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Family-based association of FKBP5 in bipolar disorder
VL Willour1,7, H Chen2,7, J Toolan1, P Belmonte1, DJ Cutler3, FS Goes1, PP Zandi4, RS Lee1,
DF MacKinnon1, FM Mondimore1, B Schweizer1, Bipolar Disorder Phenome Group, NIMH Genetics
Initiative Bipolar Disorder Consortium, JR DePaulo Jr1, ES Gershon5, FJ McMahon6 and JB Potash1
1
Department of Psychiatry, Johns Hopkins School of Medicine, Baltimore, MD, USA; 2Department of Psychiatry, University of
Michigan Medical School, Ann Arbor, MI, USA; 3McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins School of
Medicine, Baltimore, MD, USA; 4Department of Mental Health, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, USA; 5Department of Psychiatry, University of Chicago, Chicago, IL, USA and 6Genetic Basis of Mood and Anxiety
Disorders Unit, Mood and Anxiety Program, National Institute of Mental Health, National Institutes of Health, US Department of
Health and Human Services, Bethesda, MD, USA

The FKBP5 gene product forms part of a complex with the glucocorticoid receptor and can
modulate cortisol-binding affinity. Variations in the gene have been associated with increased
recurrence of depression and with rapid response to antidepressant treatment. We sought to
determine whether common FKBP5 variants confer risk for bipolar disorder. We genotyped
seven tag single-nucleotide polymorphisms (SNPs) in FKBP5, plus two SNPs previously
associated with illness, in 317 families with 554 bipolar offspring, derived primarily from two
studies. Single marker and haplotypic analyses were carried out with FBAT and EATDT
employing the standard bipolar phenotype. Association analyses were also conducted using
11 disease-related variables as covariates. Under an additive genetic model, rs4713902 showed
significant overtransmission of the major allele (P = 0.0001), which was consistent across the
two sample sets (P = 0.004 and 0.006). rs7757037 showed evidence of association that was
strongest under the dominant model (P = 0.001). This result was consistent across the two
datasets (P = 0.017 and 0.019). The dominant model yielded modest evidence for association
(P < 0.05) for three additional markers. Covariate-based analyses suggested that genetic
variation within FKBP5 may influence attempted suicide and number of depressive episodes in
bipolar subjects. Our results are consistent with the well-established relationship between the
hypothalamic–pituitary–adrenal (HPA) axis, which mediates the stress response through
regulation of cortisol, and mood disorders. Ongoing whole-genome association studies in
bipolar disorder and major depression should further clarify the role of FKBP5 and other HPA
genes in these illnesses.
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Introduction
Bipolar disorder, a psychiatric illness characterized
by episodes of low mood (depression) and high mood
(mania or hypomania), has a lifetime prevalence of
2–3%.1 Family, twin and adoption studies have
established a substantial genetic contribution, with
heritability estimates averaging about 70%.2 The high
heritability has provided a strong rationale for
molecular genetic studies. Childhood adversity and
life events in adulthood might also contribute to
the development of bipolar disorder, possibly via
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effects on hypothalamic–pituitary–adrenal (HPA) axis
function.
The HPA axis is the part of the neuroendocrine
system that regulates responses to stress, with
cortisol, a glucocorticoid hormone, being the principal stress hormone within the axis. The first studies
showing a relationship between elevated cortisol and
depression, a phenotype closely related to bipolar
disorder, were carried out in the 1950s.3,4 Many
subsequent studies have shown HPA axis derangements
in depression, including altered cortisol responses to
suppression with dexamethasone, a synthetic cortisol
analogue5,6 and to the combined dexamethasone/corticotropin-releasing hormone (Dex-CRH) challenge test.7
More recently, studies of bipolar disorder have similarly
shown HPA abnormalities on the Dex-CRH challenge
test.8,9
While there is ample evidence of state-like HPA
changes in the setting of mood episodes, there are also
studies suggesting heritable trait-like abnormalities.
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Studies of unaffected offspring of both depressed10
and bipolar11 parents have shown they have elevated
baseline cortisol levels. Similarly, the Munich Vulnerability Study showed that unaffected first-degree
relatives from families with a high genetic load for
mood disorder often display abnormal responses to
the Dex-CRH challenge test.12,13
Several studies have found evidence for association
between variations in HPA axis genes and depression.
These include two implicating the glucocorticoid
receptor gene, which encodes the receptor for
cortisol.14,15 Binder et al.16 reported significant associations of antidepressant response with three singlenucleotide polymorphisms (SNPs) in FKBP5, whose
product forms part of a complex with the glucocorticoid receptor. The association with SNP rs1360780
was replicated in a second independent sample.
The TT genotype of rs1360780 was found to correlate
with increased number of depressive episodes
and increased FKBP5 protein levels. Subjects with
the associated TT genotype had less HPA-axis
hyperactivity during their depressive episodes.
FKBP5 has been implicated as a modulator of
glucocorticoid receptor function through association
with heat shock protein 90, a molecular chaperone
with a central role in steroid hormone signaling.
Glucocorticoid resistance in neotropical primates has
been attributed to overexpression of FKBP51, an
ortholog of FKBP5, suggesting that this cochaperone
can modulate cortisol-binding affinity.17 Additional
evidence supporting the potential functional relevance of FKBP5 comes from a recent study which
identified 121 genes showing significant differences
in expression in the brains of mice treated with
lithium as compared to controls.18 One of these genes
was the mouse homolog of FKBP5, which showed a
reproducible 3.2-fold increase in mice treated with
lithium.
We sought to test whether common FKBP5 variants
confer risk for bipolar disorder in a large family-based
sample, derived primarily from two studies. Toward
this end, we studied seven tag SNPs in the gene,
plus two additional SNPs from the Binder et al. study,
for association with illness in 317 families with 554
bipolar offspring.

