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ABSTRACT

Objectives: Second generation antipsychotics (SGAs) induce weight gain and dyslipidemia,
albeit with important intervariability. Insulin-like growth factor binding protein (IGFBP)-2 is pro-
posed as a circulating biomarker negatively associated with waist circumference and hypertrigly-
ceridemia. Thus, we tested whether metabolic alterations developed upon the use of SGAs are
associated with plasma IGFBP-2 levels.

Methods: A cross-sectional study was performed in 87 men newly diagnosed with schizophrenia
and administered for approximately 20 months with olanzapine or risperidone as their first anti-
psychotic treatment. Plasma IGFBP-2 concentration, anthropometric data, as well as glucose and
lipid profiles were determined at the end of the treatments.

Results: IGFBP-2 levels were similar between patients using olanzapine or risperidone and were
negatively correlated with waist circumference, insulin sensitivity, and plasma triglycerides (TG).
A higher proportion of men with a hypertriglyceridemic (hyperTG) waist phenotype was found
in patients with IGFBP-2 levels lower than 220 ng/mL (43% for olanzapine and 13% for risperi-
done) compared to those with IGFBP-2 above this threshold (10% and 0%, respectively).
Conclusions: IGFBP-2 may have a role in altering metabolic risk in schizophrenic patients using
SGAs. Longitudinal studies are required to evaluate whether IGFBP-2 can predict the develop-
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ment of a hyperTG waist phenotype in this population.

Introduction

Schizophrenia (SZ) is often associated with poor nutri-
tional and physical activity habits, making afflicted
individuals at risk for the development of metabolic
dysfunctions  and reduced life  expectancy
(Vancampfort et al. 2015, 2017). Moreover, studies in
the past decade have demonstrated that treatment of
drug-naive SZ patients with second generation anti-
psychotics (SGAs) often triggers larger appetite and
additional weight gain (Jeon and Kim 2017). This
greatly exacerbates an already reduced cardiorespira-
tory fitness in this vulnerable population, and further
worsens insulin resistance as well as dyslipidemia
(Volpato et al. 2013; Wei Xin Chong et al. 2016). In this

regard, olanzapine treatment often appears more det-
rimental to cardiovascular health than risperidone
(Vancampfort et al. 2017; Barton et al. 2020). However,
apart from the likely contributions of genetics, the
underlying causes for the large inter-variability in the
extent of the metabolic alterations occurring in
patients using SGAs are not fully established (Deng
2013). Thus, despite the crucial usefulness of SGAs for
the clinical management of schizophrenia, additional
data is required to better understand their cardiometa-
bolic impact, which may ultimately help curb the high
rate of premature mortality caused by cardiovascular
disease in these patients (Tiihonen et al. 2009).

Recent research on obesity and metabolic abnor-
malities with non-psychiatric populations support that
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having low levels of the circulating Insulin-like Growth
Factor (IGF) Binding-Protein 2 (IGFBP-2) may play an
important role in developing a host of metabolic
abnormalities that increase the risk for cardiovascular
diseases (Heald et al. 2006; Carter et al. 2014; Yau
et al. 2018; Carter et al. 2019; Haywood et al. 2019).
IGFBP-2 is a 36kDa circulating protein that is mainly
produced by hepatocytes, and has been positively
associated with insulin sensitivity through IGF-inde-
pendent actions involving the a5B1 integrins and the
receptor tyrosine phosphatase (RPTP)B receptor
(Hoeflich and Russo 2015). A direct role has been
experimentally demonstrated in rodents in which
overexpression of IGFBP-2 prevents the development
of age- and diet-induced insulin resistance, adipogene-
sis and body fat accretion (Wheatcroft et al. 2007). In
line with this, low circulating levels of IGFBP-2 have
been consistently observed in overweight humans
with dyslipidemia and insulin resistance in an incre-
mental manner (Heald et al. 2006; van den Beld et al.
2012; Carter et al. 2014; Yau et al. 2015; 2018).
Moreover, low IGFBP-2 has recently been proposed as
a top biomarker for cardiovascular diseases (Ho et al.
2018) and type 2 diabetes (Shah et al. 2019) . In 2014,
our group reported data from a cross-sectional study
in overweight men (Carter et al. 2014) in which a cir-
culating IGFBP-2 concentration of ~220ng/mL repre-
sented a threshold below which individuals met the
NCEP ATP Il criteria for the clinical diagnosis of the
metabolic syndrome (Brown 2004), including hypertri-
glyceridemic (hyperTG) waist phenotype (in men, waist
circumference > 90cm + plasma TG > 2.0 mmol/L), a
simple clinical marker of visceral obesity and a robust
atherogenic marker (Lemieux et al. 2000).

