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Objective: Although hypersecretion of cortisol has frequently been reported in psychotic
depression, the findings have been mixed. The authors performed a meta-analysis of the ex-
isting studies to determine the significance of differences in nonsuppression of cortisol across
studies. Method: Fourteen studies that compared dexamethasone suppression test (DST) re-
sults in psychotic and nonpsychotic patients were examined, and a Mantel-Haenszel meta-
analysis was performed. For comparison purposes, 19 studies of the DST with respect to
melancholic/nonmelancholic and inpatient/outpatient distinctions were similarly reviewed.
Results: This analysis indicated a highly significant probability that a greater rate of cortisol
nonsuppression occurs in psychotic depression. The nonsuppression rate was substantially
higher in patients with psychotic depression (64%) than in nonpsychotic patients (41%). In
the 19 studies of melancholia, nonsuppression was less frequent (36%), and when inpa-
tient/outpatient status was controlled, melancholic depression was not significantly associated
with nonsuppression. In nonmelancholic outpatients with major depression, the nonsuppres-
sion rate was low (12%). Conclusions: Among patients with major depression, psychotic
depression is the subtype that is most closely associated with nonsuppression of cortisol on
the DST. Hypercortisolemia is usually present in psychotic depression and may be important
in understanding the pathophysiology of this syndrome.
 (Am J Psychiatry 1997; 154:1497–1503)

S everal lines of evidence suggest that psychotic de-
pression is a distinct disorder. Recurrence of psy-

chotic depressed episodes in patients with psychotic de-
pression suggests that the disorder runs “true to form”
(1–7). Two family studies (8, 9), using direct interviews
of family members, found an increased incidence of
psychotic depression in first-degree relatives of pro-
bands with psychotic depression. Twelve treatment
studies, reviewed elsewhere (10), indicate that patients
with major depression and psychosis are much less
likely to respond to tricyclic antidepressants alone than
their nonpsychotic depressed counterparts.

A variety of biological variables have been examined
in psychotic depression (11). Cortisol secretion is the
most frequently studied measure, and the dexametha-
sone suppression test (DST) (12) is the method most

frequently used. Although hypersecretion of cortisol
has been reported in psychotic depression, results have
been mixed, with several studies failing to find a signifi-
cant difference in rates of nonsuppression of cortisol on
the DST. The current study was undertaken to review
these studies, perform a meta-analysis of the findings,
and determine the status of the DST in psychotic de-
pression. Because nonsuppression of cortisol on the
DST has also been associated with melancholic depres-
sion and this association might explain the findings in
psychotic depression, we also reviewed studies of the
DST in patients with melancholic or endogenous de-
pression.

METHOD

We reviewed the literature to find studies reporting DST results in
psychotic and nonpsychotic patients. These studies were examined to
determine that 1) the studies included independent, nonoverlapping
groups of patients, 2) the criteria for major depression were specified,
and 3) the methods used to assess the psychotic or nonpsychotic
status of the patients were clear. We also reviewed these studies to
determine the method of DST administration and whether patients

Received Jan. 5, 1996; revisions received April 16 and July 14,
1997; accepted July 16, 1997. From the Department of Psychiatry,
Yale University School of Medicine, and the Department of Psychia-
try, University of Illinois at Chicago. Address reprint requests to Dr.
Nelson, Department of Psychiatry, Yale-New Haven Hospital, 20
York St., New Haven, CT 06517.

Am J Psychiatry 154:11, November 1997 1497



for whom the test was inappropriate were excluded (12). Although
there was some variability in the actual DST methods used, the meth-
ods were valid and relatively comparable.