Materials and methods
Sample
We selected 1188 subjects from 317 nuclear families
for genotyping. They constituted all available independent trios (two parents and one affected child)
and quads (two parents and two affected children)
from among the subjects originally ascertained as
part of the Chicago, Hopkins, NIMH Intramural
Program (CHIP) bipolar disorder study,19 the Clinical
Neurogenetics (CNG) Bipolar Disorder Study,20 or the
National Institute of Mental Health (NIMH) Genetics
Initiative Bipolar Disorder Collaborative Study.21 All
were ascertained on the basis of multiple relatives
affected with a major mood disorder; the detailed
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description of the ascertainment and assessment
protocols for each of these studies can be found
in the initial study reports. All subjects signed IRBapproved written informed consent forms prior to
enrolling in the studies.
For the purposes of this study, we considered those
with bipolar I disorder (BPI), bipolar II disorder (BPII)
with recurrent major depression or schizoaffective
disorder, manic or bipolar type (SA/BP) to be affected.
The 1188 subjects contained 317 pedigrees and
491 offspring with BPI, 39 offspring with BPII and
24 offspring with SA/BP, resulting in 80 independent
trios and 237 independent quads. The sample had
80% power to detect evidence of association for
a locus of moderate effect (genotypic relative risk =
1.6–1.7) assuming an additive model, a disease
prevalence of 1%, and a = 0.0019 (0.05 divided by
27, representing a Bonferroni’s correction for the nine
markers and three genetic models tested—additive,
dominant and genotypic).
The study design focused on combining the three
samples to maximize power, but we also performed
post hoc tests of consistency of results by dividing the
data into two parts. We grouped the CHIP (71 families,
24 trios and 47 quads) and the CNG (11 families,
4 trios and 7 quads) samples because they used
very similar assessment methods (probands and
parents were largely interviewed using the Schedule
for Affective Disorders and Schizophrenia-Lifetime
Version (SADS)22 and diagnoses were made using
the Research Diagnostic Criteria).23 The CHIP/CNG
set was compared to the NIMH sample which used
the Diagnostic Interview for Genetic Studies (DIGS)24
to make diagnoses under Diagnostic and Statistical
Manual III-R or IV criteria. The NIMH sample contained 235 families, 52 trios and 183 quads. Analyses
of both samples made use of the Bipolar Disorder
Phenome Database,25 which has recently combined
the CHIP and NIMH datasets and subjected them to
a variety of quality control checks.
SNP selection
We used the HapMap database (Phase I) to identify
the SNP markers necessary to capture the common
genetic variation across the FKBP5 gene.26 Tag SNPs
spanning the RefSeq FKBP5 transcript (115 plus
10 kb on either side) were chosen using the ldSelect
program,27 which allows the user to select tag SNPs
based on linkage disequilibrium (LD) parameters.
We required an r2 of 0.8 and a minor allele frequency
(MAF) of 0.1 in the Centre d’Etude du Polymorphisme
Humain-derived HapMap (CEU) sample. Seven
SNPs were chosen to adequately cover the region:
rs1043805,
rs7757037,
rs3798346,
rs9296158,
rs9380525, rs7763535 and rs737054. Genotyping was
conducted at Illumina using their BeadArray platform
(Illumina, San Diego, CA, USA).28 One of the tag SNPs
(rs7763535) failed Illumina’s assay design criteria,
and a second tag SNP (rs737054) failed to genotype
using the GoldenGate Assay.
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The two markers that could not be genotyped using
the Illumina system similarly failed on the TaqMan
platform. Alternatives were chosen from the HapMap
database. SNP marker rs4713902 has an r2 of 1.0 with
marker rs737054, and SNP marker rs6912833 has an
r2 of 0.955 with marker rs7763535 in the CEU sample,
indicating that these two markers were excellent
replacements for the two missing tag SNPs. These
two additional markers were genotyped using an ABI
7900HT and TaqMan assays (Applied Biosystems,
Foster City, CA, USA).29 We also used the ABI 7900HT
to genotype two additional SNPs (rs3800373 and
rs1360780) previously identified as being associated
with response to antidepressant treatment.16
Analytic methods
We examined the genotype data for deviations from
Hardy–Weinberg equilibrium (HWE) using Haploview30 and screened the genotype data for Mendelian
inconsistencies using family-based association test
(FBAT).31 Any pedigree with a non-Mendelian inheritance at a specific SNP had its genotypes removed for
that SNP.
We used the program Haploview to explore the
extent of LD across the region. We evaluated pairwise
measures of LD, including D0 and r2, between SNPs
and assessed for evidence of haplotype-block structure. We used the ‘confidence intervals’ approach32
and ‘solid spine of LD’ approach30 to explore the
putative block structure.
We tested for disease association with single SNPs
using the FBAT.31 In addition, we performed genotypic transmission disequilibrium tests (TDT) using
the gtrr function in STATA made available by
David Clayton (http://www.gene.cimr.cam.ac.uk/
clayton/software/stata). Because of their ability to
capture LD more informatively, testing associations
with haplotypes may be more powerful than with
individual SNPs. Therefore, we also used exhaustive
allelic TDT (EATDT) to test for evidence of haplotypic
association.33 EATDT generates permutation-based
P-values for each haplotype tested, allowing the user
to correct for multiple testing while taking LD into
account. SNP marker order was based on the UCSC
genome database (March 2006).
Covariate analysis
We also tested for evidence of association using
11 clinical covariates. Nine covariates were available
on all affected individuals from the CHIP and NIMH
studies (except for 10 subjects who were not interviewed): sex, age of onset (dichotomous and continuous), history of attempted suicide, history of
psychosis, history of hospitalization, number of
depressive episodes (continuous), number of manic
episodes (continuous) and weeks of most severe
depression (continuous). Two more clinical covariates
derived from the DIGS interview were rapid cycling
and rapid switching. The former was defined as four
or more syndromal mood episodes in a year, while the
latter was defined as a subjective sense of one’s mood

