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Summary Major depressives often have abnormalities
in the secretion patterns of their anterior pituitary
hormones and target endocrine gland hormones There
are changes in both basal hormone secretion and the
responses of these hormones to perturbation tests.
Considerable work has been done attempting to de-
velop a clinical application for some of these changes
as biological state markers of endogenous depres-
sion Prominent among the changes is an overactivity
of the hypothalamo-pituitary-adrenocortical (HPA)
axis The dexamethasone suppression test (DST), as
a reflection of HPA axis activity, has been the most
thoroughly investigated "biological test" in psychia-
try to date Considerably fewer studies have addres-
sed more fundamental issues of HPA axis regulation
in depression, such as the relationship between pre-
DST cortisol hypersecretion and DST outcome The
next most widely investigated endocrine axis in de-
pression has been the hypothalamo-pituitary-thyroid
(HPT) axis Most studies have dealt with the TSH re-
sponse to exogenously administered thyrotropin re-
leasing hormone While blunted TSH responses have
been found in depressives compared with normal
controls, the frequency of blunted responses in other
types of psychiatric patients has made this test margi-
nally useful for differential diagnosis The reported
changes in other hormone axes, for example the
blunted growth hormone response to several chal-
lenges noted in depressed patients, have not been in-
vestigated sufficiently thoroughly to support their
general clinical use at present Because the same puta-
tive central nervous system (CNS) neurotransmitters
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appear to be involved in both the modulation of af-
fects and the regulation of the hypothalamic releasing
and inhibiting factors, it is tempting to suggest that a
common CNS neurotransmitter dysfunction underlies
both the depressive state and the aforementioned al-
tered endocrine dynamics However, proposing this
hypothesis has been considerably easier than demon-
strating it.
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It is widely acknowledged that depressive illness con-
sists of a heterogeneous group of disorders which
have different clinical symptom pictures and which
respond to different treatment modalities Many in-
dividuals suffer self-limiting depressions, but others
may have episodes of major depression, characterized
by a specific set of symptoms, a protracted course,
often a family history of similar illness, and, for the
endogenous (Kendell 1976) or melancholic (Ameri-
can Psychiatric Association 1980) subtype, generally
a responsiveness only to somatic therapies The signs
and symptoms of endogenous or melancholic depres-
sion have been codified in the Research Diagnostic
Criteria (Spitzer et al 1978) and in the DSM-III and
DSM-III-R (American Psychiatric Association 1980,
1987).

Major depressives, particularly those with en-
dogenous features, often have abnormalities in the
secretion patterns of their anterior pituitary hormones
and target endocrine gland hormones (Rubin et al.
1973, 1979 ; Rubin and Kendler 1977 ; Carroll 1978 ;
Checkley 1980 ; von Zerssen and Doerr 1980 ; Rubin
and Poland 1982, 1983) There are changes in both
the basal secretion levels of several hormones and the
responses of these hormones to various perturbation
tests This review highlights the more important of
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these changes and considers their potential clinical
usefulness and their relevance to understanding the
etiology of this type of depression.

