
Dissection of Hypothalamic-Pituitary-Adrenal Axis Pathology in 1-
Month-Abstinent Alcohol-Dependent Men, Part 1: Adrenocortical
and Pituitary Glucocorticoid Responsiveness

Bryon Adinoff, Steven R. Krebaum, Patricia A. Chandler, Wen Ye, Morton B. Brown, and Mark
J. Williams
From the Department of Psychiatry, University of Texas Southwestern Medical Center at Dallas,
Dallas, Texas (BA, SRK, MJW); the Veterans Affairs North Texas Health Care System, Dallas,
Texas (BA); PrimaCare Medical Center, Dallas, Texas (PAC); and the Department of Biostatistics,
University of Michigan, Ann Arbor, Michigan (WE, MBB).

Abstract
Background—Long-term ingestion of alcohol produces marked alterations in hypothalamic-
pituitary-adrenal axis activity. The authors engaged in a series of studies to determine the distinct
role of the hypothalamus and the pituitary and adrenal glands in the disturbances observed in abstinent
alcohol-dependent subjects. In this first of a two-part study, the authors report on (1) the basal
secretory profile of corticotropin and cortisol from 2000 to 0800 hrs, (2) adrenocortical sensitivity
in both the presence and absence of endogenous pituitary activation, and (3) pituitary glucocorticoid
sensitivity to dexamethasone.

Methods—Eleven male, 4 to 6 weeks abstinent, alcohol-only–dependent subjects and 10 age-
matched male healthy controls were studied. Basal circulating concentrations of corticotropin and
cortisol were obtained from 2000 to 0800 hr. A submaximal dose of cosyntropin (0.01 μg/kg), a
corticotropin analogue was then administered to assess adrenocortical sensitivity. In a separate
session, cosyntropin was administered following high-dose dexamethasone (8 mg iv) to assess
adrenocortical sensitivity in the relative absence of endogenous corticotropin. In addition, the
corticotropin response to dexamethasone was measured to determine pituitary glucocorticoid
responsiveness.

Results—Cortisol, but not corticotropin, pulse amplitude (p < 0.05) and mean concentration (p =
0.05) was significantly lower in alcohol-dependent subjects compared with controls. The cortisol
response to cosyntropin was lower in alcohol-dependent subjects following endogenous corticotropin
suppression by high-dose dexamethasone (p < 0.04) but not without dexamethasone pretreatment.
Mean corticotropin (p < 0.004) and cortisol (p < 0.05) concentrations in response to dexamethasone
were attenuated in the patients compared to controls. Basal concentrations of 11-deoxycortisol, the
precursor to cortisol, were also decreased in alcohol-dependent subjects (p < 0.05).

Conclusion—Attenuated basal and stimulated adrenocortical concentrations in abstinent alcohol-
dependent men are coupled with a nonhomeostatic increase in pituitary glucocorticoid inhibition. A
decrease in stress-axis responsivity in alcohol dependence may have implications for treatment
outcome.
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Disruption of Hypothalamic-Pituitary-Adrenal (HPA) axis activity is recognized as a
pathophysiological alteration during the intoxicating, withdrawal, and abstinence phases of
alcoholism. A number of studies have documented the increase in cortisol secretion during
intoxication (Adinoff et al., 2003; Mendelson et al., 1971; Stokes, 1973) and withdrawal
(Adinoff et al., 1991; Iranmanesh et al., 1989; Keedwell et al., 2001; Mendelson et al., 1971),
occasionally resulting in a hypercortisolemic state mimicking the clinical and biochemical
characteristics of Cushing syndrome (Jeffcoate, 1993; Veldman and Meinders, 1996).
Concurrent with and after the resolution of this hypercortisolemic state, however, several
investigators have observed an attenuation of the axis to pharmacological and psychological
stressors. Although the increase in glucocorticoid secretion associated with intoxication and
withdrawal resolves within a few days after the cessation of alcohol ingestion (Adinoff et al.,
1991), suppression of HPA axis functioning seems to persist for at least the first several weeks
of abstinence.

Attenuated responsiveness of the HPA axis has been revealed at each level of the axis in both
drinking and abstinent alcohol-dependent patients. Central stimuli, including alcohol (Merry
and Marks, 1972), operative trauma (Margraf et al., 1967), cold pressor (Errico et al., 1993),
insulin-induced hypoglycemia (Chalmers et al., 1978; Costa et al., 1996), nicotine (Coiro and
Vescovi, 1999), public speaking (Lovallo et al., 2000), m-chlorophenylpiperazine (Krystal et
al., 1996), and hyperthermia (Vescovi et al., 1997) produce a blunted corticotropin and/or
cortisol response in alcohol-dependent patients compared with healthy controls. Alcohol-
dependent patients also have a muted corticotropin response to naloxone (Inder et al., 1995),
an opioid antagonist that blocks the tonic inhibition of endogenous opioids on the
hypothalamus. Pituitary stimulation by ovine or human CRH induces a blunted corticotropin
and/or cortisol response for at least 3 weeks after drinking cessation (Adinoff et al., 1990;
Costa et al., 1996; Ehrenreich et al., 1997). Finally, direct stimulation of the adrenal cortex by
exogenously administered adrenocorticotropinα1–24 (cosyntropin) results in a markedly
decreased cortisol response in alcohol-dependent individuals (Knudsen et al., 1987; Margraf
et al., 1967; Wand and Dobs, 1991).