Interestingly, associations between altered levels of
IGFBP-2 have been suggested with a number of brain
diseases, such as Alzheimer's disease (Royall et al.
2015; Lane et al. 2017; Bonham et al. 2018) and bipo-
lar disorder (Milanesi et al. 2017). In addition, a role
for IGFBP-2 has been suggested for the control of anx-
iety (Schindler et al. 2017), onset of depression (Basta-
Kaim et al. 2014) and for structural plasticity in post-
traumatic stress disorder (Burgdorf et al. 2017). Thus,
there is a possible link between IGFBP-2 and mental
health. However, no study has yet directly examined
the relationships between IGFBP-2 and SZ. Herein, we
hypothesised that having high plasma IGFBP-2 levels
is associated with reduced metabolic complications in
SZ patients using SGA. To this end, we took advantage
of a sample including 42 olanzapine and 45 risperi-
done users from a previously published cross-sectional
study (Almeras et al. 2004), and (1) determined the

circulating concentrations of IGFBP-2 in these patients;
(2) characterised the relationship between IGFBP-2 lev-
els and a variety of well-established risk factors for car-
diovascular diseases; and 3) investigated possible
differences according to the drug used.

Methods and procedures
Study participants

The present study reports IGFBP-2 data from a cohort
previously described in detail (Almeras et al. 2004).
Details about patients’ recruitment and approval by
the ethics review boards have also been published
(Almeras et al. 2004). Informed written consent was
obtained from all participants prior to their inclusion
in the study. Samples were taken and deposited in a
biobank for future analyses. The biobank is adminis-
tered by a management framework. This specific study
has received ethics approval from the institutional
review board of the IUCPQ (#2017-2824, 21433).

Briefly, a total of 87 adult men newly diagnosed
with DMS-IV schizophrenia by referring psychiatrists
had to be treated for at least sixmonths with either
olanzapine or risperidone as their first and only SGA,
with no prior exposure to other antipsychotic drugs.
The sample was restricted to men, sex being an
important determinant of the metabolic parameters
and body fat distribution assessed in the present
study. Exclusion criteria were: previous exposure to
olanzapine, risperidone, clozapine or quetiapine (no
other SGA were available in Canada at that time);
recent smoking cessation; endocrine diseases; current
treatment with medication targeting blood pressure,
body weight, or glucose or lipid metabolism.
Psychiatric history and psychiatric evaluation were
recorded as described (Almeras et al. 2004). At the
end of the drug treatment, anthropometric data were
recorded and blood samples were collected from the
antecubital vein after a 12-h overnight fast for bio-
chemical analyses. Thus, the data reported here are a
transversal portrait of cardiometabolic variables,
including IGFBP-2, that were quantified at one time-
point only, i.e. the end of the study.

