281 (1.2) 0.34 0.30–0.40 <0.001 244 (1.1) 0.32 0.27–0.38 <0.001 22 (1.2) 0.50 0.33–0.76 0.001
Cough and cold preparation 20 983 (4.7) 3951 (16.2) 2.16 2.08–2.25 <0.001 3818 (17.9) 2.48 2.37–2.58 <0.001 61 (3.4) 0.44 0.34–0.57 <0.001
Drugs for obstructive airway diseases 9839 (2.2) 2627 (10.8) 4.70 4.50–4.90 <0.001 2573 (12.0) 5.48 5.25–5.73 <0.001 20 (1.1) 0.44 0.30–0.65 <0.001
Antihistamines 16 763 (3.8) 1884 (7.7) 0.97 0.92–1.03 0.342 1758 (8.2) 1.03 0.97–1.09 0.308 62 (3.5) 0.59 0.47–0.74 <0.001

Corticosteroids for systemic use 5108 (1.1) 1281 (5.3) 5.67 5.41–5.95 <0.001 1239 (5.8) 6.27 5.96–6.59 <0.001 19 (1.1) 1.83 1.41–2.36 <0.001
Anti-Parkinson drugs 70 668 (15.8) 3672 (15.0) 0.38 0.35–0.40 <0.001 3086 (14.4) 0.33 0.31–0.36 <0.001 366 (20.7) 0.69 0.58–0.83 <0.001
First generation antipsychotics 46 851 (10.5) 2900 (11.9) 0.59 0.55–0.63 <0.001 2396 (11.2) 0.52 0.49–0.56 <0.001 312 (17.6) 1.01 0.84–1.21 0.917
Second generation antipsychotics 104 300 (23.4) 5853 (24.0) 0.40 0.38–0.42 <0.001 5084 (23.8) 0.37 0.35–0.39 <0.001 506 (28.6) 0.64 0.55–0.75 <0.001
Antidepressants 32 958 (7.4) 2360 (9.7) 0.58 0.53–0.62 <0.001 2006 (9.4) 0.50 0.46–0.55 <0.001 221 (12.5) 1.18 0.97–1.44 0.107
Mood stabilisers 17 574 (3.9) 1396 (5.7) 1.07 0.99–1.17 0.105 1230 (5.8) 1.03 0.93–1.13 0.606 91 (5.1) 1.12 0.85–1.49 0.427
Benzodiazepines 111 483 (25.0) 8235 (33.8) 0.87 0.84–0.91 <0.001 7054 (33.0) 1.28 1.13–1.45 <0.001 726 (41.0) 0.81 0.78–0.85 <0.001

a. Contributed person-years for a specified drug used in a 5-year period.
b. Contributed person-years for a specified drug used in a 5-year period/contributed person-years.
c. Estimated using univariable Cox proportional hazards regression with a time-dependent model.
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P < 0.001) mortality in the schizophrenia cohort during the study
period (Supplementary e-Table 16). However, no significant associ-
ation was noted between the use of fibrates and the risk of cardio-
vascular or cerebrovascular mortality.

The final sensitivity analysis, with adjustment for antipsychotic
drug possession ratio (Supplementary e-Table 17), revealed that the
use of lipid-modifying agents was significantly associated with
reduced risks of all-cause (aHR: 0.37; P < 0.001) and natural
(aHR: 0.38; P < 0.001) mortality in our cohort during the 5-year
period. Statins and fibrates were associated with reduced risks of
all-cause and natural mortality, respectively.

Discussion

This large prospective nationwide cohort study revealed that people
with schizophrenia had a greater mortality risk than the general
population. The SMRs for all-cause, natural and suicide mortality
were 5.85, 5.82 and 9.89, respectively, among the people with schizo-
phrenia; these SMRs are close to those reported in previous studies
on mortality risk in individuals with schizophrenia or other disor-
ders in various countries.2,17 Moreover, our time-dependent Cox
regression model demonstrated that exposure to lipid-modifying
agents was significantly associated with reduced risks of all-cause
and natural mortality in individuals with schizophrenia; according
to our review of the literature, our study is the first to demonstrate
this association. These findings underline the potential role of lipid-
modifying agents in reducing mortality risk among individuals with
schizophrenia.