This impressive and consistent literature, however, offers only suggestive clues as to which
specific levels of the axis are critical for the hyporesponsive state. Because of both positive
and negative organizational loops, interactions between the various components of the HPA
axis confound the interpretation of any specific stressor on a given hormonal unit. In addition,
increases or decreases in endogenous hormone secretion could alter organ sensitivity to a given
stimulus. Finally, many of the studies referenced above have significant confounders that make
interpretation of their findings problematic. For example, chronic medical and/or psychiatric
conditions (i.e., post–traumatic stress disorder [PTSD], depression) may interfere with HPA
axis functioning.

To clarify the specific alterations in HPA axis functioning that occur after chronic and excessive
use of alcohol, we designed a series of studies to explore basal pulsatile characteristics of
corticotropin and cortisol, adrenocortical sensitivity to exogenous stimulation in the presence
or absence of endogenous stimulation, and pituitary glucocorticoid sensitivity in 1-month-
abstinent alcohol-dependent patients. Secretory characteristics of corticotropin and cortisol
were determined by obtaining frequent sampling of plasma corticotropin and cortisol from
2000 to 0800 hr. Adrenocortical sensitivity to an exogenous stimulus was assessed by
administering cosyntropin, a corticotropin analog (corticotropinα1–24). To avoid a maximal
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glucocorticoid response, or ceiling effect, that could obscure potential group differences, we
assessed adrenocortical sensitivity with a very low dose (0.01 μg/kg) of cosyntropin. This is
approximately 0.3% of the clinically recommended dose (250 μg) used in the cosyntropin
stimulation test in the diagnosis of endocrine disorders. In a second test, we isolated the adrenal
cortex from its major endogenous input (pituitary corticotropin) by first administering high-
dose dexamethasone before the cosyntropin administration. We also determined hypothalamic-
pituitary glucocorticoid sensitivity by measuring the corticotropin response to dexamethasone
administration. Finally, to assess potential disruptions in adrenosteroid synthesis, we assessed
glucocorticoid, minerocorticoid, and androgen hormones (in addition to cortisol) after
cosyntropin administration. It was hypothesized that cortisol secretion in response to
cosyntropin would be significantly attenuated in alcohol-dependent participants both with and
without dexamethasone pretreatment.

MATERIALS AND METHODS
Alcohol-Dependent Patients

Eleven male alcohol-dependent participants (aged 42.8 ± 4.0 years [mean ± SD]; range, 38 –
49 years) were recruited from patients requesting treatment for alcohol dependence at the
Dallas VA Medical Center. Ten of these patients participated in both study sessions; one patient
only participated in session B (see below). Patients reported an alcohol intake of at least 80 g
of absolute alcohol on a daily basis for at least 2 weeks before the cessation of drinking and
had at least a 10-year history of problematic drinking. Patients with a lifetime history of other
DSM-IV (American Psychiatric Association, 1994) Axis I psychiatric disorders (such as
anxiety, PTSD, or mood disorders) not associated with alcohol use, other substance use
disorders (or weekly drug use) within the previous 12 months (excluding caffeine or nicotine
use disorders), active medical disorders (i.e., hypertension, diabetes, chronic pain, or cardiac
or pulmonary disorders), or a history of major head trauma were excluded from the study.
Exclusion criteria also included use of any medications that may interfere with HPA axis
functioning (i.e., psychotropics, antihypertensives, hypoglycemic agents) within 2 weeks of
the study, Beck Depression Inventory (BDI; Beck et al., 1979) scores above 15 at the time of
assessment, or an alanine aminotransferase (ALT) or aspartate aminotransferase (AST) 3.0
times greater than the clinical laboratory’s upper limit of normal. (See Table 1.)

Healthy Controls
Eleven healthy men (aged 39.6 ± 5.7 years; range, 31–47 years) were individually age matched
within a 5-year period with alcohol-dependent patients. Controls reported no lifetime history
of any DSM-IV axis I disorder (except caffeine or nicotine use disorders), reported no medical
disorders, and were taking no medications. Controls with a single first-degree relative or two
second-degree relatives with an axis I disorder were excluded.