switching back and forth quickly from feeling high to
feeling depressed or normal. A total of 165 CHIP
subjects interviewed with the SADS did not have data
available on these two covariates.
Association tests with single SNPs were carried out
using the genotypic TDT as implemented in STATA
9.2, modified to include covariates by M Daniele
Fallin and K Lasseter. We formally tested for differences across subgroups by fitting to the entire sample
a conditional logistic regression model that included
a term for the covariate by genotype interaction.
Likelihood ratio tests were then used to test whether
the model including the interaction term provided
a better fit to the data than a model without the interaction term, suggesting heterogeneity in the observed
association.
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Results
Figure 1 illustrates the organization of the
FKBP5 gene, the location of the nine SNP markers
we studied and the extent of LD in the region in our
sample. The nine SNP markers are contained in two
haplotype blocks as defined by the ‘confidence
intervals’ approach (Figure 1) and one haplotype
block as defined by the ‘solid spine’ method. These
nine markers tag 78% of the common SNPs (MAF 0.1)
at an r2 of 0.8 found in FKBP5 in CEU samples from
Phase II of the HapMap project.
The genotypes for the nine SNPs were analyzed
with FBAT using both an additive and a dominant
genetic model. Under the additive model (Table 1),
marker rs4713902 showed a significant overtransmission of the major allele (465 transmissions observed;
424 transmissions expected) resulting in a significant
P-value (P = 0.0001) which remained significant
(P = 0.003) after Bonferroni’s correction for 27 tests
(see Materials and methods). Marker rs7757037 also
showed evidence of an overtransmission of the major
allele (447 transmissions observed; 414 transmissions
expected) resulting in a significant P-value (P = 0.005)
that was no longer significant after the conservative
Bonferroni’s correction (P = 0.14).
The dominant genetic model yielded additional
evidence for association (Table 1). Five markers
had nominal evidence for association (P < 0.05), including rs4713902 (P = 0.0007), rs7757037 (P = 0.001),
rs3800373 (P = 0.010), rs9296158 (P = 0.020) and
rs9380525 (P = 0.044). The findings for markers
rs4713902 and rs7757037 remained significant after
Bonferroni’s correction (P = 0.02 and 0.03, respectively).
Genotypic TDT results were calculated for each of
the nine SNPs (Table 2). As with the allelic association analysis, the strongest finding was at rs4713902
(P = 0.001). Markers rs7757037, rs3800373, rs9296158
and rs9380525 had evidence for genotypic association
using the standard bipolar phenotype.
We also performed post hoc tests of consistency
of results by dividing the data into two parts. We
grouped the CHIP and the CNG samples together and
Molecular Psychiatry
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Figure 1 The FKBP5 chromosomal location, gene structure, single-nucleotide polymorphism (SNP) locations and linkage
disequilibrium (LD) structure are depicted in the figure. The chromosomal location and gene structure were taken from the
UCSC genome browser (March 2006 Build; NCBI Build 36.1). The RefSeq transcript has 11 exons and spans 115 kb from
35 649 346–35 764 692 on chromosome 6. The locations of the study’s nine FKBP5 SNPs are indicated by arrows. The LD
structure for the nine FKBP5 SNPs was determined using our own genotype data in the family sample. The LD diagram
demonstrates that the nine markers belong to two haplotype blocks as determined by the ‘confidence intervals’ method.32
High pairwise LD (D0 ) between markers is illustrated with dark shading. The r2 scores for the marker pairs are listed in the
corresponding blocks.

