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Upstream genetic variant near INSIG2,
influences response to carnitine
supplementation in bipolar patients
with valproate-induced weight gain

Doudney K, Harley JA, Pearson JF, Miller A, Aitchison A, Kennedy MA,
Porter RJ, Elmslie JL, Joyce PR. Upstream genetic variant near INSIG2,
influences response to carnitine supplementation in bipolar patients with
valproate-induced weight gain

Background: The protein product of INSIG2 is involved in cholesterol
and triglyceride metabolism and homeostasis. Variation at rs7566605 near
the gene INSIG2 has been associated with increased BMI.
Objective: To evaluate the effect of rs7566605/INSIG2 genotype on the
ability of valproate-treated bipolar patients (BMI ≥ 25 kg/m2) to lose
weight using carnitine supplementation during a 26-week lifestyle
intervention study.
Design: Forty-eight bipolar patients with clinically significant treatment
emergent weight gain were genotyped at the rs7566605 SNP. Participants
were randomised to L-carnitine (15 mg/kg/day) or placebo for 26 weeks in
conjunction with a moderately energy restricted, low-fat diet. Weight and
body fat percent were measured fortnightly. Waist circumference measure-
ments and dual-energy X-ray absorptiometry were used to assess changes
in body composition. Obesity-related biomarkers were measured at
baseline and 26 weeks.
Results: There was a significant interaction between rs7566605/INSIG2
genetic status and treatment with carnitine or placebo. Carnitine had no
significant effect on body composition measures in G allele homozygous
patients who lost between 0.97 and 2.23 kg of fat. However C allele
carriers on average gained 2.28 kg when given a placebo. Carnitine
supplementation in this group enabled average weight loss of 2.22 kg of
fat (p = 0.01). Approximately half of this mass was in the vital truncal
compartment (p = 0.002). Bioinformatic analysis detected that the SNP
lies in a highly conserved 336 bp sequence which potentially affects
INSIG2 gene expression.
Conclusions: C-carriers at rs7566605, possibly regulating the homeo-
stasis gene INSIG2, lost significantly less weight in this lifestyle
intervention study. This effect was reversed by carnitine supplementation.
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Introduction

Weight gain associated with pharmacological treat-
ment of mental illness has serious implications for the
health of patients. Antipsychotic, anticonvulsant and
antidepressant drugs have all been associated with
weight gain which often progresses to morbid obe-
sity (1,2). Valproate is a widely used anticonvulsant

which is also effective in the treatment of mania
in bipolar disorder (3) and is frequently used longer
term as a mood stabiliser. Weight gain is a commonly
reported adverse effect of valproate treatment in up to
57% of all treated patients (4,5) and currently there
are no useful predictors to determine which patient
will be affected.
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The determinants of weight gain in valproate-
treated patients remain unclear (6,7). However,
lifestyle factors such as increased energy intake and
reduced physical activity levels have been previously
implicated in the high frequency of obesity observed
in bipolar patients and in valproate-induced weight
gain (6,8,9).

In addition, it has been suggested that a valproate-
induced reduction of fatty acid β-oxidation rate con-
tributes to weight gain (8,9). This may be due to car-
nitine deficiency, which occurs in up to 80% of indi-
viduals treated with valproate (7,10). Reduced avail-
ability of carnitine, a crucial component of intracellu-
lar long-chain fatty acid transport, directly impairs β-
oxidation, limiting the body’s capacity to metabolise
fat as an energy source and possibly also contribut-
ing to increased appetite, a documented side effect
of valproate treatment (7). Under normal conditions
carnitine requirements are met by a combination of
endogenous synthesis and exogenously by diet, but
when requirements are increased the diet may not
provide sufficient carnitine (11); in this situation sup-
plementation may assist fatty acid metabolism.

To test the hypothesis that carnitine supplemen-
tation would aid weight loss in valproate-treated
overweight patients, Elmslie et al. (12) randomised
60 bipolar patients to carnitine or placebo, which
was taken in combination with a low fat, moder-
ately energy restricted diet for 26 weeks. After the
26-week intervention, changes in body mass index
(BMI), weight and waist circumference were not sig-
nificantly different between groups.