This study revealed that statins and fibrates were the primary
lipid-modifying agents associated with reduced risks of all-cause
and natural mortality in people with schizophrenia. The mechan-
isms underlying the protective effects of these two types of
lipid-modifying agents may involve pleiotropic actions. The risk
of hyperlipidemia was two times higher in individuals who died
from natural causes than in the entire study cohort. Therefore,
one of the potential pathways mediating the protective effects of
statins and fibrates against natural mortality is through the lipid-
lowering effects. Nevertheless, it is worth noting that statins and
fibrates also exhibit anti-inflammatory and antioxidant proper-
ties.13,14 Substantial evidence indicates that proinflammatory

pathways and oxidative stress are implicated in the link between
schizophrenia and medical comorbidity.18,19 Future studies should
investigate biological markers that reflect inflammation and oxida-
tive stress, in order to provide a clearer understanding of the
mechanisms underlying the beneficial effects of statins and fibrates
on mortality outcomes in schizophrenia.

The use of lipid-modifying agents was significantly associated
with reduced risks of cardiovascular and cerebrovascular mortality
in our entire cohort. Furthermore, we found significant associations
between the use of lipid-modifying agents, particularly statins and
fibrates, and reduced risks of all-cause and natural mortality in
people with schizophrenia and comorbid cardiovascular or
cerebrovascular disease. Collectively, these findings suggest that
lipid-modifying agents reduce mortality risk in individuals with
schizophrenia, particularly at-risk subpopulations with comorbid
cardiovascular or cerebrovascular disease.

Our dose-dependent primary analyses revealed that the long-
term use and high cumulative dose of lipid-modifying agents,
particularly statins and fibrates, were associated with reduced
risks of all-cause and natural mortality in the study cohort during
the 5-year period. These findings suggest that statins and fibrates
dose-dependently protect these people against all-cause and natural
mortality. Similar results were reported in a cardiology study indi-
cating considerably reduced mortality risks by the high-intensity
use of statins.20 The aforementioned findings are also corroborated
by the results of our long-term sensitivity analysis, which revealed
significant associations between the use of lipid-modifying agents
and reduced risks of all-cause and natural mortality during the
10-year period. Evidence suggests that the risk of mortality is con-
siderably high in people with schizophrenia receiving suboptimal
cardioprotective care (e.g. statins).9,21,22 Our study expands the
literature by demonstrating the role of intensive cardioprotective
care in reducing the risk of mortality in people with schizophrenia.

Adjunctive therapy with statins ameliorates the positive and
negative symptoms of schizophrenia.11,12 Lipid-modifying agents,
such as statins, may have an antidepressant potential as an augmen-
tation strategy with antidepressants.23 Therefore, statins may
attenuate suicide risk in schizophrenia through their therapeutic
effects on schizophrenia symptoms. Our primary univariate ana-
lyses revealed that the use of lipid-modifying agents, particularly
statins, reduced the risk of suicide mortality in the study cohort

Table 3 Associations of adjusted risks of all-cause, natural and suicide mortality with use of lipid-modifying agents during 5-year follow-up period in
schizophrenia cohort (N = 110 300)

Characteristics

All-cause mortality (n = 12 817) Natural mortality (n = 11 049) Suicide mortality (n = 1090)

aHRa,b 95% CI P value aHRa,c 95% CI P value aHRa,d 95% CI P value

Lipid-modifying agent 0.37 0.32–0.43 <0.001 0.37 0.32–0.44 <0.001 0.42 0.20–0.91 0.028
Statin 0.37 0.31–0.45 <0.001 0.37 0.31–0.44 <0.001 0.57 0.25–1.30 0.181
Atorvastatin 0.41 0.32–0.54 <0.001 0.38 0.29–0.51 <0.001 0.98 0.36–2.67 0.969
Rosuvastatin 0.43 0.30–0.60 <0.001 0.46 0.33–0.66 <0.001 – – –

