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Abstract: It is well known that abdominal obesity, dyslipidemia, and insulin resistance are
highly prevalent in patients receiving maintenance treatment with antipsychotics, but there is
limited knowledge about the association between cardiovascular risk factors and treatment with
antipsychotic drugs. In this naturalistic study we investigated a sample of 809 antipsychotic-
treated patients from Swedish psychosis outpatient teams. Cardiovascular risk factors (eg,
metabolic syndrome, homeostasis model assessment of insulin resistance, and low-density lipo-
protein values) were measured, and their associations to current antipsychotic pharmacotherapy
were studied. Ten antipsychotic drugs were compared in a stepwise logistic regression model.
For the patients, the presence of the components of metabolic syndrome ranged from 35% for
hyperglycemia to 64% for elevated waist circumference. Hypertriglyceridemia was associated
with clozapine (odds ratio [OR] =1.81, 95% confidence interval [CI] 1.08-3.04), reduced high-
density lipoprotein with both clozapine and olanzapine (OR = 1.73, 95% CI 1.01-2.97; and
OR =2.03, 95% CI 1.32-3.13), hypertension with perphenazine (OR =2.00, 95% CI 1.21-3.59),
and hyperglycemia inversely with ziprasidone (OR = 0.21, 95% CI 0.05-0.89) and positively
with haloperidol (OR = 2.02, 95% CI 1.18-3.48). There were no significant relationships
between any of the antipsychotic drugs and increased waist circumference, homeostasis model
assessment of insulin resistance, or low-density lipoprotein levels. In conclusion, treatment
with antipsychotic drugs is differentially associated with cardiovascular risk factors, even after
adjusting for waist circumference, sex, age, and smoking.

Keywords: adverse metabolic effects, antipsychotic drugs, cardiovascular risk factors,
HOMA-IR, metabolic syndrome

Introduction

Compared with the general population, patients with severe mental illness have an
increased risk of morbidity and mortality from cardiovascular disease.'* A factor
contributing to the cardiovascular disease risk profile is metabolic adverse effects of
antipsychotic drugs, such as weight gain, dyslipidemia, and disturbances of glucose
homeostasis.> Clustering of these factors has been made in various definitions of
so-called metabolic syndrome that have been widely used to assess and communicate
the risk of type 2 diabetes mellitus and cardiovascular disease.'

Two antipsychotic drugs in particular, clozapine and olanzapine, have the most pro-
nounced obesogenic, dyslipidemic, and diabetogenic adverse effects.>*!""> The diabeto-
genic effect has mainly been ascribed to increased central obesity and insulin resistance.®
A direct pharmacological effect of clozapine and olanzapine, promoting insulin resistance,
has been observed both in animal studies and in studies on nonobese patients, even
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though genetic risk factors for metabolic syndrome might differ
between animals and humans.'*"'¢ Aripiprazole and ziprasidone
are considered to be the antipsychotic drugs associated with the
fewest metabolic adverse effects.>”*!7 First-generation antip-
sychotic drugs (eg, perphenazine and haloperidol) have also
been associated with weight gain, but to a lesser degree than
clozapine and olanzapine.>”* Although there are many studies
on metabolic adverse effects of antipsychotic drugs, most of
the current knowledge is derived from pharmaceutical trials
with nonrepresentative patient samples and few investigated
antipsychotics.*!> The results from available naturalistic com-
parative studies are equivocal as to whether there is a clinically
important differential effect between antipsychotic drugs on
insulin resistance and dyslipidemia.'"!%1

The aim of this study was to compare the associations
between ten antipsychotic drugs and cardiovascular risk fac-
tors in a naturalistic sample of patients with psychosis, mainly
schizophrenia or schizoaffective disorder, with antipsychotic
maintenance treatment.

