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24-Hour Pulsatile and Circadian Patterns
of Cortisol Secretion in Alcoholic Men

ALI IRANMANESH,* JOHANNES D. VELDHUIS, {
MICHAEL L. JOHNSON,{ AND GERMAN LIZARRALDE*

Pulsatile and circadian patterns of cortisol secretion dur-
ing acute (3 to 16 days) and chronic (29 to 39 days) absti-
nence were examined in alcoholic men with no clinical or
laboratory evidence of hepatic dysfunction or nutritional
deficiencies. Mean and integrated 24-hour serum concen-
trations of cortisol determined by sampling the blood
every 20 minutes over a 24-hour period were increased in
six out of 10 alcoholic subjects during acute abstinence
when compared with normal controls. Sustained absti-
nence in seven subjects with follow-up studies caused
significant decreases in the mean maximal cortisol peak
amplitude (13 + 1.0 SEM acutely vs. 10.3 + 0.52 ug/dl
follow-up; P = 0.01), mean 24-hour serum cortisol con-
centrations (10.9 ug/dl + 1.2 vs. 8.5 ug/dl + 0.26; P =
0.047), interpulse valley mean (9.3 ug/dl + 0.88 vs. 6.5
ugldl £ 0.34; P=0.007), and valley nadir (7.9 ug/dl £ 0.69
vs. 5.4 ug/dl + 0.30; P = 0.0036) concentrations. Cortisol
pulse frequency was normal. Although circadian cortisol
rhythmicity was maintained in alcoholics, the timing of
the circadian acrophase was delayed significantly (P =
0.006) during acute abstinence (1022 [clocktime] + 34
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min) as compared with normal controls (0743 [clocktime]
+ 34 min), and the amplitude of circadian cortisol
rhythms exceeded normal in five of 10 alcoholics. Analy-
sis of data in one alcoholic subject by a new multiparame-
ter deconvolution method demonstrated increases in
secretory burst amplitude (0.64 ug/dl + 0.08 SD), mass of
cortisol released per burst (9.8 ug/dl + 1.2 SD), and daily
endogenous cortisol production rate (22 mg + 2.4 SD)
during acute abstinence. These values were statistically
different when compared with seven normal controls and
the subjects’ values during sustained abstinence (P <
0.02). In conclusion, the results of the present study sug-
gest increased daily production of cortisol as a possible
mechanism underlying the elevated serum cortisol con-
centrations in chronic alcoholics during acute abstinence.
This abnormality is shown to be reversible with sus-
tained abstinence from alcohol.

Key words: cortisol, adrenal, hypothalamic-pituitary-ad-
renal, alcohol, ethanol, alcoholism, biologic rhythms.
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Acute and chronic intake of alcohol has been
reported to alter hypothalamic-pituitary-adrenal
function in both animals (Keith et al, 1983; Guaza
and Borrell, 1983; Rivier et al, 1984) and humans
(Bellett et al, 1970; Stokes, 1973; Linkola et al, 1979).
Such alterations are usually manifested as increased
plasma cortisol concentrations and elevated levels of
urinary free cortisol as well as nonsuppressibility of
plasma cortisol after dexamethasone administration
(Swartz and Dunner, 1982; Del Porto et al, 1985;
Burov et al, 1986). The presence and severity of these
changes are determined by several factors, including
1) duration of alcohol intake (acute vs. chronic); 2)
timing of the study (during or following alcohol
intake); and 3) presence or absence of related dis-
orders such as pancreatitis, malnutrition, and/or cir-
rhosis of the liver.

