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Aim: Second-generation antipsychotics (SGA) are known to induce metabolic 
disturbances. Genetic pathways, such as the IGF pathway could be associated with 
increased metabolic syndrome (MetS). Additionally, IGF2 methylation varies as a 
function of environmental influences and is associated with schizophrenia and MetS. 
The current study aims to evaluate whether genetic and epigenetic variation in genes 
of the IGF pathway are associated with metabolic disturbances in patients under 
treatment with SGAs. Methods: Cross-sectional metabolic data from 438 patients 
with schizophrenia spectrum disorder was analyzed. Using the Sequenom MassARRAY 
iPLEXTM platform, 27 SNPs of the IGF1 and IGF2 genes and the IGF receptors IGF1R 
and IGF2R were genotyped. Methylation status of seven IGF2 CpG dinucleotides 
was evaluated using a Sequenom MALDI-TOF spectrometer. Results & conclusion: 
There was a significant association between IGF2 methylation and genotype, but 
no significant association between genetic or epigenetic variability and metabolic 
parameters in the present study.

Original submitted 28 October 2013; Revision submitted 7 March 2014
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Background
Patients treated with antipsychotics, and spe-
cifically with second-generation antipsychot-
ics (SGA), have an increased risk for weight 
gain and metabolic syndrome (MetS) [1–4]. 
Yet, there are large differences in the extent to 
which these metabolic disturbances develop 
in individual patients. Previous research has 
highlighted several risk factors underlying 
this intraindividual variation.

A primary risk factor is the type of SGA 
used. SGAs vary in their liability to induce 
metabolic disturbances and weight gain, 
with clozapine and olanzapine carrying the 
highest risk [5–8]. Additionally, polyphar-
macy, which is common in the treatment of 
schizophrenia, increases the chance of meta-
bolic disturbances [9–12]. A second major con-
tributor to the risk for MetS in patients with 
schizophrenia is lifestyle: as a group, patients 

with schizophrenia have an increased preva-
lence of unhealthy behaviors, such as a seden-
tary lifestyle [13,14], unhealthy diets [15,16] and 
smoking [17], which are also associated with 
MetS.

In addition to these modifiable risk factors, 
a genetic predisposition may also be present. 
Several polymorphisms in different molecu-
lar pathways form a baseline risk for develop-
ing MetS [18,19]. The one-carbon metabolism 
pathway, in which MTHFR plays a central 
role, is a prominent example [20–25]. Pathways 
and genes that predispose patients to SGA-
induced weight gain, such as MTHFR, often 
overlap with those that predispose healthy 
adults to MetS [26–28]. Polymorphisms in this 
gene influence the functioning of the one-
carbon metabolism, a pathway that that is 
important for schizophrenia and for DNA 
methylation [29,30].
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DNA methylation is one form of epigenetic modi-
fication that may be important for metabolic distur-
bances. Genome-wide DNA methylation has been 
associated with increased risk of Type 2 diabetes and 
MetS in the normal population [31–34]. In patients with 
schizophrenia, methylation of the COMT promoter 
was associated with physical activity and MetS in a 
single study [35].

Another pathway, encompassing IGF, is both of the-
oretical and empirical interest in the healthy popula-
tion. Both IGF1 and IGF2 and their receptors, IGF1R 
and IGF2R, share >50% of their sequence with insu-
lin and the insulin receptor [36]. Thus, a functional 
overlap is present with crossactivations between insu-
lin, IGF ligands and their respective receptors [37–39]. 
Furthermore, IGF1 directly interacts with glucose 
transporters [40–42] and stimulates the differentiation 
of preadipocytes [43,44].

IGF may also have a role in schizophrenia: circu-
lating IGF1 levels were significantly lower in anti-
psychotic-naive patients with schizophrenia in com-
parison with healthy volunteers in a single small study 
[45]. After 3 months of treatment with antipsychotics, 
IGF1 levels increased in patients, although they were 
still lower than the healthy volunteers [46]. Two cross-
sectional studies gave conflicting results: one Tai-
wanese study found lower IGF levels in patients with 
schizophrenia treated with clozapine [47], but a Maori 
study using various antipsychotics was unable to find a 
difference in IGF1 levels [48].

