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1 | INTRODUCTION AND
BACKGROUND

Consistent epidemiological data suggest that people with
severe mental illnesses (SMI), such as schizophrenia
spectrum and bipolar affective disorders, are at increased
risk of obesity and metabolic syndrome compared to the
general population."* In turn, metabolic syndrome and
its components including central obesity, high blood
pressure, low high-density lipoprotein (HDL) cholesterol,
high total cholesterol, increased triglycerides and hyper-
glycaemia® may be associated with elevated risk of car-
diovascular burden.* The increased prevalence of
metabolic abnormalities in patients with SMI compared
to the general population may have various causes
including sedentary lifestyle, smoking, unhealthy diets
and lack of physical exercise.””’

The role of antipsychotic treatment within the
increased cardiovascular and metabolic burden in
patients with SMIs has also received major attention in
the past decades.® Specifically, patients treated with
almost all antipsychotic agents demonstrated essential
weight gain as well as elevated risk of metabolic syn-
drome compared to antipsychotic-naive patients with
SMIs."® Unfortunately, available evidence on predictors
or moderators of the risk of metabolic abnormalities
within the context of antipsychotic treatment may pre-
sent some inconsistencies,"® although low baseline
body mass index (BMI) and younger age have been
invariably associated with greater antipsychotic-induced
weight gain.'® Further, the risk of metabolic alterations
seems to vary between different antipsychotic medica-
tions''; for instance, patients treated with olanzapine
and clozapine are at higher risk of weight gain and met-
abolic syndrome compared to other first- or second-
generation antipsychotics.

prescription of >2 antipsychotics, antidepressants, benzodiazepines and/or
antihypertensive agents were associated with larger weight gain (p < 0.05).
Lower doses were associated with increase in total and HDL cholesterol and
systolic and diastolic blood pressure (p < 0.05), whereas higher doses were
associated with glucose increases (p = 0.01). Patients receiving >10 mg/day
were at higher EWG risk (odds risk: 2.15, 1.57-2.97). EWG might be promi-
nent in high-dose olanzapine-treated patients with treatment duration and co-
prescription of other medications being weight gain moderators. The lack of
major dose-dependent patterns for weight gain emphasizes that olanzapine-
treated patients are at weight gain risk regardless of the dose.

antipsychotic, metabolic syndrome, obesity, olanzapine, weight gain

Given that patients treated with olanzapine are con-
sidered most prone to weight gain,'? there has been an
increasing body of literature suggesting several hypothe-
ses for the implicated central and peripheral mecha-
nisms.'*'* On a pharmacodynamic level, the affinity of
olanzapine for histaminic receptors may account for
some of its effects on weight,'® although later evidence
suggested that serotonergic and dopaminergic neuro-
transmitter pathways might be also involved.'® Moreover,
preclinical models reported that olanzapine may centrally
inhibit insulin secretion and thus glucose utilization,
leading to perturbation of whole-body insulin sensitiv-
ity."*'” Data have also emphasized on behavioural mech-
anisms such as appetite changes following olanzapine
initiation.'®*?

Regarding potential predictors of olanzapine-related
weight gain, some evidence suggests that patients with
larger early weight gain (EWG) (weight gain within
2 weeks after olanzapine initiation) may be at higher risk
of olanzapine-induced weight gain.® The predictive role
of EWG changes for the long-term weight gain was also
reported in a 1-year longitudinal study of inpatients.*! In
fact, weight gain may be more rapid in short- versus
long-term treatment with olanzapine.** Data concerning
risk differentiation for olanzapine-induced weight gain
between women and men may present inconsis-
tencies.”'® There is also contrasting evidence regarding
the role of olanzapine dose on its effects on weight gain;
for example, higher olanzapine daily doses resulted in
larger weight gain on the long term in a retrospective
cohort.* Additionally, a recent Bayesian meta-analysis
reported a dose-dependent olanzapine risk of clinically
relevant weight (CRW; >7% of baseline body Weight)23;
however, this risk only applied for olanzapine cumulative
doses equivalent to 10 g chlorpromazine (= 500 mg for
olanzapine) assessing joint effects of dose and duration of
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treatment. On the other hand, in an older systematic
review, authors reported that only two out of 11 studies
suggested dose-dependent risk of olanzapine-associated
weight gain®*; notably, most of the prescribed olanzapine
doses in the first study reporting dose-dependent patterns
were below the recommended range.