Under physiologic conditions, cortisol is secreted
episodically and maintains a circadian rhythmicity.
Such patterns can be identified by frequent blood
sampling extending over a 24-hour period (Krieger et
al, 1971; Weitzman et al, 1971). Repetitive venous
sampling has been used to define the pathophysiol-
ogy of abnormalities in a variety of disorders affect-
ing the hypothalamic-pituitary-adrenal axis (Van
Cauter and Refetoff, 1985; Linkowski et al, 1985;
Tourniaire et al, 1986). Such studies have been
limited in alcoholics (Prinz et al, 1980; Bertello et al,
1982; Rosman et al, 1982) and have not addressed
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cortisol secretory patterns in otherwise healthy
chronic alcoholics during abstinence from alcohol.
The present study was designed to assess the
nature of abnormalities in the 24-hour pulsatile and
circadian patterns of cortisol secretion in otherwise
healthy chronic alcoholic men shortly after discontin-
uation of alcohol. These investigations were repeated
in the same individuals to determine the effect of
longer periods of abstinence on the recovery of the
hypothalamic-pituitary-adrenal axis.

Materials and Methods
Subjects

As described in Table 1, a total of 10 alcoholic men with
ages ranging from 29 to 59 years (mean 41 * 11) partici-
pated in this study. All subjects met DSM Il criteria for
alcohol dependence (American Psychiatric Association,
1980) and had been consuming alcohol for a period of 4
months or longer. A detailed history and physical exami-
nation and appropriate laboratory testing (serum albumin,
transferrin, prothrombin time, hepatic and renal function
tests, electrolytes, T;RU, T,, TSH, and prolactin [PRL])
were performed to rule out any associated medical condi-
tions or consumption of drugs that could have adverse
effects on the hypothalamic-pituitary-adrenal axis. As a
selection criterion for this study, all subjects were screened
and agreed to participate in a 4-week inpatient alcoholic
rehabilitation program. Informed consent, approved by
the Institutional Investigation Committee, was obtained
from all subjects. Seven normal nonalcoholic male volun-

TABLE 1. Characteristics of Alcoholic Subjects During Baseline and Follow-up Studies

Mean 24-Hour Cortisol
Alcohol History Withdrawal Days of Abstinence (ug/dl)
Age Symptoms on  Baseline  Follow-up
Subjects (Years) Type Duration Study Day Study Study Baseline  Follow-up
D.K. 38 Beer >1yr No 6 39 9.86 8.53
M.R. 51 Beer 4 months No 3 29 8.64 7.88
C.W. 29 Beer >1yr No 5 35 8.24 7.95
Whiskey
RW. 54 Whiskey > 1yr No 7 38 9.95 7.97
H.R. 32 Beer >1yr Yes 6 32 17.22 9.76
Whiskey
J.R. 39 Beer >1yr No 9 39 9.33 8.42
T.T. 42 Beer 7 months Yes 3 38 13.24 9.16
HJ.* 59 Beer >1yr No 9 - 7.30 -
Whiskey
Wine
YW 34 Beer 1yr No 16 - 12.96 -
Whiskey
B.R.* 30 Beer >1yr No 3 - 10.89 -
Whiskey

*Follow-up studies could not be done in these patients.
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teers who met the above laboratory screening require-
ments in the age range of 21 to 66 years (mean 33 + 18)
served as controls.

Study Design

The protocol was designed to study each alcoholic sub-
ject twice: once during acute abstinence and again after
sustained abstinence from alcohol. The exact timing of the
studies in each individual as related to his last drink of
alcohol is shown in Table 1. Each individual participated
continuously in the inpatient alcohol rehabilitation pro-
gram during the interval between the two study periods.
Daily supervision and random weekly blood alcohol deter-
minations were used to monitor the patient’s abstinence
from alcohol. Each study period lasted 24 hours. Samples
of blood were drawn through an LV. catheter every 20
minutes as described previously (Veldhuis et al, 1984).
Serum concentration of cortisol was determined on each
individual sample obtained during the 24-hour period.

