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Objective: The authors assessed the relationship between the
hypothalamic-pituitary-adrenal (HPA) axis response to inter-
feron-alpha (IFN-α) and the development of major depression
during IFN-α treatment.

Method: Adrenocorticotropic hormone (ACTH), cortisol, and
interleukin-6 (IL-6) plasma concentrations were measured in 14

patients with malignant melanoma at regular intervals during
the first 12 weeks of IFN-α therapy, both immediately before
and 1, 2, and 3 hours after IFN-α administration. Symptom cri-
teria for major depression were also evaluated at each visit.

Results: ACTH and cortisol responses but not IL-6 responses to
the initial administration of IFN-α were significantly higher in
the seven patients who subsequently developed symptom crite-
ria for major depression than in those who did not. No differ-
ences in hormonal or cytokine responses were found between
these two groups during chronic IFN-α administration.

Conclusions: The HPA axis response to the acute administra-
tion of IFN-α reveals a vulnerability to IFN-α-induced depres-
sion, possibly due to sensitization of corticotropin-releasing fac-
tor pathways.

(Am J Psychiatry 2003; 160:1342–1345)

Interferon-alpha (IFN-α) is used to treat infectious dis-
eases and cancers. Despite its clinical efficacy, IFN-α fre-
quently causes a behavioral syndrome that has overlap-
ping features with major depression (1).

Although the precise mechanism of IFN-α-induced de-
pression remains obscure, attention has focused on corti-
cotropin-releasing factor (CRF), a neuropeptide impli-
cated in the pathophysiology of mood disorders. In vivo
and in vitro administration of IFN-α increases CRF pro-
duction and release (2). Moreover, CRF administered to
laboratory animals leads to behavioral changes that over-
lap with IFN-α-induced symptoms (3). Consistent with
activation of hypothalamic CRF pathways, acute adminis-
tration of IFN-α robustly activates the hypothalamic-pitu-
itary-adrenal (HPA) axis, inducing marked increases in
plasma adrenocorticotropic hormone (ACTH) and cortisol
(4). Finally, IFN-α-induced depressive-like behavior in ro-
dents can be abolished by pretreatment with a CRF recep-
tor antagonist (5).

In view of interrelationships among CRF, the HPA axis,
and IFN-α, we sought to determine whether interindivid-
ual differences in HPA axis responsiveness to IFN-α, either
acutely or during chronic treatment, were predictive of de-
velopment of major depression during IFN-α therapy.

Method

Fourteen patients with malignant melanoma drawn from a
subset of placebo-treated patients described elsewhere (1) were
enrolled in the current study. Exclusion criteria included a DSM-
IV diagnosis of schizophrenia, bipolar disorder, or substance
abuse; Mini-Mental State Examination score ≤24; or uncontrolled

medical disease. All patients provided informed consent. The
study was approved by the Emory University Institutional Review
Board.

IFN-α (Schering-Plough, Kenilworth, N.J.) was administered at
20 million units per meter2 (MU/m2) of body surface area intrave-
nously 5 days/week for 4 weeks followed by 10 MU/m2 subcuta-
neously 3 days/week. Concomitant medications for fever, pain,
sleep, and nausea were allowed. Antidepressants were excluded.

Plasma samples were obtained before and 1, 2, and 3 hours af-
ter IFN-α administration at the beginning of weeks 1, 2, 4, 8, and
12 of IFN-α therapy. ACTH and cortisol were measured by radio-
immunoassay. Interleukin-6 (IL-6) was assayed by ELISA; we used
both a regular sensitivity assay (detection limit=3.12 pg/ml) and a
higher sensitivity assay for samples obtained before IFN-α ad-
ministration (detection limit=0.3 pg/ml). Inter- and intraassay
coefficients of variation were reliably ≤10%.