Olanzapine is an efficacious antipsychotic agent with
a positive impact on social functioning.'? In line with its
efficacy, olanzapine is among the most frequently pre-
scribed antipsychotics,>® so there is an urgent need to
profoundly understand aspects of the consistently
reported olanzapine-induced weight gain and metabolic
abnormalities. Apart from the well-known metabolic
effects, treatment with olanzapine has been also linked
with less frequent side effects including prolactin eleva-
tion and more rarely parasomnias.’**” However, it is the
major impact of the metabolic effects for olanzapine that
does not only raise concerns for the physical health of
the patients but also affects efficacy outcomes.?® The aim
of this study was to provide further insight on dose-
dependent effects for the well-established effects of
olanzapine on changes of weight as well as metabolic
syndrome components in a naturalistic sample treated
with long-term olanzapine-based therapeutic regimens.

2 | MATERIALS AND METHODS

2.1 | Study design

Data were acquired from a longitudinal cohort study run-
ning at the Department of Psychiatry of the University
Hospital of Lausanne, in collaboration with a private
mental healthcare centre (Les Toises; Lausanne).”
Reporting adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guide-
lines (Table S1). Ethical approval was warranted by the
Ethics Committee of the Canton of Vaud (CER-VD),
informed consent was obtained for the inclusion of
patients in the PsyMetab study, which allows the use of
clinical data (for the present study, data from 21/11/2006
to 27/01/2020). In addition, the Ethics Committee of the
Canton of Vaud (CER-VD) granted access to clinical data
of followed-up patients in the Department of Psychiatry
of the Lausanne University Hospital until the end of 2015
due to the non-interventional post hoc analysis design
(PsyClin; for the present study, data from 29/04/2007 to
31/12/2015). We included in- and outpatients treated
with oral olanzapine having at least two available mea-
surements of weight (including baseline measures).
Patients were previously either drug naive or had
received antipsychotic treatments other than olanzapine.
Patients were not subject to any specific lifestyle and/or

pT

intervention to

pharmaceutical reduce

cardiometabolic risk.

2.2 | Measurements

Data on age, sex, height, olanzapine daily dose and date
of first olanzapine intake were included in our analysis.
Further, weight, waist circumference, systolic and dia-
stolic blood pressure, fasting plasma glucose and lipids
were measured at baseline and at least at one follow-up
time point. For metabolic syndrome, we used the criteria
of the International Diabetes Federation (IDF), which
include central obesity plus any two of the following met-
abolic abnormalities: hyperglycaemia (>5.6 mmol/L), ele-
vated blood pressure (systolic blood pressure >130 or
diastolic ~ blood  pressure = >85mmHg), hyper-
triglyceridaemia (>1.7 mmol/L) and low HDL cholesterol
levels (<1.03 mmol/L in males and <1.29 mmol/L in
females).>*® We also included data on psychiatric and
somatic co-medications (Table S2; list of co-medications).
Olanzapine plasma levels were quantified by ultra-high-
performance liquid chromatography (Waters ACQUITY
UPLC I-Class) coupled to electrospray ionization-tandem
mass spectrometry (Waters Xevo TQ-S). The method was
validated according to international guidelines using a
stable isotope-labelled internal standard.*'

2.3 | Statistical analysis

Low- versus high-dose olanzapine-treated patients were
compared using an olanzapine dose cut-off of 10 mg
daily, which is the target dose for its licensed indications
according to the package insert.>* Comparisons of demo-
graphic and metabolic baseline variables were performed
using the y° test for categorical variables and the
Wilcoxon test for continuous variables.

