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ABSTRACT

Objective: The hypothalamic-pituitary-adrenal
(HPA) axis seems dysregulated and part of

the pathophysiology in bipolar disorder and
schizophrenia, but the underlying mechanisms are
unknown. Recent evidence indicates that systemic
cortisol metabolism influences blood cortisol levels
and HPA axis functioning. Our objective was to
estimate systemic cortisol metabolism by means
of the activity of 5a-reductase, 53-reductase, and
11B-hydroxysteroid dehydrogenase (113-HSD) in
patients with bipolar disorder and schizophrenia
spectrum disorders compared to healthy controls.

Method: Inpatients and outpatients aged

18 to 65 years with DSM-IV bipolar disorder (n=69)

or schizophrenia (n=87) were consecutively recruited
to the catchment area—based Thematically Organized
Psychosis Research (TOP) study. Healthy controls
(n=169) were randomly selected from statistical
records from the same catchment area and were
contacted by letter inviting them to participate.

Spot urine samples were collected in a cross-
sectional manner from November 2006 to November
2008. Urinary free cortisol and cortisone and their
metabolites were analyzed with liquid chromatography
tandem mass spectrometry and used as indicators of
5a-reductase, 53-reductase, and 113-HSD activity.

Results: The combined patient group had increased
activity of 5a-reductase, 53-reductase, and 113-HSD2
(all P<.001) compared to controls. Elevated systemic
cortisol metabolism was present in both schizophrenia
(5a-reductase, 5p-reductase, and 113-HSD2; all
P<.001) and bipolar disorder (5a-reductase [P=.016],
5@-reductase [P=.001], and 113-HSD2 [P=.007]).

Conclusions: The results indicate increased activity of
cortisol metabolism in patients with bipolar disorder
and schizophrenia compared to healthy controls and
suggest that increased systemic cortisol metabolism is
involved in the pathophysiology and stress vulnerability
in these severe mental disorders. The findings should
be explored further in terms of potential new drug
targets, and they add to the physiologic rationale for
stress coping strategies in these patient groups.
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B ipolar disorder and schizophrenia are severe mental disorders,
considered to be part of the psychosis spectrum, with overlapping
symptomatology and common genetic determinants.! The molecular
genetic architecture is still mostly unknown, and the pathophysiol-
ogy remains elusive. Increased hypothalamic-pituitary-adrenal (HPA)
axis activation is documented in both disorders.>~> This dysregula-
tion is proposed to be part of the pathophysiology in bipolar disorder
and schizophrenia,*® is a promising target for pharmacotherapy in
bipolar disorder,® and seems associated with treatment response in
schizophrenia.” However, the underlying mechanism of the HPA axis
dysregulation is largely unknown. An intriguing possibility is that
dysregulation of systemic cortisol metabolism could play a role. This
possibility has received little attention, and, to the best of our knowl-
edge, there are no studies on cortisol-metabolizing enzymes in bipolar
disorder and schizophrenia.

The HPA axis is an important stress response system and has com-
plex regulatory mechanisms.® Both inhibitory and excitatory pathways
originating from limbic structures (hippocampus, amygdala, and pre-
frontal cortex) regulate secretion of corticotropin-releasing hormone
and vasopressin from the paraventricular nucleus of the hypothala-
mus. Corticotropin-releasing hormone and vasopressin stimulate
release of adrenocorticotropic hormone from the anterior pituitary,
resulting in increased cortisol secretion from the adrenal cortex. Cor-
tisol acts on higher levels of the axis, regulating the activity through
feedback inhibition.® The HPA axis has a finely balanced equilib-
rium, and dysregulation could arise from perturbation at any level,’
including the metabolism of cortisol.