Clinical Assessment
All participants underwent a history and physical examination, routine clinical laboratory
testing, electrocardiography, and urine drug screening. Psychiatric and substance use disorders
were assessed using the SCID-Lifetime (First et al., 1996). Alcohol-dependent patients were
detoxified from alcohol and then housed on a residential treatment until the studies were
initiated. Urine drug screening results were obtained three times weekly, and Breathalyzer
(Alco-Sensor III, Intoximeters, St. Louis, MO) test results were obtained whenever the patient
left the unit unaccompanied by staff. Separate informed consents from both the University of
Texas Southwestern Medical Center and the Dallas VA Medical Center were obtained after
the study was fully explained, and participants were financially compensated for their
participation. The Drinker Inventory of Consequences-Lifetime Consequences (DrInC-2L;
Miller et al., 1995) was used to assess lifetime severity of alcohol-related problems. A timeline
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follow back (Sobell and Sobell, 1978) was used to assess 1-month, 1-year, and lifetime drinking
history. (See Table 1.)

Procedure
All neuroendocrine studies were performed at the General Clinical Research Center (GCRC)
at the University of Texas Southwestern Medical Center. The studies were performed in two
separate sessions. Each session was separated by 1 week, and session order was balanced.
Nicotine-dependent patients were given a nicotine patch appropriate to their level of cigarette
use.

Session A—This study included a 24-hr urine collection for urinary free cortisol and 12-hr
sampling for the measurement of plasma corticotropin and cortisol secretory dynamics and the
cosyntropin stimulation test. Participants were brought to the GCRC at 1800 hr on day 1. A
24-hr urine collection was initiated at 2000 hr on day 1 for urinary free cortisol and continued
until 2000 hr on day 2. An intravenous catheter was inserted in each arm at 1900 hr on day 2.
Blood sampling was initiated for basal measures of corticotropin and cortisol 1 hr later (at 2000
hr) and continued through 0800 hr on day 3. After the 0800 hr blood draw on day 3, 0.01 μg/
kg cosyntropin was administered intravenously over 1 min. [Cosyntropin was administered at
0800 hr to assure that in session B dexamethasone (administered 9 hr previously) would
continue to maximally suppress corticotropin release throughout the cosyntropin paradigm.]
Blood sampling was increased immediately after cosyntropin administration to every 5 min
through 0900 and then decreased to every 10 min through 1000 hr. Intravenous lines were
removed after the final 1000 hr blood draw. The blood sample collected just before cosyntropin
administration was also used for the measurement of cortisol binding globulin (CBG). Blood
samples at 0800, 0830, 0900, 0930, and 1000 hr were used for adrenosteroid steroid hormones
other than cortisol (11-deoxycortisol, dehydroepiandrosterone, androstenedione, 17-
hydroxyprogesterone, progesterone, and aldosterone).

Session B—This study included the pituitary and adrenocortical response to dexamethasone
and the cosyntropin stimulation test after dexamethasone. Participants arrived at the GCRC at
2000 hr, and intravenous lines were placed into both arms at 2100 hr. Blood samples for the
measurement of corticotropin and cortisol were obtained every 10 min from 2200 through 2300
hr. Dexamethasone, 8 mg, in 50 ml of dextrose 5% water (D5W) was administered
intravenously from 2300 to 2330 hr. Blood sampling was continued from 2300 to 0500 hr and
then restarted at 0700 to 0800 hr every 10 min. (Blood sampling was not obtained from 0500
to 0700 hr because of limitations on blood volume). The cosyntropin test was performed as
described in session A.

Assays
Plasma concentrations of corticotropin were measured by immunoradiometric assay (IRMA),
using reagents from DiaSorin (Stillwater, MN). This assay has a low-end sensitivity of 1.5 pg/
ml, with an intra-assay coefficient of variation of 2.5–5.4% in the concentration range of 33 to
773 pg/ml. The interassay coefficient of variation is 3.2–5.7% in the concentration range of
8.7 to 257 pg/ml. Serum concentrations of cortisol were measured by radioimmunoassay (RIA)
using reagents from DiaSorin. This assay has a low-end sensitivity of 0.21 μg/dl, with an intra-
assay coefficient of variation of 6.6–7.7% in the concentration range of 2.9 to 47.1 μg/dl. The
interassay coefficient of variation is 8.8–9.8% in the concentration range of 3.7 to 36.9 μg/dl.
Serum concentrations of CBG were assayed by RIA using reagents from BioSource Europe
S.A. (Nivelles, Belgium). This assay has a low-end sensitivity of 0.25 μg/ml, with an intra-
assay coefficient of variation of 3.3 to 7.7 in the concentration range of 33 to 109 μg/ml. The
interassay coefficient of variation is 4.5–5.4% in the concentration range of 32 to 105 μg/ml.
Commercial RIA kits from Diagnostics Systems Laboratories, Inc. (Webster, TX) were used
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for the measurement of aldosterone, dihydroepiandrosterone, androstenedione, progesterone,
and 17-OH-progesterone; RIA kits from ICN Pharmaceutical, Inc., Diagnostic Division (Costa
Mesa, CA) were used for the measurement of 11-deoxycortisol; and RIA kits from DiaSorin
were used for the measurement of urinary free cortisol.

Statistics
Data from one healthy control were deleted from the study because of occasional and
unexplained pulses of corticotropin (up to 336 pg/ml) and multiple missing data points.