Assays

Serum concentrations of cortisol were measured by RIA
using a kit from Clinical Assays (Dade, Baxter-Travenol
Diagnostics, Inc., Cambridge, MA). Each sample was
assayed in duplicate and all samples from one subject were
assayed in the same run to avoid interassay variations.
The sensitivity of the RIA was 0.5 ug/dl, with intra-assay
coefficients of variations of 2.7% to 4.5% and interassay
variability of 3.4% to 5.6%.

Pulse Analysis

Cluster analysis was employed to quantitate objectively
the pulsatile properties of cortisol (Veldhuis and Johnson,
1986). Samples obtained at 20-minute intervals over a
24-hour period were used to assess mean 24-hour cortisol
levels, number of pulses, interpulse intervals, peak dura-
tion, peak height (maximal height of peak), fractional
pulse amplitude (% increase above nadir), peak increment
(increase above nadir), along with interpulse valley mean
and nadir concentrations. The variance model used in
Cluster analysis was the median experimental within-
sample standard deviation determined from all 73 samples
in each subject. The test nadir and peak sizes were 2 and 1
samples, respectively, with ¢ statistics of 2.62 to allow for a
maximal false-positive rate of 5% on random measure-
ments (signal-free noise).

Circadian Rhythmicity

The 24-hour cortisol concentration time series was ana-
lyzed as a Fourier expansion. The Fourier transform of the
concentration data yields a function that traverses all the
data points exactly as a linear composite of distinct cosine
and sine functions with (N-1)/2 periodicities. Since each
coefficient of this linear combination of sine and cosine
functions is orthogonal, the standard deviation of the
individual coefficients can be determined by linear least-
squares estimation models (Bloomfield, 1976).

Vol. 10

Evaluation of Endogenous Secretory
Episodes and Clearance

A multiple parameter deconvolution model (Veldhuis et
al, 1987) was used to determine the locations, amplitudes,
and durations of all statistically significant underlying cor-
tisol secretory bursts, while simultaneously estimating
the endogenous half-life of cortisol disappearance.

Data Analysis

The 24-hour mean cortisol concentration as well as
pulsatile cortisol characteristics in alcoholic men during
acute and sustained abstinence were compared with each
other and to the results obtained in normal healthy con-
trols. The two-tailed Student’s paired and unpaired !-tests
were employed to evaluate differences in the mean 24-
hour, as well as interpulse valley and nadir concentrations
of cortisol. Because of departures from normality, other
cortisol pulse characteristics, including pulse frequency,
interpulse interval, peak width, maximum peak height,
percent increase in peak height, and peak increment, were
analyzed by the Wilcoxon (nonparametric) test. Paired
tests were used to compare the data in alcoholic subjects
during acute and sustained abstinence, while unpaired
tests were employed to assess differences between alco-
holics and controls.

Results

Of 10 alcoholic individuals who participated in the
first phase of the study, seven successfully finished
the 4-week alcoholic rehabilitation program and
could be studied a second time. Serum levels of T:RU,
T4, TSH, PRL, transferrin, albumin, hemoglobin and
prothrombin time were normal in all subjects. Mild
elevations of liver enzymes (< 3-fold) were present in
30% of the patients but resolved in a period of 1 to 3
weeks after admission.

Mean 24-Hour Cortisol Levels

The mean 24-hour serum cortisol concentration of
10.76 ugl/dl + 0.94 (SEM) in 10 alcoholic men during
acute abstinence (3 to 16 days) was not significantly
different from that of normal controls (9.24 ug/dl +
0.25 SEM; P > 0.05). However, as shown in Fig. 1A,
the individual 24-hour integrated serum cortisol con-
centration was increased above the normal range
(95% confidence limit) in six of the alcoholic subjects.
Follow-up studies in seven men after 29 to 39 days of
abstinence showed a significant decrease in the mean
serum cortisol concentration from a mean of 10.9 +
1.2 (SEM) to a mean of 8.5 + 0.26 ug/dl (P = 0.047).
While there was a decrease in the mean serum cor-
tisol concentration in each one of the seven alcoholics
(Fig. 1A), it was most prominent in subjects with
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abnormally high levels of cortisol during the acute
phase.