Several enzymes are involved in the metabolism of cortisol. The most
important are 5a-reductase, 5B-reductase, and 11p-hydroxysteroid
dehydrogenase (113-HSD) type 1 and 2; 5a-reductase and 5p-reductase
are rate-limiting enzymes in the liver, catalyzing the irreversible con-
version of cortisol to 5a-dihydrocortisol and 53-dihydrocortisol and
of cortisone to dihydrocortisone (5B-reductase). These intermediates
are further hydroxylated to form allo-tetrahydrocortisol (aTHF), tet-
rahydrocortisol (THF), and tetrahydrocortisone (THE), followed by
conjugation and excretion in the urine. The enzyme system 113-HSD
interconverts cortisol and cortisone and is a tissue-specific modula-
tor of glucocorticoid receptor exposure to cortisol. The isoenzyme
113-HSDI acts mainly as a reductase in vivo, catalyzing the forma-
tion of cortisol (active) from cortisone (inactive). It is located in a
variety of human tissues and is responsible for hepatic conversion of
cortisone to cortisol. The isoenzyme 11p-HSD?2 acts as a dehydroge-
nase, catalyzing the formation of cortisone from cortisol. It is located
in mineralocorticoid-responsive tissues, including the kidneys, pro-
tecting mineralocorticoid receptors from cortisol binding.'°
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There is recent evidence for systemic 113-HSD influence
on systemic cortisol levels and functioning of the HPA axis.
Both isoenzyme type 1 (hepatic) and 2 (renal) show modu-
latory effects on serum levels of cortisol and cortisone.'>!2
Isoenzyme 11B-HSD1-deficient mice have a relative shift
toward inactivating corticosterone (in humans: inactivating
cortisol) and demonstrate an abnormal activity of the HPA
axis,'® which is reversed by introducing 113-HSD1 in hepatic
tissue.'* These interplays make systemic cortisol metabolism
an area of interest in disorders with HPA axis dysregulation.
There are some studies'>! on 5a-reductase, 5B-reductase,
and 11B-HSD activity in depression, but these studies show
varying results.

Our objective in the present study was to determine
the activities of enzymes in systemic cortisol metabolism in
bipolar patients, schizophrenia patients, and healthy controls
by analyzing urinary free cortisol, cortisone, and cortisol
metabolites in order to investigate (1) whether systemic
cortisol metabolism is enhanced in bipolar disorder and
schizophrenia compared to healthy controls, demonstrated
with a shift in 11B-HSD activity toward increased dehydro-
genase activity and increased 5a-reductase and 5p-reductase
activities, and (2) whether the systemic cortisol metabolism
is similar in bipolar disorder and schizophrenia, demon-
strated by no differences in enzyme activities.

METHOD

Subjects

Patients were recruited through referrals to the ongoing
Thematically Organized Psychosis Research (TOP) study that
is carried out by the University Hospitals of Oslo, Norway.
Inclusion criteria were as follows: (1) being registered as an
inpatient or outpatient in the psychiatric services of any one
of the 4 hospitals in Oslo; (2) aged 18 to 65 years; (3) meet-
ing DSM-IV criteria for schizophrenia spectrum disorders or
bipolar disorders; and (4) being willing and able to give writ-
ten, informed consent for participation. Exclusion criteria
were history of moderate or severe head injury, neurologic
disorder, mental retardation, diagnosis of hepatic or renal
disorder, thyroid dysfunction, Addison’s disease, Cushing’s
syndrome, or use of corticosteroid medications.

Clinical diagnostic assessments were done by trained
clinical research personnel using the Structured Clinical
Interview for DSM-IV Axis I Disorders.?’ Interrater reli-
ability was good, with an overall k score of 0.77 (95% CI,
0.60-0.94). The Inventory of Depressive Symptomatology,
Clinician-Rated (IDS-C),?! the Calgary Depression Scale for
Schizophrenia (CDSS)?? (used for 20 subjects with schizo-
phrenia spectrum disorder and 1 with bipolar disorder), the
Young Mania Rating Scale (YMRS),? and the Positive and
Negative Syndrome Scale (PANSS)?* were used for symptom
assessments.