Lower concentrations of IGF1 have been associ-
ated with higher BMI or the presence of MetS in sev-
eral general population studies [49–52], although some 
studies disagree [53,54]. Similarly, genetic alterations in 
the IGF pathway have been associated with increased 
BMI, weight or body composition in the healthy pop-
ulation [55–58], though some conflicting reports are 
present [59,60].

Of interest is that the IGF2 gene contains several 
methylation domains that can influence the expression 
of the protein [61]. Methylation of the well-described 
differentially methylated region (DMR) is influenced 
by genetic factors [62,63], as well as by environmental 
stress: adults that were prenatally exposed to famine 
displayed decreased methylation of the IGF2 DMR, 
but not the H19 region [64,65]. Subjects from these 
same cohorts also have a higher incidence of MetS and 
schizophrenia, which could be suggestive of a common 
underlying mechanism [66,67].

Given the above, the current study aimed to evalu-
ate whether genetic and epigenetic variation in genes 
of the IGF pathway are associated with weight or 
BMI, or MetS in patients undergoing treatment with 
SGAs.

Methods
Sample
All patients suffering from schizophrenia spectrum dis-
order treated at the university psychiatric hospital St Jozef 
were invited to participate in the current study. Four 
hundred and thirty eight in- and out-patients suffering 
from schizophrenia spectrum disorders provided written 
consent for genetic testing and testing of metabolic side 
effects. They are part of a naturalistic cohort of the Uni-
versity Psychiatric Centre of the Catholic University of 
Leuven, Belgium, which has been analyzed in previous 
publications [21–22,68–71]. All patients were taking their 
current antipsychotic for a period of at least 3 months.

Psychiatric diagnosis was based on Diagnostic and 
Statistical Manual of Mental Disorders (DSM)-IV cri-
teria and was made by experienced psychiatrists, respon-
sible for the treatment of the patients. DNA extraction 
was performed between September 2000 and July 2008, 
metabolic data was collected between October 2002 and 
November 2007 using routine tests. MetS was evaluated 
using the adapted Adult Treatment Panel IIIa (ATP-IIIa) 
criteria [72]. According to the ATP-IIIa criteria, a patient 
suffers from MetS when at least three of the following cri-
teria are met: waist circumference ≥102 cm in men or ≥88 
cm in women; fasting triglycerides ≥150 mg/dl or drug 
treatment for hyperlipidemia; high-density lipoprotein 
(HDL) below 40 mg/dl in men, 50 mg/dl in women, or 
undergoing drug treatment for reduced HDL-cholesterol 
(HDL-C); systolic blood pressure ≥130 mmHg, or dia-
stolic blood pressure ≥85 mmHg, or undergoing treat-
ment for hypertension; fasting glucose ≥100 mg/dl or 
undergoing drug treatment for elevated blood glucose.

The study was approved by the local hospital eth-
ics committee and conducted in accordance with the 
current revision of the Helsinki declaration [73].

SNP genotyping
DNA was extracted from peripheral blood lympho-
cytes using a Chemagen MSM I machine (Perkin 
Elmer, MA, USA), using the Chemagic DNA Blood 
kit special reagents, as per the Chemagic DNA 
Blood7k drying prefilling VD090331.che protocol.

Genotyping of 27 SNPs of IGF1 (Chromsome 12), 
IGF1R (Chromosome 15), IGF2 (Chromosome 11) and 
IGF2R (Chrosome 6) was carried out by Sequenom 
Inc. (Hamburg, Germany) using iPLEXTM chemistry 
on a MALDI-TOF mass spectrometer, using the prim-
ers listed in Supplementary Table 1 (see www.future-
medicine.com/doi/suppl/10.2217/pgs.14.46). In total, 
DNA of 417 patients from the dataset were genotyped.

Genotyping of 27 SNPs in four genes resulted in a 
success rate of 98.8%. All SNPs except rs8191859 (in 
IGF2R) were in Hardy–Weinberg equilibrium (p > 0.05); 
therefore, rs8191859 was excluded from further analy-
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sis. Additionally, six SNPs (rs8191746, rs6413491, 
rs8191808, rs8191844, rs8191904, rs8191955) of IGF2R 
had a minor allele frequency below 2.5% and, therefore, 
lacked sufficient variation for further analysis and were 
thus also excluded, resulting in 21 SNPs in four genes 
for the analyses.