Episodic Cortisol Secretion

The 24-hour cortisol pulsatile characteristics of
normal and alcoholic men are shown in Table 2. Even
though the peak amplitude (Fig. 1B) and nadir con-

ACUTE FOLLOWUP

centration (Fig. 1C) of cortisol was increased in some
of the alcoholic men during acute abstinence, there
were no significant differences in cortisol peak fre-
quencies and other pulse properties between alco-
holic men as a group and normal controls. Nonethe-
less, sustained abstinence (29 to 39 days) caused a
significant decrease in maximal cortisol peak ampli-

TABLE 2. Pulsatile Cortisol Properties in Chronic Alocholics (Baseline and Follow-up) and Normal Controls Studied over 24 hours*

Peak Characteristics Valley
24-hour  Number of Interpuise Peak
Subjects Mean Pulses/ Interval Duration Height Increase  Increment Mean Nadir
(Status) (ug/dl) 24 hr (min) (min) (ng/dl) (%) (ng/dl) (ng/dl) ug/dl)
Alcoholics
Baseline
10 (No.)t 108+094 761043 169+8 119+7 1291087 198+136 51+048 851074 731057
7(No.)t 109+12 80+053 165+ 11 115+9 13.0+1.0 185+113 491052 931088 791069
Follow-up .
7(No) 85+026 7.7+0.18 154+9 111+£80 103+052 220+18 45+050 65+034 541030
Normal
controls
7(No) 92+025 81+051 160+ 11 11418 12+ 056 202+13 52+030 741035 6.0+0.32

*All values are presented as mean + SEM.

1Mean values in 10 alcoholic men who were studied during acute abstinence.
1Mean values in seven of 10 alcoholic men who were studied both during acute and sustained abstinence.
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Fig. 2. Illustrative profiles of spontaneous cortisol pulsatility in two alcoholic men (subjects T.T. and H.R., Table 1) with elevated mean
24-hour serum cortisol concentrations during acute abstinence. Lower panels are cortisol profiles in the same subjects after sustained
abstinence. Each data point represents a sample whose mean value was determined from duplicate measurements; vertical bars designate
the intrasample standard deviation of the replicates. Schematized deflections on the top of each panel denote cluster identified peaks.

tude (Fig. 1B: P =0.01), mean interpulse valley nadir
(Fig. 1C: P=0.0036), and mean valley concentration
of cortisol (P = 0.007).

Profiles for individual (Fig. 2) and group mean (Fig.
3) serum cortisol concentrations revealed significant
normal circadian patterns (quantitation of circadian
patterns is discussed below). However, differences
between the 24-hour cortisol concentration curves in
alcoholics and normal subjects seemed to occur
mostly during the wake period with a tendency to
disappear at the time of circadian acrophase. This
observation was examined further by dividing each
24-hour cortisol fime series into two 12-hour peri-
ods, designated as “wake” and “sleep.” The sleep
period, extending from 0 to 1200 hours, was intended
to cover the timing of circadian acrophase in both
normal and alcoholic men. The wake period extended
from 1200 to 2400 hours. Mean serum cortisol con-
centrations of 9.73 ug/dl + 1.13 during the wake
period in seven alcoholic men (acute abstinence) were

significantly different from the follow-up (sustained
abstinence) mean of 7.15 ug/dl £ 0.48 SEM (P=0.03)
and the mean of 7.1 ug/dl £ 0.46 in normal controls (P
= 0.05). On the other hand during the sleep period,
there were no statistically significant differences
between serum mean cortisol concentrations in alco-
holic men at baseline (11.86 ug + 1.36), follow-up (9.8
ug 1£0.45; P=0.87), and in normal controls (11.25 ug
+ 0.27). Analysis of data in the individual alcoholics
with elevated mean serum cortisol concentrations
showed increases in cortisol levels during both peri-
ods but increases during the wake period were more
prominent.

