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Abstract

Background and Objective—Hypothesizing that stress dysregulation may worsen cocaine
dependence, we investigated the effect of diurnal cortisol secretion profile, suppression of cortisol
secretion, and total cortisol secretion on retention, abstinence-based voucher earnings, days of
cravings, and mood status of participants at the end of a 2-week medication-free lead-in prior to
randomization in a clinical trial of mirtazapine (60 mg vs. placebo) for depressed cocaine-
dependent patients.

Methods—We measured saliva cortisol levels at 9am, 2pm, and 5pm on the first two consecutive
days of a 2-week medication-free lead-in period. Results from saliva samples were used to
estimate the total daily level of cortisol, the diurnal profile of secretion (typical vs. atypical), and
response to dexamethasone suppression (0.1 mg). Seventy-seven patients collected saliva samples
at baseline, and 65 (85%) were suitable for profile analysis.

Results—Patients with typical profiles (52%) collected significantly more abstinence-based
voucher earnings during the lead-in (U = 299.50, p = .025). Diurnal secretion profile did not
significantly affect mood status, days of craving, or retention. There were no significant effects of
suppression of cortisol secretion or of total cortisol levels on any outcome measures.

Conclusion—In a subgroup of cocaine-dependent patients, deviation of cortisol secretion away
from the homeostatic diurnal pattern was associated with reduced success at achieving early
abstinence, an important determinant of treatment success.
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Introduction

The relapsing nature of cocaine addiction may relate to the stress response of individuals
with cocaine dependence. Cocaine-dependent patients expressing high stress sensitivity are
more likely to relapse in human laboratory studies (1, 2, 3, 4). Stress is involved in cocaine
addiction because cocaine acts as a stressor (6, 7), and its effect on the stress response may
play a role in the transition from intermittent use of cocaine to addiction (7). When a stressor
like cocaine becomes chronic, normal regulation of stress is lost. Indications of stress
dysregulation include hyper- or hypo-secretion of cortisol, altered diurnal secretion profile,
and alteration in the regulation of cortisol secretion. These types of dysregulations are found,
together or separately, in a host of medical, psychiatric, and addictive conditions. In
depression, increased diurnal cortisol secretion, a flattened diurnal secretion profile, and
unresponsiveness of cortisol secretion to the corticosteroid analog dexamethasone is
reported (8). In cocaine dependence, similar dysregulations are reported also (9). These
signs of stress dysregulation are associated with greater physical and psychiatric morbidity,
and diminished treatment effects (8, 10, 11, 12, 13, 14, 15, 16).

Simple measures of stress regulation would be valuable, especially if they could signal risks
of early relapse. Since early abstinence from cocaine is associated with treatment success in
outpatient settings (17), understanding what may prevent patients from achieving it is
important.

In this study, we investigated whether altered stress regulation could relate to worse
outcomes at the end of a two-week, medication-free, lead-in phase of a pharmacological trial
during which high-value vouchers were dispensed for evidence of abstinence from cocaine.
The goal of this preliminary study was to correlate (1) diurnal cortisol secretion profile, (2)
total diurnal cortisol secretion, and (3) results from the dexamethasone suppression test
(DST); with collection of abstinence-based vouchers, retention, number of days cravings for
cocaine, and mood status at the end of the lead-in. We hypothesized that patients with
altered stress regulation would collect fewer abstinence-based vouchers, drop out earlier,
register more days with cocaine cravings, and remain depressed by the end of the lead-in.

Material and Methods

This study took place during a 10-week, randomized, placebo-controlled, double-blind,
clinical trial of mirtazapine in depressed cocaine-dependent individuals. The New York
State Psychiatric Institute Institutional Review Board approved it, and all participants gave
informed consent.

