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Abstract

Background—The Brain-derived Neurotrophic Factor (BNDF) Val66Met variant and HMG-
COA reductase inhibitors (statins) have been implicated in insulin resistance and diabetes risk. We
sought to determine the effect of the BDNF Met variant and statin use on insulin resistance in
schizophrenia and bipolar disorder using the homeostasis model assessment of insulin resistance
(HOMA-IR).

Methods—A cross-sectional design was used and patients with diabetes or receiving medications
affecting glucose regulation were excluded. Associations between insulin resistance and genotype
were analyzed by ANOVA and regression analysis. Subjects were grouped by BDNF genotype as
well as statin use.

Results—252 subjects with a mean age of 44 years were included. The group was 53% male and
59% had a schizophrenia diagnosis; 78% and 19% were receiving atypical antipsychotics(AAPS)
and statin medications, respectively. Analysis showed schizophrenia subjects with the BDNF met
allele as well as schizophrenia subjects with the BDNF met allele and statin combination had
significantly higher HOMA-IR values compared to the other groups (p=0.046 and p=0.016,
respectively).

Conclusions—These results suggest that in the metabolically high-risk population of
schizophrenia the BDNF met allele alone and in combination with statin medications is associated
with higher insulin resistance values. This was not seen in the bipolar population. Further
validation of these associations remains necessary.
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Arbor, Michigan 48109, Telephone #: 734-615-4728.
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Introduction

Due to the overlapping nature of the psychopathology often seen with schizophrenia and
bipolar disorder, antipsychatic use is a common therapeutic approach for patients with these
serious mental illnesses. With the advent of the atypical antipsychotics (AAPS), the rates of
undesirable side effects such as pseudoparkinsonism and tardive dyskinesia has significantly
decreased, however metabolic complications such as weight gain and type Il diabetes
mellitus has increased within both of these patient populationsl-2. In addition to the
metabolic effects of the AAPs, poorer physical health, lifestyle habits and pharmacogenetics
have been touted as having a role in the development of type Il diabetes within these
populations3-5. While many different pharmacogenetic variants have been implicated in the
development of impaired glucose tolerance and other metabolic dysregulations seen with
AAP use’9, one that is currently emerging within the general population is the Brain-
Derived Neurotrophic Factor (BDNF)10-12, The BDNF Val66Met (196 G/A) variant has
been implicated in both schizophrenia and bipolar disorder due to its role in neuronal health,
development and function. In general, the BDNF Val66Met variant has been shown to affect
the predisposition, cognition, and brain structure in both illnesses3-15,

Outside of mental health, the BDNF protein and its Val66Met variant are involved in
glucose regulation as BDNF levels have been shown to be low in the serum of animals and
patients with insulin resistance, abnormal glucose regulation and diabetes0.16.17,
Pharmacogenetically, a BDNF gene variant coding for its corresponding protein production
has been identified at codon 66 resulting in a methionine (Met) being substituted for a valine
(\al) amino acid. This substitution results in a drastic impairment of BDNF packaging and
distribution8, and in animal and human models within the general population, the Met allele
is associated with an increased risk of diabetes and insulin resistance through altered
regulation of glucose metabolism and feeding habits®. Given the strong relationship
between mental illness, AAP treatment, and glucose regulation, it is possible that BDNF
genetic variability may mediate development of type 2 diabetes (T2DM) in a large
percentage of patients treated with AAPs. However, the relationship between this variant
and glucose dysregulation seen in schizophrenia and bipolar disorder has not been studied.
While all metabolic complications carry a certain degree of risk, development of T2DM
adds additional risks, associated with the micro and macrovascular complications, especially
if other components of the metabolic syndrome are also present. Therefore, these patients
require careful clinical monitoring.

It is standard of practice to treat the cholesterol abnormalities seen with AAP use with
hydroxymethylglutaryl CoA reductase (HMG-CoA reductase) inhibitors also known as
“statins”. These medications, while effective for lowering total cholesterol, have recently
been implicated in increasing the risk of diabetes and insulin resistance and have also been
found to have effects on circulating BDNF and the cleavage of pro-BDNF in certain
populations?0-23, Several meta-analyses have been published identifying this diabetes
risk24-26 which culminated in additional warnings from the Food and Drug Administration
(FDA) being added to the product labels of all medications within this class (i.e.
atorvastatin, fluvastatin, pitavastatin, pravastatin, rosuvastatin, simvastatin, lovastatin).
Although this warning applies to any patient taking statin medications, the FDA advises
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their cautious use in populations at increased risk for diabetes like that of schizophrenia and
bipolar disorder, however work delineating the true extent of this risk in those with a serious
mental illness is unknown.

