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Abstract
Background—The excess mortality associated with depressive disorders has been most often
attributed to risks for suicide but diverse findings indicate that depressive disorders also increase
risks for cardiovascular (CV) mortality. Among the possible mediators is the HPA-axis hyperactivity
that characterizes many cases of relatively severe depressive disorder and severity is characteristic
of psychotic depressive disorder.

Methods—The following describes a 17-year mortality follow-up of 54 patients with Research
Diagnostic Criteria (RDC) psychotic major depression or schizoaffective, mainly affective,
depression. All had baseline assessments that included a 1mg dexamethasone suppression test with
post-dexamethasone samples at 8 a.m., 4 p.m. and 11 p.m.

Results—Regression analyses showed that both greater age and higher maximum post-
dexamethasone cortisol concentrations predicted deaths due to cardiovascular (CV) causes (t = 4.01,
p < .001 and t = 3.03, p = .004, respectively); the 11 p.m. cortisol concentration predicted death due
to suicide (t = 2.05, p = 0.048). The 4 who died from CV disease had a mean (SD) post-dexamethasone
cortisol concentration of 18.0 (6.0) μg/dl while the mean (SD) value for the remaining 50 patients
was 7.6 (6.6) μg/dl (t = 3.03, df = 53, p = 0.004). Regression analyses showed the 11 p.m. post-
dexamethasone value to be predictive of suicide (t = 2.05, p = 0.048).

Conclusions—Conclusions should be tentative because an earlier follow-up of a more
heterogeneous, but larger, sample did not find a relationship between DST results and CV mortality,
and because only 4 CV deaths occurred in the present study. HPA-axis hyperactivity is probably only
one of a number of factors that link depressive disorder to CV mortality.

Background
Previous research into the effects of HPA-axis hyperactivity on mortality has focused on its
relationship to risks for suicide and there are now at least six reports of a significant association
between HPA-axis hyperactivity and completed suicide in groups with mood disorder (Carroll
et al., 1980; Coryell and Schlesser, 2001; Coryell and Schlesser, 1981; Norman et al., 1990;
Targum et al., 1983; Yerevanian et al., 2004). Another two found the relationship to be confined
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to depressed patients who had attempted or seriously contemplated suicide (Coryell et al.,
2006; Jokinen et al., 2007).

While death by suicide is the best-recognized cause of the excess mortality associated with
depressive illness, numerous studies of both clinical (Allgulander, 1994; Norton and Whalley,
1984; Tsuang et al., 1980) and community (Aromaa et al., 1994; Barefoot and Schroll, 1996;
Everson et al., 1996; Murphy et al., 1987) samples have also shown that depressive illness
increases the likelihood of subsequent cardiovascular (CV) mortality even after statistical
control of those risk factors for CV mortality that are more frequent among individuals with
depressive disorders (Aromaa et al., 1994; Barefoot and Schroll, 1996; Everson et al., 1996) .
Among the mediators proposed to explain this relationship is the increased platelet
coagulability that results from high sympathetic tone (Musselman et al., 1998) and the various
effects of the hypercortisolemia that result from hypothalamic-pituitary-adrenal (HPA) axis
hyperactivity.

HPA-axis hyperactivity, as measured by 24-hour urinary-free cortisol (UFC) determination,
the dexamethasone suppression test (DST) or, more recently, the combined dexamethasone/
corticotropin releasing hormone test (Holsboer et al., 1995; Holsboer et al., 1987) is widely
thought to be a state phenomena, an abnormality present during, but not between, depressive
episodes. There is, though, considerable evidence that some degree of hypercortisolemia
persists between episodes (Goodyer et al., 2000; Harris et al., 2000; Kathol, 1985; Ribeiro et
al., 1993; Weber-Hamann et al., 2006; Young et al., 2000).