Methods

This is a cross-sectional study. The study protocol was
approved by the Stockholm Regional Ethics Committee
(04-447/4). Patients were recruited from psychosis outpa-
tient clinics mainly in Stockholm County, Sweden between
2005 and 2010 to the Swedish Study of Metabolic Risks
in Psychosis. The clinics are responsible for treatment of
all outpatients with long-term psychotic disorders, mainly
schizophrenia, in their catchment areas. As part of a gen-
eral health screening, patients in regular clinical treatment
were asked to participate in the study. The original sample
comprised 932 participants. All patients in the study gave
informed consent. In an analysis from one of the participating
clinics, 119 individuals agreed to participate and 36 (23%)
declined. There were no differences in weight or body mass
index between participants and nonparticipants, but those who
declined were older (52 years vs 48 years). The other partici-
pating clinics did not record the rate of nonparticipation.
The diagnostic criteria in the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-1V) were
used in the diagnostic procedure. Patients were assessed with
a psychiatric questionnaire containing information on diag-
nosis, global assessment of level of functioning and clinical
global impression, duration of illness, duration of treatment,
and all present medications, including nonpsychotropic
drugs. Medication and dosage were recorded and confirmed
by case notes when necessary. Patients were also asked about
coronary heart disease, diabetes, and hypertension among

first-degree relatives. Somatic health was assessed with a
questionnaire about coronary heart disease, diabetes, and
hypertension, as well as alcohol and tobacco use. Blood pres-
sure, weight, height, and waist circumference were measured.
Patients received written instructions to fast overnight before
venous blood sampling. Serum glucose was assayed using
the glucose oxidase method, and immunoreactive insulin was
measured by an in-house radioimmunoassay. Triglyceride
(TG), high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) cholesterol levels were measured by the
Karolinska University Hospital laboratory. Homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated as described by Matthews et al.?

From the original sample of 932 patients, those with no
antipsychotic drug (n = 96) were excluded from all further
analysis. Four antipsychotic drugs (chlorpromazine, n = 4;
chlorprothixene, n = 2; paliperidone, n = 1; and thioridazine,
n = 1) were very uncommon, and those patients were also
excluded from the study. Nineteen patients had missing
data on the components of metabolic syndrome. Thus, the
final sample comprised 809 patients with antipsychotic drug
treatment. All patients with antidiabetic medication (n = 14)
were excluded from the analysis of HOMA-IR. Patients
with antipsychotic polypharmacy (n = 136) were included
in the descriptive part of the study but excluded from the
main analysis comparing the associations between the ten
antipsychotics and cardiovascular risk factors.

Main outcome measures were the components of
metabolic syndrome: hyperglycemia, hypertriglyceridemia,
reduced HDL levels, hypertension, and elevated waist
circumference. Increased HOMA-IR and LDL were also
assessed as outcome variables.

The criteria for metabolic syndrome according to the
joint criteria from the International Diabetes Federation
and National Cholesterol Education Program were used:
waist circumference =102 cm in males and =88 cm in
females; elevated fasting plasma glucose =5.6 mmol/L, or
drug treatment for elevated glucose or a diabetes diagnosis;
elevated TG levels =1.7 mmol/L, or drug treatment for dys-
lipidemia; reduced HDL levels <1.0 mmol/L in males and
<1.3 mmol/L in females, or drug treatment for dyslipidemia;
and elevated blood pressure (BP): systolic BP =130 mmHg
or diastolic BP =85 mmHg, or antihypertensive drug treat-
ment.'° Thus, for example, a patient with antidiabetic treat-
ment was considered to have serum glucose of =5.6 mmol/L.
A similar approach was used for LDL, so that patients treated
with lipid-lowering drugs were considered as having an
increased LDL level.
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Statistical analysis

All variables were summarized as mean and standard devia-
tion for continuous variables, and median and interquartile
ranges for variables with skewed distributions. Categorical
variables were presented as numbers (n) and percentages. The
cardiovascular risk factors, comprising each dichotomous
metabolic syndrome component, as well as HOMA-IR and
LDL, both dichotomized at the median, were defined as
dependent variables in separate models. The main analyses
comprised stepwise logistic regression models, where the
association between the ten most frequent antipsychotic drugs
and each of the cardiovascular risk factors was analyzed by
entering each drug as an independent variable in the same
model. Age, sex, and smoking were considered potential con-
founders and were also entered into the stepwise (forward)
logistic regression model. Age was divided into 10-year
age groups. Waist circumference was regarded as the most
important mediator of the other cardiovascular risk factors,
and as we were interested in the differential metabolic effects
of using various antipsychotics (disregarding the effects of
abdominal obesity), we also included waist circumference
in all stepwise logistic regression models, except when waist
circumference was the dependent variable.