At each visit, symptom criteria for DSM-IV major depression
were evaluated. In addition, the Hamilton Depression Rating
Scale, Hamilton Anxiety Rating Scale, and Neurotoxicity Rating
Scale were administered as described elsewhere (1). According to
DSM-IV, a depressive syndrome that develops during IFN-α ther-
apy is referred to as substance (IFN-α)-induced mood disorder.

Biological data for each visit were analyzed by using a two-way
analysis of covariance (time by group) that controlled for age. Post
hoc comparisons were performed by using the Tukey test. ACTH
data at week 1 were log-transformed because of nonhomogeneity
of variance (Bartlett test). Sphericity was assessed with the
Mauchly test and corrected when necessary (Greenhouse-Geisser
adjustment). Individual scores were calculated for specific symp-
tom dimensions, including depressive, anxious, cognitive, neu-
rovegetative (e.g., fatigue, anorexia), and somatic symptoms (e.g.,
pain, gastrointestinal distress) as described elsewhere (1).

Relationships between biological variables at baseline and
symptom dimensions at week 8, which was closest to the mean
onset of depression (mean=7 weeks, SD=3.2), were assessed by
using nonparametric rank correlation coefficients (Spearman’s
correlation [rs]). All probabilities are two-tailed.
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Results

Seven patients fulfilled criteria for major depression
during the study. No differences were found between de-
pressed and nondepressed patients in gender (two of the
depressed patients were women, and five were men; three
of the nondepressed patients were women, and four were
men) (χ2=0.31, df=1, p=0.58). No significant differences
were found between groups in age, although the de-
pressed group was slightly older (depressed group mean
age=59.1 years, SD=10.9; nondepressed group mean age=
49.4, SD=13.4) (t=1.48, df=12, p=0.16). No patients were
clinically depressed before starting IFN-α therapy. How-

ever, subjects who subsequently became depressed while
taking IFN-α tended to exhibit higher mean baseline
Hamilton depression scale scores (mean=6.3, SD=7.4, ver-
sus mean=1.7, SD=2.1) (t=1.57, df=12, p=0.14).

ACTH and cortisol responses to the initial injection of
IFN-α (i.e., week 1, before any previous IFN-α) were dra-
matic in both groups (Figure 1). Nevertheless, patients
who subsequently met symptom criteria for major depres-
sion exhibited significantly higher ACTH and cortisol re-
sponses than patients who did not become depressed, es-
pecially 3 hours after IFN-α injection (ACTH: F=11.59, df=
1, 11, p<0.01; 95% confidence interval [CI]=2.3–3.1 log [pg/

FIGURE 1. Adrenocorticotropic Hormone (ACTH), Cortisol, and Interleukin-6 (IL-6) Responses to Interferon-Alpha (INF-α) at
Week 1 (Initial Visit) and Week 8 in Patients Who Did or Did Not Develop Major Depression During INF-α Therapy

a Significantly different from 0 hours (p<0.01, Tukey’s test).
b Significant difference between groups (p<0.01, simple main effects).
c Significantly different from 0 hours (p<0.05, Tukey’s test).

A
C
T
H

 (
p

g
/m

l)
C
o

rt
is

o
l 
(µ

g
/d

l)
IL

-6
 (
p

g
/m

l)

800

600

400

200

0

35

30

20

10

5

0

60

50

40

30

20

10

0
0 1

Time From INF-α Therapy (hours)

Initial Visit 8 Weeks After Initial Visit

2 3 0 1 2 3

25

15

No depression (N=7)

