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ABSTRACT: Several studies have found an association between salivary cortisol levels and dropping out of inpatient substance addiction
treatment programs. The results are mixed due to variations in the study design and the lack of standardized routines for cortisol assessment.
The aim of this study was to investigate whether there was (1) an association between salivary cortisol levels and dropping out from inpatient
substance addiction treatments; (2) higher predictive validity for dropout in one of the cortisol indexes: Area Under the Curve with respect to
ground (AUC) or Daily Cortisol Slope (DCS); (3) an interaction effect with time for each cortisol index; and (4) different dropout rates for sex and
patients in short-term versus long-term treatment programs. This was a prospective, repeated-measures observational study. Patients (n=173)
were recruited from 2 inpatient facilities in the central region of Norway between 2018 and 2021. Salivary cortisol was measured 4 times during
the treatment period, with 8 samples collected over 2consecutive days at each time point. Cortisol levels were calculated using the cortisol
indices AUCg and DCS. Dropout was used as the outcome measure at each time point. Associations were calculated using a logistic linear
regression. The results suggest a main effect of AUC, whereby higher levels reduce dropout risk (OR=0.92, P=.047). An interaction with time
in treatment also revealed a higher dropout risk (OR=1.09, P=.044) during week 4 of the treatment, depending on the AUCg These results sup-
port using AUCg as the recommended index when assessing cortisol, and that the relationship between cortisol levels and length of treatment
should be further investigated.
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Introduction

The is a growing body of literature investigating the biological
markers related to substance addiction disorders.’? Evidence
accumulated over the last 15 years points to the stress hormone
cortisol as a possible biomarker for both vulnerability to sub-
stance addiction and relapse.3” However, studies exploring the
relationship between physiological stress levels and retention
have yielded conflicting results.>$-10 As there is significant vari-
ation in study designs, sampling, and calculation procedures,
more prospective studies investigating the relationship between
salivary cortisol and dropout rates are necessary.>!512 Thus far,
a standardized routine for how and when to measure salivary
cortisol levels has not been established. Instead, recent research
has focused on cortisol indices.13:14

Treatment dropout

High dropout rates and the complexity of substance use disor-
ders (SUDs), particularly how they are developed and main-

tained, are considered one of the greatest challenges in

psychiatry.81> The dropout rate varies between 17% and 57%,
depending on how it is defined.’®!” Furthermore, the associa-
tion between the length of treatment and positive outcomes!8-20
underlines the importance of risk assessment and the preven-
tion of treatment dropout. There is a growing body of evidence
on the risk factors for dropping out.1%?1-28 Brorson et all
reviewed 122 studies in 2013, and found that although the
studies were inconclusive, younger age was the most consistent
risk factor. Ninety-one percent of the studies focused on endur-
ing factors, such as gender and sociodemographic background.
This finding emphasized the need for more research on risk
factors that could be assessed during treatment.

Building upon the co-occurrence of substance addiction and
mental health disorders,2?-3% several studies have found an
association between psychological distress and retention in
residential substance addiction treatment.??733-35 Owing to
anxiety-reducing and stress-relieving properties, stress has
been suggested as a motivator to consume alcohol or other sub-
stances.’® This is compatible with the self-medication model,
which asserts the use of positive or negative reinforcement to
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boost positive affect.3” Chronic consumption of alcohol and
other substances may also affect the stress response system,
which can lead to further cravings of substance consumption,
thereby enhancing the risk of substance addiction.?

Growing evidence points toward the hypothalamic-pitui-
tary-adrenal (HPA) axis in the development, maintenance, and
relapse probability of substance addiction disorders.112:36-45
Cortisol, which is released in response to stress, regulates the
hypothalamic-pituitary-adrenal axis. In contrast, deregulation
of the HPA axis is related to negative health outcomes, includ-
ing cognitive decline and mental disorders,**” while chronic
stress is linked to both hypo- and hypercortisolism.*® Since
emotions and behavior are affected by cortisol, this may increase
people’s cravings and vulnerability to relapse.4%0

Cortisol indexes

In the early stages of salivary cortisol research, a single measure
of salivary cortisol was used to assess HPA axis function.’ Due
to the fluctuating nature and circadian rhythm of cortisol, a
single sampling of cortisol or average diurnal levels of cortisol
are no longer considered reliable measures to investigate the
function of the HPA axis.!3 The circadian rhythm of cortisol
(whereby levels are higher upon wakening) peaks 30 to 45 min-
utes after waking up, and then declines throughout the rest of
the day; this represents a basis for the recommended 3 main
indexes that are often used in assessing HPA axis function-
ing.#751 The 3 indexes recommended by Ryan et al'3 are the
size of the rise in cortisol post-wakening (the cortisol awaken-
ing response, CAR), the degree of change in cortisol over the
waking day (diurnal cortisol slope, DCS), and the area under
the curve (AUC).1347°1,52 Deviations in the CAR pattern have
been linked to poor mental health®® and a disruption in the
HPA axis.#” A growing body of literature suggests that DCS is
particularly sensitive to psychological distress,”>? with a flat-
tened DCS throughout the day.>5*