Demographics—Student’s t test (interval data) and χ2 contingency table analyses (nominal
data) were used to compare demographic characteristics of the two groups. Items of interest
included age, education, employment status, housing status, marital status, liver function, and
smoking status. Descriptive statistics were used to quantify drinking characteristics of the
alcohol-dependent group, including years of problem drinking, drinking days (30 days before
drinking cessation and lifetime), standard drinks (30 days before drinking cessation and
lifetime), and days abstinent at the time of testing. Student’s t test was used to compare mean
scores on the BDI and the DrInC-2L.

Basal Corticotropin and Cortisol Pulsatile Characteristics—Because there is a
circadian rhythm for the two hormones of interest, the assumption that all secretion was
pulsatile leads to unreasonably long half-lives for corticotropin and cortisol, resulting in a poor
fit of the calculated pulses to the actual data. Therefore, pulsatile characteristics were assessed
by the Smoothing Baseline Pulse Pulses (SBPP) algorithm (Guo et al., 1999), which allows
for a changing baseline. In general, missing values were not an issue in these data, but equally
spaced observations are required for analysis in pulse-detection algorithms. Missing values
were handled in the following way. If the concentration at the time point preceding the missing
time point was lower than at the point after the missing time point, the missing concentration
was replaced with the concentration value of the point preceding the missing time. This was
done to avoid creating the possibility of a pseudopulse. Missing values that were part of a
decreasing trend were linearly interpolated. For various reasons, some series had to be excluded
from the secondary analysis, mainly because they did not show pulsatility. Pulsatile analysis
was completed on nine alcohol-dependent patients and eight controls for corticotropin
analyses, and seven patients and nine controls for the cortisol analyses. Student’s t test was
used to compare group means. A brief description of some of the summary measures from
SBPP is given below.

Total probability: The sum of the probabilities of there being a pulse at each point.

Adjusted input: The sum of input at each time point times the probability of input at each
point. It is a weighted total input.

Number of inputs: The number of input locations with a probability greater than 0.5. SBPP
models the probability of input at each time point, and we used the 0.5 cutoff to distinguish
large input (where input is most likely occurring) from small input (unlikely) locations. This
measure allows the comparison of input frequencies between the two groups but is not a
measure of pulse number.

Average baseline: The mean of the baseline values estimated at each point. SBPP allows for
a changing baseline, so baseline itself is no longer a parameter.

Mean amplitude: The net mean height of pulses after subtracting the changing baseline.
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Time × Group Analysis—A repeated-measures ANOVA on the mean hormone level over
four 3-hr blocks (i.e., 2000–2250, 2300–0150, 0200–0450, and 0500–0750 hr) was performed
to incorporate all participants into the circadian analysis. Because the distribution of data was
skewed, each block mean of both corticotropin and cortisol was log (base-e) transformed before
analysis.

Pharmacologic Challenge Studies—Cortisol secretion after cosyntropin was compared
between 0800 and 1000 hr by the area-under-the-curve method, or net integrated response, and
by net peak cortisol for sessions A and B. Because the net integrated response was similar to
the net peak response, only the former is reported. The net integrated response was calculated
by taking the average hormone concentration between consecutive measurement points,
multiplying by the time interval between the points, summing across time, and netting out basal
hormone levels multiplied by the total time interval over which measurement occurred (i.e.,
120 min). Basal hormone values were based on mean levels between the hours of 0730 and
0800. The response to dexamethasone was determined using mean corticotropin or cortisol
response from 2330 to 0500 hr. Adrenosteroid steroids were measured after cosyntropin
administration (without dexamethasone pretreatment). For each of these analyses, Student’s
t test was used to compare group means. Missing values (six total) were estimated based on
the mean of hormone measures taken directly before and after the missing values.

Correlation Analysis—The relation between drinking history (i.e., drinks in previous 30
days, lifetime drinks) and various neuroendocrine measures (basal cortisol concentration
before cosyntropin administration [without dexamethasone], integrated cortisol response after
cosyntropin, mean corticotropin response to dexamethasone, and integrated cortisol response
after cosyntropin with dexamethasone pretreatment) was assessed by Pearson correlation.

RESULTS
Participant Characteristics

The 11 alcohol-dependent patients were more likely to be unemployed (p < 0.001) and
homeless (p < 0.001), had fewer years of education (p < 0.003), and were more likely to be
smokers (p < 0.001) relative to the healthy controls. The patient group also had higher BDI
(p < 0.001) scores at the time of the first study compared with controls. Alcohol-dependent
patients reported an onset of drinking problems at 21.1 ± 5.0 years (range, 14 –30 years) and
had been drinking for an average of 20.8 ± 5.8 years (range, 12–28 years). These participants
reported drinking 28.4 ± 3.6 days (range, 21–30 days) in the 30 days before abstinence and
drank 853 ± 577 standard drinks (range, 384–2400 standard drinks) over this period (one
standard drink = 1 oz spirits, 4 oz wine, or 12 oz beer). Alcohol-dependent patients were
abstinent 31.0 ± 4.0 days (range, 24–39 days) at the time of the study. Total DrInC (Miller et
al., 1995) scores in the alcohol-dependent group were 37.6 ± 6.3 compared with 3.7 ± 3.5 in
the controls (p < 0.001). Despite their extensive drinking history, liver enzymes (ALT and
AST) were not significantly different between alcohol-dependent and control groups, and
levels of ALT and AST were not markedly higher than the clinical laboratory range for healthy
individuals (ALT, 0 –40 units/liter; AST, 0 –37 units/liter) before the study. (See Table 1.)