Included in the current analyses were consecutively
referred patients with measurements of urinary cortisol me-
tabolites, consisting of a total of 156 patients, of which 87 had
a DSM-IV schizophrenia spectrum disorder (schizophrenia
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[n=67], schizophreniform disorder [n=9], and schizo-
affective disorder [n=11]), termed here as schizophrenia,
and 69 had bipolar disorder (bipolar I disorder [n=37],
bipolar II disorder [n=18], and bipolar disorder not oth-
erwise specified [n=14]), termed here as bipolar disorder.
A representative, healthy control group was randomly
selected from statistical records from the same catchment
area as the patient groups, and the subjects were contacted
by letter inviting them to participate. Included in the current
analyses were 169 consecutively recruited healthy controls
with urinary samples and not using corticosteroid medica-
tion. Six urinary samples from the patient group and 1 from
the healthy control group were excluded because of technical
errors during sampling. Data were collected from November
2006 to November 2008.

Both patient groups showed, on average, only mild
depressive and manic symptoms (Table 1). The schizo-
phrenia group had a significantly higher PANSS total score
(U=742.0; Z=-7.6; P<.001), YMRS total score (U=2,182.0;
Z=-2.2; P=.028), and IDS-C total score (U=1,561.0;
Z=-2.3, P=.020) compared to the bipolar disorder group.
The higher score on the YMRS was due to item 8, which
measures delusions.

There were between-group differences in distribution
of sex (x*,=9.3, P=.009), with relatively more men in the
schizophrenia group compared to the bipolar disorder
group. The groups differed in age (x%,=10.3, P=.006), as
the schizophrenia group was significantly younger than the
bipolar disorder group (P=.003) and the healthy controls
(P=.040), and the bipolar disorder group was older than
the healthy controls (P=.050). Time of sampling differed
significantly between the groups (x*,=46.9, P<.001); more
controls were screened in the afternoon, with later urinary
sampling than the 2 patient groups (both P<.001). Time of
sampling also differed somewhat between the patient groups
(P=.023) (median [interquartile range]: bipolar disorder,
10:25 aM [2.00 hours]; schizophrenia, 11:20 aM [2.58 hours];
healthy controls, 1:10 pM [6.08 hours]). There were between-
group differences in urinary creatinine (x%,=18.5, P<.001),
with elevated levels in schizophrenia and bipolar disorder
compared to healthy controls (P<.001 and P=.040, respec-
tively). Body mass index, measured in a subset of 125 healthy
controls and 146 patients, differed between groups (x*,=6.8,
P=.034), with higher levels in the schizophrenia group com-
pared to healthy controls (P=.019). These variables were
included in the subsequent analyses of covariance.

In the schizophrenia group, 76 patients (87%) used 1
or more antipsychotics, 25 (29%) used antidepressants,
and 8 (9%) used mood stabilizers. In the bipolar disorder
group, 34 patients (52%) used 1 or more antipsychotics,
31 (47%) used antidepressants, and 34 (52%) used mood
stabilizers (3 had missing data). Forty-one patients (27%)
received monotherapy and 93 (61%) used a combination of
psychopharmacologic agents, while 19 (12%) used no psy-
chopharmacologic agents.

After the study was completely described to the subjects,
written informed consent was obtained from each participants.
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Table 1. Sample Characteristics According to Study Group

column (Agilent Technologies, Santa

Schizophrenia

Bipolar Disorder®  Spectrum Disorders®

Clara, California). Mobile phase was

Healthy
60:40 MeOH:H,O with 0.1% formic

Controls P

Characteristic (N=69), n (%) (N=87),n (‘Zy) (N=169),n (%) Value acid. Flow rate was 500 pL/min, and
Gender, male 39 (43.5) 5? (67.8) 97 (57.4) 009 column oven was set at 60°C. The mass
N M;sg‘?lg(g{) Mze;lz)a?l(;g)léz Mg‘ih;rz 1(;%1;) 006 spectrometric detector, an MDS Sciex
ge,y . . . .0)™ . . . . .