The present study extends this work by using DNA
samples to test whether genotypic status near INSIG2
(insulin-induced gene 2), a gene encoding a fat home-
ostasis protein, is associated with changes in weight
in this controlled study. Like carnitine, INSIG pro-
teins are key regulators of fatty acid and cholesterol
synthesis mediating the action of sterol regulatory
element binding proteins (SREBPs). SREBPs control
cholesterol homeostasis by stimulating transcription
of sterol-regulated genes. In the absence of circulat-
ing sterols, SREBPs are first released from a complex
with INSIG in the endoplasmic reticulum and sub-
sequently from SREBP-cleavage activating protein
(SCAP) in the golgi apparatus. The mature, transcrip-
tionally active basic helix loop helix SREBP peptide,
is translocated to the nucleus, activating cholesterol
and fatty acid biosynthesis pathway genes.

In animals, INSIG2 has been associated with con-
trolling triglyceride levels in rats (13) and linked as
a quantitative trait locus for obese mice (14). In a
double knockout study of INSIG1 and INSIG2, mice
were more obese than wild-type littermates display-
ing an accumulation of cholesterol and triglycerides

in their liver (13). Recently, using a cell culture sys-
tem Ferno et al. (15) and Vik-Mo et al. (16) showed
that atypical antipsychotic drugs which induce weight
gain (clozapine and olanzapine, respectively) activate
lipid biosynthesis gene expression through SREBP
transcription factors. They subsequently screened
160 schizophrenic patients volunteering for treatment
with clozapine for an association between increased
BMI and single nucleotide polymorphism (SNP)
markers around 5 genes known to affect SREBP tran-
scription – SREBF1, SREBF2, SCAP, INSIG1 and
INSIG2. Of these genes, SNPs in close proximity
to INSIG2 were found to be significantly associ-
ated with increased BMI over the course of treat-
ment (17). Previously, Herbert et al. (18) had shown
the rs7566605 SNP (a G>C variant 10 kb upstream
of INSIG2) was strongly associated with increased
BMI in a genome-wide association study compris-
ing nearly 10 000 individuals and 86 000 SNPs.
This finding has been replicated in some but not
all cohorts reported by Lyon et al. (19) and con-
flicting evidence for association has subsequently
arisen (20–22). Furthermore, a report failed to detect
an association between the C allele and BMI in
schizophrenic patients (23).

These studies all rely upon BMI (weight/height2).
The relationship between BMI and body fat is influ-
enced by age, ethnicity and exercise and may be
an imprecise measure of body fatness in individual
subjects (24). More accurate measures of body com-
position include underwater weighing, dual-energy
X-ray absorptiometry (DEXA) scans and bioelectric
impedance (25). This study examines the influence
of the rs7566605 polymorphism on BMI and waist
circumference as well as detailed phenotypic mea-
sures of DEXA scanning, bioelectric impedance and
obesity-related biomarkers.

Our aims were (a) to analyse whether variation at
SNP rs7566605 influenced weight loss in an inter-
vention study of bipolar patients who had gained
weight during treatment with sodium valproate;
(b) to use detailed body composition measurements
and obesity-related biomarkers to assess pathogenetic
effects of the SNP before and after intervention;
(c) to establish whether carnitine supplementation
affected weight and fat loss and (d) to analyse the
rs7566605 variant using a bioinformatics approach
to genomic sequence around INSIG2.

Subjects and methods

This cohort has been described in detail previously
as the bipolar weight reduction study (12). Briefly,
all participants were overweight or obese (BMI >

25 kg/m2) and met Diagnostic & Statistical Manual
(DSM-IV) diagnostic criteria for bipolar disorder. All

134

https://doi.org/10.1111/j.1601-5215.2009.00379.x Published online by Cambridge University Press

https://doi.org/10.1111/j.1601-5215.2009.00379.x


rs7566605 variation affects weight loss

were taking valproate for at least 6 months before
commencing the trial and attributed a substantial
proportion of their weight gain to this medication.
Participants remained on valproate and their other
usual medications throughout the study. Each par-
ticipant received individualised dietary advice from
a registered dietitian, designed to produce a caloric
deficit of ≈500 kcal per day resulting in a gradual
sustained weight loss over the intervention period.
Participants were randomised to carnitine or placebo
(15 mg/kg body weight/day). Body weight and body
fat percent were measured fortnightly throughout the
study and waist circumference measurements and
DEXA were used to assess changes in body compo-
sition (12). Twenty-four hour urinary cortisol, fasting
plasma cholesterol, triglycerides, glucose, free fatty
acids, adiponectin, insulin and leptin were measured
at baseline and 26 weeks.