compared them to the NIMH sample. The association
signals for rs4713902 and rs7757037 were supported
by both sample sets. Marker rs4713902 had P-values
of P = 0.006 for the CHIP/CNG samples and P = 0.004
for the NIMH sample using the additive model, and
marker rs7757037 had P-values of P = 0.017 for the
CHIP/CNG samples and P = 0.019 for the NIMH
sample under the dominant model.
We used EATDT to test for haplotypic association.
EATDT, which looks at all combinations of adjacent
SNPs, tested 130 haplotypes and SNPs in the analysis. Eleven haplotypes with permutation P-values
< 0.05 were identified. The two strongest haplotypes, each with a permutation P = 0.0002, covered
the following SNPs: (a) rs9296158–rs1360780–
rs4713902; and (b) rs1360780–rs4713902.
To compare our results to previous studies, we also
conducted covariate-based association analyses. Toward this end, the genotypic analyses were repeated
using 11 covariates. Four markers had evidence for
Molecular Psychiatry

association that was significantly influenced by the
attempted suicide covariate (rs1043805, P = 0.012;
rs3800373, P = 0.022; rs9296158, P = 0.021 and
rs1360780, P = 0.028), and three markers had evidence
for association that significantly corresponded with
the number of past depressive episodes (rs1043805,
P = 0.005; rs9296158, P = 0.021 and rs1360780,
P = 0.04).

Discussion
Five SNPs from the FKBP5 gene (rs4713902,
rs7757037, rs9296158, rs3800373 and rs9380525)
showed evidence for association with bipolar disorder in a family sample with 317 bipolar pedigrees
and 554 affected offspring. The strongest signal was at
rs4713902 (P = 0.0001) which remained significant
after correction for the nine markers and three models
tested and was consistent across the two studies that
comprised the sample. In addition, covariate-based
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Family-based association results