Urinary creatinine, mmol/L 9.1 (10.9) 11.1 (8.9)° 6.1 (8.0) <.001 API-4000 Q-Trap (Applied Biosystems,
Body mass index,’ kg/m? 26.0 (5.3) 26.0 (7.8)° 24.2 (4.6) 034 Carlsbad, California), operated with
IDS-C total score 12.0 (17.0) 18.0 (19.0) NA .020 electrospray ionization (ESI) source
YMRS total score 2.0 (6.8) 6.5(9.9) NA .028 . . de. 1 di

PANSSS total score 42.0 (10.0) 61.0 (24.0) NA <.001 In positive mode. lon source condi-

20One subject in the bipolar disorder group was assessed with the CDSS, with a score of 3.0. Twenty
subjects in the schizophrenia spectrum disorders group were assessed with the CDSS, with a

median (IQR) score of 5.5 (6.8).
P<.05 vs bipolar disorder.
€P<.05 vs healthy controls.

dData were missing for 4 subjects in the schizophrenia group and for 2 subjects in each of the bipolar

disorder and healthy control groups.
€P<.001 vs healthy controls.
fData were reported in a subset of 146 patients and 125 healthy controls.

Abbreviations: CDSS = Calgary Depression Scale for Schizophrenia; IDS-C =Inventory of Depressive
Symptomatology, Clinician-Rated; IQR = interquartile range; NA =not applicable; PANSS = Positive

and Negative Syndrome Scale; YMRS = Young Mania Rating Scale.

tions were as follows: curtain gas,
30 psig; collisionally activated dis-
sociation (CAD), medium; ionspray
voltage, 5,500 V; temperature, 350°C;
gas 1, 50 psig; gas 2, 50 psig; en-
trance potential, 10 V; and resolution
set to unit. The following multiple
reaction monitoring (MRM) transi-
tions were monitored: 349/313 and

The Regional Ethics Committee and The Data Inspectorate
approved the study. The biobank was approved by the
Norwegian Directorate of Health.

Design and Cortisol Measurements

Within 2 weeks after clinical assessments, patients
underwent neuropsychological testing and routine blood
withdrawal. On this occasion, urine was sampled and im-
mediately frozen for later analyses of urinary free cortisol
(UFF) (reflecting systemic free cortisol), urinary free cor-
tisone (UFE), aTHE, THE and THE. The healthy controls
underwent the same urine sampling, neuropsychological
testing, and blood withdrawal procedure.

Allo-THF, THE, THE, cortisol, and cortisone in urine
were measured by validated methods developed at the
Institute of Internal Medicine, University of Bergen, and
the Hormone Laboratory, Haukeland University Hospital,
Bergen, Norway. All measurements were based on liquid
chromatography tandem mass spectrometry. Briefly, for
aTHE THEF, and THE, 100 pL of centrifuged urine was add-
ed to 228 pL of an enzyme-buffer cocktail (acetate buffer,
0.5N, pH 5.1, with 7,500 units of f-glucuronidase type H-2
from Helix pomatia [Sigma-Aldrich, St. Louis, Missouri] and
5,000 units of B-glucuronidase from Ampullaria [Wako Pure
Chemical Industries Ltd, Tokyo, Japan]). Samples were incu-
bated at 55°C for 2 hours and fridge-centrifuged at 6000 x g
for 20 minutes. Forty-four pL of supernatant was diluted 1:5
with 30:70 MeOH:H,O (v/v) containing deuterated THF-d3
(5B-Pregnan-3a,11f,17a, 21-tetrol-20-one-9,11a,12-d;, 95
atom % D) (C/D/N Isotopes Inc, Quebec, Canada) as the
internal standard. After 20 minutes, equilibration samples
were filtered through 0.45-pm filters. Chromatographic sep-
aration was performed on a Dionex 3000 x2 Dual Analytical
High-Performance Liquid Chromatography (HPLC) System
(Dionex Corporation, Sunnyvale, California). Five uL was in-
jected into a ZORBAX Eclipse XDB-C18 5-um, 3.0 x 250 mm
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349/99 (THF and aTHF), 347/149

and 347/91 (THE), and 352/316 and
352/92 (THF-d3). The between-day precision was below
7.4%, 9.9%, and 7.9% for THE, aTHF, and THE, respectively.
Accuracy ranged from 94% to 115%.

