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Vicki L. Ellingrod

ABSTRACT ~ The adverse metabolic risks associated with second generation antipsychotics
(8GAs) are well known, and likely contribute to the high rate of premature mortality due
to cardiovascular disease in schizophrenia. Female schizophrenia patients appear to be
diagnosed with metabolic diseases at higher rates than males, which may reflect disparate
adverse responses to SGAs. However, the relationship between sex, metabolic risk, and
drug use is less developed. We aimed to explore this relationship further by identifying
rates of metabolic disease in community dwelling schizophrenia patients by sex and SGA
risk. Schizophrenia participants (N = 287, 40.4% female) were included in this analysis.
Oneway-ANOVA and Fisher’s Exact Test were used to compare groups, as appropriate,
and Coben’s d was employed to estimate the effect size of sex. In the group as a whole,
the rate of metabolic syndrome was higher than previously reported, but did not differ
by sex. For females, greater metabolic disturbances across all medication risk groups were
seen in BMI and waist circumference (p < 0.005) but most commonly in those receiving
high risk medication (clozapine or olanzapine). Additionally, the number of participants
receiving medications for these metabolic disturbances was extremely low (<30%). These
results suggest that female schizophrenia patients taking clozapine or olanzapine represent
a group at uniquely high risk for metabolic dysfunction and future adverse cardiovascular
outcomes, and warrant close monitoring by clinicians to prevent worsening of metabolic
risk through proper moniforing and interventions. Psychopharmacology Bulletin.
2017;47(2):8-21.

INTRODUCTION

Cardiovascular disease (CVD) is a primary cause of mortality among individuals
with schizophrenia spectrum disorders, with up to 30 years of life lost compared
to the general population.!? Although CVD occurrence is undeniably multifac-
torial, antipsychotic use may increase CVD risk due to greater risk of specific
metabolic abnormalities.>™ In particular, the second generation antipsychotics
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(SGAs) are associated with weight gain leading to obesity, especially
abdominal obesity; dyslipidemias such as hypercholesterolemia, hyper-
triglyceridemia, low high density lipoprotein (HDL), and elevated low
density lipoprotein (LDL); and, impaired glucose homeostasis such as
hyperglycemia, insulin resistance, and type 2 diabetes mellitus.

Overall, up to 50% of patients receiving SGAs have been reported to
meet metabolic syndrome criteria, which substantially increases the risk
of CVD morbidity and mortality.® In general, metabolic syndrome can
be diagnosed when three of five criteria are met that focus on specific
cardiovascular risk factors such as abdominal obesity, low high-density
lipoprotein (HDL), elevated triglycerides (T'G), hypertension, and
impaired fasting plasma glucose.” In looking at the findings from the
Clinical Antipsychotics Trials of Intervention Effectiveness (CATIE),
the largest clinical trial of antipsychotics to date, specific sex differ-
ences were noted in metabolic risk as females had a higher prevalence
and risk for metabolic syndrome compared with males (36.6% and
54.2%, respectively).® Although research fousing on sex related differ-
ences for metabolic syndrome in the population have been ongoing, g
results are mixed.?11 Kraal, Ward,

Most work focusing on sex related differences in metabolic syndrome ~ Etingrod
risk are typically limited to participants within inpatient settings, limit-
ing ‘real world’ generalizability. Therefore, the primary aim of this study
was to examine differences in metabolic functioning between commu-
nity dwelling females and males, investigating specific antipsychotic
(AP) medication related risks. We hypothesized that females would
have worse metabolic functioning and a greater prevalence of metabolic
syndrome compared to males, and that this risk would be commensu-
rate with overall AP metabolic risk profiles.

MATERIALS AND METHOD
Participants

Participants were part of a larger study investigating pharmacoge-
netics predictors of CVD risk related to antipsychotic use and were
recruited from the community and outpatient clinics primarily via
advertisements. They were included if they: 1) had a DSM-IV diagno-
sis of schizophrenia, schizoaffective, or psychotic disorder not otherwise
specified (American Psychiatric Association, 2000), 2) aged 18 to 90,
and 3) receving antipsychotic treatment for at least six months with no
significant recent medication changes. Participants were excluded if they
were: 1) unable or unwilling to provide informed consent, 2) diagnosed
with Type 2 diabetes mellitus prior to antipsychotic treatment, 3) had
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a substance dependence disorder, or 4) currently pregnant or nursing.
The inclusion criteria were broad to represent ‘real world’” ambula-
tory practice. The study was approved by the: University of Michigan
Medical School Institutional Review Board, Washtenaw County
Health Organization, Ann Arbor Veterans Affairs Medical Center, and
Detroit-Wayne County Community Mental Health Agency, and is reg-
istered at clinicaltrials.gov (NCT00815854). This study was conducted
in accordance with the latest version of the Declaration of Helsinki.
Participants were assessed at the Michigan Clinical Research Unit at
the University of Michigan.