Sixty patients were randomised to supplementa-
tion and 48 consented to provide blood samples for
genetic analysis at baseline and were successfully
genotyped at rs7566605 or rs17047764. Of these, 8
were male and 40 were female. Carnitine supplemen-
tation was carried out in 4 males and 20 females.
We certify that all applicable institutional and gov-
ernmental regulations concerning the ethical use of
human volunteers were followed during this research.
Ethics approval was obtained from the Canterbury
Regional Ethics Committee and all volunteers gave
written informed consent. Forty patients completed
the present study.

Weight and body fat percentage were assessed
using a body fat analyser (TBF-501, TANITA
Corporation, Tokyo, Japan) at all dietetic visits.
Body composition was measured using DEXA at
baseline and 26 weeks by Canterbury Radiology,
Christchurch. Participants were scanned on either a
Lunar DPX or a Lunar Prodigy Scanner (GE Health-
care). To ensure that body composition measurements
were not affected by scanner differences, both mea-
surements in each individual were made on the same
scanner.

Biochemical tests were undertaken by Canterbury
Health Laboratories according to standard laboratory
protocols. Samples were collected after an overnight
fast, placed on ice, batched and stored at minus 80◦C
until analysis. Cortisol was measured by Enzyme-
Linked ImmunoSorbent Assay (ELISA), cholesterol,
trigycerides and glucose by Aeroset/c8000 analyser,
adiponectin, insulin and leptin by immuno-assay and
free fatty acids by an enzymatic method.

Variation at rs7566605 was determined using
a specifically designed one tube allele specific
polymerase chain reaction (PCR) protocol. The
G allele was detected using the primers F1 5′-
GTACTAACTGGCTCAAGGTCACCTAGCTA G-3′

and R3 5′-ACCACCCTGGTACAGACCTAAAGGA
CCAGC-3′ oligonucleotide primers, yielding a
182 bp product. The C allele was detected using
F3 5′-TGCCAAGTACTTAACAATGGATATTTGAA
C-3′ and R2 5′-TATGAGAGTCAGTGCGATGTC
CTTGCCTTC-3′, generating a 115 bp product.
A 239 bp control band is generated between the
primers F1 and R2. All 4 primers were included
in l0 μl reaction with 20–100 ng genomic DNA,
Platinum Taq polymerase (Invitrogen), 0.2 mM each
deoxyribonucleotide triphosphate (dNTP), 1.5 mM

MgCl2 and the manufacturer’s buffer. Thermal
cycling conditions were 3 min at 94◦C, followed by
35 cycles of 94, 62 and 72◦C with 30 s for each
temperature. A final extension step of 72◦C was car-
ried out for 7 min. Products were resolved in a 2%
agarose gel. The genotyping assay was validated by
sequencing a selection of products from each geno-
type (data not shown). Variation at rs17047764 was
determined by sequence analysis.

The baseline characteristics of the study partic-
ipants were compared using independent-samples
t-tests. The effects of rs7566605 genotype and car-
nitine on body composition change over 26 weeks
was assessed with univariate analyses of variance for
each body composition variable, with treatment (car-
nitine or placebo) and genotype (GG vs GC or CC) as
between subject factors and the baseline body com-
position variable as a co-variate. Only main effect
and two-way interactions were entered into the anal-
yses. The reported means are estimated marginal
means generated by the ANOVA model. SPSS ver-
sion 13 (SPSS Inc, Chicago, U.S.A.) was used for all
comparisons.