The primary aim of this investigation was to determine the relationship between the BDNF
66 Met allele and insulin resistance in schizophrenia and bipolar patients. Also, given the
recent evidence of increased insulin resistance in at-risk populations using statin
medications, we also sought to determine the relationship between statin medication use,
BDNF 66Met allele carriers and insulin resistance in this same cohort.

Materials and Methods

Subjects and Data Collection

Participants were recruited from Southeastern Michigan mental health clinics and those
meeting the following inclusion criteria were considered for the study: (i) Diagnostic and
Statistical Manual of Mental Disorders Fourth Edition (DSM-1V) diagnosis of
schizophrenia, schizophreniform disorder, schizoaffective disorder, or bipolar disorder, (ii)
18-90 years old, (iii) no medication changes in the prior 6 months. Participants were
excluded if they were unable or unwilling to give informed consent, had diabetes prior to
starting mental health treatment, had any condition that would significantly affect glucose
measures and insulin resistance analysis or had an active substance abuse diagnosis. The
protocol was approved by the University of Michigan Institutional Review Boards.

Study visits were timed to take place within 2 hours of the subject’s usual wakening time,
with most visits being completed by 11am. Height, weight, and hip and waist circumference
were measured in all participants. Fasting plasma glucose, triglycerides, total cholesterol,
high-density lipoprotein (HDL) and low-density lipoprotein (LDL) measures were obtained,
and the homeostasis model assessment of insulin resistance (HOMA-IR)2” was calculated
for each patient using the following formula:

HOMA-IR = [fasting insulin (plU/ml) x fasting blood glucose (mmol/L)]/22.5

Although various thresholds for insulin resistance have been identified?8-31, work by
Ascaso et. al. has identified a HOMA-IR above 2.6 as a threshold for insulin resistance32.
This value was used since 1) HOMA-IR is more commonly used in research literature than
other simple quantitative insulin resistance measurements, 2) the ease of which HOMA-IR
can be applied to the clinical setting and 3) this value represents the 75t percentile of
HOMA-IR values from a random sample of normal glucose metabolizing patients.

Subjects were excluded from this analysis if they had a documented diabetes diagnosis or
were receiving treatment for diabetes since as can be seen from the calculation of HOMA-
IR, treatment for diabetes would artificially lower insulin resistance values giving a false
negative finding.

Each patient was assessed for metabolic syndrome using the National Cholesterol Education
Program Adult Treatment Panel 111 (NCEP ATP-III Criteria)33 which include meeting at
least 3 of the following criteria: (i) Waistline of >40 inches (men) or 35 inches (women), (ii)
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blood pressure =2130/85 mmHg or currently being treated for hypertension with
medication(s), (iii) triglycerides >150mg/dL, (iv) HDL < 50mg/dL (men) or 40mg/dL
(women) or current lipid medication treatment and (v) fasting plasma glucose =100mg/dL or
current diabetes medication treatment.

The medication histories of each participant were collected by medical record and patient
interview. This included past or current antipsychotic, antidepressant or mood stabilizer use,
current prescription drug use, and current non-prescription drug use including over-the-
counter and herbal medications. Social histories were also completed for each participant
and included past or present smoking habits and alcohol intake. Subjects were segregated in
order to account for the differences in metabolic side effects for a given antipsychotic to
include the following groupings: 1) olanzapine or clozapine, 2) quetiapine, risperidone,
paliperidone or iloperidone and 3) all other antipsychotics or no antipsychotic.

Analytical Methods

Gene analysis was completed by first extracting DNA from whole blood using the salt
precipitation method34. For genotyping the BDNF Val66Met variant (DBSNP rs6265)
pyrosequencing primers were designed using Pyrosequencing Nucleotide Polymorphism
(SNP) Primer Design Version 1.01 software (http://www.pyrosequencing.com) and
genotypes were determined through the use of Pyrosequencing3®. Conditions for the specific
assay are available upon request.

