
BackgroundBackground Hypothalamic^Hypothalamic^

pituitary^adrenal (HPA) axis function, aspituitary^adrenal (HPA) axis function, as

variouslymeasuredby the responses tovariouslymeasuredby the responses to

the combined dexamethasone/the combined dexamethasone/

corticotrophin-releasinghormonecorticotrophin-releasinghormone

(dex/CRH) test, the dexamethasone(dex/CRH) test, the dexamethasone

suppressiontest (DST) and basal cortisolsuppressiontest (DST) andbasal cortisol

levels, has beenreported to be abnormallevels, hasbeenreported to be abnormal

in bipolardisorder.in bipolardisorder.

AimsAims Totestthe hypothesis that HPATotestthehypothesis that HPA

axis dysfunctionpersists in patients inaxis dysfunctionpersists in patients in

remission frombipolardisorder.remission frombipolardisorder.

MethodMethod Salivarycortisollevels and theSalivarycortisollevels and the

plasma cortisolresponse to the DSTandplasma cortisolresponse to the DSTand

dex/CRHtestwere examined in 53dex/CRHtestwere examined in 53

patientswithbipolardisorder, 27 ofwhompatientswithbipolardisorder, 27 ofwhom

fulfilled stringentcriteria for remission,fulfilled stringentcriteria for remission,

and in 28 healthycontrols. Serumand in 28 healthycontrols. Serum

dexamethasone levelsweremeasured.dexamethasone levelsweremeasured.

ResultsResults Patientswith bipolardisorderPatientswith bipolardisorder

demonstrated an enhanced cortisoldemonstrated an enhanced cortisol

response to the dex/CRHtestcomparedresponse to the dex/CRHtestcompared

with controls (with controls (PP¼0.001).This response did0.001).This response did

notdiffer significantlybetweenremittednotdiffer significantly betweenremitted

andnon-remittedpatients.These findingsandnon-remittedpatients.These findings

were present after the potentiallywere present after the potentially

confoundingeffects of dexamethasoneconfoundingeffects of dexamethasone

levelswere accounted for.levelswere accounted for.

ConclusionsConclusions The dex/CRHtest isThe dex/CRHtest is

abnormalin bothremitted andnon-abnormalin bothremitted andnon-

remittedpatientswith bipolardisorder.remittedpatientswith bipolardisorder.

Thismeasure of HPA axis dysfunction is aThismeasure of HPA axis dysfunction is a

potential traitmarker in bipolardisorderpotential traitmarker in bipolardisorder

and thuspossibly indicative ofthe coreand thuspossibly indicative ofthe core

pathophysiologicalprocess in this illness.pathophysiologicalprocess inthis illness.
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Genes, childhood adversity and life eventsGenes, childhood adversity and life events

in adulthood contribute to the developmentin adulthood contribute to the development

of mood disorders, possibly via effects onof mood disorders, possibly via effects on

hypothalamic–pituitary–adrenal (HPA) axishypothalamic–pituitary–adrenal (HPA) axis

function. This is supported by the findingfunction. This is supported by the finding

that healthy probands with a family historythat healthy probands with a family history

of mood disorder show abnormalities onof mood disorder show abnormalities on

the dexamethasone/corticotrophin-releasingthe dexamethasone/corticotrophin-releasing

hormone (dex/CRH) test (Holsboerhormone (dex/CRH) test (Holsboer et alet al,,

1995). However, although the response to1995). However, although the response to

the dex/CRH test is abnormal in sympto-the dex/CRH test is abnormal in sympto-

matic patients with bipolar disorder it hasmatic patients with bipolar disorder it has

not been shown consistently to normalisenot been shown consistently to normalise

with symptom resolution (Schmiderwith symptom resolution (Schmider et alet al,,

1995; Rybakowski & Twardowska, 1999),1995; Rybakowski & Twardowska, 1999),

suggesting that it may not simply be an epi-suggesting that it may not simply be an epi-

phenomenon of illness. To test this further,phenomenon of illness. To test this further,

we examined HPA axis function in 53we examined HPA axis function in 53

patients with bipolar disorder, includingpatients with bipolar disorder, including

27 who fulfilled stringent prospective27 who fulfilled stringent prospective

criteria for remission, and in a furthercriteria for remission, and in a further

28 healthy comparison participants. We28 healthy comparison participants. We

hypothesised that if HPA axis dysfunctionhypothesised that if HPA axis dysfunction

is a trait abnormality, it would be presentis a trait abnormality, it would be present

in both remitted and non-remitted patients.in both remitted and non-remitted patients.

METHODMETHOD

Study participantsStudy participants

Fifty-three patients (age range 23–62 years)Fifty-three patients (age range 23–62 years)

with bipolar disorder were recruited fromwith bipolar disorder were recruited from

out-patient clinics in secondary and tertiaryout-patient clinics in secondary and tertiary

care in the north-east of England. Diag-care in the north-east of England. Diag-

nosis, illness characteristics, clinical ratingsnosis, illness characteristics, clinical ratings

and medication history were determined byand medication history were determined by

trained psychiatrists using the Structuredtrained psychiatrists using the Structured

Clinical Interview for DSM–IV (SCID; FirstClinical Interview for DSM–IV (SCID; First

et alet al, 1997), case note and medication, 1997), case note and medication

review and standardised rating scales.review and standardised rating scales.

Patients in remission were rated pro-Patients in remission were rated pro-

spectively over 4 weeks and defined as re-spectively over 4 weeks and defined as re-

mitted if they satisfied the criteria of themitted if they satisfied the criteria of the

Newcastle Euthymia Protocol (ThompsonNewcastle Euthymia Protocol (Thompson

et alet al, 2000). Briefly, these criteria consist, 2000). Briefly, these criteria consist

of a SCID diagnosis of bipolar disorder inof a SCID diagnosis of bipolar disorder in

full remission, with a 21-item Hamiltonfull remission, with a 21-item Hamilton

Rating Scale for Depression (HRSD;Rating Scale for Depression (HRSD;

Hamilton, 1960) score ofHamilton, 1960) score of 447 and a Young7 and a Young

Mania Rating Scale (YMRS; YoungMania Rating Scale (YMRS; Young et alet al,,

1978) score1978) score 447 both at baseline and when7 both at baseline and when

repeated 4 weeks later. Additionally, scoresrepeated 4 weeks later. Additionally, scores

on self-rating scales, including the Beck De-on self-rating scales, including the Beck De-

pression Inventory (BDI; Beckpression Inventory (BDI; Beck et alet al, 1961), 1961)

and the Altman Mania Rating Scaleand the Altman Mania Rating Scale

(AMRS; Altman(AMRS; Altman et alet al, 1997), completed at, 1997), completed at

weekly intervals throughout the assessmentweekly intervals throughout the assessment

period are required to remain unchangedperiod are required to remain unchanged

from baseline. The time spent in clinicallyfrom baseline. The time spent in clinically

defined remission was also determined.defined remission was also determined.