Simvastatin 0.36 0.18–0.72 0.004 0.34 0.16–0.72 0.005 – – –

Pitavastatin 0.45 0.24–0.84 0.012 0.49 0.26–0.91 0.023 – – –

Fluvastatin 0.16 0.06–0.44 <0.001 0.18 0.07–0.47 <0.001 – – –

Pravastatin 0.78 0.47–1.30 0.335 0.80 0.47–1.36 0.408 1.41 0.20–10.12 0.733
Lovastatin 0.10 0.03–0.41 0.001 0.05 0.01–0.38 0.004 1.49 0.21–10.65 0.694

Fibrate 0.39 0.27–0.57 <0.001 0.42 0.28–0.61 <0.001 0.22 0.03–1.61 0.137
Fenofibrate 0.44 0.27–0.69 <0.001 0.46 0.29–0.75 0.002 – – –

Gemfibrozil 0.38 0.20–0.72 0.003 0.38 0.19–0.77 0.007 0.64 0.09–4.53 0.651
Bezafibrate 0.21 0.03–1.48 0.118 0.25 0.04–1.80 0.170 – – –

Bile acid sequestrant 0.77 0.35–1.73 0.532 0.77 0.35–1.74 0.535 – – –

Nicotinic acid and derivatives 0.32 0.04–2.25 0.250 0.32 0.04–2.24 0.249 – – –

a. Estimated using multivariable Cox proportional hazards regression with time-dependent model.
b. All-cause mortality: adjusted for selected significant variables in multivariable regression (P < 0.01) in Table 1 and all time-varying variables in Table 2.
c. Natural mortality: adjusted for selected significant variables in multivariable regression (P < 0.01) in Table 1 and all time-varying variables in Table 2.
d. Suicide mortality: adjusted for selected significant variables in multivariable regression (P < 0.01) in Table 1 and all time-varying variables in Table 2.
aHR, adjusted hazard ratio.
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during the 5-year period. However, this association was marginally
significant in our primary multivariate analyses and sensitivity ana-
lysis for people with schizophrenia and comorbid depressive dis-
order. One explanation for the lack of significant associations in
the multivariable analyses may be the relatively small sample of
the suicide group. Another reason may be the insufficient duration
of medication exposure. Notably, our long-term sensitivity analysis
of the 10-year follow-up period revealed a significant association
between the use of lipid-modifying agents and a reduced risk of
suicide mortality in the univariate analysis. By conducting long-
term, large-scale studies, researchers should investigate the effects
of lipid-modifying agents on the risk of suicide mortality to clarify
the benefits of these agents against schizophrenia.

Because of varying pharmacokinetic and pharmacodynamic
profiles, different lipid-modifying agents exhibit different associa-
tions with mortality risk. For instance, we found that atorvastatin
and rosuvastatin were mainly and significantly associated with
reduced risks of all-cause and natural mortality in individuals
with schizophrenia and comorbid cardiovascular disease
(Supplementary e-Table 11). The roles of atorvastatin and rosuvas-
tatin in mitigating mortality risk may result from their efficiency in
reducing the levels of low-density lipoprotein cholesterol.20 A clin-
ical trial indicated that simvastatin, a lipophilic statin that can cross
the blood–brain barrier, outperforms other statins in mitigating
depressive symptoms.24 However, because of a small sample size,
the trial could not clarify whether the use of simvastatin is associated
with a reduced risk of suicide mortality. Our findings may guide
future evidence-based research aimed at helping clinicians select
the optimal statin for reducing mortality in individuals with
schizophrenia.

Antipsychotic drugs are associated with increased adherence to
cardiometabolic medications.25 Antipsychotic drugs have been
demonstrated to reduce the risks of all-cause and natural mortality
in people with schizophrenia.2 These findings prompted us to inves-
tigate adherence to antipsychotic drugs as a factor modifying the
associations between lipid-modifying agents and mortality risk in
people with schizophrenia. Our sensitivity analyses indicated that
associations between the use of lipid-modifying agents and
reduced risks of all-cause and natural mortality remained significant
after adjustment for adherence to antipsychotic drugs. Therefore,
adherence to antipsychotic drugs does not compromise the benefi-
cial role of lipid-modifying agents in reducing the risk of mortality
in individuals with schizophrenia.