Procedure

Participants provided written informed consent after the study pro-
cedures had been explained. Participants fasted for 8 hours prior to
enrolling in the study and all assessments were completed in one visit.
The blood draw assessed glucose and lipids. The physical examination

10 assessed vital signs, height, weight, and hip and waist circumferences.

T Koaa, Wara, ~ Body mass index (BMI) and waist-to-hip ratio (WHR) were calcu-

Ellingrod  lated from these measurements. The National Cholesterol Education
Program’s Adult Treatment Panel 117 criteria were used to diagnose
metabolic syndrome.

The clinical interview included a psychiatric diagnostic assessment

using the Structured Clinical Interview for DSM IV Axis I Disorders,?

current and past medication history, and demographics.

Data Analysis

Participants were divided into three AP metabolic risk groups: 1)
high — clozapine and olanzapine; 2) moderate — quetiapine, risperi-
done, paliperidone, and iloperidone; 3) low — all other antipsychotics.
This grouping is based on reports in the literature regarding the specific
medications’ propensities for metabolic disturbances.!31

Analyses on categorical variables were conducted using Fisher’s Exact
Test and a oneway-ANOVA for continuous variables. Cohen’s d was
used to calculate the effect size of sex. Analyses on the prevalence
of metabolic syndrome included the entire sample. Participants pre-
scribed a lipid medication were excluded from analyses on lipid vari-
ables. Participants receiving treatment for diabetes were excluded from
analyses on plasma glucose. Given its weight controlling properties,
analyses on BMI, waist circumference, and WHR excluded participants
on an oral hypoglycemic (e.g., metformin). Participants receiving treat-
ment for hypertension were excluded from analyses on blood pressure.
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The exclusions are important methodologically, as these medications
may attenuate the metabolically negative impact of the APs and
therefore limit efforts to determine medication specific sex based dif-
terences. A p-value of <0.05 was considered significant.

RESULTS

Overall, 287 participants were included, comprising 116 (40.4%)
temales with a mean age of 46.90 = 11.34 (males: 44.16 * 11.34 years,
p > 0.05). Table 1 lists participant characteristics and rates of medica-
tion use. There were no differences in psychotropic exposure between
males and females except in the high risk group in which females were
on marginally more medications than their male counterparts. Overall
antipsychotic exposure was calculated using chlorpromazine equiva-
lents, 1 which was not different between sexes.

Prevalence and Sex Differences of Metabolic Syndrome
11

The prevalence of metabolic syndrome in the overall sample was  Kruu, g,
49.1% with a higher prevalence in females compared to males (52.6%  Zfingrod
and 46.8%, respectively, p = 0.12). This prevalence was highest among
participants in the high risk group (64.6%) although there was no sex
difference (64.3% females and 64.7% males; p = 0.58). In the moderate
risk group, metabolic syndrome prevalence was 41.1%, with a higher
rate trend in females (52.5%) than males (34.7%), (p = 0.05). In the
low risk group, metabolic syndrome prevalence was 45.8%, with no sex
differences, p = 0.58. Table 2 contains values for the overall sample
(IV = 287) stratified by metabolic risk group.

Sex Differences in Metabolic Syndrome Components

Body Composition, Visceral Adiposity, and Fasting Plasma Glucose
In the overall sample of participants not on an oral hypogly-
cemic (n = 227), both females and males were obese on average
(BMI = 30 kg/m? (Table 3)). In particular, females had greater BMIs
and higher abnormal waist circumference (WC) and waist-to-hip ratio
(WHR) compared to males. These BMI sex differences were greatest in
the high risk group (#(1,59) = 8.59, p = 0.005,) and resulted in a fairly
robust effect size (¢ = 0.7). A similar pattern though in smaller magni-
tude was seen in the low risk group (F(1,68) = 5.39,p = 0.023,4 = 0.5).
Abdominal obesity (WC = 102 cm for males and = 90 cm in females
and WHR = 0.90 in males and = 0.80 in females)(NHLBI, 1998),

was seen in 69.4% of participants without oral hypoglycemic treatment,
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(TmBLE 2 D