Prominent among the abnormalities of neuroen-
docrine function in major depression is an overactiv-
ity of the hypothalamo-pituitary-adrenocortical (HPA)
axis, as reflected by increased circulating corticotro-
pin and cortisol concentrations (Sachar et al 1973 a;
Carroll et al 1976 a; Pfohl et al 1985), increased ce-
rebrospinal fluid cortisol concentrations (Carroll et
al 1976 b; Triskman et al 1980), increased urinary
free cortisol excretion (Carroll et al 1976 c, d), and
cortisol resistance to dexamethasone suppression
(Carroll 1972 ; 1985 ; Carroll et al 1981 ; Holsboer
1983 ; Rubin and Poland 1984 ; Arana et al 1985).
Considerable work has been done in attempting to
develop a clinical application for these hormone
changes as biological state markers of endogenous
depression; in this regard, the dexamethasone sup-
pression test (DST) has been the most thoroughly in-
vestigated "biological test" in psychiatry to date The
potential clinical applications of the DST have included
the differentiation of patients with endogenous or
melancholie depression from those with other kinds
of depressive disorders, the identification of probable
affective disorder in patients with schizophreniform
psychoses, the identification of endogenous depres-
sives within an alcoholic population, the identifica-
tion of patients at high risk for suicide, the selection
of pharmacotherapeutic agents for the treatment of
depression, serial monitoring for determining biolog-
ical recovery from endogenous depression, and iden-
tification of early relapse of depressive illness (Tar-
gum 1983) Even though thousands of patients have
been studied with the DST, it has been found to be
reliable in only a few of the aforementioned clinical
applications as stated by the American Psychiatric
Association Task Force on the DST (Glassman 1987),
" like many laboratory tests in clinical medicine,
the DST does less than one might hope a positive
DST may reinforce a diagnosis of major affective dis-
order in certain ambiguous situations patients who
have an abnormal test following apparent clinical im-
provement may be at risk of clinical worsening 
beyond these suggestions, the task force found no in-
controvertable role for the DST in current clinical
practice " One important methodologic issue is the
way the DST has been performed: different doses of
dexamethasone and different blood sampling schedules
can contribute to differing values of sensitivity and
specificity (Kraemer 1987) As with any test in medi-
cine, users of the DST must be thoroughly familiar
with its assumptions and limitations (Rubin and Poland
1984), as well as the specific situations in which it
might be useful.

Considerably fewer studies have addressed more
fundamental issues of HPA axis regulation in depres-
sion, such as the relationship between pre-DST cor-
tisol hypersecretion and DST outcome Because less-
than-perfect relationships have been found between
various pre-DST measures of cortisol and DST status,
there has been some controversy as to where in the
HPA axis the physiologic stimulus to cortisol hyper-
secretion occurs For example, we studied HPA axis
function in 40 primary definite endogenous depres-
sives and 40 normal matched control subjects (Rubin
et al 1987 a) and found that the 15 patients ( 38 %)
who were DST nonsuppressors had significantly higher
pre-DST serum and urine cortisol levels than both
their matched controls and the 25 suppressor patients.
All cortisol measures were unimodally distributed
across both groups of subjects Circadian cortisol
rhythms of similar magnitude occurred in both groups,
and there was no significant phase advance of the cir-
cadian rhythm in the patients Moreover, the cortisol
measures before and after dexamethasone adminis-
tration were positively correlated to a similar degree
in the patients and the control subjects.

This latter finding suggests that pre-DST HPA
hyperactivity and cortisol nonsuppression on the
DST are not independently physiologically regulated
in endogenous depression, as has been suggested by
others on the basis of only partial overlap between in-
creased pre-DST circulating cortisol and a positive
DST (Rubin et al 1987 a) Further evidence against
this hypothesis is provided by the correspondence in
depressed patients between ACTH and cortisol con-
centrations, both before and after dexamethasone
(Pfohl et al 1985 ; Mortola et al 1987) The overall
results of our study, and of other studies in aggre-
gate, suggest that depressed patients, especially DST
nonsuppressors, have a higher cortisol secretion than
normal subjects, even occasionally in the cushingoid
range, but they have preservation of the timing and
amplitude of their cortisol circadian rhythm, in
contrast to many patients with Cushing's syndrome.
This may be one reason why depressed patients with
cortisol hypersecretion manifest few, if any, physical
and laboratory stigmata of Cushing's syndrome.