Methylation analysis
Methylation of seven CpG sites and one negative con-
trol site within the 338 bp long IGF2 DMR (NCBI 
build 37, Chromosome 11: 2169459–2169796) was 
evaluated. CpG units 8 and 9 (@57 and @60) were 
combined in the analysis, as they were proximal to each 
other. CpG 1 (@312), CpG 2 (@296), CpG 3 (@251), 
CpG 4 (@202), Cpg 7 (@119) and CpG 10 (@41) cor-
respond to those investigated by Heijmans et al. [62]. 
An additional CpG island, CpG 56, was also verified 
as negative control. Figure 1 shows the localization of 
the IGF2 DMR and proximal genetic variation. Prim-
ers for the current experiment were designed using the 
EpiDESIGNERTM software (Sequenom Inc.), based 
upon an amplicon previously described for this region 
(See Supplementary Tables 2 & 3) [62].

Bisulfite treatment, as well as all post-PCR steps of 
the EpiTYPERTM protocol were performed by Seque-
nom Inc. under routine conditions as described in the 
application note by Sequenom Inc. [74]. Methylation 
was verified using the MALDI-TOF mass spectrometer, 
allowing for a quantitative estimation of DNA meth-
ylation across CpG islands. In total, DNA methylation 
was measured in 438 patients.

Epigenetic quality measurements
Methylation data quality was evaluated stepwise. Only 
CpG sites that yielded data in >75% of the samples were 
retained. None of the CpG sites had to be excluded in 
this step. All CpG units were measured three-times; 
only samples that yielded data on >80% of the indi-
vidual measurements (excluding the negative control) 
were used for further analysis.

Methylation analysis was carried out three-times, 
after which a mean methylation value was computed: 
regarding the final sample, of all these single mea-
surements 1010 (10.98%) did not succeed (range of 
failed individual measurements varied from 0.61% 
[CpG 10] to 58.8% [CpG 7]). The mean CpG unit 
methylation per sample was calculated from the 
remaining data, excluding all measurements with 
a standard deviation ≥5%. In total, combining all 
quality control steps, 371 (12.1%) CpG measure-
ment means were excluded from further analysis. 
Three patients had methylation values that were out-
liers (z-score of ≥ |2.5|) on two or more CpG units 
and were removed.

Statistical analysis
Before analysis, BMI and waist circumference were 
logarithmically transformed to obtain normally distrib-
uted variables. All regressions were perfomed with age, 
sex and type of antipsychotic as a priori confounders. 
Analysis of methylation data was performed using R 
for windows version 2.14.2 [75], with graphs generated 
using the ggplot2 module version 1.6 and Hardy–Wein-
berg equilibrium was verified with the Hardy–Weinberg 
package version 1.4 [76,77]. Genotypes were recoded as 
the number of minor alleles (0, 1 or 2) in case of additive 
models. In case of a dominant model, genotypes were 
recoded as either 0 or 1 (dominant allele present)

For associations between metabolic outcomes 
(weight, BMI, waist and hip circumference, and MetS 
according to the ATP-IIIa criteria) and SNPs of the IGF 
pathway, Bonferroni corrected p-values were regarded 
as significant when p-values were below p < 0.00045 
(correction for 21 × 5 independent tests). For asso-
ciations between DNA methylation and phenotype, 
corrected p-values were regarded as significant when 
p < 0.0014 (correction for 7 × 5 independent tests).

Results
Demographics
Demographics of the sample are summarized in Table 1. 
Most patients were male (n = 295, 67.4%) and their 
average age was 35.4 (standard deviation [SD] = 11.1). 
Patients had an average weight of 82.03 kg (range: 
45–137), corresponding with an average BMI of 27.1 
kg/m2 (range = 17.1–46.4). One hundred and forty two 
(35.7%) patients suffered from MetS according to ATP-
IIIa criteria. Most patients were of Caucasian descent 
(n = 418, 95.4%), followed by African (n = 9, 2.1%), 
Magreb (n = 6, 1.3%) and Asian (n = 5, 1.1%). In 
descending order, patients were treated with olanzapine 
(25.6%), risperidone (21.5%), clozapine (16.7%), que-
tiapine (9.6%), amisulpride (6.6%), first-generation 
antipsychotics (5.5%) or aripiprazole (5.3%). Forty 
three (9.8%) patients were treated with antihyperten-
sive drugs, 47 (11%) of patients took statins and ten 
(2.3%) took lipid-lowering drugs.