Studies of the DST in melancholic depression were also reviewed.
Again we determined that the groups of patients were independent,
that the melancholic group was compared with patients who had
nonmelancholic major depression (rather than those with other psy-
chiatric disorders or normal control subjects), that a systematic
method of DST administration was described, that appropriate exclu-
sions were used, and that the number of patients who were nonsup-
pressors was presented for each group. The studies varied in the man-
ner in which melancholic or endogenous depression was defined. The
DSM-III criteria for melancholia and the Research Diagnostic Crite-
ria (RDC) (13) for endogenous depression were the most common
methods, but in one case ICD-8 criteria were used, and another study
used clinical criteria described by the investigators.

We used the Mantel-Haenszel test (14) for the meta-analyses, fol-
lowing the recommendation of Emerson (15). It was previously used
by the American Psychiatric Association’s Task Force on Laboratory
Tests in Psychiatry (16) and is the most common meta-analytic
method used for dichotomous data in the medical literature. To ex-
amine whether the results were consistent from study to study, we
determined the homogeneity of the effect size in the samples with the
original Mantel-Haenszel method (14). This refers to the variability
of the difference between rates of nonsuppression in psychotic and
nonpsychotic patients from study to study. If the effect sizes differed
significantly, we used the DerSimonian and Laird method (17), which
does not assume a fixed effect size.

RESULTS

Fourteen studies (18–31) that involved independent
groups of psychotic and nonpsychotic depressed pa-
tients met our criteria and were included in the analysis
(table 1). All of these studies used either the RDC (13),

the Feighner criteria (32), or the DSM-III criteria for
major depression. Most study groups consisted of inpa-
tients, but two studies (22, 30) included both inpatients
and outpatients. All studies observed exclusions for the
DST, usually those described by Carroll and associates
(12). The dexamethasone dose and timing of cortisol
samples varied across studies (table 1).

These studies included a total of 276 psychotic and
708 nonpsychotic depressed patients. The overall rates
of nonsuppression of cortisol were 64% for the psy-
chotic depressed patients and 41% for the nonpsy-
chotic group. The Mantel-Haenszel analysis of the 14
studies demonstrated a highly significant probability
that the greater rate of nonsuppression in the psychotic
depressed patients was not a chance finding (χ2=47.43,
df=1, p<0.001; odds ratio=3.0; 95% confidence inter-
val=2.2–4.1). An analysis of the homogeneity of the ef-
fect size was nonsignificant (χ2=11.39, df=15, p=0.58),
indicating that the effect size did not differ significantly
from study to study.

Nineteen studies (33–52) that compared the DST in
melancholic and nonmelancholic patients were identi-
fied (table 2). (Two study groups [51, 52] that partially
overlapped were combined to eliminate duplication and
were subsequently treated as a single group.) Of the 662
melancholic patients, 36% were nonsuppressors of cor-
tisol on the DST; of the 617 nonmelancholic patients,
24% were nonsuppressors. An analysis of the homoge-
neity of the findings among the studies was significant
(χ2=44.44, df=18, p<0.001), indicating that the effect
size varied significantly from study to study. Thus, we

TABLE 1. Dexamethasone Suppression Test Results in Patients With Psychotic and Nonpsychotic Major Depression in 14 Studies

Criteria for Major
Depression

Dexamethasone
Dose (mg)

Time of Cortisol
Assessment

Nonpsychotic
Patients

Psychotic
Patients

Non-
suppressors
of Cortisol

Non-
suppressors
of Cortisol

Study N N % N N % pa

Mendlewicz et al., 1982
(18)

RDC 1 4 p.m.  58  21 36  37  30  81 <0.01

Coryell et al., 1982 (19) DSM-III 1 8 a.m.  75  14 19  18   7  39 n.s.
Asnis et al., 1982 (20) RDC, endogenous 2 4 and 11 p.m.  30   7 23  10   7  70 n.s.
Rudorfer et al.,

1982 (21)
Feighner, primary,

unipolar, endoge-
nous

1 8 a.m., 4 and 11 p.m.  16   3 19  15  10  67 <0.01

Schatzberg et al.,
1983 (22)

DSM-III, unipolar 1 4 p.m.  31  18 58  14  10  71 n.s.