From a pharmacological standpoint, an important
variable affecting DST outcome is the bioavailability
of dexamethasone Several studies have indicated
that serum dexamethasone concentrations are lower
in subjects who show DST nonsuppression compared
with those who show suppression (Arana et al 1984 ;
Holsboer et al 1984 a, 1986 ; Johnson et al 1984 ;
Berger et al 1985 ; Carr et al 1986 ; Morris et al.
1986), indicating that a positive DST might not al-
ways be a reflection of heightened activity in the cen-
tral nervous system but could be due to insufficient
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circulating concentrations of dexamethasone To de-
termine the extent that pre-DST HPA activity and
serum dexamethasone concentrations contributed to
the outcome of the DST in our 40 endogenous depres-
sives and 40 matched control subjects, we measured
serum dexamethasone by radioimmunoassay and as-
sessed the relative contributions of these two measures
to the outcome of the DST by multivariate analysis
(Poland et al 1987) Both variables significantly in-
fluenced DST outcome, but the major factor contribut-
ing to the discrimination of cortisol escapers from
suppressors was the pre-DST 24-h cortisol concentra-
tion, accounting for approximately two-thirds of the
incidence of positive DS Ts Serum dexamethasone
concentrations significantly influenced DST outcome
only when they were below a certain threshold level,
as has been suggested for the DST in the diagnosis of
Cushing's syndrome (Meikle 1982).

Challenge studies with corticotropin releasing fac-
tor (CRF) have also revealed important information
about HPA axis function in depression Most of the
studies have shown that there is a decreased ACTH
response to CRF in depressed patients compared
with control subjects, indicating some down-regula-
tion of CRF receptors on the corticotrophs of the
pituitary (Holsboer et al 1984 b; Gold and Chrousos
1985) This suggests increased endogenous CRF pro-
duction The cortisol response following CRF, on the
other hand, has been for the most part similar be-
tween depressives and controls, even though the de-
pressives had a blunted ACTH response, suggesting
the possibility of up-regulation of ACTH receptors in
the adrenal cortex The adrenals of depressed pa-
tients have been reported to be larger than those of
controls by computed tomography (Amsterdam et al.
1987 a) All these data taken together provide consis-
tent evidence for increased limbic-hypothalamic driv-
ing of the HPA axis in endogenous depression, result-
ing in some down-regulation of CRF receptors in the
pituitary but increased circulating ACTH concentra-
tions nevertheless The increased ACTH secretion
results in increased circulating cortisol concentrations
at all times of the day and night, but, as mentioned,
with preservation of the timing and amplitude of the
normal cortisol circadian rhythm.

The next most widely studied endocrine axis in
depression has been the hypothalamo-pituitary-thyroid
(HPT) axis There is a normal circadian rhythm of
circulating thyroid stimulating hormone (TSH) con-
centrations, with highest levels occurring in the late
evening, usually prior to the time of sleep onset, and
lowest levels occurring about 12 h later, in the late
morning (Morley 1981 ; Hershman and Pekary 1985).
This rhythm may be blunted or absent in some, but
not all, depressed patients (Weeke and Weeke 1978,

1980 ; Golstein et al 1980 ; Kijne et al 1982 ; Kjellman
et al 1984).

Most studies of serum and plasma TSH patterns
in depression have dealt with the TSH response to
exogenous (administered) thyrotropin releasing hor-
mone (TRH) Many groups of investigators are con-
sistent in the finding of a blunted TSH response to
TRH in both unipolar and bipolar endogenous depres-
sives, as well as in manic patients, alcoholics et al.
(Hollister et al 1977 ; Prange 1977 ; Kirkegaard 1981 ;
Loosen and Prange 1982 ; Loosen 1985) These studies
have been done with different doses of intravenous
TRH, ranging between 100 jg and 500 j Lg, different
post-TRH blood sampling times to determine the TSH
response, and different criterion TSH concentrations
for a blunted response Thus, there is little wonder
that the predictive value of the TRH test in compari-
son with normal control subjects has ranged between
20 % and 100 %, indicative of a large overlap of indi-
vidual post-TRH TSH values between endogenous
depressives and normal controls There also has been
considerable overlap of individual values between
endogenous depressives and schizophrenic and al-
coholic patients.