When several time points are considered, AUC is a fre-
quently used index, which allows researchers to simplify the
statistical analysis. Pruessner et al'# presented 2 formulas for
the computation of the AUC: area under the curve with respect
to an increase (AUC,) and area under the curve with respect to the
ground (AUC). They argued that the associations with other
variables are dependent on the formula used.’* While AUCy is
assumed to be more related to hormonal output, AUC; is
regarded as related to the sensitivity of the endocrine system?”
(the latter is seldom used by scientists).

Cortisol as a predictor of dropping out from
substance addiction treatment

In a 2011 review, Sinha? focused on recent studies investigating
biological factors in the prediction of dropout and relapse of
substance addiction. The findings indicate that factors such as
clinical, contextual, subjective, and behavioral measures can

function as predictors of relapse. However, Sinha et al empha-
sized the need for suitable biomarkers of relapse risk. Sinha?
also pointed out of that more than 60% of patients dropped out
or relapsed within a few weeks of treatment. Due to this, the
first week of treatment is considered to be the most critical
period, because anxiety levels are highest during the withdrawal
period.37°6°7 This indicates that the first week of treatment is
an especially vulnerable period.

Prior research has demonstrated a relationship between cor-
tisol levels and retention in substance addiction treatments,5%58
particularly in individuals with crack and cocaine addic-
tion,®%76°861 opioid addiction,!® and alcoholism.®? However,
the evidence is ambiguous, and a lack of standardized methods
for the measurement of cortisol is evident. Variations in study
design further complicate the possibility of comparing differ-
ent studies’ results.

Higher basal cortisol levels have been found to positively
predict post-treatment alcohol consumption in patients with
alcohol dependence,®? whereas other studies have found an
attenuated cortisol response in the same population.’63 A
blunted stress cortisol response has also been observed in indi-
viduals with cannabis addiction,® heroin addiction,® and pol-
ysubstance addiction.% There are also indications that there are
different cortisol responses depending on the substance used,
with attenuated cortisol responses found in abstinent persons
with cocaine-addiction and protracted during alcohol
withdrawal.60:61,63

For individuals recovering from substance addiction, some
studies suggest that the HPA axis and cortisol levels are nor-
malized in long-term abstainers,®” such that cortisol responses
are similar in healthy controls and patients with alcohol disor-
der staying abstinent.®® This was also found in patients in
methadone maintenance treatment, whereby stress levels nor-
malized after 6 months of treatment.® However, few studies
have investigated this development over time because most
research is based on single measurements of cortisol levels.

In a prospective study conducted in 2005, the HPA axis
response to stress and treatment retention showed higher cor-
tisol values in people that dropped out of treatment compared
to those that completed the program. This is the first study to
document cortisol as a predictor of dropout. In another pro-
spective study on individuals with cocaine-dependence admit-
ted to inpatient treatment, stress-induced cocaine cravings and
hypothalamic-pituitary-adrenal responses were found to be
predictive of cocaine relapse outcomes.®® Greater stress-
induced, but not drug cue-induced, cocaine cravings were asso-
ciated with a shorter time to cocaine relapse. Stress-induced
physiological responses and corticotropin and cortisol levels
predicted a higher quantity of cocaine use per substance abuse
episode during the follow-up period (90days).® In a 2015
study, Jaremko et al'® investigated both psychological and
physiological stress in individuals with opioid-dependency.
They found that abnormal cortisol levels at high and low
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concentrations increased the risk of dropout by 7.7 times.1
The study also demonstrated that patients who dropped out of
treatment exhibited poor treatment engagement, elevated
withdrawal symptoms, psychological distress, and abnormal
cortisol levels.’® The first prospective study evaluating basal
cortisol and retention in persons with crack-cocaine-depend-
ency was conducted in 2020,® and it found that increased cor-
tisol levels were a predictor of dropping out. Their cortisol
measures were based on morning levels of salivary cortisol,
excluding the cortisol awakening response (CAR).

Several researchers have emphasized the importance of pro-
spective studies when assessing the relationship between bio-
logical markers and dropout rates.>’? The development of
stress and cortisol levels during the course of treatment may
have important clinical implications and may identify areas for
improving clinical services.