Results

Demographic and clinical characteristics are summarized in
Table 1. More than two-thirds of the patients had schizophre-
nia or schizoaffective disorder. Olanzapine and risperidone
were the two most frequently used antipsychotics, whereas
flupentixol, ziprasidone, and quetiapine were the least com-
mon (Table 2). Metabolic syndrome was present among
44% of both male and female patients. The proportions of
patients fulfilling the criteria for each of the components
of the metabolic syndrome varied from 30% for elevated
TG in women to 74% for waist circumference in women
(Table 3). Mean body mass index was 29.0 kg/m? (standard
deviation = 5.9). Median HOMA-IR was 4.2 with an inter-
quartile range of 4.2.

The associations between the components of metabolic
syndrome and use of specific antipsychotic drugs are pre-
sented in Table 4. Hypertriglyceridemia was associated
with clozapine (odds ratio [OR] = 1.81, 95% confidence
interval [CI] 1.08-3.04). Reduced HDL was related to both
clozapine and olanzapine (OR =1.73, 95% CI 1.01-2.97;
and OR = 2.03, 95% CI 1.32-3.13). Hypertension was
associated with perphenazine (OR = 2.00, 95% CI
1.21-3.59). Hyperglycemia was inversely associated
with ziprasidone (OR = 0.21, 95% CI 0.05-0.89) and

Table | Demographic and clinical characteristics in 809 patients
with antipsychotic maintenance treatment

Variable n (%)
Age, years

Mean 46.9

SD 12.2
Male 453 (56)
Education, 12 years or more 289 (36)
Diagnosis

Schizophrenia 473 (59)

Schizoaffective disorder 85 (11)

Delusional disorder 48 (6)

Psychosis NOS 106 (13)

Bipolar disorder 40 (5)

No diagnosis/other diagnosis® 57 (7)
Antipsychotic treatment, years

Median 16

IQR 17.0
Number of hospitalizations

Median 3

IQR 4.0
Duration of previous hospitalizations, months

Median 4

IQR 10.5
Smokers 342 (43)

Note: °Including autism spectrum disorders, organic psychosis, and personality
disorders.

Abbreviations: IQR, interquartile range; NOS, not otherwise specified; SD,
standard deviation.

positively associated with haloperidol (OR =2.02, 95% CI
1.18-3.48). There was no significantly different associa-
tion between any of the antipsychotic drugs and increased
waist circumference.

Male sex was significantly associated with
hypertriglyceridemia and hypertension, whereas female sex
was associated with elevated waist circumference. Higher
age was significantly associated with lower HDL levels and
with increased BP.

Table 2 Antipsychotic drug use and prevalence of metabolic
syndrome in 809 patients with antipsychotic maintenance treatment

Drug treatment n (%) Metabolic syndrome n (%)

Antipsychotic monotherapy
Aripiprazole 62 (8) 20 (35)
Clozapine 76 (9) 33 (45)
Flupentixol 23 (3) 9 (39)
Haloperidol® 64 (8) 34 (54)
Olanzapine 138 (17) 60 (45)
Perphenazine? 75 (9) 31 (43)
Quetiapine 28 (4) 10 (39)
Risperidone® 138 (17) 56 (42)
Ziprasidone 22 (3) 9 (43)
Zuclopenthixol® 55 (7) 24 (44)

Antipsychotic polypharmacy 128 (16) 70 (57)

Note: *Oral or depot injectable.
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Table 3 Patients fulfilling the criteria for the specific components
of metabolic syndrome in 809* patients with antipsychotic
maintenance treatment

Risk factors Total Men Women
n (%) n (%) n (%)
Elevated waist circumference, males® 532 (66) 269 (59) 263 (74)

Hyperglycemia“ 251 (34) 140 (34) 111 (35)
Elevated triglyceride levels® 312 (40) 208 (48) 104 (30)
Reduced levels of high-density 439 (56) 244 (56) 195 (56)
lipoprotein®

Elevated blood pressure 481 (61) 289 (65) 192 (55)

Notes: *Sporadic missing values appear in all measures; *waist circumference =102 cm
in males and =88 cm in females; “serum glucose =5.6 mmol/L, or drug treatment
for elevated glucose or a diabetes diagnosis; ‘triglycerides =1.7 mmol/L, or drug
treatment for dyslipidemia; high-density lipoprotein levels: <1.0 mmol/L in males and
<1.3 mmol/L in females, or drug treatment for dyslipidemia; ‘systolic blood pressure
=130 mm Hg or diastolic =85 mm Hg, or antihypertensive drug treatment

The stepwise logistic regression models showed no
significantly different associations between any of the
antipsychotic drugs and having a high HOMA-IR or a high
LDL (lowest P-values were 0.27 for HOMA-IR and 0.09
for LDL).