Marker

Allele
frequencies (%)

rs1043805

A (85)
T (15)
A (72)
C (28)
G (52)
A (48)
A (78)
G (22)
G (70)
A (30)
C (70)
T (30)
T (70)
C (30)
T (73)
A (27)
C (68)
G (32)

rs3800373
rs7757037
rs3798346
rs9296158
rs1360780
rs4713902
rs6912833
rs9380525

Genetic
modela

S/E(S)b major
allele

P-valuec
major allele

S/E(S)
minor allele

P-value
minor allele

Additive
Dominant
Additive
Dominant
Additive
Dominant
Additive
Dominant
Additive
Dominant
Additive
Dominant
Additive
Dominant
Additive
Dominant
Additive
Dominant

331/336
40/43
396/415.5
77/90.25
447/414
175/167.25
413/427.5
51/56.5
430/449
94/107
402/417.5
87/97.25
465/424
109/96.25
360/369.5
78/84
419/436.5
100/111.75

P = 0.564
P = 0.365
P = 0.060
P = 0.010
P = 0.005
P = 0.310
P = 0.137
P = 0.177
P = 0.083
P = 0.020
P = 0.141
P = 0.057
P = 0.0001
P = 0.019
P = 0.335
P = 0.228
P = 0.110
P = 0.044

157/152
137/135
264/244.5
182/175.75
371/404
147/172.25
225/210.5
174/165
294/275
200/194
274/258.5
182/176.75
225/266
147/175.25
234/224.5
160/156.5
305/287.5
192/186.25

P = 0.564
P = 0.791
P = 0.060
P = 0.452
P = 0.005
P = 0.001
P = 0.137
P = 0.285
P = 0.083
P = 0.487
P = 0.141
P = 0.526
P = 0.0001
P = 0.0007
P = 0.335
P = 0.654
P = 0.110
P = 0.496

a
P-values for the recessive model are the inverse for those of the dominant model. For example, the recessive P-value for
marker rs7757037 would be P = 0.001 for the major allele and P = 0.310 for the minor allele.
b
S, test statistic for observed number of transmitted alleles as calculated by FBAT; E(S), expected value of S under the null
hypothesis as calculated by FBAT.
c
P-values, asymptotic P-values as calculated by FBAT.

analyses in the family sample identified four SNPs
within FKBP5 (rs1043805, rs3800373, rs9296158 and
rs1360780) whose association with bipolar disorder
differed depending upon the attempted suicide
covariate and/or the number of depressive episodes
in bipolar subjects.
Our results are consistent with the findings of
Binder et al.16 In that study, markers rs3800373
and rs1360780 showed evidence for association in
depressed subjects stratified according to antidepressant response. Marker rs1360780 (TT genotype) was
also associated with increased number of depressive
episodes, increased intracellular FKBP5 protein expression and a decreased response in the Dex-CRH
test. In our study, marker rs1360780 had a trend
toward an association (P = 0.057) with the standard
bipolar disorder phenotype and showed evidence
of association with number of depressive episodes.
Our findings also implicate rs3800373; the CC
genotype is the risk genotype in our study and the
antidepressant responsive genotype in the Binder
et al. study. Our strongest SNP, rs4713902, is 6.5 kb
from rs1360780, though it is only in modest LD
(r2 = 0.18). Marker rs4713902 was chosen to replace
rs737054 with which it is in perfect LD. Of potential
functional significance, rs737054 lies within a highly
conserved region34 of intron 5 that is predicted to
have high regulatory potential.35
Gawlik et al.36 attempted to replicate the Binder
et al. findings by genotyping three associated SNPs
from that study in a sample containing 248 subjects
with depression or bipolar disorder and 188 controls.

No evidence for allelic or genotypic association
was found in the case–control analysis. The authors
also tested for evidence of association with five
disease variables, including age at onset, age at first
hospitalization, duration of inpatient treatments,
duration of disease and number of inpatient treatments. One genotype and one haplotype were
nominally associated with longer duration of disease
(P = 0.01 and 0.045, respectively). Fallin et al.37 genotyped five FKBP5 SNPs in 323 BPI trios of Ashkenazi
descent and found no evidence of association. These
two negative studies may have been the result of
genetic heterogeneity, insufficient marker density
and/or smaller sample sizes.
While our family sample benefits from a design that
is immune to issues of population stratification,
which can complicate the analysis and interpretation
of case–control studies, family-based designs may be
more vulnerable to issues arising from genotyping
error. In particular, undetected genotyping errors can
lead to false positive family-based association signals
at markers with unequal allele frequencies, leading to
apparent overtransmission of the common alleles and
undertransmission of the minor alleles.38 While this
pattern was seen in the additive model for both of the
two strongest association signals in our study, these
SNPs showed no evidence of inheritance inconsistencies, blind duplicate discordance or deviation
from HWE, making genotyping error an unlikely
explanation for our results.
Our results should be considered in light of several
limitations. First, our FKBP5 tag SNPs were selected
Molecular Psychiatry
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Table 2