The non-remitted patients who satisfiedThe non-remitted patients who satisfied

the SCID diagnostic criteria for bipolarthe SCID diagnostic criteria for bipolar

disorder current episode depressive weredisorder current episode depressive were

classified as depressed.classified as depressed.

Twenty-eight control participants (ageTwenty-eight control participants (age

range 24–60 years) were recruited. Theyrange 24–60 years) were recruited. They

were confirmed as healthy by medical ex-were confirmed as healthy by medical ex-

amination and by the SCID to be free ofamination and by the SCID to be free of

neurological or psychiatric disorder. Noneurological or psychiatric disorder. No

control participant gave a history of hav-control participant gave a history of hav-

ing a first-ing a first-degree relative with psychiatricdegree relative with psychiatric

disorder. Both patients and controls weredisorder. Both patients and controls were

excluded if they had a neurological or med-excluded if they had a neurological or med-

ical condition, if they were taking cortico-ical condition, if they were taking cortico-

steroids or antihypertensive medication orsteroids or antihypertensive medication or

had a history of substance or alcohol mis-had a history of substance or alcohol mis-

use. Gender, age and menstrual status haveuse. Gender, age and menstrual status have

been reported previously to have an impactbeen reported previously to have an impact

on HPA axis function (Viau & Meaney,on HPA axis function (Viau & Meaney,

1991; Seeman1991; Seeman et alet al, 2001). The groups, 2001). The groups

were therefore carefully matched for agewere therefore carefully matched for age

((FF[1,78][1,78]¼0.2;0.2; PP¼0.63), gender (0.63), gender (ww22¼0.64;0.64;

d.f.d.f.¼1;1; PP¼0.43) and menstrual and meno-0.43) and menstrual and meno-

pausal status (pausal status (ww22¼3.2; d.f.3.2; d.f.¼3;3; PP¼0.36)0.36)

and the impact of these variables on theand the impact of these variables on the

neuroendocrine output was determined.neuroendocrine output was determined.

The Joint Newcastle and North TynesideThe Joint Newcastle and North Tyneside

Ethics Committee approved the study. AllEthics Committee approved the study. All

participants gave written informed consent.participants gave written informed consent.

Neuroendocrine testingNeuroendocrine testing

The dex/CRH test was performed follow-The dex/CRH test was performed follow-

ing the protocol previously used in studiesing the protocol previously used in studies

of major depressive disorder (Heuserof major depressive disorder (Heuser et alet al,,

1994). Participants took 1.5 mg dexa-1994). Participants took 1.5 mg dexa-

methasone orally at 23.00 h on the eveningmethasone orally at 23.00 h on the evening

before neuroendocrine testing. They at-before neuroendocrine testing. They at-

tended the research unit on the morningtended the research unit on the morning

of the test day and had a light lunch atof the test day and had a light lunch at

noon, following which they were canu-noon, following which they were canu-

lated in the antecubital fossa at 13.00 h.lated in the antecubital fossa at 13.00 h.

Participants then fasted, remained semi-Participants then fasted, remained semi-

supine and did not sleep. Human CRHsupine and did not sleep. Human CRH

(Ufelfingen, Switzerland) 100(Ufelfingen, Switzerland) 100 mmg was ad-g was ad-

ministered over 30 s via the canula atministered over 30 s via the canula at

15.00 h. Blood was taken serially for mea-15.00 h. Blood was taken serially for mea-

surement of cortisol levels atsurement of cortisol levels at 15-minute15-minute
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intervals until 17.00 h. The dexamethasoneintervals until 17.00 h. The dexamethasone

suppression test (DST) response was deter-suppression test (DST) response was deter-

mined by the 15.00 h (pre-CRH)mined by the 15.00 h (pre-CRH) cortisolcortisol

level. Participants lightly chewed a citric-level. Participants lightly chewed a citric-

acid-impregnatedacid-impregnated cotton-wool salivettecotton-wool salivette

(Sarstedt, UK) at 08.00, 12.00, 16.00 and(Sarstedt, UK) at 08.00, 12.00, 16.00 and

20.00 h on the day prior to neuroendocrine20.00 h on the day prior to neuroendocrine

testing to allow assessment of both basaltesting to allow assessment of both basal

cortisol secretion and diurnal variationcortisol secretion and diurnal variation

(Kirschbaum & Hellhammer, 1994). Parti-(Kirschbaum & Hellhammer, 1994). Parti-

cipants were permitted to smoke as usualcipants were permitted to smoke as usual

throughout the procedure to reduce anythroughout the procedure to reduce any

effects of nicotine withdrawal.effects of nicotine withdrawal.

Biochemical measuresBiochemical measures

Blood was collected in ethylenediamine-Blood was collected in ethylenediamine-

tetracetic acid and centrifuged at 1000tetracetic acid and centrifuged at 1000 gg forfor

10 min to prepare plasma, which was re-10 min to prepare plasma, which was re-

moved and immediately frozen atmoved and immediately frozen at 772020 88CC
until assayed. Dexamethasone was assayeduntil assayed. Dexamethasone was assayed

at Emory University, Georgia, using aat Emory University, Georgia, using a

method described previously (Ritchiemethod described previously (Ritchie et alet al,,

1990). In this laboratory, the 80%, 50%1990). In this laboratory, the 80%, 50%

and 20% binding points averaged to 0.07,and 20% binding points averaged to 0.07,

0.33 and 1.46 ng/ml, respectively. At a level0.33 and 1.46 ng/ml, respectively. At a level

of 0.52 ng/ml, the inter-assay coefficient ofof 0.52 ng/ml, the inter-assay coefficient of

variation was 8% and the intra-assayvariation was 8% and the intra-assay

coefficient of variation was 4%. Cortisolcoefficient of variation was 4%. Cortisol

was determined using corti-cote radio-was determined using corti-cote radio-

immunoassay kits (ICN Pharmaceuticals,immunoassay kits (ICN Pharmaceuticals,

California, USA). The sensitivity of theCalifornia, USA). The sensitivity of the

plasma cortisol assay was 1.9 nmol/l.plasma cortisol assay was 1.9 nmol/l. TheThe

inter-assay and intra-assay coefinter-assay and intra-assay coefficients officients of

variation for the low (107.7 nmol/l), med-variation for the low (107.7 nmol/l), med-

ium (25.1 nmol/l) and high (51.1 nmol/l)ium (25.1 nmol/l) and high (51.1 nmol/l)

quality controls were 5.9%, 7.8%, 9.6%quality controls were 5.9%, 7.8%, 9.6%

and 7.7%, 6.6%, 9.4%, respectively.and 7.7%, 6.6%, 9.4%, respectively.