PrREVALENCE OF METABOLIC SYNDROME AND ITS COMPONENTS

WHOLE HIGH RISK MODERATE RISK LOW RISK

SAMPLE GROUP? GROUPY GROUP®

MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE

MetS VARIABLES (n=171) (n=116) (n=51) (n=28) (n=72) (n=40) (n=48) (n=48)
% MetS 46.8 52.6 64.7 643 3477 52.5% 458 458
% Abdominal Obesity ~ 60.4 91.4"* 69.4 96.4" 583 92.5%* 542 87.5**
% Hypertension 433 379 549" 321 319 425 479 375
% Elevated Triglycerides 48.2 457  66.7 57.1 37.7 45 43.8 39.6
% Low HDL 473 5177 686 53.6 357 45 41.7 56.3
% Elevated FPG 456 457 529 53.6 361 45 521 41.7

Notes: *p < 0.1.*p < 0.05.**p < 0.01. *High Risk Group = clozapine or olanzapine. "Moderate Risk
Group = quetiapine, risperidone, iloperidone, or paliperidone. ‘Low Risk Group = all other antipsychotics.
Abbreviations: FPG, fasting plasma glucose; HDL, high density lipoprotein; MetS, metabolic syndrome.

comprising 87.4% of females and 57.8% of males, p < 0.001. Higher
rates of abdominal obesity in females compared to males were seen

across the three metabolic risk groups (Table 3; Figure 1). 13

For WHR, 97.7% of females and 77.8% of males (n = 227; p < 0.001)  Kraal, Ward,

met or exceeded this criterion. Notably, 100% of females in the high Elingrod

and moderate metabolic risk groups and 93.9% of females in the low
risk group had abnormal WHR compared to 74.2%-83.8% of males
across the metabolic risk groups. These striking results trended towards
significance (p < 0.06 for all), and are highlighted for their clinical
relevance. Although few sex differences in fasting plasma glucose were
seen overall, males in the low risk group alone had higher fasting plasma
glucose compared to females (F(1, 67) = 4.92, p = 0.03), resulting in a
moderate effect size (4 = 0.5). The average fasting plasma glucose for
all groups was <100 mg/dL, suggesting that these differences may not
be clinically significant. In terms of clinical significance, however, more
than twice as many males (36.1%) than females (17.6%), p = 0.04, had

fasting plasma glucose levels at or above the risk level.

Hypertension

For hypertension, in the overall sample of participants not on an anti-
hypertensive (z = 190), males had higher diastolic BP (dBP) com-
pared to females (F(1, 188) = 9.76, p = 0.02), with a moderately
sized sex effect, d = 0.46 (Table 3). Stratified by metabolic risk group,
a larger effect of sex was found, showing higher dBP in males than
females in the high (/(1, 48) = 4.03, p = 0.05), 4 = 0.57 and low
(F(1,59) = 12.93,p = 0.001), 4 = 0.92 risk groups (Table 3). Males in
the low risk group alone also had higher systolic BP (sBP) compared to
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(FIGURE 1 )

PERCENTAGE OF PARTICIPANTS MEETING CRITERIA FOR ABDOMINAL
OBESITY BY SEX

m Males

100 M Females

90
80
70
60
50
40

Percentage

30
20
10

0
High Risk Group Moderate Risk Group Low Risk Group 15

Notes: **p < 0.001.**p < 0.01.*p < 0.05. High Risk Group = clozapine or olanzapine. Moderate Kraal, Ward,
Risk Group = quetiapine, risperidone, iloperidone, or paliperidone. Low Risk Group = all other Ellingrod
antipsychotics. Abdominal obesity was defined by waist circumference and percentages represent those

with waist circumference =102 cm for males and =90 cm in females.

temales, (F(1,59) = 7.67, p = 0.008), 4 = 0.71. However, these difter-
ences were considered clinically non-significant as dBP and sBP values
were below the threshold for hypertension diagnosis.

Lipids

The lipids analyses stratified by metabolic risk group examined total
cholesterol (TC), triglycerides, LDL, and HDL. As lipid levels may
be impacted by age,!® and slight sex differences in age were identi-
fied in the moderate risk group, a series of regressions were conducted
to determine the impact of age and sex on predicting lipid laboratory
values. No significant differences were noted and analyses were carried
out as planned.

In the overall sample of participants not on dyslipidemia medication
(n = 198), females had higher TC than males, (F(1, 196) = 10.45,
p = 0.001), with a medium sized effect, & = 0.50. Stratified by meta-
bolic risk group, higher TC in females than males carried across the high
(F(1,42) = 4.12, p = 0.049, d = 0.6) and moderate (F(1, 81) = 8.02,
p = 0.006,d = 0.94) risk groups, with a larger sex effect. Although aver-
age T'C values fell below the risk threshold (<200 mg/dL), and males’

average T'C across the three risk groups were normal and relatively
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similar (170.13-175.32 mg/dl), females in the high and moderate risk
groups (195.59-196.39 mg/dl), were much closer to the risk threshold.
Additionally, the prevalence of high TC (=200 mg/dL) was more
than twice as high among females (41.4%-50.0%) compared to males
(18.5%-19.2%) in the high and moderate risk groups (p < 0.03 for all).