The effects of olanzapine daily dose on weight change
was modelled using a linear mixed-effects model,
accounting for baseline BMI, age, sex, smoking status, co-
prescription of lipid-lowering, hypertensive, antidiabetic,
second or third antipsychotic agent, antidepressants, ben-
zodiazepines, olanzapine treatment duration and setting
of care (in- vs. outpatient). As for the majority of the
patients, the treatment duration was shorter than
3 months, and we restricted our analysis to a time win-
dow of 3 months (90 days). Only patients with follow-up
data were included in our analysis. Weight changes were
included in the model as the percentage of change from
baseline value over time. Dose effects were also assessed
in a categorical scale (high vs. low olanzapine dose;
>10 mg/day vs. <10 mg/day). In a subsample of patients
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with available data, the analysis was replicated using
olanzapine trough plasma concentrations instead of daily
dose as a measure of drug exposition. We also assessed
associations using olanzapine levels in a categorical scale
based on the upper threshold of the therapeutic reference
range of olanzapine (>80 ng/mL vs. <80 ng/mL).>* Con-
sidering previous literature on the association between
baseline BMI and weight gain,****> we also tested the
effects of interactions between baseline BMI and
olanzapine dose on weight changes.

Linear mixed-effects models with the same covariates
were also used to assess dose effects on changes of moni-
tored metabolic parameters including fasting plasma glu-
cose, systolic and diastolic blood pressure, triglycerides,
total, HDL and low-density lipoprotein (LDL) cholesterol.

Additionally, we applied mixed-effects logistic regres-
sion models, including the above-mentioned covariates,
to assess the risk of developing metabolic abnormalities
such as CRW (>7%), EWG (>5% weight gain during first
month),*® obesity, dyslipidaemia and elevated blood pres-
sure, elevated fasting plasma glucose and metabolic syn-
drome. All analyses were performed using the R
environment for statistical computing Version 3.6.0.

3 | RESULTS

A total of 392 patients were included with baseline char-
acteristics provided in Table 1. The median olanzapine
dose was 10 mg/day (interquartile range [IQR] = 5.0-
10.0), with approximately one-fourth of the cohort receiv-
ing daily doses higher than 10 mg per day. The percent-
ages of men and smokers in the group of patients
receiving olanzapine daily doses >10 mg/day was higher
compared to patients receiving olanzapine daily doses
<10 mg/day (p < 0.001 and 0.04, respectively).

There were no baseline differences for metabolic
parameters between patients receiving high- versus low-
dose of olanzapine except for baseline weight among
men (p = 0.04). Moreover, patients receiving high- versus
low-doses of olanzapine were more likely to be prescribed
up to two more antipsychotics apart from olanzapine as
well as benzodiazepines (p = 0.03 and 0.02, respectively).

After accounting for age, sex, smoking status, baseline
BMI, co-prescription of lipid-lowering, hypertensive, anti-
diabetic, second or third antipsychotic agent, antidepres-
sants, benzodiazepines and setting of care (in-
vs. outpatient status), weight gain over treatment time
was not associated with olanzapine daily dose (p = 0.62),
although weight gain was larger in patients with
olanzapine doses higher versus lower than or equal to
10 mg/day (weight gain percentage from baseline value
over time: 2.54 + 5.55 vs. 1.61 £ 4.51%, p = 0.01)

(Figure 1 and Table 2). Treatment duration and co-pre-
scription of >2 antipsychotics, antidepressants, benzodi-
azepines and antihypertensive agents were positively
associated with the increase in weight gain (p < 0.001,
p < 0.001. p < 0.001, p < 0.001 and p = 0.01). Baseline
BMI and prescription of lipid-lowering agents were nega-
tively associated with weight changes (p < 0.001 for
both). There was also a negative interaction between
baseline BMI and olanzapine daily dose (p < 0.001, data
not shown). No significant associations were found
between trough olanzapine plasma levels with weight
change (n =227, ES= 0.0, 95%CI = —0.01, -0.02,
p = 0.67). However, using the upper threshold of the
therapeutic reference range, olanzapine levels above
80 ng/mL were associated with increased weight gain
(ES = 1.85,95%CI = —0.45, -3.26, p = 0.01).