For measurements of cortisol and cortisone in urine,
200 pL of urine was diluted 1:1 with the internal standard,
deuterated cortisol-d4 (4-Pregnen-11p3,17a,21-triol-3,
20-dione-9,11,12,12-d,, 97.5 atom % D) (C/D/N Isotopes
Inc, Quebec, Canada) in 1% formic acid. A 20-pL sample
was injected into an Oasis hydrophilic-lipophilic-balanced
(HLB) column, 2.1 x20 mm, 25 pm (Waters Corporation,
Milford, Massachusetts), for sample cleanup at a flow rate of
2,500 uL/min. Washing steps included 0.5 minute with 0.1%
formic acid, 0.5 minute with 40:4:56 MeOH:NH,OH:H,0
(v/v/v), and 1.0 minute with 0.1% formic acid. After 2.0
minutes, a valve directed the flow from a secondary pump
through the extraction column in backflush mode and eluted
retained substances to the analytic column (Sunfire 2.1 x 100
mm, 3.5 um) (Waters Corporation, Milford, Massachusetts).
This secondary pump was running a gradient from 10% to
50% acetonitrile with 0.1% formic acid from t=2 to t=10
minutes. Flow rate was 300 uL/min, and column temperature
was 20°C. The API-4000 Q-Trap operated in ESI positive
mode. Ion source conditions were as follows: curtain gas, 30
psig; CAD, medium; ionspray voltage, 5,500 V; temperature,
550°C; gas 1, 50 psig; gas 2, 50 psig; entrance potential, 10 V;
and resolution set to unit. The between-day precisions were
below 5.3% and 3.4% for cortisol and cortisone, respectively.
Accuracy ranged from 99% to 108% for cortisol and from
88% to 100% for cortisone. There were no known interfering
substances.

Indexes of Enzyme Activities

Activity of 113-HSD (overall) was estimated with the
(aTHF + THF)/THE index, and the activity of 113-HSD2
was estimated with the UFF/UFE index.!® Activities of
5a-reductase and 5B-reductase were calculated with
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aTHF/UFF and THF/UFF indexes,

Table 2. Median Urinary Free Cortisol, Urinary Free Cortisone, and Metabolites for

respectively.® Subjects with 2 urinary  Each Study Group

samples (n=10) had indexes computed Bipolar Disorder Schizophrenia Spectrum Healthy Controls

from their mean values. To control for (N=69), Disorders (N =87), (N=169),

. L. . . . . Substance Median (IQR) Median (IQR) Median (IQR) P Value
variation in urine concentration, uri-
. dusine th UFE nmol/L 95.5 (140.1) 97.4 (115.8) 75.0 (126.0) 37

nary creatinine was measured using the  ygg, nmol/L 238.0 (203.5) 237.0 (220.0)* 189.0 (183.0) 041

Jaffé reaction (Cobas Integra analyzer, =~ THEnmol/L  5,730.0 (10,085.0)* 6,720.0 (7,670.0)° 3,640.0 (5,670.0) <.001

Roche Diagnostics GmbH, Mannheim aTHE nmol/L  5,100.0 (8,840.0) 7,060.0 (7,910.0)>¢ 4,270.0 (6,590.0) <.001
’ > THE,nmol/L  9,275.0 (15,230.0) 13,600.0 (14,270.0)° 6,800.0 (9,310.0) <.001

Germany) (urinary creatinine mea-
sure was missing for 4 subjects in the
schizophrenia group and for 2 subjects
in each of the bipolar disorder and

2P <.05 vs healthy controls.

YP<.001 vs healthy controls.

€P<.05 vs bipolar disorder.

Abbreviations: aTHF =allo-tetrahydrocortisol, IQR = interquartile range, THE = tetrahydrocortisone,
THEF =tetrahydrocortisol, UFE = urinary free cortisone, UFF = urinary free cortisol.

healthy control groups).