In addition to TC, higher LDL levels in females compared to males
were found in the overall sample, (F(1, 196) = 6.14, p = 0.01), with
a small sex effect, 4 = 0.36. Average LDL levels were within normal
range across groups but females’ levels approached the risk threshold
(=130 mg/dL) whereas males’ did not, specifically in the high, and to a
lesser extent, moderate risk groups (Table 3).

Although sex differences in HDL levels were found in the overall sam-
ple as well as the metabolic risk groups (Table 3), these were expected
due to known sex differences (Grundy et al., 2004). No sex differences
were found in the prevalence of low HDL but notably, 28.6% of the
sample (47% female and 53.0% males) met the criterion.

16  DiscussioN
Kraal, Ward,

Ellingrod This study investigated medication related sex differences in metabolic
measures in individuals with schizophrenia spectrum disorders on long
term AP treatment within the community. Within the whole sample
(i-e., no treatment exclusions) almost 50% of participants met criteria
for metabolic syndrome, with higher rates seen in the high risk medica-
tion group regardless of sex (Table 2). These findings contrast CATIE
which showed a lower prevalence of metabolic syndrome overall (42.7%;
McEvoy et al., 2005), and a higher prevalence in females compared to
males. However approximately 14% of our participants were receiving
clozapine relative to none of the participants in the CATIE trial. The
higher incidence of metabolic syndrome within the high risk groups is
also higher than that found in other studies of individuals on clozapine
or olanzapine!®1? and suggest that long term use of such drugs may
pose a higher metabolic risk than previously reported.

Results excluding those diagnosed and receiving treatment for glucose,
blood pressure, or lipid dysregulation revealed more nuanced sex differ-
ences. To our knowledge this investigation is the first to conduct analy-
ses specifically excluding those receiving current treatment for these
conditions, which is important, as these medications may attenuate the
metabolically negative impact of the APs and therefore limit efforts to
determine medication specific sex based differences. Overall, 70% of our
participants were not receiving an oral hypoglycemic (n = 227) and com-
pared to males, females had greater BMI, higher rates of abnormal WC
and WHR, and greater dysregulation of TC and LDL. Importantly,

PsycHopHARMACOLOGY BuLLeTin: Vol. 47 - No. 2
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high risk group females had the greatest risk across all metabolic factors
considered, whereas there was more variability in the type and sever-
ity of risk factors among females in the moderate and low risk groups.
Thus, females in the high risk group appear to be at greatest risk for
metabolic syndrome and overall CVD. In general, these findings were
in line with expectations. Males, however, had higher fasting plasma
glucose levels as well as higher diastolic and systolic blood pressure,
with the greatest sex effect seen in the low risk group, contrary to expec-
tations. Our findings regarding the females were somewhat expected
given the widely known weight gain propensity of clozapine and olan-
zapine (Klemettild et al., 2014; Taylor and McAskill, 2000). However,
higher BMI in females than males in the low risk group has not been
previously reported.

Results in WC and WHR also aligned with predictions, lending fur-
ther credence to reports showing that visceral adiposity markers are
predictive of AP associated CVD risk, especially compared to BMI1.22
More females had elevated WC and WHR compared to males across
the three risk groups which parallels results from other groups'®?? and 17
provides further evidence that females are at greater risk for AP associ- & g,
ated visceral adiposity,’ insulin resistance, diabetes, and coronary artery ~ Elingrod
disease risk!/,?4726 and is a predictor of CVD mortality.?”?8 The strik-
ing finding from this analysis is that 100% of females in the high and
moderate risk groups met central adiposity criterion (WHR > 0.8)
which is clinically significant, suggesting an important sex-specific risk
to consider in long term AP therapy. Overall, our findings confirm that
an overwhelmingly large proportion of individuals with schizophrenia
spectrum disorders prescribed antipsychotic medication are at risk for
obesity and visceral adiposity, which may be worsening despite available
monitoring guidelines that recommend routine BMI measurements.?’
Though not specifically outlined in the monitoring guidelines, obtain-
ing routine waist and hip circumferences may be useful for medication
management in the context of cardiovascular health and should be con-
sidered, especially for females.