Persistently elevated levels of cortisol, or even high levels present intermittently, would
promote CV morbidity in several ways. Glucocorticoids have anabolic effects on fat
metabolism and intra-abdominal adipocytes have substantially higher concentrations of
corticosteroid receptors than do peripheral adipocytes (Rebuffe-Scrive et al., 1990). Elevated
glucocorticoid concentrations thus lead to central obesity, a key feature of the metabolic
syndrome. Other glucocorticoid effects that promote this syndrome are decreased insulin
sensitivity (Weber-Hamann et al., 2002; Weber et al., 2000) and increases in salt retention
leading to increased blood pressure (Wang, 2005). Indeed, depression scores and UFC
concentrations were synergistically associated with the likelihood of the metabolic syndrome
in a community sample (Vogelzangs et al., 2007). Among patients with major depressive
disorder (MDD), hypercortisolemia has also been positively correlated with visceral fat
quantity (Thakore et al., 1997; Weber-Hamann et al., 2002) and the inhibition of cortisol
production by metyrapone has been shown to ameliorate deficits in flow-mediated dilation
measured in the brachial artery (Broadley et al., 2006).

Despite a long-recognized link between depressive disorders and CV mortality, and the role
HPA-axis hyperactivity is likely to play in it, we know of only one effort to assess relationships
between HPA-axis activity in depressed patients and subsequent CV mortality (Coryell et al.,
2006). To do this the following uses data from a study designed over two decades ago to assess
the diagnostic and prognostic value of HPA-axis hyperactivity in a consecutive series of
inpatients with non-manic psychosis (Coryell et al., 1988; Coryell and Zimmerman, 1989). In
addition, we wished to use this new cohort to again test the relationship between HPA-axis
hyperactivity and suicide risk.

Methods
Participants

Between 1982 and 1984 consecutive admissions to the adult psychiatric units at the University
of Iowa were screened to select those who 1) had delusions and/or hallucinations, 2) were 18
years of age or older, 3) did not have a manic syndrome or a mixed state, 4) were not taking
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lithium, 5) were not mentally retarded, delirious or demented and 6) were not in medical or
pharmacological circumstances that would invalidate either a dexamethasone suppression test
or a thyroid-releasing-hormone stimulation test.

The analyses described here are limited to those subjects who met RDC for psychotic MDD,
or for schizoaffective depression other than the mainly schizophrenic subtype. The mainly
schizophrenic subtype is equivalent to DSM-IV schizoaffective disorder whereas the other
RDC schizoaffective subtypes are equivalent to DSM-IV affective disorder with mood-
incongruent psychotic features.

Procedures
Informed consent was obtained prior to all study procedures. Baseline assessment included an
interview with the Schedule for Affective Disorders and Schizophrenia (Endicott and Spitzer,
1978) and a 1mg. DST within the first week of hospitalization. Samples were drawn the
following day for plasma cortisol determinations at 8 a.m., 4 p.m. and, after the study had been
underway, 11 p.m. All of the 54 patients described here had a 0800 sample, 53 had a 1600
sample and 35 a 2300 sample; 34 had all three. Concentrations were determined by
radioimmunoassay using a specific cortisol antiserum produced in rabbits against cortisol-3-
carboxymethyloxine, conjugated to bovine serum albumin. The intra-assay and inter-assay
coefficients of variation were 12.2% and 11.1%, respectively.

In 2003 the National Death Index was used to identify all subjects who had died in the U.S.
and their causes of death. This produced a mean (SD) mortality follow-up length of 17.0 (4.6)
years. Causes of death were grouped under “cardiovascular disease”, “suicide” and “all other
causes” for the following analyses.

Data Analysis
The large majority of reports concerning the DST in depressive disorders have used a threshold
of >5μg/dl for the highest post-dexamethasone cortisol value to designate nonsuppression. This
threshold was developed to optimize the separation of melancholic from non-melancholic
depression. Thresholds of 10μg/dl or above, however, appear to better separate patients with
psychotic depression from comparison groups (Brown et al., 1988; Coryell et al., 1984; Evans
and Nemeroff, 1987; Levy and Stern, 1987; Rothschild et al., 1982). Relationships between
baseline DST results and subsequent suicide or cardiovascular death were therefore tested with
alternative thresholds of both >5μg/dl and ≥10μg/dl. Unless otherwise stated DST results are
based on the maximum post-dexamethasone value.

We used Cox regression analyses to compare groups falling on either side of these thresholds
by cumulative risks for death from CV disease, for death from suicide, and for death from all
other causes. All regressions included baseline age in the model.