While many studies have attempted to develop a
clinical application of the TSH response to TRH as a
biologic state marker of endogenous depression, as
with the DST, fewer studies have addressed more
fundamental issues of HPT axis regulation, such as
the relationship among serum TSH, T 3 and T 4 con-
centrations and the relationship of these measures of
HPT activity to measures of HPA activity In our 40
primary definite endogenous depressives and 40 nor-
mal control subjects, we also measured basal serum
TSH, T 3, and T 4 concentrations, as well as TSH re-
sponses to TRH, and compared these measures of
HPT activity with the measures of HPA axis activity
also determined in these subjects (Rubin et al 1987 b).
Compared with their matched controls, the patients
showed significant reductions in mean nocturnal serum
TSH and mean serum T 3 concentrations However,
these reductions were not large, being about 20 % for
TSH and 10 % for T 3 Even though the mean TSH re-
sponse to TRH in the depressives was only about
two-thirds that of the controls, neither it nor the
mean serum T 4 concentration was significantly differ-
ent between the two groups of subjects.

The elements of altered HPT axis function noted
in our depressed patients have been found to a great-
er or lesser degree in two conditions of clinical hypo-
thyroidism The first is hypothalamic (tertiary) hypo-
thyroidism, which is postulated to be caused by re-
duced TRH production in the hypothalamus as well
as the production of TSH with reduced biologic activ-
ity (Morley 1981 ; Hershman and Pekary 1985 ; Caron
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et al 1986) The result is low to normal circulating
TSH concentrations, with an absent nocturnal TSH
surge; blunted or normal TSH responses to TRH; and
reduced circulating T 3 and T 4 concentrations The
second condition is that of the low T 3 or "euthyroid
sick" syndrome, in which the peripheral conversion
of T 4 to T 3 is reduced and serum reverse T 3 is ele-
vated, because its metabolic clearance is diminished
(Cavalieri and Rapoport 1977 ; Wartofsky and Bur-
man 1982 ; Chopra 1983) In this condition there may
or may not be a net hypothyroid effect The laborato-
ry findings in both these conditions of clinical hypo-
thyroidism, however, have not been described with
any reproducibility in patients with endogenous de-
pression Reduced nocturnal TSH secretion also can
occur secondary to sleep deprivation (Parker et al.
1987), and sleep disturbance is often a part of the de-
pressive syndrome Thus the state of the HPT axis in
depressed patients, even the fundamental question of
whether it is dysregulated or not, remains very much
an open question.

Based on the finding of blunted TSH responses to
TRH in patients with Cushing's syndrome (Morley
1981 ; Hershman and Pekary 1985), Kendler and Davis
( 1977) suggested that the blunted TSH response to
TRH in depression might be secondary to the in-
creased HPA activity that, as mentioned above, oc-
curs in about 50 % of patients with major depression.
Prior studies of this relationship have been discrepant
in their findings, some reporting significant inverse
correlations between HPT and HPA activity, but
others reporting no such association (Loosen et al.
1978 a, b; Kirkegaard and Carroll 1980 ; Asnis et al.
1981 ; Extein et al 1981 ; Loosen et al 1983 ; Rush et
al 1983 ; Larsen et al 1985 ; Dam et al 1986) In both
groups of our subjects, both depressives and controls,
the correlations between the HPT and HPA axis meas-
ures were all of low order, with only a few represent-
ing more than 10 % shared variance Similarly, a X 2

test of TRH test status (blunted, normal) versus DST
status (escaper, suppressor) for the 40 patients was
clearly nonsignificant Thus, the measures of HPT
and HPA activity were quite independent in both the
patients and their controls While the results of our
study and of other studies in aggregate do not sup-
port the hypothesis that a blunted TSH response to
TRH is determined by increased HPA activity, it
should be pointed out that this conclusion is based on
across-subjects data Longitudinal studies of the same
patients before and after treatment will be necessary
to elucidate any relationship with certainty.