Statistical Analysis

Due to the anticipated low genotype frequency of the BDNF 66MetMet genotype, the
statistical analysis was performed by forming two groups: patient’s carrying the ValVal
genotype and those carrying a Met allele (ValMet or MetMet genotypes). For our second
aim, the same genotype groups were used, but they were stratified by presence or absence of
statin use. The primary group of interest within this second aim was those subjects taking
statins and carrying a 66 Met Allele compared to all others. Student t-tests and chi-square
analyses were used to compare baseline demographics based on the two genotype groupings.
ANOVA looked at the relationship of genotype, statins and HOMA-IR. Regression analysis
was performed to analyze the relationship between BDNF genotype status, HOMA-IR,
while controlling for variables we found to significantly effect HOMA-IR. HOMA-IR was
used as the dependent variable while the genotype-based groups and the variables affecting
HOMA-IR (detailed in results) were used as the independent variables. Finally, we first
completed the analysis on the combined sample of our schizophrenia and bipolar cohort in
order to assess an overall pharmacogenetic effect of the BDNF Val66Met genotype, statins
and AAP use. We then analyzed based on each diagnosis given the differences in
pathogenesis and medication use for these two diseases. All analyses were conducted using
the JMP 9.0 statistical program. A p-value <0.05 with a 95% confidence interval was
considered significant for this study.
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The initial screening population consisted of 314 males and females with schizophrenia or
bipolar spectrum disorders. After excluding based on the criteria above (diagnosis of
diabetes or current diabetes treatment), our final sample size for data analysis was 252 (148
with a schizophrenia spectrum diagnosis and 104 with a bipolar diagnosis). Of this sample
of 252 subjects, 29% had schizophrenia, 24% had schizoaffective disorder, 6% had a
diagnosis of schizophreniform disorder and 41% had bipolar I or Il disorder. The average
age of our population was 44.0 £+ 11.9 years and 53% were male. Seventy-one percent were
Caucasian, 22% were African-American and the rest (7%) were American Indian, Asian,
Latino or Hispanic. The genotype frequencies for the BDNF Val66Met variant were 74%
ValVal, 23% ValMet and 3% MetMet which was in Hardy Weinberg Equilibrium for the
entire cohort as well as for each diagnosis spectrum (all p > 0.26). Eight participants were
unable to be genotyped. Finally, approximately 19% of subjects in each diagnostic group
was currently using statins at the time of this study. The most commonly used statin in our
sample was simvastatin (50% of statin users) followed by atorvastatin (17% of statin users).
There was no significant difference in statin type used between the schizophrenia and
bipolar populations (p=0.2). The demographic data for the combined sample and for each
diagnosis are in Table 1.

Comparisons of the schizophrenia and bipolar cohorts (for the purposes of establishing a
combined cohort) found a few differences that were significant. The schizophrenia cohort
had a higher percentage of male and African-American subjects compared to the bipolar
cohort (66% vs 35% and 30% vs 11%, respectively p < 0.05). There were also more
schizophrenia subjects receiving atypical antipsychotics (83% vs. 70%, p=0.02) and
differences in the percentage of subjects who were current smokers (49% vs. 32%, p=0.01)
as well as differences in lipid levels between the two cohorts (See table 1 for percentage
comparisons for following values. Total Cholesterol: p=0.003; HDL: p=0.01; LDL: p=0.02).

In preliminary analysis we found that in the combined sample, the Met allele carriers were
older (46 versus 43 years old, p=0.043), less likely to be African-Americans (5% versus
26%, p=0.005), and had higher AAP use (89% versus 73%, p=0.010). There were no
significant differences based on genotype when looking at the schizophrenia and bipolar
sample individually.

No significant relationship was found between the BDNF 66 Met allele and HOMA-IR for
the group as a whole (Met allele HOMA-IR of 6.18 + 0.594 vs. Val/Val genotype HOMA-
IR of 5.52 + 0.352, p=0.3). However when the group was segregated by primary psychiatric
diagnosis, we found a significant effect of the BDNF 66Met allele on HOMA-IR in the
schizophrenia sample where schizophrenia subjects carrying the Met allele had higher
HOMA-IRs (p=0.046). No relationship was found for the bipolar group (analysis in Table 2,
Figure 1).