Because the use of either threshold to define HPA-axis hyperactivity was to some degree
arbitrary, we also conducted regression analyses with the independent variables of age and
post-dexamethasone cortisol as a continuous measure.

Results
Cardiovascular deaths

Table 1 displays the baseline demographics, RDC diagnostic composition and DST results for
the 54 individuals with psychotic depressive disorder. There were thirteen deaths during a mean
(SD) follow-up period of 17.1 (4.6) years, of which 4 (30.8%) were from CV causes. All four
of these cases, and 22 (44.0%) of the remaining subjects, had post-dexamethasone cortisol
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concentrations exceeding 5 μg/dl (p = .047, Fisher’s exact test). Three of the 4 CV deaths also
had values exceeding 10 μg/dl in contrast to 12 (23.5%) of the remaining subjects (p = 0.060,
Fisher’s exact test). A Cox regression analyses using the 10 μg/dl threshold yielded a hazard
ratio (HR) of 35.7 (CI = 1.4 – 889, p = 0.029). Those who later died of CV causes had a mean
(SD) post-dexamethasone cortisol concentration of 18.0 (6.0) μg/dl and the remaining patients
a mean (SD) of 7.4 (6.6) μg/dl (t = −3.104, df = 52, p = 0.003). ). In the logistic regression
analysis both age and post-dexamethasone cortisol concentration were independently
predictive of CV death (Table 2). Sex was entered in an additional analysis but did not add
significantly to the model (t = 1.66, p = 0.102) and did not substantially reduce the effects of
age and cortisol concentration.

We also determined whether the predictive relationships between post-dexamethasone cortisol
values and cardiovascular mortality varied by sampling time. Logistic regression results for 8
a.m. samples t = 2.14, p = 0.037; for 4 p.m. samples t = 3.68, p = 0.001 and for 11 p.m. samples
t = 3.39, p = 0.002.

Suicide
Of the four deaths that were ruled suicides, three (75.0%) had a maximum post-dexamethasone
cortisol exceeding 5 μg/dl; 23 (46.0%) of the remaining subjects were non-suppressors
(p=0.342, Fisher’s exact test). Corresponding numbers with values exceeding 10 μg/dl were 3
(75.0%) and 12 (24.0%) (p=0.06, Fisher’s exact test). A Cox regression showed post-
dexamethasone cortisol values exceeding 10 μg/dl to be a nearly significant predictor of death
by suicide with HR = 9.4 (CI = 0.969–90.27, p = 0.053). A 5 μg/dl threshold yielded an HR
of 3.8 (CI = 0.385– 36.84, p = 0.254).

Logistic regression results differed by sample time. For 8 a.m. samples t = −0.158, p = 0.875;
4 p.m. samples t = 1.34, p = 0.185 and for 11 p.m. samples t = 2.05, p = 0.048.

Other causes of death
Regression analyses showed neither age nor maximum post-dexamethasone cortisol to be
predictive of death from other causes (Table 2).

Conclusions
If HPA-axis hyperactivity accounts, at least in part, for the association between depressive
disorder and an increased likelihood for CV death, and if a cortisolemia dose-effect operates
in this mediation, then the association should be more apparent among patients who have
depressive disorder with psychotic features. Not all patients with psychotic depressive disorder
manifest HPA-axis hyperactivity but they are more likely to do so than depressed patients
without psychotic features (Nelson and Davis, 1997), and many of those that do have
particularly high post-dexamethasone cortisol concentrations (Brown et al., 1988; Coryell et
al., 1984; Evans and Nemeroff, 1987; Rothschild et al., 1982). Moreover, in comparison to
patients with non-psychotic MDD, those with psychotic MDD have longer episode durations
and shorter intervals between episodes (Coryell et al., 1990). They would therefore have greater
within-episode exposure to high cortisol concentrations.