Table 3 summarizes the associations between
olanzapine daily dose and the evolution of monitored
metabolic parameters. Briefly, higher olanzapine doses
were associated with decreases in total and HDL choles-
terol and systolic and diastolic blood pressure (p = 0.03,
p = 0.01, p = 0.03 and p = 0.01) and with increases in
fasting glucose (p = 0.01). Among covariates, the co-pre-
scription of a second antipsychotic was associated with
decrease for triglyceride and systolic and diastolic blood
pressure (p = 0.03, p = 0.02 and p < 0.001; Tables S6, S8
and S9). The co-prescription of a third antipsychotic was
associated with lower total cholesterol levels (p = 0.02;
Table S3). Co-prescription of benzodiazepines was asso-
ciated with increases of LDL cholesterol and triglyceride
levels (p = 0.01 and p = 0.03; Tables S4 and S6). The co-
prescription of a hypertensive agent was negatively asso-
ciated with increases of triglycerides (p = 0.01;
Table S6). Smoking was negatively associated with glu-
cose elevations, total, HDL, LDL cholesterol and triglyc-
eride levels (p < 0.001 in all cases; Tables S3-S7). When
estimating the effect of a dose lower or higher than
10 mg per day, no associations were found with any
metabolic parameters (p > 0.05) except for increase in
fasting glucose and decrease in HDL cholesterol in
patients with olanzapine doses <10 mg/day (p < 0.001
and 0.01; Table 3).

As shown in Table 4, the odds of experiencing CRW
(>7%) were not increased with a higher dose of
olanzapine, although a trend was observed (OR = 1.55,
95%CI = 0.93-2.59, p = 0.09). Odds of experiencing EWG
were increased for higher olanzapine doses (OR = 12.77,
95%CI = 3.78-43.07, p < 0.001) as well as in patients
receiving high versus low olanzapine daily doses
(OR = 2.15, 95%CI = 1.57-2.97, p < 0.001). Regarding
the onset of metabolic traits, no differences between
patients receiving high and low daily doses of olanzapine
were reported. We could not model the odds ratios of
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TABLE 1 Clinical and demographic parameters of the study sample based on olanzapine dose
Low-dose group High-dose group
Total sample (<10 mg/day) (>10 mg/day)
N 392 297 95
Age, median (IQR), years 38.0 (26.0-53.3) 38.0 (26.0-54.0) 37.0 (27.0-51.0)
Men, 1 (%) 208 (53.1) 149 (50.2) 59 (62.1)

Follow-up duration, median
(IQR), days

Olanzapine dose, median (IQR),
mg/d

Smoking, n (%)
Main diagnosis (%)*

Schizophrenia spectrum
disorders (F20-29)

Mood disorders (F30-39)
Other
Missing

Baseline metabolic parameters

Weight, median (IQR) kg

BMI, median (IQR) kg/m?>

Obesity (>30 kg/m?),
n/total (%)

Hypertension, n/total (%)

Raised fasting plasma glucose,
n/total (%)

Fasting hypertriglyceridaemia,
n/total (%)

HDL hypocholesterolaemia,
n/total (%)

Total hypercholesterolaemia,
n/total (%)

Metabolic syndrome IDF,
n/total (%)

Co-medication at baseline”
Second antipsychotic
Third antipsychotic
Antidepressant
Benzodiazepine
Hypertensive drug
Antidiabetic drug
Lipid-lowering drug

40.0 (20.7-112.2)

10.0 (5.0-10.0)

212 (54.1)

211 (53.8)

104 (26.5)
67 (17.1)
10 (2.6)

3 74.0 (65.0-82.0)

@ 59.0 (50.7-71.2)
n = 327, 22.7 (20.2-26.2)

36/327 (11.0)

34/70 (48.6)
55/252 (21.8)

54/223 (24.2)

83/261 (31.8)

114/264 (43.1)

15/323 (4.6)

74/386 (19.2)
32/386 (8.3)

65/392 (16.6)

288/392 (73.5)
32/392(8.2)
6/392 (1.5)
16/392 (4.1)

36.0 (18.0-101.0)

10.0 (5.0-10.0)

143 (48.1)