A third pituitary hormone which has received at-
tention in depressive illness is prolactin The report-
ed abnormalities of prolactin release in depressives
have included alterations in the amount of prolactin

secreted and its circadian pattern (Halbreich et al.
1979 ; Linkowski et al 1980 ; Mendlewicz et al 1980 ;
Mai et al 1985), both increased and decreased pro-
lactin responses to TRH stimulation (Maeda et al.
1975 ; Linkowski et al 1980 ; Witschy et al 1984), and
decreased prolactin responses to several other chal-
lenges, including hypoglycemia, opiates, tryptophan,
and fenfluramine (Extein et al 1980 ; Grof et al 1982 ;
Judd et al 1982 ; Winokur et al 1982 ; Heninger et al.
1984 ; Robertson et al 1984 ; Siever et al 1984 ; Amster-
dam et al 1987 b) Nonsuppression of prolactin fol-
lowing dexamethasone administration also has been
reported (Meltzer et al 1982 ; Klein et al 1984) In
contrast, other studies have reported no differences
between depressives and control subjects in the amount
of prolactin secreted, its circadian pattern, or in pro-
lactin responses to TRH and other challenges (Sachar
et al 1973 b; Naije et al 1978 ; Coppen et al 1980 ;
Langer et al 1980 ; Kirkegaard et al 1981 ; Winokur
et al 1982 ; Amsterdam et al 1983 b; Kjellman et al.
1985 ; Zis et al 1985, 1986).

In our aforementioned 40 endogenous depressives
and 40 matched normal controls, we also determined
basal serum prolactin concentrations and prolactin
responses to TRH and dexamethasone (Rubin et al.
1989) Compared with their matched controls, the
patients showed no difference in basal nocturnal pro-
lactin concentrations, a marginally significant 20 %-
25 % increase in the prolactin response to TRH, and
no difference in the prolactin response to dexametha-
sone The prolactin measures also were unrelated to
pre and post-dexamethasone cortisol concentrations
and to the TSH responses to TRH in both the depres-
sives and the controls Thus, in contrast to the hypo-
thalamo-pituitary-adrenal cortical and thyroid axis
abnormalities frequently found in endogenous depres-
sives, our findings suggest that prolactin secretion in
these patients is relatively normal.

There also are reported abnormalities in the se-
cretion patterns of other hormones in depression As
a last example, there is a suggestion that the normal
slow-wave sleep-related nocturnal secretion of growth
hormone may be blunted in depressed patients; this
may be related to the fragmented sleep architecture
of these patients (Schilkrut et al 1975) Because
growth hormone secretion is enhanced by a variety of
stimuli, growth hormone provocation tests in depres-
sion have been performed with a number of com-
pounds, including L-dopa, insulin hypoglycemia, 5-
hydroxytryptophan, amphetamine, the a-adrenergic
agonist clonidine, and the tricyclic antidepressant des-
methylimipramine While the growth hormone re-
sponse to L-dopa typically has been normal in depres-
sion and the response to insulin hypoglycemia depends
on a number of factors (Sachar et al 1973 b; Koslow
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et al 1982), stimuli such as clonidine and desipramine
have revealed a blunted growth hormone response
(Rubin and Kendler 1977 ; Carroll 1978 ; Rubin et al.
1979 ; Checkley 1980 ; Rubin and Poland 1983) Taken
together, the data suggest that the defect resulting in
the blunted growth hormone response in depression
is at the hypothalamic and not at the pituitary level,
although some investigators have reported an inap-
propriate growth hormone response to TRH in de-
pression.

This review suggests that disturbances in the se-
cretion patterns of several polypeptide and steroid
hormones from a regular part of the syndrome of
major depression Because the same putative central
nervous system (CNS) neurotransmitters appear to
be involved in both the modulation of affects and the
regulation of the hypothalamic releasing and inhibit-
ing factors, it is tempting to suggest that a common
CNS neurotransmitter dysfunction underlies both the
depressive state and the altered endocrine dynamics.
However, proposing this hypothesis has been con-
siderably easier than demonstrating it.

For example, the norepinephrine deficiency hypo-
thesis of depression was proposed in 1965 (Schildkraut
1965 ; Bunney and Davis 1965) Noradrenergic neuro-
transmission in the hypothalamus has been consid-
ered to be inhibitory to CRF secretion and thus to
ACTH and cortisol secretion (Van Loon 1973 ; Weiner
and Ganong 1978) It is logical to propose that depres-
sives with hyperactivity of the HPA axis may repre-
sent those having a deficiency of norepinephrine
function in the CNS underlying their affective disor-
der, and it would further logically follow that such
patients should respond to antidepressants which en-
hance CNS noradrenergic neurotransmission better
than they would respond to antidepressants which af-
fect primarily serotonin or other neurotransmitters.