Saliva collected using the salivette sys-Saliva collected using the salivette sys-

tem was extracted from the cotton-wooltem was extracted from the cotton-wool

swab by centrifugation and stored atswab by centrifugation and stored at

772020 88C until analysis. Samples were ana-C until analysis. Samples were ana-

lysed for cortisol using radioimmunoassay.lysed for cortisol using radioimmunoassay.

The sensitivity of the saliva cortisol assayThe sensitivity of the saliva cortisol assay

was 0.08 nmol/l at 98% binding and thewas 0.08 nmol/l at 98% binding and the

inter-assay and intra-assay coefficients ofinter-assay and intra-assay coefficients of

variation for the low (8.6 nmol/l), mediumvariation for the low (8.6 nmol/l), medium

(31.5 nmol/l) and high (87.5 nmol/l) quality(31.5 nmol/l) and high (87.5 nmol/l) quality

controls were 17.2%, 10.3%, 9.6% andcontrols were 17.2%, 10.3%, 9.6% and

25.8%, 16.3%, 9.1%, respectively.25.8%, 16.3%, 9.1%, respectively.

Effect of treatmentsEffect of treatments

Dexamethasone clearance is increased inDexamethasone clearance is increased in

patients receiving drugs, including carba-patients receiving drugs, including carba-

mazepine, which induces the main enzymemazepine, which induces the main enzyme

involved in dexamethasone clearance,involved in dexamethasone clearance,

CYP3A4, potentially producing false-CYP3A4, potentially producing false-

positive DST results. Medication may alsopositive DST results. Medication may also

exert effects on cortisol output that are in-exert effects on cortisol output that are in-

dependent of dexamethasone metabolism.dependent of dexamethasone metabolism.

We therefore also examined the effectWe therefore also examined the effect

of carbamazepine levels and other medi-of carbamazepine levels and other medi-

cations on dexamethasone and cortisolcations on dexamethasone and cortisol

output.output.

Statistical analysisStatistical analysis

For statistical analysis we used SPSS forFor statistical analysis we used SPSS for

Windows, version 9. Data were first ex-Windows, version 9. Data were first ex-

amined to see whether they fulfilled theamined to see whether they fulfilled the

assumptions for parametric statistical ana-assumptions for parametric statistical ana-

lyses. If violations of these assumptionslyses. If violations of these assumptions

occurred, data were logarithmically trans-occurred, data were logarithmically trans-

formed (to base ten). If this failed to satisfyformed (to base ten). If this failed to satisfy

assumptions, the data were analysed non-assumptions, the data were analysed non-

parametrically. Basal cortisol was logarith-parametrically. Basal cortisol was logarith-

mically transformed to normalise themically transformed to normalise the

distribution and compared between groupsdistribution and compared between groups

using repeated-measures ANOVA, with theusing repeated-measures ANOVA, with the

four time points as the within-subject vari-four time points as the within-subject vari-

able. The mean and 95% confidence inter-able. The mean and 95% confidence inter-

val (CI) of mean basal cortisol levels wereval (CI) of mean basal cortisol levels were

calculated. All other data were analysedcalculated. All other data were analysed

non-parametrically. Kruskal–Wallis one-non-parametrically. Kruskal–Wallis one-

way ANOVA on ranks was utilised to de-way ANOVA on ranks was utilised to de-

termine group differences when comparingtermine group differences when comparing

more than two groups. Non-parametricmore than two groups. Non-parametric

data are reported as median and 95% CIdata are reported as median and 95% CI

of the median. When comparing twoof the median. When comparing two

groups, the median difference (Campbellgroups, the median difference (Campbell

&& Gardner, 2000) and Mann–WhitneyGardner, 2000) and Mann–Whitney

UU-test were used.-test were used.

Correlations were carried out usingCorrelations were carried out using

Spearman’s rank coefficient (Spearman’s rank coefficient (rrss). Categori-). Categori-

cal variables were analysed usingcal variables were analysed using ww22 tests.tests.

The 15.00 h (immediately pre-CRH) plas-The 15.00 h (immediately pre-CRH) plas-

ma cortisol was used for analysis of thema cortisol was used for analysis of the

DST. Delta cortisol (the difference betweenDST. Delta cortisol (the difference between

the peak cortisol response to the dex/CRHthe peak cortisol response to the dex/CRH

test and the 15.00 h cortisol plasma concen-test and the 15.00 h cortisol plasma concen-

tration) was used for analysis of the dex/tration) was used for analysis of the dex/

CRH response. To investigate whether theCRH response. To investigate whether the

results differ between patients and controls,results differ between patients and controls,

receiver operating characteristic curvesreceiver operating characteristic curves

were plotted for basal cortisol area underwere plotted for basal cortisol area under

the curve, 15.00 h plasma cortisol and deltathe curve, 15.00 h plasma cortisol and delta

cortisol. The area under the receiver operat-cortisol. The area under the receiver operat-

ing characteristic curve and the 95% CIing characteristic curve and the 95% CI

were determined using the Wilcoxon esti-were determined using the Wilcoxon esti-

mate. All cortisol levels are presented asmate. All cortisol levels are presented as

nmol/l and plasma dexamethasone levelsnmol/l and plasma dexamethasone levels

as pmol/l. Based on the effect size seen inas pmol/l. Based on the effect size seen in

the most recent study comparing patientsthe most recent study comparing patients

with symptomatic and asymptomatic bi-with symptomatic and asymptomatic bi-

polar disorder (Schmiderpolar disorder (Schmider et alet al, 1995), the, 1995), the

principal comparisons of remitted withprincipal comparisons of remitted with

non-remitted patients and remitted withnon-remitted patients and remitted with

depressed patients had a power ofdepressed patients had a power of 4499%99%

at the 0.05 level of significance. Becauseat the 0.05 level of significance. Because

carbamazepine had such a profound effectcarbamazepine had such a profound effect

on dexamethasone metabolism,on dexamethasone metabolism, post hocpost hoc

analysis was performed after exclusion ofanalysis was performed after exclusion of

patients taking carbamazepine.patients taking carbamazepine.