The screening assessment included the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders (SCID Axis1/P version 2.0; 18), and a clinical
interview on substance abuse. Medical assessment included a history, laboratory tests,
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electrocardiogram, physical, and psychiatric evaluation. Eligible individuals had to be 18 to
60 years old, meet DSM-IV criteria for cocaine dependence and major depression, used at
least 4 days in the previous month, and provide one urine sample positive for cocaine.
Baseline cocaine use was estimated by self-reported number of days of cocaine use and
dollars spent on cocaine in 30 days prior to study consent. Patients were excluded if they
suffered from Schizophrenia or Bipolar Disorder, medical conditions, or suicidality that
would jeopardize participation. Patients with a diagnosis of drug dependence other than
nicotine or alcohol not requiring detoxification were excluded. To date, 99 individuals
consented, 78 have been randomized, and 77 were included in this study. The trial is listed
in ClinicalTrials.gov (NCT00249444), is ongoing, and the blind is in effect.

Following study consent, patients began a 2-week medication-free lead-in period consisting
of three visits per week. Urine toxicology was collected at every visit. To be randomized,
patients had to attend at least 2 of 4 clinic visits, and submit at least 4 of 6 urine samples for
toxicology.

Lead-in Contingency Reinforcement Behavioral Strategy

At the first meeting, participants were introduced to the voucher incentive schedule. The
goal of this schedule was to encourage abstinence during the 2-week lead-in. Patients earn
$20 for their first cocaine-negative urine. Each subsequent negative urine adds a $5 dollar
value to the earned voucher, for a potential total of $195. Urine toxicology for cocaine was
determined by semi-quantitative analysis of benzoylecognine (BE) concentration with
results available in 24 hours. During the first week, vouchers can be earned either if the BE
concentration is reduced by at least 50% compared to the previous sample, suggesting no
use since the last visit, or if the BE concentration fell below 300 ng/ml (19). For a positive
urine sample, the voucher is not earned, but the patient can reinstate the previous voucher
level by producing a negative urine at the next visit. Hence, voucher earnings are a sensitive
measure of the cumulation of abstinence days. Hamilton Depression Scale (Ham-D 25, 20)
and craving scale (Likert scale from 0 to 10, 10 = highest frequency per 24 hours) scores
were computed 3x/week during the lead-in. HamD-25 item # 9, 10, 11, early, middle, late
insomnia were separately computed to evaluate sleep disturbance. At the end of the lead-in,
voucher gains and number of cocaine craving days are totaled for each patient. Full
completion of the lead-in determined ‘retained’ status. A 50% drop in Ham-D 25, from a
study-entry score that had to exceed 12, determined a mood responder status. Three negative
cocaine urines during the second week defined abstinent status.

Salivary Cortisol with Dexamethasone Suppression Test

At the beginning of the lead-in, patients were given two kits of salivettes™ with a diary for
the salivary cortisol collection. Collections were done at home on two consecutive days (14).
Patients were instructed on how to collect the samples between 8 to 9 am before eating, at 1
to 2 pm, at 5-6 pm, then refrigerate them until returned. At bedtime before the second
collection day, patients took 0.1 mg of dexamethasone to test for suppression of cortisol
secretion (DST). Suppression was noted when the AM cortisol levels was 50% lower than
pre-suppression level. In the diaries, patients recorded what they consumed and at what
time, and any stressor. Cortisol concentration was measured by ELISA methodology at the
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Nathan Kline Analytic Psychopharmacology Laboratory in Orangeburg, NY. Intra-assay and
inter-assay coefficients of variation were 2.9% and 5% respectively. 77 participants
completed saliva collection at baseline, 65 samples (85%) were analyzed for secretion
profile and total secretion; and 64 (83%) for dexamethasone suppression.

Data Analysis

Results

Sixty-five diurnal cortisol secretion profiles were coded categorically (Typical vs. Atypical)
according to clinically accepted criteria (21, 22) by two independent raters. In a typical
pattern, cortisol levels peak in the early morning hours (usually 6 to 9 am), then decline
sharply from the mid-day hours until it increases again in the pre-waking hours (n = 34).
Deviations from this profile, in which cortisol levels remain unchanged or increased through
the daytime hours, were termed atypical (n = 31). Inter-rater reliability (i) was 0.94.