Results

Genotyping of rs7566605 was carried out in 48
individuals comprising genotype consenting sub-
jects of the 60 randomised in the bipolar weight
reduction study. The minor C allele frequency was
0.26, consistent with previously published frequen-
cies (18,21). Twenty-five individuals were homozy-
gous for the G allele, 21 were heterozygous and 2
were homozygous for the C allele. Genotype fre-
quencies are in Hardy–Weinberg equilibrium (p =
0.64 with chi-square = 0.88). Distribution of alleles
by gender is presented in Table 1.

At baseline there were no significant differences
in body composition variables associated with the
presence of the C allele in either a recessive (not
shown) or dominant model (Table 2) apart from
urinary cortisol (t(30.899) = 2.616, p = 0.014) and
plasma-free fatty acids (t(45) = −2.525, p = 0.015).

Following 26 weeks of nutritional intervention and
randomisation to carnitine, 40 completing individuals
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Table 1. Allele distribution according to gender

C/C or C/G G/G

Carnitine Placebo Carnitine Placebo
Males 3 3 1 1
Females 8 9 13 10

Table 2. Baseline characteristics for 48 patients genotyped for the SNP
rs7566605

C/C or C/G (n = 23) G/G (n = 25)

Mean (sd) Mean (sd)
Age 42.17 (9.29) 43.72 (12.82)
Cholesterol 4.86 (0.72) 5.12 (1.17)
Triglycerides 1.50 (0.59) 1.93 (1.27)
HDL cholesterol 1.25 (0.39) 1.15 (0.34)
LDL cholesterol 2.92 (0.68) 3.11 (1.00)
Plasma-free fatty acids 0.26 (0.13) 0.36 (0.14)
Urinary cortisol (nmol/24 h) 142.87 (93.55) 86.75 (43.77)
Insulin 58.43 (30.54) 70.73 (43.51)
Leptin (ng/ml) 29.29 (18.41) 32.52 (15.81)
Adiponectin 9.51 (5.87) 10.07 (5.33)
Truncal fat (%) 41.23 (7.74) 45.01 (6.04)
Total fat (%) 40.63 (9.93) 44.89 (6.44)
Truncal fat (kg) 18.28 (5.39) 20.54 (5.49)
Total fat (kg) 35.44 (11.30) 39.68 (10.65)
Weight (kg) 98.33 (25.15) 91.54 (16.15)
BMI (kg/m2) 34.32 (8.14) 32.96 (4.87)
Body fat by bioelectrical

impedance (%)
47.60 (13.22) 52.96 (10.13)

Waist circumference (cm) 103.26 (14.49) 104.02 (13.14)
MADRS 9.30 (11.93) 9.32 (10.37)
YMRS 2.09 (3.67) 2.60 (5.65)
Valproate dose 1743.48 (833.30) 1608.00 (561.93)
Plasma valproate

concentration
488.70 (107.00) 451.80 (180.35)

Total plasma carnitine 49.56 (13.05) 49.01 (10.46)
Free plasma carnitine 29.16 (9.66) 28.68 (8.30)

HDL, high-density lipoprotein; LDL, low-density lipoprotein; MADRS,
Montgomery-Åsberg Depression Rating Scale; YMRS, Young Mania Rating
Scale.

were successfully assessed for full body composition
variables.

In this analysis we found no significant effect of
genotype on any variables describing weight loss. We
did however find a significant interaction between
rs7566605 genetic status and treatment with carni-
tine or placebo (Table 3). Carriers of the C allele
who were supplemented with carnitine on aver-
age lost weight (–3.1 kg) and decreased their BMI
(−1.0 kg/m2). Carnitine supplemented non-C allele
carriers (G homozygotes), similarly lost weight and
lowered their BMI. However unlike G homozy-
gotes, C allele carriers treated with placebo gained
weight on average by 2.1 kg and increased their BMI
(0.7 kg/m2). Using body composition data derived
from the DEXA scans we were able to refine where

fat mass was deposited and detected significant inter-
action between carnitine treatment and genotype
on measures both of total and truncal fat. C allele
carriers on average lost 2.22 kg of fat when supple-
mented with carnitine whereas those without gained
2.28 kg (F-stat = 7.329; p = 0.01, Table 3). Approx-
imately half of this mass was lost from the vital trun-
cal compartment, where C allele carriers lost 1.02 kg
when carnitine was supplemented and gained 1.28 kg
without it. Non-C allele carriers (G homozygotes)
either receiving carnitine or placebo lost 0.97 kg and
2.23 kg, respectively (F-stat = 11.375; p = 0.002;
Table 3). There was a further interaction between
treatment and genotype on leptin levels which largely
reflected weight change, BMI change and total fat
change. Changes of body fat percentage measured
by bioelectrical impedance and waist circumference
were not significantly different (data not shown).