BMI was strongly associated with age (β = 0.00343, 
SD = 0.00079, p < 0.001), and borderline associated 
with sex (β = 0.03642, SD = 0.01919, p > 0.058), and 
type of antipsychotic (F = 1.89, degrees of freedom 
[df] = 6, p> 0.082). There was no significant relation-
ship between sex, age or type of antipsychotic and 
genotype (all p > 0.082).

Methylation
Mean methylation across the DMR was 42.3% 
(SD = 5.3, range = 31.9–56.2%). Methylation at CpG 
sites 1 and 2 appeared to follow a trimodal distribution 
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(see Figure 2), and correlated significantly (n = 344, 
r = 0.36, p < 0.001). All other CpG islands were 
approximately normally distributed. CpG 1 was signif-
icantly correlated to all other CpG islands (|r| <0.36, 
p < 0.003), CpG 2 was significantly correlated with 7, 
8–9 and 10, but not CpG 3 and 4 (data not shown).

There was no significant effect of age on mean 
methylation (F = 1.47, df = 171, p > 0.22) of CpG 1–7. 
Methylation of CpG 8–9 and CpG 10 decreased with 
age (p = 0.024 and 0.039, respectively). Females dis-
played higher methylation on CpG 1 (F = 1.63, df = 1, 
p = 0.02), CpG 3 (F = 10.35, df = 1, p = 0.001) and 
CpG 4 (F = 10.18, df = 1, p < 0.002). There was no 
significant sex effect on methylation of CpG 2, CpG 7, 
CpG 8–9 or CpG 10 (all p > 0.2).

SNP rs3741211 of IGF2 was significantly associated 
with overall methylation (F = 34.0, df = 3, p < 10-6

,
 

Figure 3), with TT homozygotes having the highest 
methylation over the IGF2 DMR region (44.0%), CT 
heterozygotes displaying intermediate methylation 
(42.0%) and CC homozygotes displaying the lowest 

methylation (36.7%). There was no significant effect 
of IGF2 rs1003484 on overall methylation across the 
DMR (F = 2.48, df = 2, p > 0.087, Figure 4). There 
was no effect of sex or age on IGF2 DMR methylation 
(p > 0.1).

At the level of individual CpGs in IGF2, CpG 1 
was significantly associated with rs3741211 (F = 23.39, 
df = 2, p < 2.77 × 10-10) and rs1003484 (F = 9.19, 
df = 2, p <0.0001). CpG 2 was associated with 
rs3741211 (F = 47.69, df = 2, p < 2.2 × 10-16), but not 
rs1003484. CpG 3 was associated with rs3741211 
(F = 7.05, df = 2, p < 0.0001) and rs1003484 (F = 5.95, 
df = 2, p < 0.003). CpG 7 was only associated with 
rs3741211 (F = 24.6, df = 2, p < 1.48 × 10-10). CpG 
8–9 was associated with rs3741211 (F = 19.9, df = 2, 
p < 5.82 × 10-9) and rs1003484 (F = 57.31, df = 2, 
p < 2.2 × 10-16). Lastly, CpG 10 was also associated 
with both rs3741211 (F = 19.2, df = 2, p < 1.13 ×10-

8) and rs1003484 (F = 62.12, df = 2, p < 2.2 × 10-16). 
None of the SNPs in IGF1, IGF1R or IGF2R were asso-
ciated with methylation (data not shown).

Figure 1. Localization of IGF2 genetic variation and IGF2 differentially methylated region sites. At the location of 
CpG 7, a SNP (rs4930041) is present, which abolishes DNA methylation in Caucasians. This SNP was not genotyped. 
Chr: Chromosome; DMR: Differentially methylated region.
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Effect of genotype on metabolic parameters
No single SNP showed a significant association with any 
of the metabolic parameters after correcting for multiple 
testing (all p values > 0.01; see Supplementary Table 3). 
Using an additive model based on the number of minor 
alleles, two SNPs, rs10860861 and rs2162679 in IGF1, 
were associated with more than one metabolic param-
eter, but no association survived multiple testing cor-
rection. The first SNP, rs10860861, was associated with 
BMI (n = 419, β = -0.031, standard error [SE] = 0.012, 
p = 0.011), waist circumference (n = 419, β = -0.020, 
SE = 0.0095, p = 0.038) and weight (n = 419, β = -2.75, 
SE = 1.10, p = 0.013). The second SNP was associated 
with waist circumference (n = 296, β = 0.032, SE = 0.014, 
p = 0.028) and hip circumference (n = 296, β = 2.54, 
SE = 1.21, p = 0.037).