Dexamethasone levelsDexamethasone levels

Earlier studies have demonstrated thatEarlier studies have demonstrated that

there is marked variability in serum dexa-there is marked variability in serum dexa-

methasone levels during the DST and thatmethasone levels during the DST and that

the rate of dexamethasone metabolismthe rate of dexamethasone metabolism

and hence dexamethasone levels are aand hence dexamethasone levels are a

significant determinant of DST responsesignificant determinant of DST response

(Morris(Morris et alet al, 1986; Lowy & Meltzer,, 1986; Lowy & Meltzer,

1987; Stokes1987; Stokes et alet al, 2002, 2002aa). There is a mid-). There is a mid-

dle range of dexamethasone values belowdle range of dexamethasone values below

which individuals tend to escape fromwhich individuals tend to escape from

DST suppression and above which theyDST suppression and above which they

tend to suppress (Ritchietend to suppress (Ritchie et alet al, 1990). It, 1990). It

has been suggested, therefore, that thehas been suggested, therefore, that the

DST may not be valid in people whoseDST may not be valid in people whose

dexamethasone levels fall outside this win-dexamethasone levels fall outside this win-

dow and these individuals should be ex-dow and these individuals should be ex-

cluded from analysis (Morriscluded from analysis (Morris et alet al, 1986;, 1986;

Lowy & Meltzer, 1987; StokesLowy & Meltzer, 1987; Stokes et alet al,,

20022002aa). However, it has been argued that). However, it has been argued that

enhanced metabolism of dexamethasone isenhanced metabolism of dexamethasone is

a component of affective illness and maya component of affective illness and may

be secondary to hepatic enzyme inductionbe secondary to hepatic enzyme induction

in hypercortisolaemic subjects (Holsboerin hypercortisolaemic subjects (Holsboer

et alet al, 1986; Stokes, 1986; Stokes et alet al, 2002, 2002bb).).

Cut-off points for the dexamethasoneCut-off points for the dexamethasone

window analysis were defined empiricallywindow analysis were defined empirically

according to the method of Ritchieaccording to the method of Ritchie et alet al,,

1990) as 0.85 and 2.5 pmol/l.1990) as 0.85 and 2.5 pmol/l.

RESULTSRESULTS

Illness characteristicsIllness characteristics

A total of 53 patients with bipolar disorderA total of 53 patients with bipolar disorder

participated in the study, of whom 27 wereparticipated in the study, of whom 27 were

remitted as defined above (Thompsonremitted as defined above (Thompson et alet al,,

2000); 26 were non-remitted, 14 of whom2000); 26 were non-remitted, 14 of whom

met the full criteria for depression and themet the full criteria for depression and the

other 12 had sub-threshold symptomsother 12 had sub-threshold symptoms

(Table 1). Of the remitted patients, 5 were(Table 1). Of the remitted patients, 5 were

on antidepressants (1 on mirtazepine, 3 onon antidepressants (1 on mirtazepine, 3 on

a selective serotonin reuptake inhibitora selective serotonin reuptake inhibitor

and 1 on trazodone), 4 were on typical anti-and 1 on trazodone), 4 were on typical anti-

psychotics and 2 on atypical antipsychotics,psychotics and 2 on atypical antipsychotics,

17 were on lithium, 2 on lamotrigine, 5 on17 were on lithium, 2 on lamotrigine, 5 on

carbamazepine, 2 on gabapentin and 2 oncarbamazepine, 2 on gabapentin and 2 on

benzodiazepines. Of the non-remitted pa-benzodiazepines. Of the non-remitted pa-

tients, 10 were on at least one antidepres-tients, 10 were on at least one antidepres-

sant (2 on mirtazepine, 2 on trazodone, 5sant (2 on mirtazepine, 2 on trazodone, 5

on a selective serotonin reuptake inhibitor,on a selective serotonin reuptake inhibitor,

1 on reboxetine and 3 on venlafaxine), 71 on reboxetine and 3 on venlafaxine), 7

were taking typical and 7 atypical anti-were taking typical and 7 atypical anti-

psychotics, 9 were on lithium, 11 onpsychotics, 9 were on lithium, 11 on

valproate, 9 on carbamazepine, 3 on gaba-valproate, 9 on carbamazepine, 3 on gaba-

pentin and 6 on lamotrigine. No patient orpentin and 6 on lamotrigine. No patient or
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control participant was on the oralcontrol participant was on the oral

contraceptive pill.contraceptive pill.

Responses for patients with bipolarResponses for patients with bipolar
disorder compared with controlsdisorder compared with controls

The DSTThe DST

The 15.00 h plasma cortisol levels were sig-The 15.00 h plasma cortisol levels were sig-

nificantly higher in patients with bipolarnificantly higher in patients with bipolar

disorder than in controls (disorder than in controls (PP¼0.017). Simi-0.017). Simi-

larly, the area under the receiver operatinglarly, the area under the receiver operating

characteristic curve revealed that patientscharacteristic curve revealed that patients

with bipolar disorder could be discrimi-with bipolar disorder could be discrimi-

nated from controls using the 15.00 h corti-nated from controls using the 15.00 h corti-

sol level. The difference in 15.00 h cortisolsol level. The difference in 15.00 h cortisol

concentrations between remitted and non-concentrations between remitted and non-

remitted patients and controls was presentremitted patients and controls was present

at the trend level (at the trend level (PP¼0.058) (see Table 2).0.058) (see Table 2).

Cortisol response to the dex/CRH testCortisol response to the dex/CRH test

Dexamethasone and human CRH wereDexamethasone and human CRH were

well tolerated by all subjects and, otherwell tolerated by all subjects and, other

than transient facial flushing, no side-than transient facial flushing, no side-

effectseffects were experienced. Delta cortisolwere experienced. Delta cortisol

was significantly greater in patients with bi-was significantly greater in patients with bi-

polar disorder than in controls (polar disorder than in controls (PP¼0.001).0.001).

The area under the receiver operating char-The area under the receiver operating char-

acteristic curve revealed that patients withacteristic curve revealed that patients with

bipolar disorder could be discriminatedbipolar disorder could be discriminated

from controls using delta cortisol. Examin-from controls using delta cortisol. Examin-

ation of cortisol response to dex/CRH chal-ation of cortisol response to dex/CRH chal-

lenge in remitted and non-remitted patientslenge in remitted and non-remitted patients

and controls revealed a significant groupand controls revealed a significant group

difference.difference. Post hocPost hoc analysis revealed thatanalysis revealed that

delta cortisol was significantly greater in re-delta cortisol was significantly greater in re-

mitted (mitted (PP¼0.004), non-remitted (0.004), non-remitted (PP¼0.003)0.003)

and depressed patients (and depressed patients (PP¼0.02) than in0.02) than in

controls. There was no significant differ-controls. There was no significant differ-

ence in delta cortisol levels betweenence in delta cortisol levels between

depressed patients and controls, betweendepressed patients and controls, between

remitted and non-remitted patients orremitted and non-remitted patients or

between remitted and depressed patientsbetween remitted and depressed patients

(Table 2 and Fig. 1).(Table 2 and Fig. 1).