151 (50.8)

82 (27.6)
56 (18.9)
8 (2.7)

3 72.4 (65.0-81.0)

@ 58.1 (50.7-70.2)
n = 260, 22.6 (20.1-26.1)

27/260 (10.4)

27/60 (45.0)
40/197 (20.3)

43/173 (24.9)

61/197 (31.0)

87/199 (43.7)

10/256 (3.9)

62/294 (21.1)
19/294 (6.5)

47/297 (15.8)

209/297 (70.4)
28/297 (9.4)
5/297 (1.9)
13/297 (4.4)

47.0 (28.0-137.0)

20.0 (15.0-20.0)

69 (72.6)

60 (63.2)

22 (23.2)
11 (11.6)
2(2.1)

3 74.7 (69.7-83.7)

Q 61.5 (52.0-75.2)

n= 67,229 (21.1-26.5)
9/67 (13.4)

7/10 (70.0)
15/55 (27.3)

11/50 (22.0)

22/64 (34.4)

27/65 (41.5)

5/67 (7.5)

12/92 (13.0)
13/92 (14.1)
18/95 (18.9)
79/95 (83.2)
4/95 (4.2)
1/95 (1.0)
3/95 (3.1)

Note: Significant p-values are indicated in bold.

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; IDF, International Diabetes Federation; IQR, interquartile range.
“Based on international Classification of Diseases (ICD-10).

PList of co-medication detailed in Table S2.

p-value

0.64
0.04
0.01

<0.001
0.80

3 0.04
2 0.35
0.24
0.51

0.18
0.27

0.85

0.64

0.77

0.21

0.10
0.03
0.53
0.02
0.13
1.0

0.77

535
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FIGURE 1 Weight change (%) over treatment duration in high- versus low-dose olanzapine daily dose groups

TABLE 2 Associations of olanzapine daily dose with weight changes as primary outcome

5 mg olanzapine daily dose increase

High dose of olanzapine®

E (95% CI)
Olanzapine dose 5 mg/day increase 0.03 (—0.07 to 0.12)
High dose*
Age —0.06 (—0.28 t0 0.17)
Sex® —0.23 (—1.04 to 0.58)

Baseline BMI —0.20 (—0.28 to —0.13)
0.46 (—0.24 to 1.16)
1.98 (1.85 to 2.12)

0.10 (—0.42 t0 0.62)

Smoking status®

Olanzapine treatment duration

In- vs. outpatient treatment

Co-medication with
Lipid-lowering agent —1.59 (—2.32 to —0.87)
0.76 (0.18 to 1.34)
0.11 (—1.37 to 1.58)

—0.31 (—0.64 to 0.03)

Hypertensive agent
Antidiabetic agent

Second antipsychotic

Third antipsychotic 1.61 (1.14 to 2.08)
Antidepressant 0.78 (0.37 to 1.18)
Benzodiazepine 0.68 (0.39 to 0.98)

Note: Significant p-values are indicated in bold.

Abbreviations: BMI, body mass index (kg/m?); CI, confidence interval; E, effect size.

p value
0.62

0.63
0.58
<0.001
0.20
<0.001
0.71

<0.001
0.01
0.89
0.076
<0.001
<0.001
<0.001

E (95% CI) p-value
0.31 (0.07 to 0.55) 0.01
—0.06 (—0.29 to 0.17) 0.63
—0.24 (—1.05 to 0.57) 0.56
—0.20 (—0.28 to —0.13) <0.001
0.43 (—0.27 to 1.13) 0.23
1.96 (1.82 to 2.09) <0.001
0.11 (—0.41 to 0.63) 0.68
—1.57 (—2.30 to —0.85) <0.001
0.77 (0.19 to 1.36) 0.01
0.10 (1.37 to 1.57) 0.89
—0.29 (—0.63 to 0.05) 0.09
1.62 (1.16 to 2.09) <0.001
0.77 (0.37 to 1.18) <0.001
0.68 (0.38 to 0.97) <0.001

“High dose defined as >10 mg/day. A 5-mg increase of olanzapine dose would correspond to a decreased 0.2 kg/m? of baseline BMI, increased 2 days of
olanzapine treatment duration, decreased 1.59- and 0.31-fold co-prescription rates of lipid-lowering agents and second antipsychotic and increased 0.76-, 1.61-,
0.78- and 0.68-fold co-prescription rates of hypertensive, third antipsychotic, antidepressants and benzodiazepines, respectively.