Using a dominant model (minor allele dominant), no 
association reached significance beyond the p = 0.036 

level, with the strongest association between weight and 
rs3741211 (n = 419, β = -5.26, SE = 2.50, p = 0.036).

One SNP in IGF1 (rs10860869) was associated 
with MetS in the additive model (n = 420, β = 0.422, 
SE = 0.180, p = 0.0193) and dominant model (n = 420, 
β = 0.422, SE = 0.18, p = 0.019), but these associations 
did not survive multiple testing. Table 2 shows the asso-
ciations between individual SNPs and MetS according to 
ATP-IIIa criteria using the dominant model.

Effect of methylation on metabolic parameters
There was a nominal significant association between 
CpG 4 methylation and hip circumference (n = 370, 
β = 16.86, SE = 8.68, p = 0.0373); No association 
between methylation of any CpG site and metabolic 
parameters remained statistically significant after Bon-
ferroni correction. No association between  methylation 
and MetS was seen in logistic  regressions.

Table 1. Demographics of the current sample set.

Variable Total sample Male Female

General

Age 35.4 (11.1) 33.7 (10.3) 40.1 (11.4)

Male/female 438  295 143

Ethnicity

Caucasian 418 (95.4%) 281 (95.3%) 137 (95.8%)

African 9 (2.1%) 5 (1.7%) 3 (2.1%)

Asian 5 (1.1%) 2 (0.7%) 3 (2.1%)

Magreb 6 (1.4%) 6 (2.0%) 0 (0%)

Diagnosis

Schizophrenia 348 (79.5%) 184 (72.4%) 49 (53.8%)

Schizoaffective 90 (20.5%) 70 (27.6%) 42 (46.2%)

Metabolic parameters

Weight 81.9 (16.3) 84.5 (14.8) 76.9 (18.5)

BMI 27.1 (5.1) 26.7 (4.4) 27.9 (6.1)

Waist circumference 96.4 (14.1) 97.2 (12.6) 94.7 (6.1)

Hip circumference 102.1 (11.9) 101.3 (9.9) 103.8 (15.0)

Metabolic syndrome† 142 (35.7%) 94 (34.9%) 48 (37.2%)

Main antipsychotic

Amisulpride 29 (6.6%) 20 (7.5%) 9 (7.0%)

Aripiprazole 23 (5.3%) 14 (5.2%) 9 (7.0%)

Clozapine 73 (16.7%) 51 (19.0%) 22 (17.1%)

First generation 24 (5.5%) 16 (6.0%) 8 (6.2%)

Olanzapine 112 (25.6%) 77 (28.6%) 35 (27.1%)

Quetiapine 42 (9.6%) 23 (8.6%) 19 (14.7%)

Risperidone 94 (21.5%) 67 (24.9%) 27 (20.9%)

Data is represented as mean (standard deviation) or n (%) where appropriate. Weight is given in kg, BMI in kg/m2, waist circumference and 
hip circumference in cm.
†Number of patients with metabolic syndrome according to the revised Adult Treatment Panel IIIa criteria.
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Discussion
To our knowledge, the current study is the first to assess 
the influence of IGF genotype and IGF2 DMR meth-
ylation status on metabolic disturbances in patients with 
schizophrenia. After correction for multiple testing, no 
significant association for any of the parameters was 
found.

SNP results
After correction for multiple testing, no association 
between investigated SNPs and metabolic parameters 
remained significant. Although several of the inves-
tigated SNPs have yielded significant associations 
with metabolic parameters or cardiovascular abnor-
malities in the general population [56,78–81], conflict-

ing results are present as well [82,83], and a definitive 
conclusion about the association between metabolic 
disturbances and IGF polymorphisms has not been 
established

Methylation results
The mean methylation (42.3%) over the IGF2 DMR 
was comparable to that found in the study by Talens 
et al. [84], but lower than that found by Heijmans et al. 
[62,64]. The current study used one CpG island more 
than both previous studies and, as noted by Heijmans 
et al. [62], CpG 7 is at a SNP site (rs4930041) that is a T 
allele in Caucasians, which abolishes the CpG site and 
results in a high number of failed tests or 0% methyla-
tion (77.4%) in the current sample. Without CpG 7, 

Figure 2. Histograms of CpG 1 and CPG 2, two methylation islands at the IGF2 differentially methylated region.