Correlations and predictionsCorrelations and predictions

The cortisol response to the dex/CRHThe cortisol response to the dex/CRH

test did not differ between males andtest did not differ between males and

females or between pre-menopausal andfemales or between pre-menopausal and

post-menopausalpost-menopausal females. Neither age norfemales. Neither age nor

cycle frequency correlated with deltacycle frequency correlated with delta

4 9 84 9 8

Table 1Table 1 Illness and demographic data (mean and s.d. or percentage)Illness and demographic data (mean and s.d. or percentage)

ControlsControls All patientsAll patients RemittedRemitted Non-remittedNon-remitted

NeitherNeither

depresseddepressed

nor remittednor remitted

DepressedDepressed

Overall number (Overall number (nn)) 2828 5353 2727 1212 1414
nn within dexamethasonewithin dexamethasone
windowwindow

2121 2727 1414 55 88

%Male%Male 5454 4545 4646 1717 6464
Age (years)Age (years) 47.0 (9.4)47.0 (9.4) 46.2 (9.1)46.2 (9.1) 45.4 (8.7)45.4 (8.7) 45.9 (6.1)45.9 (6.1) 43.8 (11.0)43.8 (11.0)
Months of remissionMonths of remission 23.6 (40.3)23.6 (40.3)
Months of current depressiveMonths of current depressive
episodeepisode

26.7 (62.4)26.7 (62.4)

Lifetimemonths of depressionLifetimemonths of depression 63.7 (60.0)63.7 (60.0) 38.4 (55.4)38.4 (55.4) 93.0 (16.3)93.0 (16.3) 76.3 (62.7)76.3 (62.7)
Lifetimemonths of maniaLifetimemonths of mania 21.0 (27.2)21.0 (27.2) 9.5 (8.8)9.5 (8.8) 42.9 (42.4)42.9 (42.4) 19.4 (19.4)19.4 (19.4)
HRSD scoreHRSD score 6.7 (7.9)6.7 (7.9) 1.6 (2.0)1.6 (2.0) 3.0 (3.5)3.0 (3.5) 18.1 (4.6)18.1 (4.6)
YMRS scoreYMRS score 1.2 (2.2)1.2 (2.2) 0.5 (0.9)0.5 (0.9) 2.0 (3.0)2.0 (3.0) 11.2 (1.6).2 (1.6)

HRSD,Hamilton Rating Scale for Depression;YMRS,Young Mania Rating Scale.HRSD,Hamilton Rating Scale for Depression;YMRS,Young Mania Rating Scale.

Table 2Table 2 Cortisol response to the dexamethasone/corticotrophin-releasinghormone (dex/CRH) anddexamethasone suppression test (DST) andbasal salivary cortisolCortisol response to the dexamethasone/corticotrophin-releasinghormone (dex/CRH) anddexamethasone suppression test (DST) andbasal salivary cortisol

level full analysis (all comparisons are against controls, except where shown)level full analysis (all comparisons are against controls, except where shown)

ControlsControls All patientsAll patients RemittedRemitted Non-remittedNon-remitted

AllAll

non-remittednon-remitted

DepressedDepressed

Dex/CRHDex/CRH
nn 2828 5353 2727 2626 1414
Median (95% CI)Median (95% CI) 1.65 (0.29 to 5.15)1.65 (0.29 to 5.15) 34.8 (3.8 to 90.1)34.8 (3.8 to 90.1) 31.4 (1.9 to 129.0)31.4 (1.9 to 129.0) 36.9 (2.2 to 120.4)36.9 (2.2 to 120.4) 30.2 (1.6 to 75.6)30.2 (1.6 to 75.6)
Kruskal^WallisKruskal^Wallis HH 10.8 (10.8 (PP¼0.004)0.004)11

Mann^WhitneyMann^Whitney UU 410.5 (410.5 (PP¼0.001)0.001) 219.0 (219.0 (PP¼0.007)0.007) 191.5 (191.5 (PP¼0.003)0.003) 109 (109 (PP¼0.02)0.02)
Mann^WhitneyMann^Whitney UU 348.0 (348.0 (PP¼0.96)0.96)22 186.5 (186.5 (PP¼0.95)0.95)22

Area under ROC curveArea under ROC curve 0.72 (0.60 to 0.84)0.72 (0.60 to 0.84)
DSTDST
Median (95% CI)Median (95% CI) 18.5 (12.1 to 20.8)18.5 (12.1 to 20.8) 21.7 (18.3 to 26.4)21.7 (18.3 to 26.4) 23.9 (15.6 to 66.5)23.9 (15.6 to 66.5) 20.3 (17.7 to 28.5)20.3 (17.7 to 28.5) 20.3 (16.7 to 28.5)20.3 (16.7 to 28.5)
Kruskal^WallisKruskal^Wallis HH 5.7 (5.7 (PP¼0.058)0.058)11

Mann^WhitneyMann^Whitney UU 502 (502 (PP¼0.017)0.017)
Area under ROC curveArea under ROC curve 0.66 (0.53 to 0.79)0.66 (0.53 to 0.79)

Basal cortisolBasal cortisol
nn 2222 3939 1919 2020 88
Mean (95% CI)Mean (95% CI) 97.8 (77.7 to 117.9)97.8 (77.7 to 117.9) 149.7 (43.0 to 256.4)149.7 (43.0 to 256.4) 99.9 (80.8 to 119)99.9 (80.8 to 119) 197.2 (197.2 (7711.6 to 406)11.6 to 406) 131.8 (77.7 to 185.9)131.8 (77.7 to 185.9)
Area under ROC curveArea under ROC curve 0.53 (0.37 to 0.70)0.53 (0.37 to 0.70)

ROC, receiver operating characteristic.ROC, receiver operating characteristic.
1. Comparison against non-remitted patients and controls.1. Comparison against non-remitted patients and controls.
2. Comparison against patients in remission.2. Comparison against patients in remission.
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cortisol in the patients with bipolar dis-cortisol in the patients with bipolar dis-

order. The length of the clinically definedorder. The length of the clinically defined

period of remission did not correlate withperiod of remission did not correlate with

the magnitude of the cortisol response tothe magnitude of the cortisol response to

the dex/CRH test in the remitted patients.the dex/CRH test in the remitted patients.

Neither the duration nor the severity (asNeither the duration nor the severity (as

measured by the HRSD) of depressive epi-measured by the HRSD) of depressive epi-

sodes correlated with the magnitude of thesodes correlated with the magnitude of the

cortisol response in the depressed patientscortisol response in the depressed patients

(data not shown).(data not shown).