"Males using females as reference.
“Smokers using non-smokers as reference.
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TABLE 3 Associations of olanzapine daily dose with metabolic parameters

Metabolic parameter change % n

Systolic blood pressure (mmHg) 55
Diastolic blood pressure (mmHg) 55
Fasting plasma glucose (mmol/L) 200
Triglycerides (mmol/L) 182
Total cholesterol (mmol/L) 209
LDL cholesterol (mmol/L) 175
HDL cholesterol (mmol/L) 205

5 mg olanzapine daily dose increase

pT

High dose of olanzapine®

E (95% CI) p-value
~1.1(-2.0to —0.01) 0.03
—1.8 (=3.0 to —0.7) 0.01

0.4 (0.1 to 0.6) 0.01

0.2 (0.2 to 0.6) 0.25
~0.1(-0.2to —0.01) 0.03
—0.1(—041t00.2) 0.50
~0.2(—0.3 t0 0.0) 0.01

E (95% CI) p-value
0.1(~1.9to2.1) 0.92
—1.7 (—4.1 t0 0.6) 0.16
1.8 (1.3 t0 2.3) <0.001
0.0 (—0.8 t0 0.8) 0.95
—0.1(-0.3t00.1) 0.33
0.3 (—0.5 to 1.0) 0.49
—0.4 (—0.6 to —0.1) 0.01

Note: Significant p-values are indicated in bold.

Abbreviations: CI, confidence interval; E, effect size; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

“High-dose defined as >10 mg/day. A 5-mg increase of olanzapine doses would correspond to a decreased 1.1 and 1.8 mmHg of systolic and diastolic blood
pressure, to an increased 0.4 mmol/L of fasting glucose and to a decreased 0.1 and 0.2 mmol/L of total and HDL cholesterol, respectively.

TABLE 4 0dds ratios (OR) of clinically relevant weight gain (>7%), early weight change (>5% within 30 days) and new onset of other

metabolic abnormalities in function of olanzapine doses

Associations with
olanzapine daily dose,
OR (95% CI)

2.21(0.35-14.1)
12.7 (3.78-43.1)"
1.38 (0.01-152)

Metabolic disturbance onset n
CRW 377
EWC 377
Obesity (>30 kg/m?) 283
Elevated fasting plasma glucose (>5.6 mmol/L) NC
Hypertriglyceridaemia (>1.7 mmol/L) NC
Total hypercholesterolaemia (>5 mmol/L) 149
HDL hypocholesterolaemia (>1.29 mmol/L in 170
women/>1.03 mmol/L in men)
Hypertension (SBP > 85mmgHg & 38
DBP > 130 mmHg)
Metabolic Syndrome NC

0.00 (0.00-574)
4.81 (0.00-42 857)

0.53 (0.00-59.2)

Associations with high daily dose
of olanzapine (>10 mg/day),
OR (95% CI)

1.55 (0.93-2.59)
2.15 (1.57-2.94)"
2.37 (0.81-6.89)
NC

NC

1.06 (0.05-21.5)
0.53 (0.06-4.80)

0.68 (0.15-3.02)

NC

Abbreviations: CI, confidence interval; CRW, clinically relevant weight gain (>7%); DBP, diastolic blood pressure; EWC, early weight change (>5% within
30 days); HDL, high-density lipoprotein; NC, not calculated; OR, odds ratio; SBP, systolic blood pressure.

“p < 0.001.

new-onset elevated fasting glucose, hypertriglyceridaemia
and metabolic syndrome in our sample because of the
small number of new-onset cases.