Major depression (N=7)

a
a

c

c

c

c

c

c

a

a

a

a

b

a

a

b



1344 Am J Psychiatry 160:7, July 2003

BRIEF REPORTS

http://ajp.psychiatryonline.org

ml] for depressed group; 95% CI=1.4–2.2 log [pg/ml] for
nondepressed group) (cortisol: F=11.88, df=1, 11, p<0.01;
95% CI=26.3–36.5 µg/dl for depressed group; 95% CI=
14.5–24.7 µg/dl for nondepressed group). Of note, there
was also a significant correlation between baseline Hamil-
ton depression scale scores and the initial HPA response to
IFN-α (ACTH: rs=0.74, N=14, p<0.01; cortisol: rs=0.57, N=
14, p<0.05). Moreover, baseline Hamilton depression scale
scores were significantly correlated with the intensity of
depressive symptoms (as assessed by the Hamilton de-
pression scale) at week 8 in the study group as a whole (rs=
0.54, N=14, p<0.05). Accordingly, the statistical analyses of
the relationship between the initial HPA axis response to
IFN-α and the subsequent development of depression
were repeated controlling for initial Hamilton depression
scale scores. Similar results were obtained (ACTH: F=6.54,
df=1, 10, p<0.05; cortisol: F=14.23, df=1, 10, p<0.01).

Correlations with symptom dimensions revealed that
the ACTH and cortisol responses (3-hour response minus
baseline) to the initial injection of IFN-α were significantly
associated with depressive, anxious, and cognitive symp-
toms at week 8 of IFN-α therapy (ACTH: rs=0.67, p<0.01,
rs=0.70, p<0.01, and rs=0.66, p<0.05, respectively; cortisol:
rs=0.53, p<0.05, rs=0.52, p=0.05, and rs=0.66, p<0.01, re-
spectively, all N=14). No such correlations were found with
neurovegetative or somatic symptoms (ACTH: rs=0.35, p=
0.22, and rs=0.29, p=0.30, respectively; cortisol: rs=0.40, p=
0.16, and rs=0.24, p=0.42, respectively).

Both groups exhibited marked elevations in IL-6 at week
1, but no differences between groups were found. More-
over, no differences between groups in ACTH, cortisol, or
IL-6 responses were found during chronic IFN-α therapy
(weeks 2–12), either before or immediately after IFN-α ad-
ministration. During chronic treatment, IFN-α adminis-
tration no longer elicited a significant ACTH or cortisol
response, and IL-6 responses were markedly reduced
(Figure 1 depicts week 8 as a representative visit during
chronic IFN-α therapy).

Discussion

The results indicate that the HPA axis response to the
initial injection of IFN-α reveals a vulnerability to IFN-α-
induced mood disorder, possibly related to sensitized CRF
pathways. This vulnerability also appears to be associated
with subclinical behavioral symptoms before starting IFN-
α, as revealed by the correlation between HPA axis re-
sponses to IFN-α and Hamilton depression scale scores at
baseline.

Without a placebo comparison, it remains possible that
the HPA axis hyperresponsiveness to the initial injection
of IFN-α seen in patients who developed depression may
represent a more generalized (i.e., not immune-specific)
hyperresponsiveness to stress independent of IFN-α. The
equivalent initial IL-6 responses to IFN-α in both groups
support this notion.

Hyperactivity of the HPA axis in response to stress has
been identified in other groups of individuals who are at
high risk for neuropsychiatric disorders. For example, a
group of individuals exposed to early life stress who exhib-
ited a high rate of major depression also exhibited signifi-
cantly higher pituitary-adrenal responses to a psychoso-
cial laboratory stressor than control subjects (6). These
findings are believed to represent sensitization of CNS
CRF pathways, on the basis of animal studies indicating
an association among early maternal separation, in-
creased hypothalamic CRF mRNA expression, higher
ACTH and corticosterone responses to restraint stress,
and increased depressive-like behavior in adulthood (7).

HPA axis hyperresponsiveness to the first administration
of IFN-α was closely associated with development of mood
and cognitive changes but not neurovegetative and so-
matic symptoms during later stages of IFN-α therapy. In-
terestingly, mood and cognitive changes during IFN-α
therapy were most responsive to treatment with paroxetine
(1), suggesting that stress reactivity and CRF may be more
relevant to vulnerability to cytokine-induced depression
and its treatment with antidepressants than other aspects
of sickness such as fatigue, anorexia, and pain (1).