To account for multiple testing the Benjamini and
Hochberg (26) method was applied to the p values
in Table 3. Only the total fat and truncal fat com-
parisons, marked with an asterisk, are statistically
significant with a false discovery rate of 5%.

Detection of a significant interaction between
rs7566605 genotype and weight loss during a 26-
week dietary intervention study, prompted us to test
whether an INSIG2 -associated BMI marker detected
by Le Hellard et al. (2008) was associated with body
composition markers in our bipolar patient cohort.
We genotyped all our patients at rs17047764 and
found that genetic status at this locus was not associ-
ated with any baseline body composition measures or
any following 26 weeks of intervention, apart from
blood cholesterol levels which differed between C
homozygotes and G carriers at rs17047764 (F-stat =
5.782; p = 0.020; data not shown).

To assess the evolutionary conservation of genomic
sequence around rs7566605, we used the verte-
brate Multiz Alignment and PhastCons Conserva-
tion track (comprising 28 species) and other tracks
available through the UCSC genome browser (27)
using human genome build 18 (hg18). We detected
a highly conserved 351 bp block of DNA encom-
passing rs7566605 with a transformed log-odds score
(between 1 and 1000) of 631. A lower score (e.g.
<100) reflects less conserved DNA sequence. The
SNP rs7566605 lies 10 026 bp from the start codon
of INSIG2. As a comparison we examined the
highly conserved first exon of INSIG2. This sequence
(182 bp) equated to a score of 596. This find-
ing implies an evolutionarily conserved functional
role for DNA sequence elements within the region
containing rs7566605. It is noteworthy that hg18
sequence contains the minor or variant C allele at
rs7566605, and one may expect the degree of con-
servation would increase with a wild-type G allele
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Table 3. Body composition variables of 40 individuals completing the 26-week study. Using the Benjamini–Hochberg method to account for
multiple testing the fat and truncal fat comparisons only, marked with an asterisk, are statistically significant with a false discovery rate of 5%.
F-stat and p values are for the genotype and carnitine supplementation interaction

C/C or C/G G/G

Carnitine (n = 9) Placebo (n = 9) Carnitine (n = 13) Placebo (n = 9)

Variable change (week 0–week 26) Mean (SE) Mean (SE) Mean (SE) Mean (SE) F-stat p
Weight (kg) −3.1 (1.5) 2.1 (1.5) −2.1 (1.3) −2.7 (1.5) 4.123 0.050
BMI (kg/m2) −1.0 (0.6) 0.7 (0.5) −0.7 (0.5) −1.1 (0.6) 3.971 0.054
Body fat by bioelectrical impedance (%) −4.4 (1.4) −1.7 (1.6) −1.0 (1.3) −0.8 (1.5) 0.735 0.398
Waist circumference (cm) −5.3 (2.1) −1.6 (2.1) −4.7 (1.8) −7.0 (2.1) 2.257 0.142
Total fat (%) −1.30 (0.75) 1.90 (0.79) 0.01 (0.63) −1.30 (0.77) 9.339 0.004*
Truncal fat (%) −0.93 (0.93) 2.0 (0.97) 0.47 (0.77) −2.26 (0.96) 9.919 0.003*
Total fat (kg) −2.222 (1.110) 2.282 (1.151) −0.965 (0.936) −2.233 (1.119) 7.329 0.010*
Truncal fat (kg) −1.023 (0.603) 1.282 (0.626) −0.131 (0.509) −1.733 (0.608) 11.375 0.002*
Leptin (ng/ml) −3.6 (2.2) 1.7 (2.3) −3.3 (1.9) −7.2 (2.3) 4.420 0.043

at chr2;118552495 (rs7566605) considering all other
species encode a G at this alignment position.