Discussion
The main finding of this study was that after adjusting for
age, sex, smoking, and waist circumference, cardiovascular
risk factors differed between antipsychotic drugs currently
used in clinical practice. Clozapine was associated with a
worse lipid profile, with increased hypertriglyceridemia and
reduced HDL; olanzapine was associated with reduced HDL;
perphenazine was associated with hypertension; haloperidol
was associated with hyperglycemia; and ziprasidone was
associated with reduced frequency of hyperglycemia.
Increased glucose levels in patients treated with haloperi-
dol have previously been observed in randomized controlled
trials but also in clozapine-, risperidone-, and olanzapine-

treated patients.?"** The lack of association with other antip-
sychotics in our study might reflect the differences between
a randomized controlled trial and the selection effects in
a naturalistic study such as the present one. In our study,
ziprasidone was inversely associated with hyperglycemia.
This finding is in accordance with the fasting blood glucose
changes reported from the Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE),” as well as with glycated
hemoglobin changes in a long-term trial of olanzapine versus
ziprasidone,” which can be contrasted by another trial not
finding any significant difference in fasting glucose levels
between those two drugs.?

We found that clozapine and olanzapine were associated
to dyslipidemia, which is concordant with the findings from
a recent naturalistic Norwegian study.'® However, in the
clozapine trial in phase II of CATIE, no differences in lipid
levels were observed,” but the rates of dyslipidemia were
similar to our study. The TG criterion was met in 40% of all
patients in our study, compared with 49% in CATIE.?® The
proportion of patients in our study meeting the HDL criterion
was 56% in males and 57% in females, compared with 49%
in males and 63% in females in CATIE.

The finding in our study that perphenazine was associ-
ated with hypertension was surprising. To our knowledge,
only CATIE has previously investigated perphenazine and
hypertension. In contrast to our results, in CATIE there was
no difference between the investigated antipsychotic drugs
concerning new cases of hypertension.?’” However, our result
should be interpreted with caution due to the cross-sectional
study design. We observed a higher prevalence of hyperten-
sion than in CATIE (61% vs 48%), which might also account
for some of the discrepancy.” Further, our patients are slightly
older than the patients in CATIE (47 years vs 41 years), and

Table 4 Association between antipsychotic drugs with components of metabolic syndrome

Elevated WC Elevated TG Reduced HDL Elevated BP Elevated glucose
Antipsychotics®
Olanzapine ns ns 2.03 (1.32-3.13) ns ns
Perphenazine ns ns ns 2.00 (1.12-3.59) ns
Ziprasidone ns ns ns ns 0.21 (0.05-0.89)
Haloperidol ns ns ns ns 2.02 (1.18-3.48)
Clozapine ns 1.81 (1.08-3.04) 1.73 (1.01-2.97) ns ns
Elevated WC N/A 2.81 (1.95-4.04) 3.50 (2.46-4.98) 2.69 (1.89-3.83) ns
Female gender 1.84 (1.33-2.55) 0.35 (0.25-0.49) ns 0.43 (0.30-0.62) ns
Age® ns ns 0.69 (0.60-0.80) I.51 (1.30-1.75) ns
Smoking ns ns 1.53 (1.09-2.15) ns ns

Notes: Odds ratios (95% confidence intervals) calculated by stepwise logistic regressions simultaneously investigating ten antipsychotics used as monotherapy, waist
circumference, gender, age, and smoking. *The following five antipsychotics were also entered as covariates into the stepwise logistic regression models but without showing
any significant association with any of the investigated components: aripiprazole, flupentixol, quetiapine, risperidone, and zuclopenthixol; "age was classified into |10-year
categories and incrementally compared when calculating the odds ratios.
Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; ns, nonsignificant; TG, triglycerides; WC, waist circumference.
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there was a higher proportion of males with elevated waist
circumference (59% vs 37%), but similar proportions for
females (74% vs 73%).