Secretory Characteristics and Mean Basal Concentrations of Corticotropin and Cortisol
Secretory characteristics were determined by SBPP, an algorithm to assess pulsatility that
allows for a changing baseline. Cortisol mean amplitude (net mean height of pulses after
subtracting the changing baseline) was significantly lower (p < 0.05) in alcohol-dependent (1.9
± 0.7 μg/dl; 95% confidence interval, 1.3~2.5) compared with healthy control participants (2.9
± 1.0 μg/dl; 95% confidence interval, 2.2~3.6). Therefore, the mean amplitude in the alcohol-
dependent group was approximately 65% that of the control group. There was also a statistical
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trend (p < 0.07) for an increase in the total probability (the sum of the probabilities of being a
pulse at each point) of cortisol in the alcohol-dependent group relative to controls. Other
corticotropin and cortisol pulsatile characteristics were not significantly different between the
two groups. The time × group ANOVA analyses using all participants (10 in each group) found
a significant group effect for mean cortisol concentrations, which were lower in alcohol-
dependent patients compared with controls (p = 0.053). There was no significant group effect
for corticotropin measures and no significant time × group effect for either hormone. As
expected, a significant within-group time effect (p < 0.0001) was observed for both
corticotropin and cortisol. (See Table 2 and Fig. 1.)

Urinary Free Cortisol
There were no significant differences in urinary free cortisol in the alcohol-dependent and
control groups (see Table 3.)

Free Cortisol Concentrations
Measures of CBG were obtained at 0800 hr, just before cosyntropin infusion. There were no
significant group differences between CBG levels. Calculated free cortisol index (le Roux et
al., 2002; serum cortisol in μM/CBG in μM) for mean basal measures (0730 to 0800 hr) revealed
that free cortisol in the patient group was significantly lower than in the control group (p <
0.05). (See Table 3.)

Cosyntropin Stimulation Test
The cortisol response to low-dose cosyntropin, as described by net integrated response
(integrated response from 0800 to 1000 hr minus the mean basal concentration from 0730 to
0800 hr), was not significantly different between the two groups. (See Table 3 and Fig. 2.)

Adrenosteroid Pathways
In a preliminary exploration of potential disruptions in glucocorticoid, minerocorticoid, and
androgen steroid pathways that may underlie alterations in cortisol responsiveness, we assessed
several adrenosteroid steroids after cosyntropin administration (without dexamethasone
pretreatment). Basal concentrations of 11-deoxycortisol were significantly lower in the
alcohol-dependent group relative to controls (p < 0.04), suggesting that the disruption in
cortisol basal release occurred before the conversion of cortisol from 11-deoxycortisol. All
other basal and stimulated adrenosteroid measures did not demonstrate significant differences
between the two groups. (See Table 3.)

Dexamethasone Suppression of Corticotropin and Cortisol
Dexamethasone, 8 mg, was administered intravenously at 2300 hr, and the corticotropin and
cortisol responses were assessed from 2300 to 0500 hr. Both corticotropin (p < 0.004) and
cortisol (p < 0.04) mean concentrations had greater suppression in the alcohol-dependent group
compared with controls. Both groups suppressed corticotropin concentrations to levels
approximately 30% of those observed during peak hours, and mean cortisol concentrations
were below 2 μg/dl from 0200 hr until the administration of cosyntropin at 0800 hr. (See Table
3 and Fig. 2.)

Dexamethasone Plus Cosyntropin Stimulation Test
Cosyntropin, 0.01 μg/kg, was administered after dexamethasone suppression of endogenous
corticotropin. Just before cosyntropin administration, the mean corticotropin concentration
(0730 to 0800 hr) remained significantly lower in the alcohol-dependent group compared with
controls (p < 0.005). Mean cortisol concentrations (0730 to 0800 hr), however, were equally
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diminished in the alcohol-dependent and control participants. The net integrated cortisol
response to the cosyntropin challenge at 0800 hr was lower in alcohol-dependent patients
compared with controls (p < 0.04). Individual participant data revealed that 7 of the 11 alcohol-
dependent patients who received cosyntropin after dexamethasone had a cortisol net integrated
response lower than the lowest control response. (See Table 3 and Fig. 2.)