In conclusion, these preliminary findings generate new
hypotheses regarding the pathophysiology of mood disor-
ders in the context of immune activation. Nevertheless,
because of the small number of subjects in the present
study, these findings warrant replication in a larger group
of patients undergoing IFN-α therapy.
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Objective: This study investigated whether the functional ab-
normalities in prefrontal systems observed in adult bipolar dis-
order are manifested in adolescents with this illness.

Method: Ten adolescents with bipolar disorder and 10 healthy
comparison subjects participated in a color-naming Stroop task
during event-related functional magnetic resonance imaging.

Results: Signal increases in the left putamen and thalamus were
significantly greater in the bipolar disorder group than in the
healthy group. Age correlated positively with signal increases in
the bilateral rostroventral prefrontal cortex and the striatum in
the healthy group but not in the bipolar disorder group. In the bi-
polar disorder subjects, depressive symptoms correlated posi-
tively with signal increases in the ventral striatum.

Conclusions: These findings suggest the presence of dysfunc-
tion in the subcortical portions of the frontostriatal circuits in
adolescents with bipolar disorder. The absence of the prefrontal
abnormalities that were observed previously in adults and the
absence of the age-related increases in prefrontal activity ob-
served in normal comparison subjects suggest that a develop-
mental disturbance in prefrontal function may emerge in bipo-
lar disorder over the course of adolescence.

(Am J Psychiatry 2003; 160:1345–1347)

Converging evidence from neuroimaging and histo-
logical studies implicates abnormalities in frontostriatal
systems in adults with bipolar disorder (1–5). Few studies,
however, have assessed these systems in adolescents with
bipolar disorder. Preliminary magnetic resonance spec-
troscopic and morphometric data suggest the presence of
frontal, striatal, and thalamic abnormalities in juvenile
bipolar disorder (6, 7). We report the first study, to our
knowledge, to use functional magnetic resonance imaging
(fMRI) to examine juvenile bipolar disorder. An event-re-
lated color-naming Stroop task, identical to that used in a
study of adult bipolar disorder (1), was employed to probe
frontostriatal function and to permit investigation of po-
tential similarities and differences in adolescents and
adults with bipolar disorder.

Method

The study included 10 subjects aged 10–17 years with DSM-IV
bipolar I disorder (including six female, one left-handed, and three
unmedicated subjects) and 10 healthy comparison subjects aged

11–18 years with neither personal nor first-degree family history of
axis I disorders (including six female subjects and one left-handed
subject). None of the subjects had a neurological illness, history of
head trauma, MRI abnormalities detected by a neuroradiological
review performed by one of the authors (R.K.F.), medical illness
(except one female bipolar disorder subject with treated hypo-
thyroidism), history of substance or alcohol dependence, or sub-
stance or alcohol use within 24 hours of scanning. Diagnoses were
established by the consensus of two examiners (A.M., J.K., or H.P.B.)
on the basis of clinical interviews and administration of the
revised Schedule for Affective Disorders and Schizophrenia for
School-Age Children (Present and Lifetime versions) (8). Struc-
tured interviews provided family history research diagnostic crite-
ria. The Childhood Depression Rating Scale—Revised (9) was ad-
ministered immediately before scanning; the bipolar disorder
patients’ mean score was 36.2 (SD=21.5, range=18–88).

Comorbid psychiatric diagnoses in bipolar disorder subjects
included attention deficit hyperactivity disorder (ADHD) (N=2),
oppositional defiant disorder (N=2), posttraumatic stress disor-
der (N=2), substance or alcohol abuse (N=2), obsessive-compul-
sive disorder (OCD) (N=1), generalized anxiety disorder (N=1),
specific phobia (N=1), and learning disability not otherwise spec-
ified (N=1). Family history included at least one first-degree rela-
tive with bipolar disorder (N=3), major depressive disorder (N=3),