Basal salivary cortisolBasal salivary cortisol

Salivary cortisol levels were obtained for 39Salivary cortisol levels were obtained for 39

patients and 22 controls. Because samplespatients and 22 controls. Because samples

were taken prior to dexamethasonewere taken prior to dexamethasone

administration, subjects were not excludedadministration, subjects were not excluded

from analysis on the basis of dexametha-from analysis on the basis of dexametha-

sone levels. Comparison between patientssone levels. Comparison between patients

with bipolar disorder and controls revealedwith bipolar disorder and controls revealed

a significant effect of time (a significant effect of time (FF[3,177][3,177]¼3.8;3.8;

PP¼0.05) but no main effect of diagnosis0.05) but no main effect of diagnosis

or timeor time66diagnosis interaction (diagnosis interaction (PP440.3).0.3).

The area under the receiver operating char-The area under the receiver operating char-

acteristic curve revealed that patients withacteristic curve revealed that patients with

bipolar disorder could not be discriminatedbipolar disorder could not be discriminated

reliably from controls using this measure.reliably from controls using this measure.

Basal salivary cortisol levels betweenBasal salivary cortisol levels between

remitted and non-remitted patients and con-remitted and non-remitted patients and con-

trols did not differ over time (trols did not differ over time (FF[3,171][3,171]¼3.5;3.5;

PP¼0.06) and there was no main effect0.06) and there was no main effect

of diagnosis and no timeof diagnosis and no time66diagnosisdiagnosis

interaction (interaction (PP440.3) (Table 3).0.3) (Table 3).

Results from analysis afterResults from analysis after
exclusion of patients withexclusion of patients with
dexamethasone levels outside thedexamethasone levels outside the
dexamethasone windowdexamethasone window (see Fig. 2)(see Fig. 2)

Results are reported in Table 3. The dexa-Results are reported in Table 3. The dexa-

methasone window analysis included 21methasone window analysis included 21

controls and 27 patients with bipolar disor-controls and 27 patients with bipolar disor-

der, of whom 14 were remitted. The resultsder, of whom 14 were remitted. The results

remain unchanged except that delta cortisolremain unchanged except that delta cortisol

was no longer significantly greater inwas no longer significantly greater in

depressed patients than in controls,depressed patients than in controls,

15.00 h cortisol levels (the DST response)15.00 h cortisol levels (the DST response)

were no longer greater in patients withwere no longer greater in patients with

bipolar disorder than in controls and thebipolar disorder than in controls and the

4 9 94 9 9

Fig. 1Fig. 1 Themedian cortisol response to the dexamethasone/corticotrophin-releasing hormone test inThemedian cortisol response to the dexamethasone/corticotrophin-releasing hormone test in

remitted and non-remitted patients and controls.remitted and non-remitted patients and controls.

Table 3Table 3 Cortisol response to the dexamethasone/corticotrophin-releasing hormone (dex/CRH) and dexamethasone suppression test (DST) on patients withCortisol response to the dexamethasone/corticotrophin-releasing hormone (dex/CRH) and dexamethasone suppression test (DST) on patients with

dexamethasone levels within the dexamethasonewindow (all comparisons are against controls, except where shown)dexamethasone levels within the dexamethasonewindow (all comparisons are against controls, except where shown)

ControlsControls All patientsAll patients RemittedRemitted Non-remittedNon-remitted

AllAll

non-remittednon-remitted

DepressedDepressed

Dex/CRHDex/CRH

nn 2121 2727 1414 1313 88

Median (95% CI)Median (95% CI) 0.7 (0.7 (770.6 to 3.3)0.6 to 3.3) 7.2 (1.9 to 44.2)7.2 (1.9 to 44.2) 6.9 (0.1 to 70.6)6.9 (0.1 to 70.6) 12.2 (1.6 to 49.0)12.2 (1.6 to 49.0) 15.3 (15.3 (774.9 to 120.4)4.9 to 120.4)

Kruskal^WallisKruskal^Wallis HH 6.7 (6.7 (nn¼0.035)0.035)11

Mann^WhitneyMann^Whitney UU 159.0 (159.0 (PP¼0.01)0.01) 88.0 (88.0 (PP¼0.048)0.048) 34.0 (34.0 (PP¼0.020)0.020) 49.0 (49.0 (PP¼0.088)0.088)

Mann^WhitneyMann^Whitney UU 89.5 (89.5 (PP¼0.94)0.94)22 53.0 (53.0 (PP¼0.087)0.087)22

Area under ROC curveArea under ROC curve 0.72 (0.55 to 0.88)0.72 (0.55 to 0.88)

DSTDST

Median (95% CI)Median (95% CI) 17.4 (11.8 to 21.3)17.4 (11.8 to 21.3) 17.7 (12.4 to 21.7)17.7 (12.4 to 21.7) 14.4 (10.4 to 23.9)14.4 (10.4 to 23.9) 19.1 (15.3 to 22.3)19.1 (15.3 to 22.3) 18.8 (11.9 to 22.3)18.8 (11.9 to 22.3)

Kruskal^WallisKruskal^Wallis HH 1.5 (1.5 (PP¼0.48)0.48)11

Mann^WhitneyMann^Whitney UU 257.0 (257.0 (PP¼0.58)0.58)

Area under ROC curveArea under ROC curve 0.55 (0.37 to 0.73)0.55 (0.37 to 0.73)

ROC, receiver operating characteristic.ROC, receiver operating characteristic.
1. Comparison against non-remitted patients and controls.1. Comparison against non-remitted patients and controls.
2. Comparison against patients in remission.2. Comparison against patients in remission.
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area under the receiver operating character-area under the receiver operating character-

istic curve revealed that patients with bi-istic curve revealed that patients with bi-

polar disorder could not be differentiatedpolar disorder could not be differentiated

reliably from controls using the DSTreliably from controls using the DST

response.response.

Effects of medicationEffects of medication
on dexamethasone levelson dexamethasone levels
and cortisol responseand cortisol response

Overall, patients taking carbamazepineOverall, patients taking carbamazepine

had lower dexamethasone levels (had lower dexamethasone levels (UU¼0.0;0.0;

PP550.0005), a higher delta cortisol level0.0005), a higher delta cortisol level

((UU¼56.0;56.0; PP550.0005) and were more0.0005) and were more

likely to respond to the dex/CRH testlikely to respond to the dex/CRH test

than those not taking carbamazepinethan those not taking carbamazepine

(difference(difference¼63.4%,63.4%, Fisher’s exact testFisher’s exact test

PP550.0005). Overall, there were ten pa-0.0005). Overall, there were ten pa-

tients taking known CYP3A4-inhibitingtients taking known CYP3A4-inhibiting

drugs. Dexamethasone levels or delta cor-drugs. Dexamethasone levels or delta cor-

tisol did not differ between those takingtisol did not differ between those taking

and not taking CYP3A4-inhibiting drugs,and not taking CYP3A4-inhibiting drugs,

lithium or selective serotonin reuptakelithium or selective serotonin reuptake

inhibitors (data not shown).inhibitors (data not shown).