Anthropometric and blood measurements

Weight, height (Gordon et al. 1988), and waist circum-
ferences (van der Kooy et al. 1993) were measured
using standardised procedures previously described.
Body mass index (BMI) was calculated. Plasma glucose
was measured enzymatically (Olympus, America Inc,
PA) (Richterich and Dauwalder 1971), whereas plasma



insulin levels were determined by radioimmunoassay
(Desbuquois and Aurbach 1971). The homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated from fasting glucose and insulin concentra-
tions (Matthews et al. 1985). Plasma triglycerides (TG)
and cholesterol levels were determined in plasma as
described (Almeras et al. 2004). Plasma apo B and apo
A1 concentrations were measured according to stand-
ardised procedures (Moorjani et al. 1987; Riepponen
et al. 1987). The LDL peak particle diameter was
obtained from non-denaturing 2-16% polyacrylamide
gradient gel electrophoresis as also described
(Blackburn et al. 2004).

IGFBP-2 quantification

Plasma IGFBP-2 levels were measured on frozen sam-
ples by ELISA (Mediagnost, Reutlingen, Germany)
according to the manufacturer's instructions. The
detection limit was 0.2ng/mL; the inter-assay coeffi-
cient of variability was 7.2%.

Statistical analyses

Data are reported as mean+SD in Tables and as
mean +SEM in Figures. Differences in IGFBP-2 levels
between olanzapine and risperidone groups were
evaluated using one-way ANOVA. Relationships
between cardiometabolic variables and plasma IGFBP-
2 levels are reported using Pearson correlations. To
further determine the impact of changes in IGFBP-2,
subjects were also divided according to their IGFBP-2
levels, using 220ng/mL as the cut-off as previously
suggested (Carter et al. 2014). Differences in cardiome-
tabolic variables between these four groups were
assessed by two-way ANOVA using Drugs (D; olanza-
pine vs. risperidone) and IGFBP-2 (BP2; levels above
vs. below 220 ng/mL) as main factors. Categorical vari-
ables were compared by chi-squared test. A p-value
<0.05 was considered significant. All statistical analy-
ses were performed using the GraphPad Prism statis-
tical system (San Diego, CA, USA).

Results

Plasma samples from 87 men were processed (42
olanzapine and 45 risperidone users). The mean treat-
ment  duration with SGA  was 20 months
(Supplementary Table 1). Age, body weight, waist cir-
cumference, fasting glucose, HOMA-IR and illness
severity were similar between the two groups,
although risperidone treatment was associated with
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Figure 1. Plasma concentrations of IGFBP-2 in schizophrenic
patients treated with olanzapine or risperidone for approxi-
mately 20 months. Each dot represents one individual. Bars
represent mean + SEM.

higher functioning (Supplementary Table 1). However,
olanzapine-treated patients showed a higher choles-
terol/HDL-chol ratio, as well as higher levels of trigly-
cerides and blood pressure compared to risperidone
users (Supplementary Table 1).

Mean circulating concentrations of IGFBP-2 in the
whole cohort were 186+ 109ng/mL. Plasma levels of
IGFBP-2 were not significantly different between
patients treated with olanzapine and risperidone
(p=0.26, Figure 1). In the entire cohort, circulating
levels of IGFBP-2 were negatively and significantly cor-
related with BMI (r = —0.49; R? = 0.2393; p < 0.0001),
waist circumference (r = —049; R*> = 0.2373;
p < 0.0001), triglyceridemia (r = —0.39; R?> = 0.1488;
p=0.0003) and HOMA-IR index (r = —0.34; R =
0.1143; p=0.0016). When drug treatments were spe-
cifically compared, these relationships remained similar
(Figure 2(A-C)), except for triglyceridemia, which was
negatively associated with IGFBP-2 levels only in olan-
zapine, but not in risperidone users (Figure 2(D)).