Suppression of cortisol secretion (= 50% decrease in AM cortisol) by 0.1 mg of
dexamethasone was coded categorically (positive/suppressed vs. negative/non-suppressed).
Total cortisol level was calculated by summing the three levels on the first day of lead-in
(continuous).

Because of the skewed distribution of the data, we used the nonparametric Mann-Whitney U
test to assess the unadjusted effect of variables ‘Diurnal cortisol secretion profile’,
‘suppression of cortisol secretion’” on two outcome variables, ‘Abstinence VVoucher
Earnings’, ‘Cocaine Craving Days’. The dichotomous outcome variables ‘Retention” and
‘Mood Status’ were analyzed using either a chi-square or Fisher’s Exact test. Unadjusted
regression models were used to assess the unadjusted effect of variable ‘total cortisol level’
on the four outcome variables.

Secondly, we modeled the outcome variables ‘Retention’, ‘Abstinence Voucher Earnings’,
‘Cocaine Craving Days’, and ‘“Mood Status’ to assess the effect of baseline cocaine use,
using non-normal skewed distributions, such as the negative binomial or logistic model,
with appropriate link function using GENLIN in SPSS. Possible factors confounding
cortisol secretion (food, tobacco, caffeine, sleep disturbance) were compared alone
(unadjusted) and in combination (adjusted). Cocaine use during collection was analyzed
using a test of proportions. All statistical tests were two-tailed with an a significance level
of .05, unless otherwise stated.

Sample Description

There were no significant differences in baseline demographic data, severity of cocaine use,
route of cocaine use, depression type or severity (Ham-D), Addiction Severity Index scores
(ASI; 23), Symptom Checklist-90 scores (SCL-90; 24), or prevalence of Post Traumatic
Stress Disorder (PTSD) between groups (Table 1).

Effect of Cortisol Secretion Profile

Compared to patient with typical cortisol secretion, patients with atypical profiles earned
significantly fewer abstinence-based dollars (U = 299.50, p = .025). At the end of lead-in, no
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significant difference in retention (Fisher’s p = .413), craving (U =557, p =.094) or mood
status (X2 = .176, p = .675) was noted between groups (Table 2). No effects of suppression,
or total cortisol secretion were noted.

Effect of cocaine use severity

A significant effect of the ‘number of cocaine days in the 30 days prior to study entry’ was
noted on ‘days of cocaine craving’ during the lead-in (X2= 3.87, p = .049). ‘Cocaine dollar
amount in the prior 30 days’ had no effect (X2= 0.325, p = .569). Adjusted for secretion
profile, no difference in ‘days of cocaine craving’ could be found between typical and
atypical groups (X2= 0.001, p = .982). Other outcome variables were not affected by cocaine
severity.

Effect of confounding factors during saliva sample collection

Food, caffeine, or tobacco, singly or in combination, did not differ between cortisol
secretion profile groups (F (7,35) = 1.04, p = .42); nor did early (X2 = 3.42, p = .09), middle
(X2 =1.51, p=.26), or late insomnia (X2 = 0.1, p = .92); or the prevalence of post-
traumatic stress disorder diagnosis (X2 = .16, p = .686). Alcohol consumption was recorded
in the diaries for 3 out of 70 participants with analyzed samples. No events that could affect
cortisol secretion were recorded in the diaries.

Effects of cocaine use during lead-in saliva sample collection

Urine toxicology results were tabulated for up to three days before, during, and immediately
after saliva collection to investigate the extent of cocaine use during collection. Out of 70
samples, 69% (48/70) could be analyzed; 31% (22/70) could not due to missing data.
Twenty-three samples displayed a typical profile, and 78%(18/23) were collected during
abstinence; 25 samples displayed an atypical profile, and 48% (12/25) were collected during
abstinence (Z = 1.98, p = .050), suggesting a difference in abstinence level between the two
groups.