Genotypic association results

Marker

rs1043805
rs3800373
rs7757037
rs3798346
rs9296158
rs1360780
rs4713902
rs6912833
rs9380525

Genotypic association resultsa odds ratios (95% CI)

Allele frequencies (%)

A (85)
T (15)
A (72)
C (28)
G (52)
A (48)
A (78)
G (22)
G (70)
A (30)
C (70)
T (30)
T (70)
C (30)
T (73)
A (27)
C (68)
G (32)

Homozygous major
allele (reference)

Heterozygous

Homozygous minor
allele

P-valueb

1.0

0.78 (0.49, 1.23)

0.76 (0.47, 1.24)

0.53

1.0

1.05 (0.82, 1.34)

1.66 (1.11, 2.46)

0.03

1.0

0.68 (0.53, 0.87)

0.63 (0.45, 0.89)

0.007

1.0

0.75 (0.44, 1.29)

0.67 (0.38, 1.19)

0.35

1.0

1.04 (0.82, 1.32)

1.53 (1.05, 2.22)

0.05

1.0

1.04 (0.81, 1.33)

1.81 (0.97, 2.13)

0.13

1.0

0.69 (0.55, 0.88)

0.47 (0.30, 0.74)

0.001

1.0

0.80 (0.58, 1.10)

0.77 (0.52, 1.15)

0.36

1.0

0.73 (0.54, 0.97)

0.69 (0.48, 1.01)

0.09

Abbreviation: CI, confidence interval.
Odds ratios are calculated with respect to the reference group (the homozygous major allele for each marker). Odds ratios
> 1.0 indicate that the genotype under examination (homozygous minor allele or heterozygous) is associated with higher risk.
Odds ratios < 1 indicate that the homozygous major allele is associated with higher risk.
b
Robust P-values are estimates of the overall trend for the data as calculated by the gtrr function using robust variance
estimates.
a

using data from an earlier version of the HapMap
project (Phase I), resulting in incomplete coverage for
the common genetic variation that has subsequently
been identified. Second, we have not assayed rare
variation in FKBP5 that might influence susceptibility
to illness. Third, we were not able to test for
correlation of positive genotypes with variation in
measures of HPA axis function, as these have not been
obtained in this sample. Fourth, although we had
only 1.6% missing data for our strongest marker
(rs4713902), if there were substantial bias in the
pattern of missing genotypes, this could reduce the
strength of our results.
Additional data regarding the role of FKBP5
in mood disorders should be forthcoming soon
as several whole-genome association studies are
currently being conducted or planned using the
bipolar disorder and recurrent major depression
phenotypes. The first published genome-wide association study of bipolar disorder,39 which used a DNA
pooling strategy, detected nominally significant evidence of association with rs7757037 in one sample
and with rs3798346 in both samples studied. A
second genome-wide association study, from the
Wellcome Trust Case–Control Consortium, identified
one SNP within FKBP5 (rs16878806) with nominal
evidence for association with bipolar disorder.40
Marker rs16878806 lies in close proximity to
rs7757037 and is in strong LD with it.
Molecular Psychiatry

If our results and those of Binder et al. are correct,
and FKBP5 does play a role in susceptibility to bipolar
disorder as well as in recurrence of depression and
rapidity of response to antidepressant medication,
this confluence of associations would be consistent
with prior clinical observations. Recurrence of
episodes has been reported to be greater in bipolar
disorder than in unipolar depression.41 A rapid response to antidepressants could be an indication of a
bipolar diathesis given that some patients experience
antidepressant-induced shifts from depression into
hypomania or mania.42
In conclusion, common variants of FKBP5 were
associated with bipolar disorder and with a feature of
illness, number of depressive episodes, implicated in
a prior study of depression. This result is consistent
with the well-established relationship between
the HPA axis, which mediates the stress response,
and mood disorders. Whole-genome association
studies that are ongoing in bipolar disorder and major
depression should further clarify the role of FKBP5
and other HPA genes in these illnesses.
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