Correlations Between Neuroendocrine Measures and Drinking History
The relation between drinking history (i.e., drinks in previous 30 days, lifetime drinks) and
neuroendocrine measures were considered. Neuroendocrine measures included mean basal
cortisol concentration before cosyntropin administration (without dexamethasone), integrated
cortisol response after cosyntropin, mean corticotropin response to dexamethasone, and
integrated cortisol response after cosyntropin with dexamethasone pretreatment. There was a
significant negative correlation between drinks in the previous 30 days with basal cortisol (r
= −0.746, df = 10, p < 0.02) and lifetime drinks with the mean corticotropin response to
dexamethasone (r = −0.755, df = 11, p < 0.007). Therefore, the more alcohol use there was,
the greater the decrease in basal cortisol was and the more sensitive the pituitary corticotrophs
were to dexamethasone suppression. Drinks in the previous 30 days and lifetime drinks were
also highly correlated (r = 0.713, df = 11, p < 0.02)

DISCUSSION
Our findings reveal (1) decreased circulating basal concentrations of cortisol during the late
night and early morning hours, coupled with a decreased cortisol pulse amplitude; (2)
attenuated adrenocorticoid response to a submaximal dose of cosyntropin in the relative
absence of pituitary corticotropin stimulation but not its presence; (3) heightened pituitary
responsiveness to glucocorticoid feedback; and (4) preliminary evidence for a disruption in
glucocorticoid synthesis occurring before the synthesis of 11-deoxycortisol. In summary, our
findings suggest a significant decrease in both basal cortisol concentrations and stimulated
cortisol responsiveness in 1-month alcohol-dependent men compared with healthy controls.
The predicted homeostatic response to the attenuated cortisol concentrations would be a
decrease in pituitary glucocorticoid receptor sensitivity, which would disinhibit cortisol
feedback and allow a more robust pituitary-adrenal response. The observed exaggerated
corticotropin response to glucocorticoid feedback therefore suggests a maladaptive response
to the subdued cortisol basal concentrations and stimulated response.

There were several methodological strengths to our study. Our patient population was highly
selective in terms of clinical characteristics and abstinence interval. The period of abstinence
was controlled such that the study occurred within 4 to 6 weeks after the last drink. Because
basal concentrations of cortisol are increased during the first few days of withdrawal and
alterations in HPA axis responsiveness persist for at least several weeks after the cessation of
drinking, the timing of these neuroendocrine measures are of critical importance. The coupling
of dexamethasone pretreatment and cosyntropin stimulation has been previously described by
others (Crowley et al., 1991; Krishnan et al., 1990). Our methodology was unique, however,
in using an intravenous form of dexamethasone, thus avoiding intragroup and intergroup
differences in absorption and first-pass effects, and in using a dose high enough to induce a
near-maximal suppression of glucocorticoid secretion. In fact, 9 hr after dexamethasone
administration, cortisol concentrations were less than 2 μg/dl in all participants during the
circadian peak (0800 hr). In our study, all participants tolerated dexamethasone without
subjective complaints. Although impaired liver function in the alcohol-dependent patients
could have resulted in increased dexamethasone concentrations in this group, our alcohol-
dependent population did not show clinical evidence of cirrhotic liver disease, liver enzymes
were for the most part not markedly above the normal range, and CBG was similar in both
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groups. These findings suggest a relatively similar hepatic efficacy in both participant groups.
It should be noted that our findings may not be generalized to alcohol-dependent females, and
preliminary findings from our laboratory suggest that 4- to 8-week-abstinent females tested
during the early follicular phase of the menstrual cycle do not show findings similar to those
reported here in the males. In addition, our sample size is small and assesses only severely
alcohol-dependent men. Although the patients were mostly smokers and the controls were not,
Anthenelli et al. (2001) have previously reported that cigarette smoking did not alter HPA axis
responses to a pharmacologic challenge in abstinent alcohol-dependent individuals.

Evidence of decreased basal circulating cortisol concentrations and cortisol pulse amplitude
was unexpected. Previous studies assessing circadian and/or pulsatile measures of cortisol
release during abstinence did not reveal differences between healthy controls and alcohol-
dependent participants (Adinoff et al., 1991; Iranmanesh et al., 1989; Loosen et al., 1991). The
SBPP modeling technique (Guo et al., 1999) may have uncovered group differences in cortisol
amplitude not reported by others. However, mean basal concentrations of cortisol from 2000
to 0800 hr were also lower in alcohol-dependent participants relative to controls. Whereas
Loosen et al. (1991) reported an attenuation of early morning corticotropin in abstinent alcohol-
dependent patients, we found no differences between groups in either pulsatile or mean basal
measures of corticotropin. The careful exclusion of patients with a lifetime history of other
psychiatric disorders and/or a recent history of drug dependence, coupled with a circumscribed
period of abstinence, may explain these differences. Using isolated measures of plasma
cortisol, some other investigators have also reported lower resting AM cortisol concentrations
in alcohol-dependent participants relative to controls (Anthenelli et al., 2001; Bailly et al.,
1989; Kemper et al., 1990). Our findings showing decreased basal concentrations of 11-
deoxycortisol in the alcohol-dependent group suggest that the disruption in cortisol secretion
occurs before the conversion of cortisol from 11-deoxycortisol by 11-β hydroxylase.