A study in northern Sweden investigated antipsychotic
drugs and metabolic syndrome in 269 schizophrenia outpa-
tients with a mean age of 46 years and with similar propor-
tions of patients with elevated waist circumference as in our
sample.?® They reported a similar prevalence of hyperten-
sion in patients treated with conventional antipsychotics
as those treated with clozapine or olanzapine, but a lower
prevalence of hypertension (44%) compared with our study
(61%). However, a European multicenter study observed
a higher prevalence of hypertension in the first-generation
antipsychotic group compared with the second-generation
group.?

The prevalence of the components of metabolic syn-
drome in our study population of psychosis outpatients was
considerably higher than in the Swedish general population
retrieved cohort described by Hilding et al.’*® They found
an abnormal glucose regulation in 9.4% of the men and in
5.6% of the women,*® compared with our observation that
34% of our patients had hyperglycemia. Furthermore, when
comparing the prevalence of elevated waist circumferences
with other studies, there are vast differences. In the Hilding
et al study, 12% of the male and 24% of the female par-
ticipants had elevated waist circumference,*® compared with
59% of the males and 74% of the females in our study. A
population-based study, Multinational MONItoring of trends
and determinants in CArdiovascular disease(MONICA),
investigated nondiabetic women and men in northern Sweden
with a median age of 50 years. The prevalence of hypertension
was 45% in the MONICA study, compared with the 61% in
our study.’! Dyslipidemia (elevated TG, low HDL, or both)
was reported in 44% of the men and 30% of the women in
the MONICA study; in our study, low HDL was evident in
56% in both sexes. The prevalence of metabolic syndrome
in our study was 44%, which is in the lower range compared
with previous reports of the prevalence of metabolic syn-
drome in schizophrenia (37%—63%).3?> The prevalence of
metabolic syndrome in the polypharmacy group was 57%,
which is comparable with a previous study reporting a 50%
prevalence.”

The major strength of this study was the consecutive
patient sampling in a naturalistic setting from psychiatric
outpatient clinics with a population responsibility for long-
term treatment of patients with schizophrenia and other non-
affective psychoses. The inclusion criteria were broad with
few exclusion criteria. Thus, the clinical representativeness

of our sample promotes the generalizability of the findings.
Another important strength is that the study could compare
ten antipsychotic drugs used in clinical practice.

The major limitation was the cross-sectional design,
precluding inference of causality between drug exposure
and outcome. For instance, an observed association may not
be due to the drug itself but rather could be an association
between other characteristics of patients being prescribed
a certain drug. However, cross-sectional studies can yield
important new hypotheses. When using observational data of
drug treatment from naturalistic settings, there is inevitably
an issue of confounding by indication, ie, prognostic factors
may influence treatment decisions. Thus, patients who have
gained excessive weight, becoming prediabetic and with a
pathogenic lipid profile, may have had their antipsychotic
medication switched to a less metabolically active compound
before entering the study. This clinical selection process may
therefore conceal a true association, suggesting that some of
the associations found in this study could have been stronger
if no such selection processes had taken place. Another limi-
tation is that only one of the participating clinics recorded
the rate of nonparticipation.

Confounding by indication may have influenced the results,
in that patients with an elevated waist circumference may have
already been switched from more obesogenic antipsychot-
ics to less metabolically adverse drugs but still have a poor
metabolic status. However, by including waist circumference
in the stepwise logistic regression model, we tried to assess
the separate contribution of each antipsychotic drug after
adjusting for the contribution by abdominal obesity for all the
other components of metabolic syndrome. It is also important
to emphasize that as all antipsychotics were analyzed in the
same model, a similar association between, for example, waist
circumference and all of the included antipsychotics would
give a nonsignificant result, because it was the difference
between the antipsychotics that was assessed. Moreover, to
further control potential confounding effects, age, sex, and
smoking were added to the regression model. Age was highly
correlated to years with previous use of antipsychotic drugs
(data not shown), which means that by adjusting for age we
also controlled for duration of antipsychotic exposure.

Conclusion

Our findings showed that treatment with ten different
antipsychotic drugs in clinical practice was differentially asso-
ciated with established cardiovascular risk factors, even after
adjusting for potential confounders such as age, sex, smoking,
and waist circumference. To further explore these suggested
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associations, more pragmatic randomized controlled trials
comparing the metabolic risk of several commonly used
antipsychotics are called for, especially with a focus on
dyslipidemia with clozapine and olanzapine, hyperglycemia
with haloperidol, and hypertension with perphenazine.
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