Statistical Analysis

SPSS software version 15.0 (SPSS Inc, Chicago, Illinois)
was used for the statistical analyses. Indexes of enzyme
activities had skewed distribution and were logarithmically
transformed for comparisons between groups with analysis
of covariance. Included in the model as main effects were
group (all patients, or schizophrenia and bipolar disor-
der, and healthy controls) and adjustments with backward
elimination for age, gender, urinary creatinine, and time of
sampling. We also tested the group x gender interaction.
Effects of body mass index were added in a separate analysis,
as this variable was available in a subset of the sample.

Analyses of the indexes were performed between the fol-
lowing medication groups: antipsychotics (n=110) versus
no antipsychotics (n=43); mood stabilizers (n=42) versus
no mood stabilizers (n=111); and the combination of anti-
psychotics and mood stabilizers (n=24) versus no use of
these types of medications (n=25).

For testing between-group differences in UFF, UFE,
aTHE, THF, THE, time of sampling, age, urinary creati-
nine, body mass index, and total scores for PANSS, IDS-C,
and YMRS, we used the Kruskal-Wallis H test and/or the
Mann-Whitney U test. Differences in gender were ana-
lyzed with the X* test, and correlations were analyzed with
the Spearman p. For all statistical analyses, the significance
level was set at .05 (2-sided), and corrections of results were
performed with the Bonferroni correction.

RESULTS

The uncorrected concentrations of UFF, UFE, and metab-
olites are shown in Table 2. There was a significant increase
in UFE (U=11,153.5; Z=-2.4; P=.017), aTHF (U= 10,408.5;
Z=-3.3; P=.001), THF (U=9,406.5; Z=-4.5; P<.001),
and THE (U=9,270.5; Z=-4.5; P<.001) in the combined
patient group compared to healthy controls. Comparing
the schizophrenia, bipolar disorder, and healthy control
groups, significant between-group differences were found
for UFE (x%,=6.4, P=.041), aTHF (x*,=15.4, P<.001),
THF (x%=21.2, P<.001), and THE (x?,=23.8, P<.001).
These differences were due to increased concentrations in
schizophrenia (UFE, P=.014; aTHF, P<.001; THF, P<.001;
and THE, P<.001) and bipolar disorder (THE P=.010; and
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THE, P=.020) compared to healthy controls. Allo-THF was
increased in schizophrenia compared to bipolar disorder
(P=.043); UFF did not differ significantly between groups
(unadjusted).

The cortisol metabolite indexes, estimating enzyme
activities, were significantly different between the combined
patient group and the healthy control group for 5a-reductase
(F,=17.4, P<.001), 5B-reductase (F,=27.0, P<.001), and
113-HSD2 (F,=18.2, P<.001). Comparing the schizophre-
nia, bipolar disorder, and healthy control groups, significant
between-group differences were found for 5a-reductase
(F,=9.0, P<.001), 5B-reductase (F,=13.9, P<.001), and
11B-HSD2 (F,=9.2, P<.001). Increased enzyme activity
was present in both schizophrenia (5a-reductase, P<.001;
5B-reductase, P<.001; and 11p-HSD2, P<.001) and bipolar
disorder (5a-reductase, P=.016; 53-reductase, P=.001; and
11B3-HSD2, P=.007) compared to healthy controls (Figure
1). There were no significant differences in enzyme activities
between the bipolar disorder group and the schizophrenia
group. All reported differences remained significant when
including body mass index in the statistical model. Male
subjects with schizophrenia tended to inactivate cortisol to
a larger extent than male healthy controls, indicated by a
group (bipolar disorder, schizophrenia, controls) x gender
interaction for overall 113-HSD, but this finding did not
reach statistical significance (P=.11).

There were no significant differences in the enzyme
indexes of cortisol metabolism between groups of medica-
tions. The enzyme indexes were not significantly correlated
to total scores in PANSS, IDS-C, CDSS, or YMRS.