Caroff et al., 1983 (23) DSM-III 1 8 a.m., 4 and 11 p.m.  18  10 56  11   9  82 n.s.
Coryell et al., 1984 (24) DSM-III 1 8 a.m., 4 p.m. 164  51 31  49  16  33 n.s.
Nelson et al., 1984 (25) RDC, endogenous 2 8 a.m., 4 and 11 p.m.  12   1  8  13   3  23 n.s.
Rihmer et al., 1984 (26) RDC, endogenous 1 8 a.m., 3 p.m.  66  39 59  27  24  89 <0.02
Ayuso-Gutierrez et al.,

1985 (27)
DSM-III 1 8 a.m., 4 and 11 p.m.  49  22 45  26  11  42 n.s.

Evans and Nemeroff,
1987 (28)

DSM-III 1 4 and 11 p.m.  85  48 56  19  18  95 <0.01

Levy and Stern,
1987 (29)

RDC 1 4 and 10 p.m.  21   8 38   8   7  88  0.02

Rothschild et al., 1987 (30) DSM-III 1 4 p.m.  18   3 17   4   4 100 <0.005
Brown et al., 1987 (31) DSM-III ? 9 a.m.  65  43 66  25  22  88 n.s.
Total 708 288 41 276 178  64

aChi-square test (df=1).
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examined these data using the DerSimonian and Laird
method. This analysis indicated that nonsuppression of
cortisol was significantly more likely in melancholic de-
pressed patients, but the magnitude of the probability
was substantially lower than that for patients with psy-
chotic depression (χ2=4.84, df=1, p<0.03; odds ratio=
2.0; 95% confidence interval=1.5–2.6).

The 19 studies of melancholia included both inpa-
tients and outpatients, and rates of nonsuppression on
the DST differed for these groups. The overall rate of
nonsuppression in the five studies of outpatients only
was 22% (N=68 of 303), while in the 11 studies of in-
patients only, the rate was 36% (N=244 of 683). The
difference between inpatients and outpatients was simi-
lar to that observed for melancholic and nonmelan-
cholic patients. If inpatient/outpatient status was ac-
counted for, melancholia was not associated with
nonsuppression of cortisol on the DST. A DerSimonian
and Laird meta-analysis of rates of nonsuppression lim-
ited to the 11 inpatient studies indicated that rates of
nonsuppression did not differ significantly in melan-
cholic and nonmelancholic patients: 38% (N=136 of
355) and 33% (N=108 of 328), respectively (χ2=0.11,
df=1, p=0.74). Alternatively, among the melancholic
patients, rates of nonsuppression in inpatients and out-
patients showed a similar difference (38% versus 31%).

It appeared that both melancholic status and inpatient
status were associated with a moderate increase in cor-
tisol nonsuppression; however, the combination of
melancholia and inpatient status did not appear to sig-
nificantly or substantially increase the rate of nonsup-
pression once either single variable was present. In non-
melancholic outpatients, the nonsuppression rate was
low, 12% (N=17 of 138).

DISCUSSION

Although less than one-half of the studies of the DST
in psychotic depression individually found significant
differences between patient groups, all but one of the
studies found a higher rate of nonsuppression of corti-
sol in psychotic depressed patients than in nonpsychotic
depressed patients. Our meta-analysis demonstrated a
very substantial probability that nonsuppression occurs
more frequently in psychotic depression than in
nonpsychotic depression. Further, the actual rate in
psychotic depression, 64%, indicates that hypercorti-
solemia is a characteristic of most patients with psy-
chotic depression. These findings support the distinc-
tion between psychotic and nonpsychotic major
depression and are consistent with the hypothesis, ad-

TABLE 2. Dexamethasone Suppression Test Results in Melancholic and Nonmelancholic Patients in 19 Studies

Criteria for
Melancholia Subjects

Dexamethasone
Dose (mg)

Time of
Cortisol

Assessment

Melancholic
Patients

Nonmelancholic
Patients

Non-
suppressors
of Cortisol

Non-
suppressors
of Cortisol

Study N N % N N %

Carroll et al., 1976 (33)  Clinical Inpatientsa 2  8 a.m., 4 and
11 p.m.