Circadin Rhythmicity

To quantitate circadian variations in serum cor-
tisol concentrations, the data in alcoholic and normal
men were subjected to Fourier analysis. Significant
cortisol circadian rhythmicity was maintained in
alcoholics but, as illustrated in Fig. 4, the timing of the
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Fig. 3. Mean 24-hour profile of serum cortisol concentrations in seven alcoholic men during acute (A) and sustained (B) abstinence
compared with seven normal men. Each data point represents the mean serum cortisol value for the groups of alcoholic and normal men.
Serum cortisol concentrations were determined in each individual blood sample collected at 20-minute intervals over a 24-hour period. For

comparison, the control curve is shown in both panels.

circadian acrophase (maximal cortisol concentration)
was delayed during acute abstinence in all but one of
the subjects. The mean baseline circadian acrophase
in the alcoholics occurred at 1022 (clocktime) + 34
minutes. This value was significantly delayed when
compared with 0743 (clocktime) £ 34 minutes found
in the normal group (P = 0.006). In addition, the
amplitudes of circadian cortisol rhythms significantly
exceeded the normal range in five of 10 alcoholics
(Fig. 5). While longer periods of abstinence (29 to 39
days) from alcohol resulted in normalization of circa-
dian cortisol amplitude (Fig. 5), the timing of acro-
phase continued to be delayed in four of the seven
subjects studied for the second time (Fig. 4).

Estimation of Endogenous Secretion and Clearance Rate

To determine endogenous secretion and clearance
rate of cortisol, the 24-hour time series in one of the
alcoholic men with the highest mean 24-hour cortisol
level was subjected to analysis by a multiple param-

etric deconvolution model (Veldhuis et al, 1987). Fig-
ure 6 illustrates the 24-hour profiles of serum
cortisol concentrations in this subject during acute
and sustained abstinence. Serial cortisol concentra-
tions collected at 20-minute intervals are shown in
the upper panels. The lower panelin each figure plots
the resolved (computed) cortisol secretory bursts
underlying the serum pulsatile profile. The specific
properties of cortisol secretory events in this subject
as inferred by multiple parameter deconvolution are
summarized in Table 3. When compared with normal
controls, secretory burst amplitude, mass of cortisol
released per burst and daily endogenous cortisol pro-
duction rate during acute abstinence were signifi-
cantly increased (all P-values <0.02). In contrast, the
resolved half-life of endogenous cortisol disappear-
ance, the half-duration of cortisol secretory bursts
and the mean intersecretory burst intervals were not
different. These findings indicate increased secretion
rather than decreased clearance of cortisol during
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Fig. 4. Clocktime of circadian acrophases for serum cortisol
concentrations in alcoholic men during acute (1022 + 34 min
SEM) and chronic (0940 £ 51 min SEM) abstinence. The numbers
correspond to individual volunteers. The stippled area contains
the normal range (95% confidence limits).

acute abstinence, an abnormality that was reversible
in this subject with longer periods of abstinence
(Table 3).

Discussion

Studies of pulsatile and circadian patterns of cor-
tisol secretion in alcoholic subjects are limited in
number and do not provide consistent results. In a
study of acute and chronic effects of alcohol with-
drawal in normal men during sleep, Prinz et al (1980)
did not observe significant alterations in plasma cor-
tisol levels or the diurnal timing of the cortisol rise.
Bertello and his colleagues (1982) have also reported
a normally synchronized circadian rhythm in their
study of alcoholic men with hypogonadal features
and a moderate degree of liver disease who continued
to consume alcohol on a regular basis. Twenty-four-
hour pulsatile and circadian patterns of cortisol
release in patients with chronic alcoholic liver disease
have been studied by Rosman et al (1982). These
authors reported normal mean 24-hour total and

teers. The stippled area is the normal range (95% confidence
limits).