Figure 3. Influence of IGF2 rs3741211 genetic variation on mean methylation across the IGF2 differentially 
methylated region. Dots represent outliers.
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the mean methylation across the DMR becomes 50.2% 
(SD = 6.24%), in line with previously reported results. 
It is of note that a recent study by Melka et al. found 
an increase in genome-wide DNA methylation in rat 
brains due to olanzapine treatment [85]. In the current 
dataset, only CpG 1 was associated with risperidone 
treatment (β = 0.076, p = 0.44, n = 353, uncorrected 
for multiple testing) and no other association reached 
statistical significance.

Instead of a trimodal distribution at CpG 2 
(@296), Heijmans et al. found a bimodal distribu-
tion [62]. A visual inspection of Figure 3 in their arti-
cle shows a small peak between 70–75% methyla-
tion, which is more pronounced in the current study. 
We found a strong association between IGF2 DMR 
methylation and SNP rs3741211 located 349 bp 
upstream of the DMR. This confirms previous find-
ings [62,63] of association between IGF2 rs3741211 
and DMR methylation [63].

Currently, little is known of the exact mechanism 
that underlies the association between particular SNPs 
and DNA methylation. SNPs at methylation sites can 
change the cytosine in another nucleotide, abolish-
ing the methylation site. CpG 7 is an example of this 
effect. Previous research in Type 2 diabetes has shown 
that several diabetes-associated SNPs are located at 
such sites [86].

Allele-specific DNA methylation is present across 
the whole genome and can be mediated by both cis and 
trans acting factors [87–91], although recent genome-
wide mapping studies indicate that mainly cis-acting 

functional polymorphisms are responsible for allele-
specific methylation and expression [92]. In our study, 
there is no evidence that IGF2 methylation was influ-
enced by SNPs within the IGF1, IGF1R or IGF2R 
genes, which lie on other chromosomes, suggesting 
that the IGF2 DMR methylation status is mainly 
affected by cis polymorphisms, polymorphisms that lie 
in or around the relevant methylation region. These 
cis-acting regulatory SNPs may affect downstream 
methylation by influencing the recruitment of the 
epigenetic machinery through changes in chromatin 
structure [92]. The current study did not assess SNPs 
that lie between the measured CpG sites within the 
IGF2 DMR, but as shown in Figure 1, IGF2 rs3741211 
is part of a larger haplotype block comprising the 
DMR locus.

A primary hypothesis of the current article was 
that IGF2 methylation, through modulation of IGF2 
expression, was associated with an increased risk of 
metabolic disturbances. In accordance with the find-
ing by Heijmans et al., no association between meta-
bolic parameters and IGF2 DMR methylation was 
found [62]. Although further studies should aim to 
confirm these findings, it is likely that the effect of 
IGF2 methylation on metabolic variation, if any, is 
small. A second possibility is that an association is 
only present in selected subgroups. For example, a 
study by Hoyo et al. did find an association between 
IGF2 levels and DNA methylation in newborns, but 
only in the subgroup of children born from obese 
mothers [61].

Figure 4. Influence of IGF2 rs1003484 genetic variation on mean methylation across the IGF2 differentiated 
region. Dots represent outliers. 
DMR: Differentially methylated region.
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In addition, after correcting for multiple testing, 
the current study was unable to find any associa-
tion between metabolic parameters and several SNPs 
within the IGF pathway. Again, the current findings 
may reflect those found in the general population: 
although IGF polymorphisms were associated in some 
studies with insulin sensitivity [57,79], Type 1 diabetes 
[58], fat tissue [55,56] or MetS [51], associations with BMI 
or weight were not significant in three large studies 
[59–60,93]. It is therefore possible that there is no true 
effect of genetic variation in the IGF pathway on met-
abolic parameters, or only a limited effect.