 34  17 50  12   0  0

Brown and Shuey, 1980 (34)  RDC Inpatientsb 2  8 a.m., 4 and
11 p.m.

  6   4 67  43   7 16

Carroll et al., 1980 (35)  RDC Outpatientsa 1  4 p.m.  59  19 32  40   1  3
Berger et al., 1982 (36)  ICD-8 Inpatientsc 1.5 9 a.m., noon,

3 and 4 p.m.
 20   5 25  19   4 21

Coryell et al., 1982 (37)  DSM-III Inpatientsc 1  8 a.m., 4 p.m.  34   9 26  17   6 35
Giles and Rush, 1982 (38)  RDC Inpatients and

outpatientsa
1  4 p.m.  55  24 44  95   4  4

Meltzer et al., 1982 (39)  RDC Inpatientsa 1  8 a.m., 4 p.m.  20   6 30   6   4 67
Arana et al., 1983 (40)  DSM-III Inpatientsa 1  4 p.m.  15   6 40  14   8 57
Evans et al., 1983 (41)  DSM-III Inpatientsc 1  4 and 11 p.m.   9   6 67  11   7 64
Grosser et al., 1983 (42)  DSM-III ?a 1  4 p.m.  63  11 17  30   4 13
Jaffe et al., 1983 (43)  DSM-III Outpatientsa 1  4 p.m.   7   3 43  15   0  0
Peselow et al., 1983 (44)  RDC Outpatientsa 1  4 p.m.  52  17 33  36   8 22
Nasr et al., 1983 (45)  RDC Outpatientsa 1  4 p.m.  14   6 43  26   5 19
Rabkin et al., 1983 (46)  RDC Outpatientsa 1  4 p.m.  33   6 18  21   3 14
Caine et al., 1984 (47)  RDC Inpatientsa 1  4 and 11 p.m.  13   5 38   7   5 71
Stokes et al., 1984 (48)  RDC Inpatientsb 1  8 a.m., 4 and

10 p.m.
 94  27 29  17   8 47

Zimmerman et al., 1985 (49)  DSM-III Inpatientsb 1  8 a.m., 4 p.m.  70  31 44  89  25 28
Roy, 1988 (50)  DSM-III Inpatients and

outpatientsd
1  4 and 11 p.m.  24  15 63  26  13 50

Miller and Nelson, 1987 (51),
and Nelson et al., 1990 (52)

 DSM-III Inpatientsc 1  8 a.m., 4 p.m.  40  20 50  93  34 37

Total 662 237 36 617 146 24
aReport does not indicate whether psychotic patients were included. cNo psychotic patients were included.
bPsychotic patients were included. dTwo psychotic patients were included.
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vanced by Schatzberg and colleagues (53, 54), that ele-
vated cortisol levels may play a role in the pathophysi-
ology of psychotic depression.

Several of the studies we reviewed noted that not only
did the DST show nonsuppression of cortisol in psy-
chotic depression, but the actual cortisol levels were
quite high (22, 28–31). Some investigators (22, 28, 29,
55) have suggested that a higher threshold between 11
and 15 µg/dl might be more specific and predictive for
psychotic depression.

Because psychotic depression is a severe disorder, it
might be questioned whether the differences in rates of
nonsuppression on the DST between psychotic and
nonpsychotic patients is explained by severity. First, it
should be noted that in most cases, the comparison
groups in the 14 studies consisted of melancholic inpa-
tients whose illness was also reasonably severe. In six of
the studies (18, 20, 21, 26, 29, 30), the issue of severity
was explicitly addressed. In each case, either severity
was not associated with suppression/nonsuppression or
multivariate analysis indicated that severity did not ac-
count for the difference in the rate of nonsuppression in
psychotic and nonpsychotic depressed patients.