4 | DISCUSSION

In light of long-term efficacy and tolerability of antipsy-
chotic treatment, there is a vivid ongoing debate regard-
ing the prescription of reduced versus standard
antipsychotic doses in maintenance treatment.*”’*° Qur
analysis of 392 patients in a follow-up period of 3 months
after olanzapine initiation suggests minor differences

between metabolic effects of low versus high daily doses
of olanzapine with few exceptions of metabolic alter-
ations. The size of our sample and the longitudinal design
support the generalizability of our findings. In our
cohort, weight gain was larger in patients receiving more
than 10 mg/day olanzapine compared to patients receiv-
ing <10 mg/day, although no association between weight
changes and olanzapine dose as continuous variable was
observed. This contrasting finding may be driven by the
twofold higher risk to develop EWG in patients receiving
>10 mg/day compared to patients receiving olanzapine
doses <10 mg/day. Thus, we may hypothesize a different
temporal course of weight changes following olanzapine
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initiation for low- versus high-dose olanzapine treatment,
although the risk of CRW may ultimately not be dose
dependent on the long term. In other words, despite early
differences, olanzapine-associated weight gain may not
be moderated by the dose on the long term. This lack of
dose-dependent pattern may also reflect the lack of dose-
dependent olanzapine effects on gut microbial
composition,*® which seems to be part of the pathway
underlying olanzapine-associated metabolic alterations.**

Previous data on dose-dependent effects for
olanzapine-associated weight gain and metabolic abnor-
malities present severe discrepancies, mainly due to
methodological heterogeneity. In two samples of schizo-
phrenia patients followed up for 6 weeks, no dose-
dependent patterns regarding olanzapine-related weight
gain were observed.*? In alignment with these results, a
study of 573 schizophrenia patients reported no effects
for olanzapine dose on weight gain over 39 weeks.®
However, in a larger retrospective cohort (n = 38 865)
with various psychiatric diagnoses, patients receiving
more than 5 mg/day gained 3.2 kg after 6 weeks com-
pared to 1.9 kg in patients receiving <5 mg/day of
olanzapine.** Likewise, in patients with borderline per-
sonality disorder, patients with olanzapine 2.5 mg/day
had a weight gain of 2.09 kg versus 3.17 kg in patients
with 5-10 mg/day over 12 weeks.*> Nevertheless, since
doses lower than 5 mg/day do not reflect approved doses
for schizophrenia or mania, this risk stratification for
weight gain may be less useful. This strong limitation
had been highlighted by a review of earlier research of
antipsychotic-associated weight gain suggesting no dose-
dependent pattern for olanzapine-related weight gain in
a total of nine studies with the exception of two studies,
one of which investigated olanzapine doses below the
therapeutic reference range.**

On the other hand, in a cohort of patients with psy-
chotic depression, authors reported a positive association
between olanzapine cumulative dose and weight gain for
a minimum of 4 weeks of olanzapine treatment.** In fact,
previous works have highlighted different risk profiles of
olanzapine for patients with different diagnoses; for
example, weight gain is considered more prominent in
patients with schizophrenia spectrum disorders com-
pared to patients with affective disorders,” suggesting
underlying mechanisms included differences in incidence
of related lifestyle risk factors.*’

Further, we reported a negative interaction effect of
baseline BMI with olanzapine dose on weight change
(Table 2), meaning that when baseline BMI is lower, the
effect of an increase of olanzapine dose has a greater
impact on weight. Previous literature has consistently
reported a negative association between baseline BMI

and weight gain®**?°; in other words, patients with lower

baseline BMI or weight values may demonstrate larger
weight gain. Nevertheless, the role of interplay between
baseline BMI and olanzapine dose has received dispro-
portionately less attention. Our results suggest that larger
weight gain in patients with lower baseline BMI may be
mediated at least partially by higher daily doses.

When modelling effects on weight gain, co-prescrip-
tion of >2 antipsychotics, antidepressants and benzodiaze-
pines was positively associated with the increase in weight
gain. Previous pharmacoepidemiological data suggested
an association between polypharmacy and increased risk
of obesity in the youth.*® As previous works suggested,*® it
is particularly difficult to unravel olanzapine effects from
potential synergies between olanzapine and other psycho-
tropic agents on weight gain. It is also impossible to
exclude the possibility of some confounding effects of the
potentially more severe clinical picture in patients receiv-
ing polypharmacy versus monotherapy.