free plasma cortisol accompanied by a normal circa-
dian rhythmicity but decreased circadian amplitude,
decreased pulse frequency, decreased 24-hour “secre-
tory time,” and presumptively prolonged disappear-
ance rate of cortisol. In contrast to these reports, we
found an elevated integrated mean 24-hour serum
cortisol concentration, normal cortisol pulse fre-
quency, increased circadian amplitude, and delayed
timing of the circadian acrophase in alcoholic men
during acute abstinence. In addition, estimation of
endogenous cortisol secretion and clearance in one of
our subjects revealed a normal disappearance with an
increased production rate of cortisol. These contra-
dictory results are not surprising, because alcoholics
can form a heterogeneous group due to enormous
variations in their ages, nutritional states, and pres-
ence or absence of liver disease. Our study in a
selected subgroup of chronic alcoholics who did not
have any clinical or laboratory evidence of hepatic
failure or nutritional deficiency allowed investigation
of a more homogeneous group.

The pathogenesis of abnormal cortisol secretory
dynamics in chronic alcoholics is not clear. Such
changes could be due to direct effects of ethanol,
sympathetic hyperactivity associated with with-
drawal, and/or associated depressive disorders. While
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Fig. 6. Twenty-four-hour profile of serum cortisol concentrations in one alcoholic man during acute (A) and sustained (B) abstinence.
The upper panels depict serial cortisol concentrations measured in blood collected at 20-minute intervals for 24 hours. Vertical marks
through each sample mean denote the intrasample variance calculated by a power function fit of all sample replicates against dose. The
continuous line through the observed serum cortisol concentrations represents a reconvolution fit calculated from the multiple parameter
deconvolution model of combined secretion and clearance (Veldhuis et al, 1987). In the lower panels, the calculated secretion function is
plotted against time. The secretion function comprises a finite number of distinct secretory bursts of defined amplitude, half-duration, and

location in time.

ethanol is reported to have a direct effect on the
hypothalamic-pituitary-adrenal axis (Magraf et al,
1967), it does not seem to be a likely mechanism in
our study since all subjects were studied 3 days or
more after their last drink of alcohol and elevated
mean 24-hour cortisol concentrations were observed
as late as 16 days into abstinence.

Changes in cortisol secretory dynamics could be
secondary to the stress of withdrawal, inasmuch as
abnormalities of cortisol secretion are reported to
occur with both physical and emotional stress (Czei-
sler et al, 1976; Curtis et al, 1978; McIntosh et al,
1981). The postsurgical stress-induced changes in
cortisol secretion described by McIntosh et al (1981)
are very similar to the findings in our alcoholic men.
These authors reported a postoperative increase in
mean 24-hour serum cortisol concentrations in the

presence of a normal pulse frequency, sustained cir-
cadian rhythmicity but delayed timing of the circa-
dian acrophase.

Withdrawal from ethanol is believed to be asso-
ciated with overactivity of the sympathetic nervous
system (Linnoila et al, 1987), which could alter the
function of the hypothalamic-pituitary-adrenal axis.
Administration of an alpha-1 adrenoreceptor agonist
has been reported to stimulate ACTH secretion in a
dose-dependent manner (Al-Damluiji et al, 1986). In
addition, studies of 24-hour cortisol time series have
shown than adrenergic stimulation increases the
plasma cortisol concentration only during the “wake”
hours, without having any stimulatory effect on the
early morning circadian surge of cortisol secretion
(Al-Damluji et al, 1987). Such a finding has led to the
belief that potentially distinct control mechanisms
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TABLE 3. Deconvolution Estimates of Cortisol Secretion and Clearance During Acute and Sustained
Abstinence from Aicohol in One Alcoholic Man*