DISCUSSION

The present study demonstrates an increased systemic
metabolism of cortisol in bipolar disorder and schizophre-
nia patients compared to healthy controls on the basis of
findings of increased activities of the enzymes 5a-reductase,
5B-reductase, and 113-HSD2. Enzyme activities in bipolar
disorder and schizophrenia did not differ significantly. To
the best of our knowledge, these are the first results to sug-
gest that increased systemic metabolism of cortisol is related
to the hyperactive HPA axis previously demonstrated in
these disorders.>*

J Clin Psychiatry72:11, November 2011
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Figure 1. Indexes of Enzyme Activities in Systemic Cortisol Metabolism?
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*Estimated marginal means of indexes for (A) 5a-reductase, (B) 5p-reductase, and (C) 113-HSD2 are presented.
Indexes are significantly different between healthy controls and the bipolar disorder and schizophrenia spectrum
groups. There are no significant differences in indexes comparing the bipolar disorder and schizophrenia

spectrum groups.

*P<.025 vs healthy controls, **P <.001 vs healthy controls.

Abbreviations: 113-HSD2 = 11B-hydroxysteroid dehydrogenase type 2, aTHF = allo-tetrahydrocortisol,
THF = tetrahydrocortisol, UFE = urinary free cortisone, UFF = urinary free cortisol.

The enzyme indexes applied in the present study are
widely accepted and used as estimates of systemic enzyme
activities.!'®?° There are several reports!®?° of index levels
corresponding to concentrations of metabolites excreted in
the urine, lending strongly to the suggestion that the pre-
sent results reflect increased activity in cortisol-metabolizing
enzymes in bipolar disorder and schizophrenia.

An increased systemic cortisol metabolism may lead
to a dysfunctional HPA axis activity, as was suggested
recently by transgene mediated delivery of hepatic 113-HSD1
activity to 11B-HSD1 knockout mice.'* The 11p-HSD1
knockout mice do not possess 113-HSD1 in the brain, liver,
or any other organ, with a resulting abruption of conver-
sion of 11-dehydrocorticosterone (analogous to cortisone in
humans) to corticosterone (cortisol in humans), an analog of
increased metabolism of cortisol. In these mice, abnormalities
in HPA axis activity, such as increased levels of corticoster-
one and adrenocorticotropic hormone!*!* and decreased
inhibition of corticosterone secretion after administration of
exogenous cortisol,' are reported. However, normal activity
was completely restored with transgene-mediated delivery of
hepatic 113-HSD1 activity,'* indicating that altered systemic
cortisol metabolism affects HPA axis functioning.

A series of studies*>*?’~? report dysfunctional HPA axes
in bipolar disorder and schizophrenia; these findings par-
allel those in the 113-HSD1 knockout mice. These results
could be due to increased systemic cortisol metabolism,
since raised basal levels of adrenocorticotropic hormone*”-*
and cortisol?®?° (markers of HPA axis dysfunction) in
bipolar disorder and schizophrenia correspond to find-
ings in 11p-HSD1 knockout mice that seem to be reversed
with the transgene-mediated delivery of hepatic 113-HSD1
activity.'* Analogous to the transgenic mouse model,'* the
indexes of enzyme activities in the present study relate to
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systemic cortisol metabolism (hepatic, renal).!%* Thus, the
present findings suggest that an increased systemic cortisol
metabolism is part of the pathophysiology of the HPA axis
hyperactivity in bipolar disorder and schizophrenia. Further,
it is possible to speculate that a higher turnover of cortisol
renders the HPA axis more vulnerable to stress, affecting the
course of mental illness. Interestingly, there is a case report of
clinical improvement in a patient with schizophrenia treated
with a 5a-reductase inhibitor.*

However, the exact mechanism of the HPA axis func-
tion and systemic cortisol metabolism interplay remains
unclear. A compensatory increased HPA axis drive may fol-
low an increased cortisol metabolism, as altered 5a-reductase
and 5B-reductase activities affect the half-life of cortisol,
and there is evidence that both 11B-HSD type 1 and type
2 modulate systemic cortisol level.!""!? This compensa-
tory mechanism is suggested in other disorders such as
Alzheimer’s disease®! and polycystic ovary syndrome?? and
is also indicated in the transgenic mouse model.'* In the
present sample, the increase in metabolism could also be
secondary to a primary increased HPA axis activity, with
subsequent increase in metabolism to maintain equilib-
rium. However, this seems less likely as UFF levels, reflecting
systemic, biologically active cortisol, did not differ signifi-
cantly between the groups. There are several studies!>!>3? of
subjects with differing basal cortisol levels reporting no indi-
cations of enzyme induction on the basis of activity indexes.
The stability of the metabolic activity is further supported
by our findings of no correlations between the indexes and
the symptom measurements. These findings support the
concept that systemic metabolic activity is a trait marker in
these mental disorders.