Sex differences were also seen in fasting plasma glucose, where low
risk group males had higher values compared to female counterparts.
Although the average was below the current diabetes risk thresh-
old (<100 mg/dL), it is important to note that twice as many males
(36.1%) than females (17.6%) met the criterion. This finding may also
point to a nontrivial lack of preventive screening and treatment for
elevated glucose within the low risk group. As 40.5% of those in the
high risk group and 31.1% in the moderate risk group had an elevated
glucose, adhering to metabolic monitoring guidelines, which recom-
mends annual checks is critical. Since only 21% of participants were

PsycHopHARMACOLOGY BuLLeTin: Vol. 47 - No. 2
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receiving an oral hypoglycemic agent at study assessment, our findings
of widespread non-specific glucose dysregulation are clinically signifi-
cant and also highlight the need for continued metabolic monitoring.

For our hypertension analysis, 66% (n = 190) of study participants
were included, as 34% were currently receiving hypertension treatment.
Given the APs’ intrinsic antagonistic action on adrenergic receptors, we
expected higher values in all medication groups for males than females
due to known sex differences in regulation (for a review, see Reckelhoff,
2001).3% However, although males had higher dBP in the high risk
group and higher dBP and sBP in the low risk group the average dBP
and sBP values seen in both males and females fell within normal range,
suggesting that blood pressure dysregulation may not be a sex-specific
concern associated with AP maintenance therapy. Regardless, blood
pressure should be routinely assessed, especially for those on SGAs in
the high and moderate risk groups given their weight gain propensity.

Sex differences were also found in regards to lipids, with females hav-
ing higher TC and LDL and males having lower HDL. This analysis

18 included 70% (n = 189) of our total study participants, as the others were
Kraal, Ward,  currently receiving a lipid lowering agent. Nervertheless, these findings
Ellingrod — are similar to our group’s previous work,3! except this current study further
explores sex differences stratified by AP risk for metabolic disturbances.
Specifically, within the high and moderate risk groups, females had
higher TC than males. Most notably, the prevalence of abnormal TC
(= 200 mg/dL) was much more common in females (41.4-50%) com-

pared to males (18.5-19.2%) in the high and moderate risk groups.

Similarly, higher LDL in females was found in the high and moderate
risk groups with females approaching the threshold of borderline high
whereas values in males were closer to the “normal” range. This clini-
cally significant finding parallels other research showing increased LDL
associated with AP use especially in clozapine and olanzapine therapy.

Overall males had lower HDL levels than females in the three groups
which has been previously reported,?® although conflicting literature
does exist.®10:23 Therefore, comparisons between findings here and
those in other studies must be done cautiously.

Altogether, our results suggest that both females and males are at risk
for medication specific lipid dysregulation and that these findings may
be especially beneficial for clinicians to consider when initiating and
maintaining antipsychotic therapy.

LIMITATIONS

Although this study revealed important findings, there are some limi-
tations to be acknowledged. Firstly, the cross-sectional design of the
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study limits a definitive causal relationship on sex, AP use, and meta-
bolic parameters. Secondly, APs were analyzed in groups rather than in
isolation due to sample size constraints. However, APs in each group
have very similar metabolic risk propensity and participants had been
using these medications chronically and were stable on them. Future
research with large sample sizes should examine these APs individu-
ally. Lastly, p-value corrections for multiple comparisons were not used
given a priori hypotheses and in order to decrease the likelihood of
committing Type II error.

CONCLUSION

Based on our data we present three primary conclusions. Firstly,
the prevalence of metabolic syndrome among those on maintenance
AP therapy is notably high, especially among those in the high risk
medication group, and this estimate may be higher than previously
reported. Secondly, with respect to sex, females on APs considered
to confer high or moderate metabolic risk appear to have the highest 49
levels of metabolic dysfunction, specifically dyslipidemia and central  Zruu g
adiposity, both of which increase risk for metabolic syndrome and = Ellingrod
overall CVD. Importantly, females on clozapine or olanzapine appear
to represent a very high risk group for metabolic dysfunction and
CVD, which has been previously reported. Conversely, males on these
medications appear to be at highest risk for low HDL only. Clinicians
should take note of these findings and consider the benefit-risk trad-
eoft when prescribing APs. In addition, preventative screening and
adjunctive interventions aimed at decreasing risk for metabolic dys-
function should be utilized to help attenuate risks. As approximately
35% of participants were prescribed medications for the treatment
of hypertension, dyslipidemia, or glucose dysregulation, this study
suggests a striking lack of metabolic monitoring, which unfortunately
parallels other research which concludes that adherence to the moni-
toring guidelines is poor.3%33 ¢
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