This study has several strengths. First, we included a large and
nationally representative sample. Second, because the NHIRD
contains detailed information on the prescriptions of all NHI
beneficiaries, we could comprehensively assess the use of various
lipid-modifying agents during the study period. Finally, the multi-
variate Cox proportional hazards regression analysis performed
using a time-dependent model enabled us to estimate the time-
varying effects of lipid-modifying agents on mortality risk. This is
clinically relevant because prescriptions of lipid-modifying agents
may vary or be discontinued during the course of schizophrenia.

Our study has several limitations. First, our analyses were based
on the prescription – not the consumption – of medications because
information regarding actual medication adherence could not be
obtained from the claims database; nonetheless, we analysed the
medication possession ratio as a proxy measure of medication
adherence. Evidence suggests that people with schizophrenia
exhibit non-adherence to cardiometabolic medications.25 Thus,
non-adherence might have led to the underestimation of mortality
risk because of nondifferential exposure misclassification. Second,
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Fig. 1 Protective effects of lipid-modifying agents against all-
cause, suicide and natural mortality in a national cohort of
schizophrenia within a 5-year follow-up period after index
admission (N = 110 300). Error bars show 95% CIs associated with
adjusted hazard ratios.
a Estimated using multivariable Cox proportional hazards regression with a
time-dependent model. b All-cause mortality: adjusted for significant selected
variables in multivariable regression (P < 0.01) in Table 1 and all time-varying
variables in Table 2. c Natural mortality: adjusted for significant selected variables in
multivariable regression (P < 0.01) in Table 1 and all time-varying variables in Table 2.
d Suicide mortality: adjusted for significant selected variables in multivariable
regression (P < 0.01) in Table 1 and all time-varying variables in Table 2. NS, not
significant.
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unhealthy lifestyle habits, such as cigarette smoking, alcohol con-
sumption, sedentary behaviour and socioeconomic disadvantages,
contribute to increased mortality in people with severe mental
illness. However, we could not obtain information regarding these
variables. Third, the NHIRD does not contain the laboratory data
of patients. The availability of such data might have helped us
elucidate mechanisms underlying the associations between the use
of lipid-modifying agents and the risk of mortality in people with
schizophrenia. Fourth, some individuals who died by suicide
might have been misclassified as having died from a different
cause (e.g. accidental death). Therefore, the risk of suicide mortality
in our cohort might have been underestimated. Fifth, we cannot rule
out the potential positive association between the use of lipid-
modifying agents and the receipt of primary care – a factor whose
effects on mortality may be stronger than those of lipid-modifying
agents. Finally, the Taiwanese healthcare sector lacks specific guide-
lines for the prescription of lipid-modifying agents to individuals
with schizophrenia. Thus, our findings may not be generalisable
across people with schizophrenia in other populations.

Conclusion

This nationwide, population-based cohort study indicates that
exposure to lipid-modifying agents, particularly statins and fibrates,
is associated with a reduced risk of mortality in individuals with
schizophrenia. These people often receive insufficient cardiovascu-
lar care. Our findings may help bridge the large mortality gap
between people with schizophrenia and the general population by
guiding the effective administration of lipid-modifying agents.
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Extra Light holds

Tom Nutting

I defocus my gaze: rest instead
upon the glowing window
of screen reflected in my glasses.
I breathe, lay my hands in prayer

on the keyboard, before typing
02:00 seclusion review, door-open,
patient in light holds – the same
time nights later, my eyes open

the memory, forcibly, and the moon
stares down through my window:
halogen box, faint intercom voice,
thick glass, through the heavy door

two nurses rush into the full room
of her, sit either side, like friends,
arms-in-arms, talk reassuringly
until she tries to stand – I only hurt

them because I was scared, she said.
All three look up at me. Briefly,
I am the inquisitor, no matter how soft
my voice (crouching down

risks mocking their restraint). Our
conversation runs like her eyes
flicking between hallucinations…
I like her, one of the nurses says after

my kind words fall, easily shattered
at the door closed against her fists
screaming, she’s gorgeous, those big eyes
– I look back at myself in the moon.
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