There were no effects of statin medications on BDNF 66Met allele carriers in the entire
cohort (Met allele plus statin HOMA IR =7.15 + 1.25 vs. all other HOMA-IRs =5.6 + 0.312,
p=0.2). However, when subjects were segregated by diagnosis, schizophrenia subjects
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currently taking statin medications and carrying the Met allele had significantly higher
HOMA-IRs compared to all other schizophrenia subjects (p=0.016). No relationship was
found in the bipolar cohort (analysis in Table 2).

In addition to the previous analysis, a linear regression was performed for each dependent
variable (e.g., BDNF and statin status) in which we controlled for age, race, AAP use, BMI
and metabolic syndrome, due to the relationship between these variables, body habitus
(primarily obesity) and insulin resistance as defined by HOMA-IR. This analysis again
yielded no significant results for the bipolar sample. However, in the combined sample,
there was a significant interaction between BMI and BDNF 66 Met carriers on HOMA-IR
(f(1,1) = 3.90, p=0.049), where those with this allele, had higher levels of insulin resistance
and similar BMIs compared to the Val/Val genotype groups. Given the number of analyses
performed in this study we identify this result in the combined group as a trend that is driven
by the findings within the schizophrenia subset. Within the schizophrenia subset, the effect
of the BDNF 66 Met allele on HOMA-IR was significant by itself (f(11,135)=4.80, p=0.030)
as well as 66 Met’s interaction with BMI on HOMA-IR (f(1,1) = 9.04, p=0.0032). Finally,
only the interaction between BMI and genotype was seen in the schizophrenia sample when
the regression analysis was stratified by statin use (f(1,1) = 6.26, p=0.037), where those with
the 66 Met allele receiving a statin also had higher levels of insulin resistance at comparable
BMls.

Discussion

As part of this study we found a significant relationship between BMI, the BDNF 66 Met
allele and insulin resistance in a schizophrenia population primarily treated with AAPs.
Interestingly, our study showed that the pharmacogenetics of BDNF may not be the same
across different populations that are prescribed AAPs or statins with the lack of a
relationship seen in the combined and bipolar groups. This may suggest that glucose
regulation is more dependent on genetic factors like BDNF within the schizophrenia
population. Of note, is that within our schizophrenia and bipolar disorder samples, the
HOMA-IR values are substantially higher than studies in the general population, which is
not surprising given the rising incidence of diabetes and metabolic syndrome36-40, Studies
including controls, subjects with new onset diabetes, those at high risk for diabetes, and HIV
patients have HOMA-IR averages of 1.8-2.9 while our population average was much higher
at5.51 and 5.91 (as seen in Table 1) for the schizophrenia and bipolar samples, respectively.
A large contributor to this elevated HOMA-IR seen in our populations may be the high
percentage of AAP use (78% overall) with the majority being AAPs with greater metabolic
side effect profiles. Although not statistically significant those schizophrenia subjects on
clozapine, olanzapine, risperidone, paliperidone or quetiapine (68%) had a mean HOMA-IR
of 5.8 versus those on ziprasidone, aripiprazole or 1st generation antipsychotics had a
HOMA-IR of 5.0 (p=0.25) which is consistent with the literature*1. Poor diet and a lack of
activity could also be significant contributors to these high HOMA-IR values. Furthermore,
for the combined sample, 80% (77% for schizophrenia and 82% for bipolar) had a HOMA-
IR higher than a suggested threshold of 2.6 for insulin resistance. Again, this is not
surprising given our populations’ overall high HOMA-IR values, AAP use, poor diet and
lack of physical activity.
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Our study contradicts that published by Krabbe and collegues which showed no association
between the BDNF Val66Met polymorphism and HOMA-IR in the diabetic populationl©.
Based on our data, we found a significant association between BMI, the BDNF 66 Met allele
and insulin resistance within our schizophrenia sample only. This suggests that the BDNF
Val66Met variant which has been studied for its psychiatric and cognitive effects1442:43
may also have impact on the risk for insulin resistance within the schizophrenia population
but perhaps not within any population that uses AAPs. BMI and HOMA-IR are easily
measureable clinical variables that may represent potential risk factors in schizophrenia
which could be targeted along with the BDNF Val66Met genotype to help predict those at
greatest risk for insulin resistance. Based on this risk, subjects may then be targeted for
specific interventions related to insulin resistance to prevent the development of diabetes
and its detrimental comorbidities and cost. Using pharmacogenomics data along with subject
specific clinical measures, personalized medicine interventions could be developed which
guide specific medication use (e.g., AAPs with lower metabolic side effects profiles) or
more intensive lifestyle modifications could be implemented as first line treatment for
schizophrenia patients at greatest risk. Although the bipolar sample did not show a
correlation with the BDNF 66Met variant, their high insulin resistance values suggest that
they should be studied further in order to find more personalized pharmacogenomic
approaches to help reduce their risk of diabetes as well.