Studies of genetic factors related to different parts of
the HPA axis have so far been unsuccessful in identifying
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the causes of dysfunctions found in bipolar disorder and
schizophrenia. In bipolar disorder, studies of glucocorticoid
and corticotropin-releasing hormone receptors are basically
negative’*3>; studies of single-nucleotide polymorphisms
(SNPs) of FKBP5, a gene coding for a product involved
in glucocorticoid receptor function, yield contradicting
results®***7; and no association is found with the corticotropin-
releasing hormone gene.*® In schizophrenia, there is 1
negative FKBP5 study.*® There is some evidence, though
not uniform, for an association in both disorders with
variants in the YWHAH gene, which codes for a protein
(14-3-3n) blocking glucocorticoid receptor degradation.®-#!
Immune factors could also play a role in cortisol metabolism.
Immune system abnormalities have been associated with
schizophrenia and bipolar disorder,*> immune-related risk
genes were recently found in schizophrenia,** and immune
mediators such as tumor necrosis factor (TNF)-a modulate
the activity of 113-HSD.* To the best of our knowledge,
there have been no studies of genes specific for cortisol-
metabolizing enzymes in mental disorders.

Cortisol metabolism has been found to be affected in
various disorders, including obesity, metabolic syndrome,
hypertension, polycystic ovary syndrome, apparent min-
eralocorticoid excess, and Alzheimer’s disease.!® Previous
related studies in mental disorders include reports on post-
traumatic stress disorder,?®* chronic fatigue syndrome,*
eating disorders,*” and depression.!>"! Three of the 5 stud-
ies on depression found enzyme activities shifted toward
reduced cortisol metabolism.!®!®1° However, the mecha-
nisms of HPA axis dysregulation may not be similar in
depression and bipolar disorder/schizophrenia. The same
direction of shift in enzyme activities in bipolar disorder
and schizophrenia in this large sample strengthens the
findings, as it is in accordance with the psychosis spectrum
hypothesis of similar pathophysiology in bipolar disorder
and schizophrenia.!

There are limitations to be aware of in the present study.
Cross-sectional design does not allow for conclusions about
the direction of the effects. There were between-group dif-
ferences in age, gender, urinary creatinine, body mass index,
and time of sampling, but these differences were adjusted for
in the statistical model. Medication could also affect cortisol
metabolism, but analyses showed no significant differences
between groups based on types of medication taken versus
not taken. Urine sampling for 24 hours would be preferable
since it allows adjustment for effects of urine volume on UFF
and UFE,*® adjustment for diurnal variation, and analysis of
absolute values of metabolite excretion. However, 24-hour
urine collection would be difficult to implement in a mix-
ture of inpatients and outpatients with psychosis spectrum
disorders. A potential effect of volume and diurnal variation
was adjusted for in the statistical analyses by including uri-
nary creatinine and time of sampling as covariates.

To the best of our knowledge, this is the first study to
show increased enzyme activities of systemic cortisol metab-
olism in bipolar disorder and schizophrenia in the direction
of clearing cortisol. This finding indicates that systemic
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metabolism of cortisol may be an important factor in the
pathophysiology and increased stress vulnerability of bipolar
disorder and schizophrenia and provides further support for
the HPA axis dysregulation hypothesis. Similar alterations
in enzyme activities in bipolar disorder and schizophrenia
are further in line with the psychosis continuum hypothesis.
This novel finding related to the widely studied HPA axis
should be explored further in terms of potential new drug
targets, and it adds to the physiologic rationale for stress
coping strategies in subjects with these disorders.
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