Limitations
Given the cross-sectional, open and naturalistic 
design of the current study, some limitations should 
be acknowledged. The first limitation is the cross-

sectional design. The effect of treatment duration 
on DNA methylation is currently unknown. Future 
research should focus on prospective analysis after the 
start of SGAs, although in this latter case the required 
sample sizes are difficult to obtain. It is also of note 
that compared with other articles concerning meta-
bolic disturbances in schizophrenia, the average BMI 
is fairly low. When comparing this study to others, 
this should be accounted for.

Furthermore, patients were not randomized, and it 
is possible that patients with worse metabolic param-
eters were allotted to SGAs that have less metabolic 
risk. No assessment of external risk factors for MetS 
(such as a sedentary lifestyle, smoking or diet) was 
available. Only peripheral blood methylation was 
measured, and it is possible that brain methylation 
patterns differ from those in peripheral blood. No 
history of prenatal exposure to famine, folic acid or 
maternal health was available, and thus no investi-
gation of these possible confounders on IGF2 DMR 
methylation was carried out. Although SNPs in four 
genes were evaluated, only methylation of one DMR 
in IGF2 was evaluated.

These limitations, however, are unlikely to explain 
the lack of reported associations within the frame of 
the current study.

Conclusion
Although IGFs are theorectical candidates for weight 
gain, and some previous research has suggested a role 
of genetic and epigenetic variation of IGFs in weight 
gain in healthy subjects, the current investigation was 
unable to find such an association. A significant asso-
ciation between SNPs in IGF2 and methylation at the 
DMR region was found.
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Table 2. Single SNP associations using a dominant model (minor 
allele dominant) with metabolic syndrome according to ATP-IIIa 
criteria.

SNP Odds ratio  
(standard error)

p-value

IGF1

rs10860861 0.77 (0.57–1.04) 0.091

rs10860862 1.31 (0.89–1.94) 0.169

rs2946834 1.00 (0.74–1.38) 0.96

rs6214 0.90 (0.65–1.24) 0.52

rs1520220 1.08 (0.75–1.57) 0.67

rs5742694 1.14 (0.82–1.6) 0.44

rs978458 1.06 (0.76–1.47) 0.73

rs5742678 1.07 (0.77–1.49) 0.68

rs7136446 1.01 (0.75–1.35) 0.92

rs9989002 1.11 (0.796–1.56) 0.53

rs4764697 1.08 (0.77–1.52) 0.64

rs2195240 1.34 (0.93–1.94) 0.12

rs1019731 1.11 (0.72–1.72) 0.64

rs10860869 1.53 (1.07–2.17) 0.019

rs2162679 0.87 (0.56–1.39) 0.58

rs35767 0.82 (0.55–1.23) 0.35

IGF1R

rs2229765 0.86 (0.63–1.19) 0.37

IGF2

rs1003484 0.80 (0.58–1.12) 0.20

rs3741211 0.98 (0.71–1.36) 0.93

IGF2R

rs8191754 0.86 (0.54–1.38) 0.54

Significant p-values (before correction for multiple testing) are shown in bold.
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Executive summary

Background
•	 Treatment with second-generation antipsychotics is associated with metabolic syndrome.
•	 Large interindividual differences in weight gain and metabolic disturbances exist, which may be explained by 

genetic or epigenetic differences.
•	 The IGF pathway is, from a theoretical point of view, an ideal candidate to explain metabolic differences 

between patients.
Relationship between metabolic parameters & IGF
•	 The current study was unable to find a significant association between metabolic disturbances and genetic 

variation in IGF genes.
•	 The current study was unable to find a significant association between metabolic disturbances and 

methylation of the IGF2 differentially methylated region.
Epigenetics versus genetics
•	 Epigenetic variation in IGF2 is associated with the genetic variation neighboring the differentially methylated 

region.
•	 Thus, genetic or epigenetic variation in IGFs did not have a large effect on metabolic disturbances in 

schizophrenia in the current study, although further research is necessary to confirm these findings.
Future perspective
•	 Metabolic disturbances due to antipsychotics are a major issue in the treatment of schizophrenia.
•	 Several genes are known to contribute to the risk of developing weight gain or metabolic syndrome. Most 

studies have focused on the genetic risk and little is known about the epigenetic contribution to second-
generation antipsychotic-induced metabolic disturbances.

•	 In the future, we expect that more studies will focus on the combination of both epigenetic and genetic risk 
factors.

•	 With sufficient knowledge, individual risk profiles could be made, directing patients to the treatment that fits 
their genetic and epigenetic profile.
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