The present study builds on the aforementioned findings
and recommendations regarding the need for prospective stud-
ies targeting biological markers for dropout in residential
addiction treatment. This study aimed to investigate if there
was

1. an association between salivary cortisol levels and drop-
ping out from inpatient substance addiction treatment

2. higher predictive validity for dropouts in one of the cor-
tisol indexes: AUC; or DCS

3. an interaction with time for each cortisol index

4. different dropout rates depending on sex and short- vs
long-term treatment

Method
Study design and setting

This observational study had a prospective naturalistic design
in a cohort of patients admitted for inpatient treatment of SA.
Two clinics (one short-term over a period of 2 months and one
long-term over a period of 6 months) participated in the study.
Both clinics are located in the middle region of Norway. The
clinics provide inpatient treatment programs for people aged
18 and above with severe substance addiction problems, includ-
ing polysubstance addiction; in 2020, they had 24 (short-term)
and 15 (long-term) treatment beds.

A combination of individual, milieu, and group therapy is
offered at both clinics. The staff had a multidisciplinary back-
ground, including psychologists, psychiatrists, social workers,
occupational therapists, nurses, physical therapists, and other
trained staff. The treatment facilities also offer physical activi-
ties and training. Individual adjustments are made according to
each patients’ needs. The main goal of the treatment is to
strengthen the individual’s coping and overall functioning.

The long-term institution has a somewhat different treat-
ment structure than the short-term clinic. The treatment is
based upon a modified therapeutic community approach”®

where patients are required to take an active part in their own
and co-patients’ treatment. Taking part in the daily life of the
community is a core concept, as the milieu therapy is based on
“here and now”-situations. The program is organized stepwise,
with increasing responsibility and different roles in the com-
munity for each step.

Recruitment and study participants

Inclusion criteria were being admitted to voluntary treatment
or treatment according to the execution of the sentence act:
§12.2 All the study participants were over 18years old. The
majority of the participants came from the catchment area of a
regional health trust. The exclusion criteria were involuntary
admission, detoxification stay, or patients judged mentally or
physically incapable of providing consent on the day of data
collection (a decision that was made by the clinical staff).
Recruitment was performed during the first treatment week,
either by one of the primary authors (K.B.) or by a research
assistant. The patients received both oral and written informa-
tion about the study before they signed the informed consent
form. Participating in the study was voluntary and choosing
not to participate had no consequences for the individual’s
treatment plan. Those who wanted time to reflect on the deci-
sion to participate could do so for a couple of days. As an
incentive for participation, all patients agreeing to participate
in the study received a gift card of 300 NOK after the last
measuring point.

Data collection was performed with repeated measures
throughout the treatment stay: 8 weeks and four time points
for both clinics. The four time points were the same for both
clinics, starting in the second treatment week and then every
2weeks after that point. As such, T1, T2, T3, and T4 were set
to treatment weeks 2, 4, 6, and 8, respectively. Cortisol levels
and retention were measured at each time point.

Measures

Baseline data were collected using information from electronic
medical records and self-reported sociodemographic data at
the baseline (T1), and then salivary cortisol levels were meas-
ured at all timepoints (T1-T4). The data were collected
between June 2018 and October 2021. From March to
September 2020, data collection was set on hold due to the
COVID-19 pandemic. Following this period, the procedures
were adapted according to the COVID-19 measures put in
place by the Norwegian government.

Treatment dropout. Treatment dropout was defined as prema-
ture discontinuation of treatment or failure to complete the
planned inpatient program. Information about dropout status
(yes/no) was retrieved from the medical records at each time-

point (T1-4).
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Demographic variables. Age, sex, and whether the patient was
in treatment on the Execution of Sentences Act §12, were
obtained from the patient records.

Previous inpatient stay, drug use, and diagnosis. Information
about previous inpatient stays and years of addiction was
obtained using a sociodemographic form that was handed out
at T1. Information about primary SUD and other psychiatric
diagnoses was obtained from medical records using the Inter-
national Classification of Diseases (ICD-10, World Health
Organization”). SUD diagnoses (F10-19) indicated the sub-
stance used. The diagnoses in the medical record were either
based on clinicians’ assessment of patients during their current
stay or from a recent stay at a mental health or SUD treatment
center. SUD diagnoses were used as categorical variables in the
analysis, and psychiatric diagnoses were made continuously
(number of psychiatric diagnoses).