Unfortunately, in clinical practice this has not
proved to be the case; reports which have suggested
a differential response to antidepressants in DST-
positive and DST-negative patients (Brown et al.
1980 ; Brown and Qualls 1981 ; Cobbin et al 1981 ;
Fraser 1983 ; Arato et al 1984 ; Beckmann et al 1984)
have been countered by a number of other reports in-
dicating that there is no difference in antidepressant
response between DST-positive and DST-negative
depressives (Greden et al 1981 ; Nelson et al 1982 ;
Amsterdam et al 1983 a; Peselow et al 1983 ; Gitlin
et al 1984 ; Simon et al 1987 ; Steardo et al 1987).
One complicating factor is that antidepressants which
may have selective effects on particular neurotrans-
mitters in laboratory test situations have much more
widespread effects in treated patients For example,
desmethylimipramine (a fairly specific presynaptic
norepinephrine reuptake inhibitor), zimeldine (a

specific serotonin reuptake inhibitor), and clorgyline
(a monoamine oxidase-A inhibitor), when given to
patients for several weeks, all reduced both MHPG
(a norepinephrine metabolite) and 5-HIAA (a seroto-
nin metabolite) in the cerebrospinal fluid (Potter et
al 1985) Because of the intricate functional inter-
relationships among many neurotransmitter systems
in the CNS, there is little wonder that measures of
HPA axis hyperactivity thus far have not been able to
predict which depressed patient will respond to which
antidepressant.

The same complexity obtains for endocrine axes
other than the HPA axis; another example is the
regulation of prolactin secretion The current view
is that dopamine is prolactin-inhibiting factor (PIF),
or at least the main one (Ben-Jonathan 1985 ; Tuomi-
sto and Minnist 6 1985) A physiologic prolactin re-
leasing factor (PRF) has not yet been completely
identified (Hyde et al 1987) Serotonin and opioid
peptides and opiates are stimulatory to prolactin se-
cretion, but by an apparently indirect route, namely
modulation of the PIF and (putative) PRF neurons.
The relatively normal basal and TRH-stimulated se-
cretion of prolactin in endogenous depression sug-
gests that the dopaminergic neurons which exert their
tonic inhibitory influence on prolactin secretion are
functioning normally and that pituitary prolactin re-
serve is normal On the other hand, the blunted pro-
lactin responses to opiates and serotonin agonists re-
ported in several studies, as mentioned above, imply
reduced responses of the dopaminergic (PIF) and
PRF neurons to these stimuli, perhaps resulting from
subtle alterations in the function of CNS serotonergic
and opioidergic systems in depressive illness.

The use of neuroendocrine abnormalities in de-
pressive illness to help elucidate neurotransmitter
dysfunction in this illness thus has been a frustrating
endeavor (Rubin 1985) In addition to methodologic
differences among studies, which undoubtedly have
led to many of the discrepant findings reported in the
scientific literature, there are several major consider-
ations which further complicate the issue First, it is
very likely that major depression, even endogenous
depression, is not indicative of the same CNS neuro-
transmitter abnormality in every patient; furthermore,
at present there is no supreme diagnostic algorithm
for determining the presence of endogenous depres-
sion (Rubin et al 1987 c) Second, as mentioned
above, the neuroendocrine regulation of each of the
anterior and posterior pituitary hormones is complex,
resulting from an interplay among many different
neurotransmitter systems in the CNS Third, the
pharmacologic probes that have been available thus
far to perturb both the affective state and the secre-
tion of various hormones (e g the antidepressants in
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current use) have relatively nonspecific effects in the
intact, functioning patient And fourth, we still have
no reliable animal models of depression We must
thus continue to adduce carefully collected evidence,
from other biologic studies of depressive illness as
well as from neuroendocrine studies, to clarify the roles
of various neurotransmitters in the etiology of affec-
tive disturbances and the neuroendocrine changes
which accompany them.
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