In line with previous literature on the association
between olanzapine levels and weight gain, we did not
report an association between olanzapine levels and
weight gain.*’~** Nevertheless, we detected an association
between weight gain and olanzapine levels >80 ng/ml,
which is the upper threshold of the therapeutic reference
range.>® It is difficult to compare this association with
previous findings due to differences in follow-up duration
or sample of patients. For example, a previous study of
first-episode olanzapine-treated patients suggested a
threshold of 23.28 ng/ml for CRW (>7%) after 2 months
of olanzapine treatment.® A potential explanation for
the gap between this threshold and the threshold adopted
by us (80 ng/ml) may be the fact that our patients were
not first-episode patients and thus not antipsychotic
exposure-free. Additionally, a study of chronic patients
titrated up to 20 mg/day olanzapine reported a threshold
for dose-weighted plasma levels of 20.6 ng/ml for CRW
after 6 weeks,” which is a shorter follow-up window
compared to ours.

Concerning changes for other metabolic traits, lower
olanzapine doses were associated with increases in total
and HDL cholesterol and blood pressure. These counter-
intuitive findings might be understood in light of the role
of potential confounders; for example, increase of total
cholesterol was also observed for longer treatment dura-
tion and in younger patients as well as non-smokers. This
association may imply that patients potentially receiving
olanzapine for longer time may have been more exposed
to increase of total cholesterol. In younger patients,
cumulative exposure to olanzapine may have been
smaller compared to older patients. In general, the time
window following first antipsychotic exposure is consid-
ered as a critical period where metabolic changes are
most prominent.”*> We also reported HDL cholesterol



SCHORETSANITIS ET AL.

increases in patients treated with lower doses of
olanzapine; when modelling changes in HDL cholesterol,
smoking also had a negative association, but not age.
Smoking contributes directly to HDL cholesterol
decrease.’® Further, low-dose-treated patients might have
been patients with shorter illness duration or less likely
to be treatment resistant. Thus, they might have previ-
ously been more exposed to smaller metabolic burden
explaining higher total and HDL cholesterol levels as
well as blood pressure as compared to high-dose-treated
patients. The association between lower blood pressure
and higher olanzapine doses may be understood in light
of the olanzapine-related hypotension in schizophrenia
patients with new or recent onset.>*

There was also a clear association between fasting
plasma glucose and olanzapine dose. A previous work
suggested slightly higher odds ratio of elevated
haemoglobin A1C (HbAlc) in patients receiving >10 ver-
sus <10 mg/day.”® Nevertheless, an assessment of
25 patients with schizophrenia suggested no olanzapine
daily dose effects on oral glucose tolerance test (OGTT)
performance%; however, the contrast between our findings
and the results of this, potentially underpowered, study
may be explained by the cross-sectional design,"> which
included only non-diabetic patients. Additionally, OGTT is
a more sensitive screening tool for dysglycaemic status
than single measures such as fasting glucose or HbAlc.”’

The main limitation of our exploratory analysis refers
to the assessment of associations, which, however, cannot
be used as to infer causality. Moreover, the use of more
sensitive screening tools for metabolic parameters in
larger samples of olanzapine-treated patients may have
provided further insight. Further, using 10 mg daily
olanzapine dose was clinically driven, but it led to two
comparison groups that were not equally powered. Some
bias might have been introduced by the non-randomized
design of the study with the choice of olanzapine dose
being made by the clinicians, who might have considered
metabolic alterations during the dose selection. Last, the
data were not primarily collected for this study, which
may have impacted the results.

5 | CONCLUSION

In our large sample, the lack of major dose-dependent pat-
terns for weight gain emphasizes that all olanzapine-
treated patients are at risk of weight gain regardless of the
dose. Even doses below the minimal effective dose may
not result in reduced potential harm on metabolic parame-
ters. Metabolic monitoring should be integral part of
olanzapine-based treatment regardless of the olanzapine
dose, the setting of care or treatment duration.
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