As shown in Supplementary Table 1, only 10 olan-
zapine-treated and 15 risperidone-treated subjects had
IGFBP-2 plasma concentrations above 220 ng/mL, lev-
els suggested as threshold for many determinants of
the metabolic syndrome (Carter et al. 2014).
Regardless of the drug treatment, patients with IGFBP-
2 higher than 220ng/mL were significantly older
(p=10.0187), but were nevertheless characterised with
lower body weight (p=0.0299) than subjects with
lower IGFBP-2 (Supplementary Table 1). Interestingly,
patients with high IGFBP-2 also had lower BMI (Figure
3(A), p=0.0014), and waist circumference (Figure 3(B),
p=0.0032), than individuals with IGFBP-2 levels <
220 ng/mL. Moreover, division of the groups on the
basis of IGFBP-2 levels revealed robust differences in
LDL particle size (Supplementary Table 1, p=0.0103),
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Figure 2. Simple regression analyses between plasma concentrations of IGFBP-2 and BMI (A), waist circumference (B), HOMA-IR
index (C) and plasma triglycerides (D) in schizophrenic patients treated with olanzapine (open circles, plain line) or risperidone

(black circles, dotted line) for approximately 20 months.

fasting insulin (Supplementary Table 1, p=0.0151), as
well as insulin resistance (HOMA-IR, Figure 4(A),
p =0.0233). Both main factors (IGFBP-2 levels and SGA
drugs) were significantly linked with triglyceridemia
(Figure 4(B)). In contrast, systolic and diastolic blood
pressures did not differ according to IGFBP-2 levels,
but rather by the administered drugs (Supplementary
Table 1).

To further investigate a possible drug-specific
effect, we stratified the olanzapine- and risperidone-
treated patients according to their IGFBP-2 levels and
examined for each drug-group the association
between IGFBP-2 level and the hyperTG waist pheno-
type (waist circumference > 90cm and triglyceride
levels > 2.0mmol/L), which constitutes a strong
atherogenic marker (Lemieux et al. 2000). In patients
characterised with IGFBP-2 levels < 220 ng/mL, 44% of
olanzapine (14 out of 32) and 13% of risperidone users
(4 out of 30) showed the hyperTG waist phenotype
(Table 1). In patients with IGFBP-2 concentrations
above 220 ng/mL, these proportions were significantly
(p =0.0178) much lower, at 10% (1 out of 10) and 0%
(0 out of 15), respectively (Table 1).

Discussion

A notable and central observation of the present study is
the significant number of SZ patients with circulating
IGFBP-2 levels lower than 220ng/mL, a threshold previ-
ously shown to discriminate for patients with the charac-
teristics used for the diagnosis of the metabolic
syndrome, namely high waist circumference, hypertrigly-
ceridemia, low HDL-cholesterol, elevated fasting glycemia,
and high blood pressure (Carter et al. 2014). When dicho-
tomised on the basis of this threshold, we found that
patients with high IGFBP-2 were less insulin resistant and
had lower BMI and abdominal adiposity as shown by a
lower waist circumference, independently of the pre-
scribed drug. In this regard, this study further broadens to
patients with SZ the known negative correlation between
IGFBP-2 and metabolic syndrome. Thus, our findings sug-
gest that IGFBP-2 levels are linked with the extent of the
cardiometabolic alterations developed upon the use of
SGAs and reveal patients with higher atherogenic risk, as
indicated by their hyperTG waist phenotype.

Our data suggest that the differences in cardiome-
tabolic profiles observed between patients could be,
at least in part, associated with their IGFBP-2 levels.


https://doi.org/10.1080/15622975.2020.1770858

THE WORLD JOURNAL OF BIOLOGICAL PSYCHIATRY . 5

[3)]
o
1

(A)

Y
o
1

BMI (kg/m?)
8
Ao
w. [ ]

(o]
S
.‘*o oo
ole

O [IGFBP-2] < 220 ng/mL
® [IGFBP-2] > 220 ng/mL

20+ o® o LY Drugs (D) : p = 0.7843
IGFBP-2 (BP2) : p = 0.0014
DxBP2:p=0.9676
10 . r
Olanzapine Risperidone
140+
[ ]
(o}
1204 ©p0 o o
O. O
&0
ol® O [IGFBP-2] < 220 ng/mL

100+ %
Oo [ @

‘%8’%

® [IGFBP-2] > 220 ng/mL

&
s

Waist circumference (cm) @

o
80+ . %00 Drugs (D) : p = 0.6204
o® LY IGFBP-2 (BP2) : p = 0.0032
60 DxBP2:p=0.9318

Olanzapine Risperidone
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their IGFBP-2 levels. Each dot represents one individual. Bars represent mean + SEM.
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Table 1. Proportions of schizophrenic patients with a
hyperTG waist® according to their anti-psychotic drugs and
IGFBP-2 levels.