Other bioinformatic tools available through the
UCSC genome browser did not detect predicted
sequence elements, apart from a slightly increased
score for regulatory potential (ESPERR, regulatory
potential based on seven species, a comparison
developed by King et al. (28).

Discussion

The main finding of this study is that allelic status
at rs7566605 interacted with carnitine treatment such
that patients with one or two C alleles taking carni-
tine lost fat mass during the dietary manipulation but
C allele carriers in the placebo group gained fat mass.
Individuals without a C allele (G homozygotes) lost
fat mass under both conditions but generally less in
subjects taking carnitine. The results were consistent
across most measures of weight and fat distribution.
The lack of an effect detected by impedance mea-
surement may simply reflect less sensitivity of this
method.

These findings partly corroborate those of Her-
bert et al. (18) who detected an association between
C allele homozygotes at rs7566605 and obesity
(measured using BMI) in a large population-based
study ultimately comprising nearly 10 000 indi-
viduals. They found that C allele homozygotes at
rs7566605 led to increased adiposity. In our study,
detection of an interaction between patients with at
least one C allele and an inability to lose weight,
may implicate rs7566605/INSIG2 in reduced adipose
metabolism, thus affecting energy expenditure. We
speculate that the effect of the C allele lies in the
greater tendency to both store and retain fat.

Our findings are also interesting when consid-
ered alongside the data of Le Hellard et al. (17).
They found that antipsychotic drug treatment with

emergent BMI gain in patients with schizophrenia
was associated with particular alleles of INSIG2.
We tested whether one of these, the rs17047764
locus, was associated with any of the body com-
position variables measured in this study, includ-
ing BMI. We did not detect an association between
rs17047764 genotype and any weight related or other
variable apart from blood cholesterol levels, between
C homozygous individuals and G carriers. Failure
to detect weight change measures associated with
rs17047764 may be because of the smaller size of
our cohort in comparison to the German sample size
of 160, otherwise it indicates that this locus may not
be associated with weight change, at least in this
bipolar patient cohort.

Based on the findings of this study, we would
suggest that carnitine supplementation would sig-
nificantly reduce the weight gain associated with
antipsychotic-treated patients who harboured a C
allele. Interestingly, rs7566605 was not one of the
three SNPs showing an association with increased
BMI, which may reflect the sample size (160
patients) in their study when using BMI as a body
composition measure. A large proportion of other
studies have failed to associate BMI with obesity at
the rs7566605 locus (19–22). In this study, we were
able to detect a significant link between body com-
position and rs7566605 in a relatively small sample
size of 40 by using sensitive body composition mea-
surements better able to detect weight and fat loss or
gain than BMI.

A recent weight reduction intervention study of
obese German children detected a link between CC
genotypic status at rs7566605 and reduced weight
loss, measured as BMI (29). This effect appeared
less marked than our results, as our cohort of C
carriers actually gained weight in comparison to GG
homozygotes. The Reinehr et al. (2008) trial did
not include carnitine supplementation, and therefore
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could not address our findings of normalising adipose
metabolism with carnitine.

At baseline we found that mean urinary corti-
sol levels were below the reference range (100–400
nmol/24 h) and that plasma-free fatty acids were
higher in patients with a GG genotype (Table 2).
Alterations in the hypothalamic-pituitary axis func-
tion of patients with bipolar disorder have been
detected with the combined dexamethasone suppres-
sion/corticotrophin-releasing hormone test (30). This
is a potential contributing factor in the increased
prevalence of obesity seen in bipolar patients (6,31).
However, we did not detect other differences by
genotype at baseline and these may be chance
findings.

We recognise that our results form an interesting
initial survey on the effects of carnitine and genotype
on weight in this specific patient cohort. However,
the possible weight loss effects of carnitine supple-
mentation for a proportion of individuals is an impor-
tant result to disseminate because other researchers
may want to consider carnitine in future intervention
studies.