Discussion

Cocaine-dependent patients with depression, displaying an atypical diurnal cortisol secretion
profile, earned fewer abstinence vouchers during a two-week medication-free lead-in
preceding a pharmacotherapy trial, even though both groups displayed the same baseline
level of cocaine use severity. This difference in abstinence did not arise from depression-
related morbidity. Baseline days of cocaine use in the 30 days, but not secretion profile,
significantly affected ‘days of craving’ during the lead-in. No effect of secretion profile was
seen on retention. Neither the DST results nor total cortisol secretion affected any of the
lead-in outcomes.

Secretion profile exerted a significant effect on attaining abstinence, but other measures of
stress dysregulation did not. Atypical secretion, with its unvarying level across the diurnal
time span may have physiological significance. It may affect cellular immunity, and thus
survival in breast cancer patients (14, 25), as well as the risk of cardiovascular disease (26).
Atypical cortisol secretion is observed in cocaine dependent patients during early abstinence
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(27). As cortisol sensitizes Corticotropin-Releasing-Factor (CRF) and noradrenergic
pathways to and from the extended amygdala, and since atypical secretion aborts the pm
cortisol secretion trough, the relatively unvarying cortisol level may accentuate the effect of
cortisol on CRF and noradrenergic pathways in a manner not achieved with typical
secretion. Since activation of the central amygdala generates aversive states (28, 29),
patients with atypical secretion may refrain from abstinence due to aversive states of greater
intensity. These internal aversive states would heighten the positive reinforcing role of
cocaine as a means to obtain relief (3). Our data supports an association between atypical
secretion, lower abstinence and probable aversive states, but not with greater craving for
cocaine. Analysis of the complete 8-week trial with a larger sample may clarify this, and
other points such as the impact of secretion profile on mood and retention.

Like atypical cortisol secretion, a cocaine-positive baseline is associated with lower
abstinence (17). Hence, both cocaine and stress are factors relating to persistent use during
treatment, perhaps because the effects of stress and cocaine converge on ascending
dopamine pathways (30). Some cocaine-dependent patients may bear a greater burden of
morbidity as a result of individual propensity to stress dysregulation (7, 31, 32, 33). Thus
patients coming to treatment, indistinguishable in terms of baseline cocaine severity, may
have different likelihood of attaining abstinence due to differences in stress sensitivity, as
did 48% of patients with atypical cortisol secretion in our sample. ‘Total cortisol’ at
baseline, contrary to when measured during a stress challenge (4), may not be a sensitive
marker of stress dysregulation given the wide range of ‘normal’ values (34). Non-
suppression to the DST was only found in 19% (12/64) of patients, equally distributed
between groups (6/12). Its significance in addiction is a matter for further study.

There are several limitations to this study. One is the procedure whereby patients collected
saliva samples without direct supervision: 85% of the samples collected were usable.
Reports using similar outpatient collection methods exist in the mental health, psychology,
and cancer literature (35, 36, 14). Second, active cocaine use during saliva collection could
simulate an atypical profile if it raised the afternoon cortisol levels. Since ¥ of the atypical,
and % of the typical samples were collected during abstinence, the data likely represents an
amalgam of chronic and acute effects of cocaine. That said, our report also shows that such
collection procedures can be accomplished in outpatient settings, and can collect valuable
information on patients coming to treatment. Third, our procedure of evaluating baseline
cortisol secretion as an index of stress dysregulation was not compared to stress sensitivity
measures in the laboratory. Such a comparison could possibly bring findings from cortisol
secretion profile more in line with existing studies of stress sensitivity in cocaine dependent
patients. Fourth, the data analysis used established categorical measures in keeping with the
existing literature rather than continuous analyses, which may have revealed more details on
the relationship between cocaine dependence and stress dysregulation.