Secretory or Clearance Parameter Acute Abstinence Sustained Abstinence Controls
Half-life of endogenous cortisol :

disappearance (min) 87 £ 11 (NS) 88+5 73158
Half-duration of cortisol secretory

burst (min) 14 £ 2 (NS) 1511 16 + 0.61
Inter-secretory burst interval (min) 75 1+ 8.3 (NS) 79+ 10 77+43
Secretory burst amplitude (ug/dl/min) 0.64 + 0.080+ 0.39 + 0.055 0.45 £+ 0.049
Mass of cortisol released per burst (ug/dl) 9.8 + 1.2¢ 6.3 +0.89 751067
Daily endogenous cortisol production rate

(mg/day)$ 22 + 2.4t 12+ 16 16138

*Data are means = SEM (N = 6 men) for the controls and means * SD for the alcoholic subject. NS = significantly different

from follow-up or control.
1P less than 0.02 vs. follow-up and/or control.
1Assuming an average distribution volume of 11.3 liters.

may be involved in the regulation of cortisol secre-
tion at different times during the 24-hour period,
with adrenergic stimulation predominantly opera-
tive during the wake hours. In this regard, we note
that the 24-hour pattern of cortisol secretion in our
alcoholics as a group was maintained at a higher
baseline level only during the wake hours. This
observation was further verified when the 24-hour
time series were divided into wake and sleep periods.
The mean serum cortisol concentration in seven
alcoholic men as a group during baseline studies
(acute abstinence) was significantly increased only
during the wake period. Therefore, it can be sug-
gested that the sympathetic overactivity associated
with alcohol withdrawl represents a plausible mech-
anism underlying the derangement in the hypotha-
lamic-pituitary-adrenal axis during acute abstinence.
However, this interpretation should be viewed with
caution since increases in both wake and sleep peri-
ods were present when alcoholics with elevated lev-
els of cortisol were considered individually. Nonethe-
less, even in these individuals the cortisol increment
was higher during the wake period.

Alterations in cortisol secretory patterns could be
secondary to depression, which is commonly (28% to
59%) associated with alcoholism (Dackis et al, 1986).
Elevated serum concentrations of cortisol and dimin-
ished suppression by dexamethasone have been
reported in both depression and alcoholism. More-
over, an attenuated ACTH and a normal cortisol
response to ovine corticotropin releasing hormone is
similarly reported in alcoholic subjects (Linnoila et al,
1987) and depressed individuals (Gold et al, 1986).
Additionally, akin to our findings in chronic alcoholic
men, subjects affected by major depressive illnesses

are reported to have an increased mean 24-hour cor-
tisol level, a normal cortisol pulse frequency, an
increased pulse amplitude, and a normal circadian
rhythmicity (Linkowski et al, 1985). Nonetheless,
recovery of the hypothalamic-pituitary-adrenal axis
with sustained abstinence, as demonstrated by us
and others (Willenbring et al, 1984; Del Porto et al,
1985) without any specific antidepressive therapy,
would militate against depression as a predominant
explanation for cortisol abnormalities in alcoholism.
The degree of similarity between depression and
chronic alcoholism in the dynamics of cortisol secre-
tion suggests the existence of a common underlying
mechanism, the nature of which deserves further
study.

In conclusion, we have demonstrated elevated
mean and integrated 24-hour serum cortisol concen-
trations and delay of the circadian cortisol acrophase
in a group of chronic alcoholic men during acute
abstinence. We have also shown that although serum
cortisol concentrations become normal with longer
periods of abstinence (29 to 39 days), some delay in
cortisol circadian acrophase persists. Deconvolution
results permit us to postulate increased cortisol
secretion as a probable mechanism underlying the
abnormally high levels of cortisol during acute absti-
nence in these subjects. Although adrenergic stimu-
lation of the hypothalamic-pituitary-adrenal axis
during withdrawal may have a role, the exact mech-
anism(s) subserving these changes are not yet clear.
Future studies are needed to verify the presently
demonstrated abnormalities in cortisol release, as
well as to clarify the underlying pathogenesis and to
assess complete recovery of circadian rhythmicity
with longer periods of abstinence.
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