IGFBP-2 <220 ng/mL

14/32 (44%)
4/30 (13%)

IGFBP-2 > 220 ng/mL

1/10 (10%)
0/15 (0%)

Olanzapine

Risperidone

p(y? > 9.418) = 0.0242
®HyperTG waist phenotype diagnostic criteria:

Waist circumference > 90 cm + plasma triglycerides > 2.0 mmol/L.

Consistent with many other studies, plasma IGFBP-2
levels were negatively associated with markers of fat
mass and impaired insulin sensitivity, irrespective of
the prescribed drug. However, IGFBP-2 and triglyceride
levels were not correlated in risperidone users, sug-
gesting a drug-specific effect in olanzapine-treated
patients. These findings support the possibility of
weight gain-independent effect of specific SGAs on
energy metabolism (Raben et al. 2017; Kowalchuk
et al. 2018) and suggest that variables other than
accumulation in fat mass contribute to the drug-
induced changes in blood lipids. Thus, the potential
role of IGFBP-2 for better identification of individuals
at risk for dyslipidemia should be tested experimen-
tally in larger cohorts.

On average, olanzapine and risperidone-treated
patients had similar circulating IGFBP-2 levels. In the
absence of IGFBP-2 data before the onset of the drug
administration, we cannot rule out that olanzapine
and risperidone have induced a modulation in hepatic
IGFBP-2 production (either directly or indirectly). For
example, since SGAs have been proposed to modify
leptin signalling pathways (Volpato et al. 2013;
Goncalves et al. 2015), perhaps through changes in
the adrenergic neuronal circuitry (Volpato et al. 2013;
Jeon and Kim 2017), and that leptin increases IGFBP-2
levels (Hedbacker et al. 2010; Levi et al. 2012), this
possibility is of high interest. Also, because IGFBP-2 is
highly expressed in the brain (Hoeflich et al. 2014), in
which leptin receptors have profound cardiometabolic
effects, exploring the potential impact of SGAs on
brain IGFBP-2 levels could reveal an unexpected role
in energy balance, which could lead to novel strat-
egies. This possibility also remains to be explored.

Limitations

A major limitation of the present study is the absence
of IGFBP-2 data before the beginning of SGA treat-
ment. It is thus not possible to know whether adminis-
tration of SGA modified IGFBP-2 production or
clearance, or whether IGFBP-2 can be considered as a
predictive biomarker for the progression of cardiome-
tabolic alterations upon SZ treatment. Moreover, given

the cross-sectional nature of the study, and the
absence of an untreated group, we cannot disentangle
the effect of the disease from that of the drug nor the
extent to which IGFBP-2 levels reflect causality, since it
is also plausible that altered IGFBP-2 levels only reflect
parallel changes in other pathways affected by the
drugs. All these hypotheses ought to be tested in
thorough prospective studies. Finally, the fact that our
sample was restricted to male subjects makes impos-
sible  to generalise the present results to
female patients.

Conclusion

The development of metabolic alterations induced by
the treatment of schizophrenia with SGAs is well
documented. However, there is a lack of knowledge
pertaining to the factors that explain or contribute to
the large inter-variability observed in patients adminis-
tered with these drugs. Here, the present study shows
that IGFBP-2 levels are not associated with psychiatric
severity of illness or functioning under treatment with
SGAs, but that they are linked with important differen-
ces in anthropometric and cardiometabolic outcomes
between patients treated with olanzapine and risperi-
done. Thus, we propose that the extent of cardiometa-
bolic alterations developed upon the use of atypical
antipsychotics might, at least in part, be influenced by
circulating IGFBP-2 levels.
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