Currently the use of statin medications within the general population is becoming more and
more controversial. We hypothesized that use of a statin medication in subjects with the
BDNF 66 Met allele may result in higher measures of insulin resistance. Based on our
analysis, we found a significant relationship in schizophrenia patients taking statins and
carrying the 66 Met allele resulting in a HOMA-IR measure about 1.5x higher than those
patients either with the Val allele taking statins or those regardless of BDNF genotype not
taking statins (Table 2). Also, the combination of the 66 Met allele and statin use resulted in
a HOMA-IR value more than 1.2 times higher than those patients carrying the 66 Met allele
alone. This relationship however was not seen in the combined sample and although not
significant, an opposite effect was seen in the bipolar population suggesting that statins may
not have the same detrimental effect it has on schizophrenia patients’ glucose regulation.
After controlling for age, race, AAP use, BMI and metabolic syndrome, we found an
interaction and these relationships remained (p=0.0032) suggesting that at any given BMI,
schizophrenia patients with the BDNF 66 Met allele receiving a statin medication have
significantly higher HOMA-IR values. The combined effect of statin use and the BDNF
66Met allele on HOMA-IR within the schizophrenia population could be a result of
increased proteolytic cleavage (induced by statins) of the altered form of BDNF dictated by
the Met variant whereas those schizophrenia patients with the Val/Val are unaffected by this
increased cleavage since they are not producing the altered form of the BDNF protein1822,
Again, with further validation this could be used as a future personalized medicine approach
in schizophrenia where the risks and benefits would need to be weighed when treating
hyperlipidemia or perhaps alternate anti-hyperlipidemic medications would be used. Our
results begin to suggest that statin medications can continue to be used in the bipolar
population without the concern of increased insulin resistance.
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Figure 2 depicts the differing trends in HOMA-IR seen between the schizophrenia and
bipolar populations as more insulin resistance risk factors we investigated in this study (e.g.,
BDNF Val66Met polymorphism and statins) are added together. This result was interesting
to the investigators as we hypothesized that the pharmacogenetic effects of BDNF and
statins would be the same on both populations. The different trends could be a result of
differing baseline characteristics between the groups (gender, AAP use, lipid levels, etc) that
could not be fully controlled during analysis, pathophysiologic processes of the diseases or
differences in baseline diabetes risk. Also, it may be possible that the BDNF protein may not
be a major contributor to insulin resistance in the bipolar population and thus, the hypothesis
of increased BDNF cleavage we proposed for the schizophrenia population would not have
the same effect. Finally, although the mechanism for statin-induced insulin resistance has
not been fully elucidated, differences in transporter expression between schizophrenia and
bipolar patients could be a future line of investigation into the differences seen within our
study*4:45,

One major limitation to our study is that we did not analyze the BDNF levels of our
participants. This would have allowed us to determine the mechanistic differences in BDNF
levels based on the BDNF Val66Met variant while looking at insulin resistance measures.
However, to date, the BDNF Val66Met has not been well correlated to BDNF levels?6.
Another limitation is that we used a relatively simple clinical tool to assess insulin
resistance; however the HOMA-IR has been shown to be a good correlate to more invasive
measures of insulin resistance such as the frequently sampled IV glucose tolerance test*/:48,
Limitations of our population make using a more validated insulin resistance tool like that of
the hyperinsulinemic euglycemic glucose clamp very difficult but could be a future avenue
of investigation in schizophrenia. The cross-sectional design of our study only gives us a
snapshot of insulin resistance within our population of interest and would need to be
repeated in order to confirm our results. Our study population was also not drug naive and
polypharmacy was fairly common in regards to overall number of medications. This makes
it difficult to confirm the interaction of the BDNF gene, AAPSs and statins within the mental
illness. Our study was a candidate gene driven in nature and therefore we only looked at the
BDNF Val66Met polymorphism because other BDNF polymorphisms have not been studied
in insulin resistance in the literature. However, given the complexity of insulin resistance,
possible associations of insulin resistance with other variants cannot be ruled out. Lastly, we
did not control for multiple comparisons, but given the number of statistical tests that were
carried out as part of this investigation, our most significant result in the schizophrenia
population (interaction between BMI and 66Met allele on HOMA-IR) would remain this
way even with the use of a more stringent significance level of 0.01.