After the near elimination of endogenous adrenocortical stimulation by dexamethasone, the
cosyntropin challenge produced significantly less cortisol secretion in abstinent alcohol-
dependent participants compared with healthy controls. In the absence of pituitary-adrenal
suppression by pretreatment with dexamethasone, no group differences in the cortisol response
to cosyntropin were observed. We hypothesize that the higher early morning concentrations
of basal cortisol masked the group differences in adrenocortical sensitivity, possibly because
of our use of a very low dose of cosyntropin. Visual inspection of the cortisol response to
cosyntropin in Figs. 1 and 2 suggests that the group difference in the cortisol response to
cosyntropin is similar both with and without dexamethasone, but the dexamethasone
pretreatment removes the pre-existing differences in basal concentration. Therefore, the peak
cortisol response to cosyntropin without dexamethasone pretreatment is approximately 8 μg/
dl, or 50%, above the basal concentration, whereas cortisol increases approximately 15 μg/dl,
or 700%, above basal concentrations in response to cosyntropin subsequent to dexamethasone
pretreatment. The decreased glucocorticoid response in the alcohol-dependent group after
cosyntropin with dexamethasone pretreatment may also reflect lower basal concentrations of
corticotropin in this group. However, postdexamethasone corticotropin concentrations are
quite low in both groups (approximately 30% of concentrations without dexamethasone
pretreatment), and the differences in mean corticotropin concentrations between the two groups
are relatively small, albeit significant.

Wand and Dobs (1991) also reported a blunted glucocorticoid response to cosyntropin in 1-
day-abstinent alcohol-dependent participants, after both a high dose (250 μg) and a low dose
(0.250 μg) of cosyntropin. The attenuated cortisol response to cosyntropin was apparent even
in the presence of marked withdrawal-induced hypercortisolemia, although the adrenal
response may have been heightened during the withdrawal state. Others have reported a
decreased cortisol response to more indirect stressors. Blunted cortisol responses to ovine CRH
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(Bailly et al., 1989) and insulin (Knudsen et al., 1987) have been reported in 1-month-abstinent
alcohol-dependent participants in the presence of a corticotropin response similar to healthy
controls. Several other investigators (Coiro and Vescovi, 1999; Costa et al., 1996; Ehrenreich
et al., 1997; Vescovi et al., 1997) have detected an attenuated cortisol response in tandem with
corticotropin suppression, suggesting that the blunted glucocorticoid response may simply
have been a consequence of the antecedent diminished corticotropin response. In other studies
(Chalmers et al., 1978; Errico et al., 1993; Krystal et al., 1996; Lovallo et al., 2000; Merry and
Marks, 1972), corticotropin was not assessed, such that it could not be determined whether the
cortisol response was muted in an environment of normal or diminished corticotropin
responsiveness.

The mechanistic etiology of the lower basal concentrations and the blunted glucocorticoid
response remains speculative. The decrease in adrenocortical sensitivity could reflect a genetic
vulnerability to alcohol dependence rather than a consequence. For example, Schuckit
(1984) reported a decreased cortisol response in the sons of alcohol-dependent fathers after an
alcohol challenge. However, Wand et al. (1999) demonstrated that the adrenocortical response
to cosyntropin in the high-risk sons and daughters of alcohol-dependent parents is not
significantly different from the response of low-risk young adults. In addition, the significant
relation between recent and lifetime alcohol use and some of our dependent neuroendocrine
measures suggest that the current alterations in HPA axis responsiveness are a result of previous
alcohol use. Consistent with our findings is the work of the Guaza and Borrell (1984), who
found that bathing the adrenals of rodents in ethanol decreases the corticosterone response to
corticotropin in a dose-dependent manner. This work suggested a direct effect of alcohol on
the adrenal cortex, similar to the inhibitory effect that ethanol exerts on testicular androgen
synthesis (Badr et al., 1977; Cicero, 1981; Ellingboe and Varanelli, 1979). Surprisingly, the
literature offers little guidance with respect to the pathology of the adrenal cortex in alcohol-
dependent subjects.