While our findings that patients with psychotic depressive disorder who died from
cardiovascular disease had significantly higher post-dexamethasone cortisol concentrations
lend support to these suppositions, several important caveats apply. Because the data included
only four deaths from CV disease, and high post-dexamethasone cortisol concentrations
predicted these deaths with very wide confidence intervals, the possibility that this is a chance
finding is substantial. In addition, the current results do not concur with two earlier studies of
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DST results and mortality. Vythilingam et al (Vythilingam et al., 2003) followed an older MDD
group with psychotic MDD and found that they had elevated all-cause mortality compared to
a group with non-psychotic MDD, but also that DST results were not predictive of mortality.
They included a separate analysis of suicides but not of CV deaths.

Coryell et al (Coryell et al., 2006) followed a mixed sample of inpatients and outpatients with
MDD. This was a substantially larger sample of 334 of whom 32 (9.6%) died of CV disease;
7 (21.9%) of these patients had had 4:00 p.m. post-dexamethasone cortisol concentrations >10
μg/dl while 41 (12.5%) of the other patients had values in this range. Thus, the increase in risk
for CV death associated with a value above 10 μg/dl was 1.6, lower than the increase in risk
of 2.4 reported in the current sample. The analyses did not separate those who had psychotic
features and, not surprisingly, the proportion with values >10 μg/dl (48 of 334 or 14.4%) was
substantially lower than the 19 of 55 (34.5%) in the current series (t = 13.4, 1 df, p< .001). It
is thus possible that the values exceeding 10 μg/dl did so by a narrower margin.

A post-dexamethasone cortisol threshold of 10 μg/dl was also more predictive of suicide than
was one of 5 μg/dl. Notably, though, the conventional threshold of 5ug/dl yielded a hazard
ratio of 3.8, a value approaching the four-fold risk described in a recent meta-analysis of the
DST and completed suicide (Mann et al., 2006).

The above study also described a relationship between DST nonsuppression and eventual
suicide but this applied only to those with recent suicidal ideation or behaviors. Ratings of
suicidality were obtained for subjects in the current study but these data are, unfortunately, no
longer available and it is not possible to test whether an interaction between suicidality and
DST results on eventual suicide existed in this cohort as well.

To our knowledge only two of the previous studies concerning DST results and suicide tested
8 a.m., 4 p.m. and 11 p.m. post-dexamethasone results separately (Coryell et al., 2006; Jokinen
et al., 2008). Those two found that 4 p.m. results were the most predictive of suicide while, in
the current study, 11 p.m. sample values produced the only significant results in logistic
regression analyses. On the other hand, the relationship between post-dexamethasone cortisol
values and cardiovascular death was strongest for the 4 p.m. sample. Reasons for differences
by sampling time are not obvious.

In summary, HPA axis hyperactivity predicted mortality from cardiovascular causes and, to a
limited extent, from suicide. Though negative studies of DST results and suicide exists (Black
et al., 2002), it can be argued that the current number of positive studies justify the use of DST
results as a tool for estimating suicide risk in conjunction with other clinical measures. The
findings regarding risks for cardiovascular death should be considered preliminary given the
small numbers available for analysis. As noted earlier, though, there are numerous reasons to
expect such a relationship. The prevalence of MDD, and its recurrent nature, gives considerable
public health importance to further investigation into the physiological links between it and
cardiovascular morbidity.
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Table 1
Baseline Description

n 54
age, mean (SD) 39.6 (15.2)
 range (18–76)
# (%) female 34 (63.0)
# (%) with RDC
 – psychotic MDD 28 (51.9)
 – schizoaffective, mainly affective 26 (48.1)
maximum post-dexamethasone cortisol
 – mean (SD) 8.1 (7.1)
 – # (%) > 5 μg/dl 26 (48.2)
 – # (%)≥10 μg/dl 15 (27.8)
deaths during follow-up, n 13
 – suicide 4 (30.8)
 – cardiovascular 4 (30.8)
 – neoplasm 2 (15.4)
 – unknown/other 3 (23.1)
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Table 2
Baseline Post-Dexamethasone Cortisol and Later Death: Logistic Regression

t p

cardiovascular
 – age 3.90 .000
 – maximum cortisol 3.11 .003
suicide
 – age −1.26 .212
 – maximum cortisol .583 .562
other causes
 – age .999 .322
 – maximum cortisol .019 .985
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