Conclusion

Overall in our cross-sectional study of a schizophrenia and bipolar population receiving
treatment with an antipsychotic we did not find a significant effect for the BDNF variant or
statin use on insulin resistance for the group as a whole. However, when we stratified the
sample by primary diagnosis, a significant association between the BDNF 66 Met allele,
statin medications and BMI with increased insulin resistance measures in the schizophrenia
sample was found. Although further validation may be needed, this may indicate that the
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BDNF Val66Met variant, thought to be promising in predicting insulin resistance and
glucose dysregulation, may play a role in predicting the schizophrenia but not the bipolar
population’s risk of developing insulin resistance and subsequently diabetes from AAP use.
While this work is still preliminary these data provide more evidence regarding difference in
the occurrence of diabetes between subjects with schizophrenia and bipolar disorder and
give us more insight into the mechanisms behind these differences. This work will help to
target genes of interest which can be followed up in future investigations focusing on
personalized medicine for those with schizophrenia.
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Figure 1. Graph of Analysis of HOMA-IR based on BDNF Met carrier and Statin Status
This figure depicts the analysis detailed in Table 2. The groups “BDNF Val/Val” and

“BDNF 66Met Carriers” are from the primary analysis of this study looking at the
pharmacogenetic effect of BDNF Val66Met on insulin resistance. The groups “BDNF
Val/Val With or Without statins AND BDNF 66Met Without Statins” and “BDNF 66Met
Carriers and Currently Taking a Statin” are from the secondary analysis stratifying BDNF
Val66Met status by current statin use. The figure depicts the differing effects seen in the
bipolar and schizophrenia samples of adding these variables together on the insulin
resistance measure of HOMA-IR.
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Table 1
Analysis of Demographic Variables
Variable Schizophrenia Spectrum Bipolar Combined
Disorders (n=148) Disorder Sample
(n=104) (n=252)
Age (years % s.d) 448 +11.7 42.7+12.0 439+119
% Male* 66 35 53
% Caucasian/%African American* 61/30 84/11 71722
% On Atypical Antipsychotics* 83 70 8
% On Clozapine or Olanzapine/% On Risperidone, 28/37 15/56 23/43
Quetiapine, lloperidone or Paliperidone*
% On Statins 19 18 19
% Smoking* 49 32 42
% With ATP I11/NCEP Metabolic Syndrome 30 26 29
BMI (kg/m? % 5.d.) 31.4+7.15 32.1+8.88 31779
Blood pressure (mmHg +s.d.) 122/75 + 16/12 124/73 + 18/11 123/74 £ 17/11
Total Cholesterol (mg/dL +s.d.)* 176 +39.2 192 +44.7 182 +42.2
Triglycerides (mg/dL +s.d.) 131+89.3 138 + 104 134 +95.7
High-Density Lipoprotein (mg/dL * s.d)” 527+163 58+14.9 54.9+15.9
Low-Density Lipoprotein (mg/dL + s.d.)* 108 £30.6 118+38.2 112+£343
Insulin (mU/L +s.d.) 229+15.2 242+20.8 235+17.7
Glucose (mg/dL +s.d.) 96.1+12.5 96.0+12.0 96.0 +12.3
HbA1C% 5.63 5.55 5.60
HOMA-IR % s.d. 5.51+3.92 5.91+5.46 5.68 + 4.62
% BDNF Val66Met Genotype (%) 73 ValVal/24 ValMet/3 77 ValVal/20 74 ValVal/23

MetMet

ValMet/3 MetMet

ValMet/3 MetMet

% With BDNF 66Met Allele

28

23

26

*
indicates p<0.05 when comparing the Schizophrenia and Bipolar samples
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