Despite these limitations, we have presented evidence that depressed cocaine-dependent
patients with atypical diurnal cortisol secretion face greater difficulty in reaching early
abstinence, a key predictor of subsequent treatment success. We also propose that atypical
cortisol secretion may indicate stress dysregulation in cocaine dependence. If stress
dysregulation could be rectified when present, this may improve cocaine treatment outcome.
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Some evidence exists for this. Attenuation of the sympathetic nervous system arm of the
stress response with alpha-2 adrenergic receptor agonists can reduce relapse risk following
treatment for cocaine dependence (37). Results from ongoing investigations may provide

Su

pporting evidence for this approach to treat cocaine dependence.
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Fig 1.

Average diurnal cortisol secretion profiles collected during daytime awake hours from
depressed cocaine dependent patients at baseline, illustrating 1): 4 patients with typical
secretion profiles; 2): W patients with atypical secretion profiles.
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Group demographics, depression type and severity, and drug use frequency by secretion profile type, of
patients entered in a clinical trial of mirtazapine for depressed cocaine-dependent patients.

Table 1

Typical n=34  Atypical n=31 P
Age, years 411+7.2 426+84 434
Education, years 134+2 143+22 .086
Gender, % male 88.2 (30) 80.6 (25) .397
Race, % .844
Hispanic 324 (11) 29 (9)
Black 26.5 (9) 25.8 (8)
White 26.5 (9) 35.5 (11)
Other 14.7 (5) 9.7 (3)
Employment, % 173
Full-time 61.8 (21) 51.6 (16)
Part-time 11.8 (4) 3.2(1)
Out of work 23.5(8) 45.2 (14)
Student 2.9(1) 0
Marital, % 931
Single 35.3(12) 35.5 (11)
Married 20.6 (7) 25.8 (8)
Separated 11.8 (4) 129 (4)
Divorced 324 (11) 25.8 (8)
Cocaine, route, % IN 55.9 (19) 54.8 (17) .933
Depression, % Primary 61.8 (21) 58.1 (18) 761
HAM-D Baseline 18.4 18.6 .820
HAM-D end of Lead-In 12.8 13.8 511
ASlI scores, ETOH 0.23 0.27 526
ASI scores, Drug 0.22 0.23 538
SCL-90, Total 2.08 2.04 811
SCL-90, Anxiety 1.94 1.95 .980
SCL-90, Paranoid ideation 2.04 2.14 .641
SCL-90, Psychotism 1.82 1.76 730
PTSD prevalence % 10.7 14.3 .686
Typical n=29  Atypical n=28
Cocaine, use
Dollar value/day 149.1 +230.1 92.6 +76.2 .229
Days used/30 16.6 + 10 17.3+8.2 .786

Note. Eight (8) participants were excluded from cocaine use analysis because of incomplete or inaccurate baseline assessments.
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Table 2

The effect of Typical vs. Atypical cortisol secretion profile on abstinence-based voucher collection, cocaine
craving days, retention, and mood status during a 2-week lead-in of a clinical trial for depressed cocaine-
dependent patients.

Secretion Profile: Atypical vs. Typical | Typical Atypical Mann-Whitney U or y2 | P-value
N =65 Median (IQR) or n (%) | Median (IQR) or n (%)

N=34 N=31
Abstinence-based voucher collection” 102.50 (135) 52.50 (100) U =299.50 0.025
Cocaine craving days” 7(4.25) 10 (4.25) U =557.00 0.094
Retention 32 (94%) 27 (87%) Fisher’s Exact 0.413
Mood status™ ™~ (Depressed) 15 (50%) 15 (56%) X2=0.176 0.675

*
With regard to abstinence-based voucher collection and cocaine craving days, there were 2 missing values in the typical group and 3 missing
values in the atypical group due to noncompliance.

*%

Regarding mood status, there were 4 missing values in the typical group and 4 missing values in the atypical group due to incomplete data or
noncompliance.

IQR = Inter-Quartile Range.
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