The role of INSIG2 in fat metabolism has been
established previously (13,32) where it has been
identified as a hijacking protein in the endoplasmic
reticulum. In response to changes in lipid levels, it
affects sterol regulatory element binding proteins;
proteins which act as nuclear transcription factors
and regulators of lipid biosynthesis. Association of
the SNP rs7566605 and weight gain was first seen
in related individuals from the Framingham Heart
Study (18) where the authors went on to speculate
that the SNP rs7566605 may affect regulation of
the gene in closest proximity: insulin-induced gene
2 (INSIG2 ; (18,19)). Their findings centred on an
association between higher BMI and homozygosity
for the C allele. The current study was not designed
to examine an association between the genotype
and body composition or the tendency to gain
weight since we expressly recruited subjects who had
already gained weight, but was designed to examine
the ability of subjects to lose weight given adequate
dietary advice and energy restriction. The pattern
seen in our data suggests that the C allele may be
associated with an impaired ability to lose adipose
tissue under mildly energy restrictive conditions,
which is reversed in individuals supplemented with
carnitine. The fact that there was no independent
effect of genotype on weight loss means that this
conclusion cannot be established definitively at this
stage. The lack of such an effect may be simply an
issue of statistical power given that such an effect
could only truly be examined in the placebo group
of whom there were only 18.

We believe that the best explanation for these
results is that subjects with the GG genotype are more
able to lose weight and fat than those with a C allele,
under conditions of energy restriction. Carnitine is
crucial for the cellular transport of long-chain fatty
acids and impairment of its function affects β-
oxidation rates in adipose metabolism (33). Increas-
ing the rate of β-oxidation by carnitine supplemen-
tation may therefore be circumventing the effects of
INSIG2 expression differences between genotypes at
rs7566605. This does not necessarily mean that the
genotype directly affects β-oxidation. It may be that
increasing β-oxidation only increases metabolism in
subjects in whom it is particularly slow for other
reasons. Our findings suggest that genotyping at the
rs7566605 locus could potentially identify individ-
uals about to commence dietary change who may
benefit from carnitine supplementation.

It remains to be proved whether variation at
rs7566605 affects INSIG2. We identified a highly
conserved 336 bp DNA sequence, 10 026 bp up-
stream of INSIG2, encompassing the rs7566605 vari-
ant using bioinformatics available through the UCSC
genome browser. We additionally found that this
sequence was as conserved, if not more so, than
the first exon of INSIG2. This finding points to an
evolutionarily conserved functional role for elements
within this sequence. It remains unclear as to whether
the region directly influences INSIG2 but it is a
strong positional candidate as a cis-acting enhanc-
ing element. In this context one may speculate an
influence on gene expression through transcriptional
regulation, possibly affecting the binding of repressor
or enhancer proteins to the conserved sequence. Vari-
ation at crucial molecular interfaces between DNA
and protein has been shown to affect interaction or
binding in numerous studies (reviewed by Fraser and
Bickmore, (34) and Long and Miano, (35)). It is dif-
ficult to examine the effect of this variant because of
the great distance between it and the gene (10 kb).
However, it should be noted that the variant’s effects
may rely on other, unidentified enhancers elsewhere
within the genome, or could be due to long-range
linkage disequilibrium with other SNPs.

While we acknowledge the small sample size of
this study, we believe these findings are important
and warrant further investigation in future studies.

DEXA scanning is a relatively easy and sensitive
method of measuring changes in fat deposition (36).
In this study it showed significant effects which were
less obvious on simple measures of weight and not
apparent on measures of impedance. It would also
be interesting to know whether more detailed adipose
distribution measures would affect the previous stud-
ies that either detect weak association or no associa-
tion with obesity and variation at rs7566605. It may
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be that studies of overweight individuals using more
detailed measures of fat accumulation may prove a
better link between rs7566607/INSIG2 and obesity.

Conclusion

This study provides further preliminary evidence that
genetic variation at rs7566605, within a highly con-
served region close to INSIG2, affects fat mass. In
this intervention study, bipolar patients with at least
one C allele (CC or CG genotypes) lost significantly
less weight in comparison to G homozygotes (GG
genotype). This effect was reversed by carnitine sup-
plementation. Carnitine may benefit patients with at
least one C allele at rs7566605 who are commenc-
ing dietary change. The association we have detected
suggests a possible role of the rs7566605 variant in
adipose metabolism.
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