The studies of psychotic depressed subjects varied in
the use of other subtyping restrictions (e.g., whether the
subjects had endogenous, primary, or unipolar depres-
sion); however, in all but two studies, the comparison
subjects were inpatients. The diagnostic issue that ap-
peared to be most important was how schizoaffective
disorder, other signs of schizophrenia, or mood-incon-
gruent delusions were dealt with. In two of the studies
with the lowest rates of cortisol nonsuppression (19,
24), schizoaffective patients or those with “subtle signs
of schizophrenia” were not excluded. In the second of
these studies, 64% of the psychotic patients had mood-
incongruent delusions. Ayuso-Gutierrez and colleagues
(27), in the only study with a lower rate of nonsuppres-
sion in the psychotic patients, noted that the eight pa-
tients with mood-incongruent delusions had a much
lower rate of nonsuppression (12%) than the 18 pa-
tients with mood-congruent delusions (55%). The rate
of nonsuppression in the patients with mood-congruent
delusions was slightly higher than the rate in the
nonpsychotic patients, consistent with the other 13
studies. Lower rates of nonsuppression have also been
observed in schizophrenic and schizoaffective patients
and patients with atypical psychotic features (53).

The meta-analysis of the differences between melan-
cholic and nonmelancholic patients was clearly signifi-
cant, but the effect size was not as large as it was for
the psychotic/nonpsychotic distinction. Further, these
studies varied with respect to inclusion of psychotic
patients. Reports from four studies (34, 48, 49, 50) in-
dicated that psychotic patients were included, four
studies (36, 37, 41, 51, 52) excluded psychotic patients
(or results were presented separately), and in 11 studies
psychotic status was not specified. In the four studies
that explicitly excluded psychotic patients (all were in-
patient studies), rates of nonsuppression did not differ
significantly in the 103 patients with endogenous de-

pression (39%) and the 140 with nonendogenous de-
pression (36%). It is possible that inclusion of psychotic
patients (who are usually melancholic) contributed to
the purported relationship between cortisol nonsup-
pression and melancholia. It seems even more likely
that controlling for inpatient/outpatient status helps to
explain the lack of difference between melancholic and
nonmelancholic patients in these four studies.

Both inpatient status and melancholia were associ-
ated with a moderate increase in the rate of nonsuppres-
sion of cortisol, but because they covary, it was difficult
to separate their independent associations with the DST
results. It is probable that both variables are important,
and both could reflect some underlying factor associ-
ated with hypercortisolemia.

In a study of 95 nonpsychotic inpatients, Miller and
Nelson (51) examined this question. Cortisol nonsup-
pression occurred in 43% (N=41) of these inpatients
but was not significantly correlated with DSM-III mel-
ancholia, RDC endogenous depression, or severity.
Seven individual symptoms were significantly corre-
lated with nonsuppression of cortisol. These symptoms
were examined to determine whether there were com-
mon factors that were related to hypercortisolemia. No
common factors were found. Miller and Nelson (51)
reviewed 11 other studies (34, 56–65) that examined
the relationship of individual symptoms to DST results.
The most common symptom correlates of the DST were
psychomotor change (both retardation and agitation)
and sleep disturbance, followed by weight loss and so-
matic anxiety. Although these symptoms appear to be
characteristic of melancholia, other symptoms also cen-
tral to the concept of melancholia, such as loss of inter-
est and lack of reactivity, were not frequently associated
with nonsuppression. Further, these symptoms did not
vary together, but were individually associated with the
DST results. Thus, in our previous study (51), in our
review (51), and in other reviews (58, 66, 67), it has not
been possible to identify a diagnostic syndrome or a
common factor other than psychotic depression that re-
lates to nonsuppression.