Because both basal and stimulated cortisol responses seem to be decreased in alcohol-
dependent patients, the expected adaptive response of the axis would be to attenuate pituitary
glucocorticoid inhibitory feedback. In the relative absence of pituitary glucocorticoid
inhibition, a given stimulus would then allow a more robust corticotropin response to a given
stimulus, resulting in a heightened downstream cortisol release. In fact, the opposite is
observed; increased pituitary glucocorticoid inhibition is observed despite attenuated cortisol
sensitivity and basal secretion. [Although a number of previous studies have reported that the
cortisol response to dexamethasone did not differ in alcohol-dependent participants and
controls (Costa et al., 1996; Khan et al., 1984; Zern et al., 1986), these studies used oral, low-
dose (1 mg) dexamethasone and did not assess plasma corticotropin concentrations.] Therefore,
we hypothesize the following scenario: Two distinct allostatic changes (Schulkin et al.,
1994) occur in the pituitary-adrenal axis in response to a physiological environment of
persistent alcohol- and/or withdrawal-induced hypercortisolemia; first, a decrease in
glucocorticoid sensitivity relative to corticotropin stimulation, and second, a heightened
pituitary glucocorticoid inhibitory feedback to endogenous cortisol. Both altered set points
would result in attenuated glucocorticoid responsiveness. We suggest that these adaptive
responses persist for at least approximately 1 month after the resolution of alcohol- and
withdrawal-induced hypercortisolemia. The adrenocortical hyposensitivity could be a result
of altered adrenocortical corticotrophin receptor sensitivity, second messenger changes, or
adjustments in the steroid metabolic pathway. Although assessment of androgen and
minerocorticoid pathways in our study did not reveal group differences after cosyntropin
without dexamethasone pretreatment, we also did not observe a difference in the cortisol
response after this stimulus. The large variance in these steroids may have resulted in a type 2
error. A comparison of other steroid pathways may also have been more informative after the
cosyntropin stimulus with dexamethasone pretreatment, as would an assessment of
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neurosteroids originating in the adrenal cortex. These compounds are active at central γ-
aminobutyric acid–mediated receptor sites and have been implicated in the pathophysiology
of alcohol dependence (Morrow et al., 2001).

Hypoadrenal states have been reported in a number of other disorders (for review, see Heim
et al., 2000), including PTSD, chronic fatigue syndrome, somatoform disorders, rheumatoid
arthritis, and asthma. The clinical consequences of these hypoadrenal states, if any, remain
speculative, and it is unknown whether the findings reported here occur after any disorder
evoking prolonged activation of the HPA axis or are specific to alcohol dependence. With
respect to abstinent alcohol-dependent patients, low basal or stimulated cortisol may not
appropriately prime or activate brain regions [i.e., amygdala (Barrot et al., 2000), ventral
tegmental area (Saal et al., 2003), hippocampus (Erickson et al., 2003)] involved in stress
regulation. Disruption in the HPA axis response to stress may subsequently heighten the
likelihood of drinking in the abstinent patient after a relapse trigger (Sinha, 2001). A recent
study by Kosten et al. (2002) found that inhibition of cortisol synthesis by ketoconazole
increased cocaine use in methadone patients. A blunted cortisol response to the Trier Social
Stimulation Test (Junghanns et al., 2003) and lower cortisol concentrations (Kiefer et al.,
2002) predicted early relapse in alcohol-dependent participants, and cortisol concentrations
and craving were inversely correlated after short-term naltrexone administration (O’Malley et
al., 2002).

To understand the relevance of decreased glucocorticoid responsiveness to the clinical picture
of alcoholism, future studies should explore the relation between psychiatric and physiological
measures affected by both chronic alcohol use and the glucocorticoids, such as affective
instability, episodic memory, impulsivity, immune functioning, and energy utilization. The
persistence of HPA axis responsiveness should also be assessed because this physiological
disruption may portend relapse risk in even long-term abstinent patients. The mechanistic
underpinnings of this finding can be explored by assessing other steroid secretion in tandem
with the glucocorticoids. Finally, adrenocortical hyposensitivity in alcohol-dependent patients
may suggest that medications that replace glucocorticoids (i.e., prednisone) may be useful in
the treatment of alcohol dependence. Alternately, medications that are beneficial in the
treatment of alcohol dependence may do so as a consequence of their ability to activate the
HPA axis [i.e., naltrexone (Farren et al., 1999; Hernandez-Avila et al., 2002; King et al.,
2002), nalmefene (Schluger et al., 1998)].
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Fig. 1.
Mean ± SD of corticotrophin (ACTH) (top) and cortisol (bottom) concentrations. Measures
between 2000 and 0800 hr reflect basal concentrations. Cosyntropin (0.01 μg/kg iv) was
administered at 0800 hr. Mean basal cortisol concentrations were lower in the alcohol-
dependent group compared with the healthy controls (p < 0.04). Closed circles represent
healthy control participants; open circles represent alcohol-dependent participants.
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Fig. 2.
Mean ± SD of corticotrophin (ACTH) (top) and cortisol (bottom) concentrations. Measures
between 2000 and 0800 hr reflect basal concentrations. Dexamethasone (8 mg iv) was
administered at 2300 hr. Cosyntropin (0.01 μg/kg iv) was administered at 0800 hr. Abstinent
alcohol-dependent participants suppressed corticotropin (p < 0.004) and cortisol (p < 0.05)
after dexamethasone (2300 to 0500 hr) more than matched control participants. The cortisol
response to cosyntropin was lower in the alcohol-dependent participants relative to the controls
(p < 0.05). Closed circles represent healthy control participants; open circles represent alcohol-
dependent participants.
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