DISCUSSIONDISCUSSION

These data show that the cortisol responseThese data show that the cortisol response

to the dex/CRH test is abnormal in patientsto the dex/CRH test is abnormal in patients

with bipolar disorder. Furthermore, re-with bipolar disorder. Furthermore, re-

mitted patients continue to have an abnor-mitted patients continue to have an abnor-

mal cortisol response to the dex/CRH testmal cortisol response to the dex/CRH test

that cannot be differentiated from thethat cannot be differentiated from the

response of non-remitted patients (includ-response of non-remitted patients (includ-

ing those who satisfy the SCID criteria foring those who satisfy the SCID criteria for

a depressive episode). These results werea depressive episode). These results were

also evident after correcting for dexametha-also evident after correcting for dexametha-

sone levels. Basal cortisol does not differsone levels. Basal cortisol does not differ

between patients with bipolar disorderbetween patients with bipolar disorder

and controls.and controls.

Confounding factorsConfounding factors

Medication may have an impact on the cor-Medication may have an impact on the cor-

tisol response. A number of studies havetisol response. A number of studies have

shown that successful resolution of depres-shown that successful resolution of depres-

sive symptoms normalises the HPA axissive symptoms normalises the HPA axis

(Heuser(Heuser et alet al, 1996; Nickel, 1996; Nickel et alet al, 2003), 2003)

but a recent study has shown that in thebut a recent study has shown that in the

absence of a treatment response antidepres-absence of a treatment response antidepres-

sants did not alter the cortisol output on thesants did not alter the cortisol output on the

dex/CRH test (Kunzeldex/CRH test (Kunzel et alet al, 2003). Bschor, 2003). Bschor

et alet al (2002) have shown that lithium aug-(2002) have shown that lithium aug-

mentation in treatment-resistant unipolarmentation in treatment-resistant unipolar

depression increases the cortisol responsedepression increases the cortisol response

to the dex/CRH test. However, in our studyto the dex/CRH test. However, in our study

patients on lithium did not have a greaterpatients on lithium did not have a greater

cortisol response. All patients in this studycortisol response. All patients in this study

taking carbamazepine had dexamethasonetaking carbamazepine had dexamethasone

levels outside the normal window and alllevels outside the normal window and all

had an abnormal response on the dex/had an abnormal response on the dex/

CRH test. We found no other relationshipCRH test. We found no other relationship

between psychotropic medication andbetween psychotropic medication and

dexamethasone levels. When dexametha-dexamethasone levels. When dexametha-

sone windows were applied, there was nosone windows were applied, there was no

difference in dexamethasone levels betweendifference in dexamethasone levels between

patients and controls, therefore an effect ofpatients and controls, therefore an effect of

psychotropic medication on cortisol outputpsychotropic medication on cortisol output

via dexamethasone metabolism appearsvia dexamethasone metabolism appears

unlikely.unlikely.

After applying dexamethasone win-After applying dexamethasone win-

dows, 33 of the 81 participants were ex-dows, 33 of the 81 participants were ex-

cluded but the study was still adequatelycluded but the study was still adequately

powered and the principal findings re-powered and the principal findings re-

mained unchanged. Specifically, the dex/mained unchanged. Specifically, the dex/

CRH test remained abnormal in patientsCRH test remained abnormal in patients

with bipolar disorder. Furthermore, re-with bipolar disorder. Furthermore, re-

mitted patients continued to have an abnor-mitted patients continued to have an abnor-

mal response to the dex/CRH test thatmal response to the dex/CRH test that

could not becould not be differentiated from the re-differentiated from the re-

sponse of non-remittedsponse of non-remitted patients (includingpatients (including

those who satisfy the SCID criteria for a de-those who satisfy the SCID criteria for a de-

pressive episode). The reduced power afterpressive episode). The reduced power after

application of dexamethasone windowsapplication of dexamethasone windows

may explain the finding that the DST nomay explain the finding that the DST no

longer separated patients from controls.longer separated patients from controls.

The magnitude of the cortisol responseThe magnitude of the cortisol response

to the dex/CRH test could not be predictedto the dex/CRH test could not be predicted

by any single illness or demographic factor,by any single illness or demographic factor,

including the period of remission in re-including the period of remission in re-

mitted patients or the cycle frequency. Thismitted patients or the cycle frequency. This

suggests that the HPA axis dysfunction insuggests that the HPA axis dysfunction in

patients with bipolar disorder does notpatients with bipolar disorder does not

have a temporal relationship to the periodhave a temporal relationship to the period

of remission.of remission.

Measures of HPA axis functionMeasures of HPA axis function

We did not demonstrate elevation in basalWe did not demonstrate elevation in basal

salivary cortisol levels in patients withsalivary cortisol levels in patients with

bipolar disorder, whereas previous studiesbipolar disorder, whereas previous studies

employing serial plasma sampling techni-employing serial plasma sampling techni-

ques at more frequent intervals have foundques at more frequent intervals have found

clear evidence of hypercortisolaemia inclear evidence of hypercortisolaemia in

bipolar disorder (Cervantesbipolar disorder (Cervantes et alet al, 2001)., 2001).

The relatively infrequent salivary samplingThe relatively infrequent salivary sampling

employed in this study may have failed toemployed in this study may have failed to

detect the subtleties of the pulsatile anddetect the subtleties of the pulsatile and

diurnal pattern of cortisol secretiondiurnal pattern of cortisol secretion

(Windle(Windle et alet al, 1998; Wong, 1998; Wong et alet al, 2000), 2000)

and hence did not uncover the hypercorti-and hence did not uncover the hypercorti-

solaemia that may be present in the patientsolaemia that may be present in the patient

group. Nevertheless, the DST and dex/CRHgroup. Nevertheless, the DST and dex/CRH

tests are more sensitive than basal measurestests are more sensitive than basal measures

of cortisol. There are a number of potentialof cortisol. There are a number of potential

explanations for this. It may be that theexplanations for this. It may be that the

extra complexity of the tests (addition ofextra complexity of the tests (addition of

dexamethasone and CRH) reveals addi-dexamethasone and CRH) reveals addi-

tional facets of the HPA axis (such as thetional facets of the HPA axis (such as the

ability to respond to negative feedbackability to respond to negative feedback

and positive drive; Holsboer & Barden,and positive drive; Holsboer & Barden,

1996). Alternatively the dexamethasone1996). Alternatively the dexamethasone

and CRH challenge may exaggerate the dif-and CRH challenge may exaggerate the dif-

ferences in HPA axis function betweenferences in HPA axis function between

patients with bipolar disorder and controlspatients with bipolar disorder and controls

or reduce the variance in response, therebyor reduce the variance in response, thereby

allowing underlying differences in functionallowing underlying differences in function

to be revealed.to be revealed.