It might be questioned whether the lack of homoge-
neity of effect size in the 19 melancholia studies sug-
gests flawed methods in some of the studies. There are
other explanations, however, that appear to provide a
satisfactory explanation for the lack of homogeneity.
These studies included inpatients and outpatients, dif-
ferent criteria for melancholia, and different methods
for performing the DST (for example, usually only one
cortisol sample was obtained from outpatients).

The question also arises whether reports of rates of
cortisol nonsuppression might be inflated because of
the tendency not to report negative results (the “file
drawer” issue). Although this is possible, it seems rela-
tively unlikely. The DST has been studied over many
years. After the initial positive reports, negative reports
became worthy of publication. In fact, five groups of
investigators (37, 39, 40, 47, 48) reported negative re-
sults for the DST in melancholia (i.e., a higher rate of
nonsuppression of cortisol in nonmelancholic patients).
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Further, most of the focus has been on the DST in mel-
ancholia; thus, reports on the relation of DST results to
psychotic depression may be less biased. Given the
strength of the association of nonsuppression on the
DST with psychotic depression in the studies reviewed,
we estimated that negative results from another 4,162
studies would have to be reported to render our find-
ings statistically nonsignificant (68).

CONCLUSIONS

These findings indicate that psychotic depression is
the subtype of depression associated with nonsuppres-
sion of cortisol following administration of dexametha-
sone, and that nonsuppression of cortisol occurs in
two-thirds of these patients. Nonsuppression is found
in about one-third of melancholic patients and of inpa-
tients, but if inpatient status is accounted for, the sig-
nificance of the association between melancholia and
nonsuppression is lost. In outpatients with major de-
pression, the nonsuppression rate is low. Individual
symptoms have been associated with nonsuppression,
but no other subtypes or factors that explain the asso-
ciation of these symptoms with hypercortisolemia have
been identified.

From a clinical perspective, nonsuppression of corti-
sol on the DST is of limited diagnostic usefulness. Often
the diagnosis of psychotic depression is obvious. In pa-
tients for whom the diagnosis is questionable, however,
a substantially elevated cortisol level after dexametha-
sone would be another piece of evidence favoring the
diagnosis of psychotic depression. This test might be
particularly useful in “near-delusional” patients with
depression. Two studies (69, 70) have noted that near-
delusional patients respond less well to antidepressants
given alone and may require combined antipsychotic
and antidepressant treatment. In addition, this test may
prove useful for assessing when a psychotic depressed
patient has been adequately treated, because it has been
suggested that the DST result reverts to normal with
recovery of the patient and that failure to revert may
predict suicide potential (16). Roose and associates (71)
have reported that psychotic depressed patients are
more likely to commit suicide, even when they appear
to have improved. The use of the DST may help to de-
termine whether a patient with psychotic depression
has been adequately treated.

From a theoretical perspective, it has been suggested
that hypercortisolemia may contribute to psychosis by
enhancing dopamine activity (53, 54). Several animal
studies (reviewed elsewhere [53]) and two human stud-
ies (72, 73) indicated that administration of glucocorti-
coids increases dopamine or dopamine metabolite lev-
els in the CSF or plasma. Two studies of patients with
psychotic depression (30, 74) found a specific pattern
of response to dexamethasone which differed from that
of other patients or control subjects. Increased dopa-
mine activity, as evidenced by elevated plasma dopa-
mine levels (30), elevated CSF homovanillic acid (HVA,

the metabolite of dopamine) levels (75–78), and plasma
HVA levels (79, 80), has been linked to psychosis in
depressed patients. Two studies (81, 82) noted an in-
crease in CSF HVA in depressed patients who became
psychotic during antidepressant treatment, while in
most patients HVA levels fell. These findings suggest
that hypercortisolemia may enhance dopamine activity
in some patients, and this change may contribute to
psychosis. Further investigation of the role of hypercor-
tisolemia in psychotic depression is warranted.
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