We did not measure the adrenocortico-We did not measure the adrenocortico-

trophic hormone response to the dex/CRHtrophic hormone response to the dex/CRH

5 0 05 0 0

Fig. 2Fig. 2 Delta cortisol against plasma dexamethasone levels. Both parameters have been logarithmicallyDelta cortisol against plasma dexamethasone levels. Both parameters have been logarithmically

transformed for clarity: (transformed for clarity: (**) controls; () controls; (&&) patients; () patients; (~~) those patients taking carbamazepine.The area) those patients taking carbamazepine.The area

between the vertical lines indicates the dexamethasonewindow.between the vertical lines indicates the dexamethasonewindow.
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test. Some previous studies have measuredtest. Some previous studies have measured

adrenocorticotrophic hormone and cortisoladrenocorticotrophic hormone and cortisol

but the adrenocorticotrophic hormone re-but the adrenocorticotrophic hormone re-

sponses tend to parallel cortisol responsessponses tend to parallel cortisol responses

and therefore add little to the overall sen-and therefore add little to the overall sen-

sitivity of the test (Heusersitivity of the test (Heuser et alet al, 1994)., 1994).

Another potential criticism of our study isAnother potential criticism of our study is

that we did not examine patients in manicthat we did not examine patients in manic

or hypomanic states. Schmideror hypomanic states. Schmider et alet al

(1995) have previously demonstrated that(1995) have previously demonstrated that

the dex/CRH test is abnormal in patientsthe dex/CRH test is abnormal in patients

with mania. Moreover, in addition to thewith mania. Moreover, in addition to the

practical problems, a recent prospectivepractical problems, a recent prospective

study of patients with bipolar disorder re-study of patients with bipolar disorder re-

ported that time spent in the depressiveported that time spent in the depressive

spectrum predominates threefold over timespectrum predominates threefold over time

with manic symptoms and fivefold overwith manic symptoms and fivefold over

time with cycling/mixed symptoms (Juddtime with cycling/mixed symptoms (Judd

et alet al, 2002). The present study therefore, 2002). The present study therefore

examines patients with bipolar disorder inexamines patients with bipolar disorder in

the predominant clinical states.the predominant clinical states.

Comparisonwith previous researchComparisonwith previous research

Previous studies have shown that the HPAPrevious studies have shown that the HPA

axis is abnormal during a bipolar relapseaxis is abnormal during a bipolar relapse

and suggest some degree of normalisationand suggest some degree of normalisation

but with residual abnormality on symptombut with residual abnormality on symptom

resolution (Gredenresolution (Greden et alet al, 1982; Schmider, 1982; Schmider etet

alal, 1995; Rybakowski & Twardowska,, 1995; Rybakowski & Twardowska,

1999). The present study is the first to use1999). The present study is the first to use

a rigorous prospective protocol to definea rigorous prospective protocol to define

remission. The sample also had a meanremission. The sample also had a mean

clinically defined duration of remission ofclinically defined duration of remission of

2 years prior to entering the euthymic pro-2 years prior to entering the euthymic pro-

tocol. It is noteworthy that, in accordancetocol. It is noteworthy that, in accordance

with previous studies, we found an abnor-with previous studies, we found an abnor-

mal HPA axis during relapse. However,mal HPA axis during relapse. However,

we also found that the response to thewe also found that the response to the

dex/CRH test remains abnormal to adex/CRH test remains abnormal to a

similar degree in remission.similar degree in remission.

In the Munich Vulnerability StudyIn the Munich Vulnerability Study

(Holsboer(Holsboer et alet al, 1995) 54 apparently, 1995) 54 apparently

healthy people with a family history ofhealthy people with a family history of

affective disorder underwent a similar as-affective disorder underwent a similar as-

sessment of HPA axis function. Only a min-sessment of HPA axis function. Only a min-

ority of the subjects had a family history ofority of the subjects had a family history of

bipolar rather than unipolar affective disor-bipolar rather than unipolar affective disor-

der. None the less, this demonstration of ander. None the less, this demonstration of an

abnormal response to the dex/CRH test in aabnormal response to the dex/CRH test in a

proportion of apparently healthy individ-proportion of apparently healthy individ-

uals with a family history of affective dis-uals with a family history of affective dis-

order taken in conjunction with our dataorder taken in conjunction with our data

suggests that HPA axis dysfunction maysuggests that HPA axis dysfunction may

be a trait abnormality in bipolar disorder.be a trait abnormality in bipolar disorder.

Whether this dysfunction occurs premor-Whether this dysfunction occurs premor-

bidly (a potential cause of the illness) orbidly (a potential cause of the illness) or

arises as a consequence of the disorder (aarises as a consequence of the disorder (a

‘biological scar’) should be addressed‘biological scar’) should be addressed

further by examination and longitudinalfurther by examination and longitudinal

follow-up of a larger rigorously definedfollow-up of a larger rigorously defined

population at high risk of developingpopulation at high risk of developing

bipolar disorder.bipolar disorder.

Future studiesFuture studies

Our results suggest that HPA axis dysfunc-Our results suggest that HPA axis dysfunc-

tion may be involved in the disease processtion may be involved in the disease process

underlying bipolar disorder. Further stu-underlying bipolar disorder. Further stu-

dies should examine the temporal evolu-dies should examine the temporal evolu-

tion of HPA axis function and bipolartion of HPA axis function and bipolar

disorder.disorder.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Hypothalamic^pituitary^adrenal (HPA) axis function is abnormal in patients withHypothalamic^pituitary^adrenal (HPA) axis function is abnormal in patients with
bipolar disorder.bipolar disorder.

&& The degree of abnormality is equal in remitted and non-remitted patients.The degree of abnormality is equal in remitted and non-remitted patients.

&& Abnormal function of the HPA axismay confer vulnerability to bipolar disorder.Abnormal function of the HPA axismay confer vulnerability to bipolar disorder.

LIMITATIONSLIMITATIONS

&& This study is cross-sectional.This study is cross-sectional.

&& We did not study patients in themanic phase.We did not study patients in themanic phase.

&& Longitudinal follow-up of a healthy population at high risk of developing bipolarLongitudinal follow-up of a healthy population at high risk of developing bipolar
disorder is needed to confirm that these findings represent a trait abnormality.disorder is needed to confirm that these findings represent a trait abnormality.
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