Cortisol (CORT). As salivary cortisol is used as a biological
indicator of psychological stress, cortisol sampling was per-
formed at each timepoint (T1-4). To ensure internal validity,
sampling was performed 4 times a day (between 08 a.m. and 16
p-m.) for 2 consecutive days at each time point (T1-4): Sam-
pling time (ST) 1 (mean 08.39 a.m., SD=2minutes), ST2
(mean 10.33 a.m., SD=2minutes), ST3 (mean 01.04 p.m.,
SD =2 minutes), ST4 (mean 02.55 p.m., SD =2 minutes). Sam-
ples were collected using a saliva collection device (Sarstedt
Numbrecht, Germany) that consisted of a cotton swab and a
sampling vessel. Saliva was used according to the manufactur-
er’s instructions, and the participants were advised not to eat,
ingest nicotine and caffeine, or brush their teeth 60 minutes
prior to sampling. The participants chewed the cylindrical syn-
thetic swab for at least 1 minute or until it was full of saliva and
then returned it to the sampling tube. The saliva samples were
then stored at 4°C for a maximum of 7 days before being sent
to the biobank (Biobank1, Alesund Hospital, Mere,and Roms-
dal Hospital Trust). During transportation, the samples were
maintained at room temperature for up to 4 hours. At the labo-
ratory, the Salivettes containing saliva were centrifuged at
2000g for 10minutes, after which the synthetic swab was
removed and all the saliva was transferred to the sample cups
adapted to the Cobas instrument used to analyze cortisol con-
centration. The samples were then stored at - 80°C for up to
12 months, while waiting for further analysis.

All samples were analyzed by the Department of Medical
Biochemistry, Mere, and Romsdal Hospital Trust. To reduce
analytical within-subject variation, cortisol was mainly ana-
lyzed in batches for each set of participant samples (ie, up to 32
samples). Cortisol levels were measured using an immuno-
chemical assay on a Roche Cobas 8000 €801 automated ana-
lyzer (Roche Diagnostics, Oslo, Norway). The assay had a
lower detection limit of 1.5 nmol/l, and the within-run impre-
cision (CV%) was 3.1% (at 5 nmol/l). The between-run impre-
cision is CV'=3.1% at 10 nmol/l and CV =2.1% at 32 nmol/l.

To examine different aspects of HPA axis functioning, the
daytime cortisol slope (DCS) and AUC were calculated. DCSs
were quantified by calculating the difference between morning
and afternoon samples divided by the total time between the 2
samples.>? The area under the curve with respect to the ground
(AUC) was calculated according to the method described by
Pruessner et al.'* The AUC; is the total AUC of all measure-
ments® for each time point, based on the mean time of day for
each sample time (ST).

Concentrations of salivary cortisol exceeding 2.5 SD (stand-
ard deviation) from the mean of each sample time (ST) were
excluded from the dataset before calculating the AUCy and
DCS. This exclusion criterion was chosen on the basis of
Stalder et al’'s*” recommendation. The medical records of each
participant were also controlled/checked to ensure that no par-
ticipants were prescribed medications that could affect the
HPA axis and/or glucocorticoid metabolism.

Statistical analysis

For categorical variables, descriptive statistics are presented as
frequency distributions. The means and SDs are presented for
continuous variables. Simple and intermediate multiple logistic
regression analyses were used to test the variables in the final
analysis, whereby dropping out was considered the outcome.
Variables included in the final model were a combination of
main interest (AUC and DCS) and general interest (time, sex,
age, institution, SUD diagnosis). Non-significant variables of
no particular interest were excluded from the analysis.

The final logistic regression model analysis produced an
adjusted logistic regression effect for dropout relative to the
change in AUC, DCS, time, sex, age, institution, and SUD
diagnosis. The interaction between AUC and time was
included in the final model.

The variation inflation factor (VIF) was used to test for
multicollinearity between the independent variables. The VIF-
scores ranged from 1.173 to 2.436, indicating no multicolline-
arity issues. Cook’s distance was used to check for potential
influential cases, and no outliers were detected when the crite-
rion was set to 1.00. Models with only the main effects and
those with adjustments for the interaction terms were com-
pared. Models with only main effects were tested before the
interaction terms were entered into the model. Only the sig-
nificant interaction terms were included (P< <.05). All statis-
tical analyses were performed using Stata/SE 16.1. Statistical
significance was sez az P< .05.

Results
Characteristics of the study sample

Of the 196 patients who agreed to participate in the study, 173
were included in the final analysis. Seven participants dropped
out of treatment between consent was given and before T1, 4
others withdrew from the study during the data collection
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Table 1. Sample characteristics and a descriptive comparison of the 2 institutions.

WHOLE SAMPLE

TOTAL

INSTITUTION

SHORT-TERM

LONG-TERM

DROPOUT

YES

Number of subjects, n

(%)
Dropouts, n (%)
Sex
Male, n (%)
Female, n (%)

Age, mean (SD,
range)

173

43 (24.2)

129

44

38.94 (11.06, 20-69)

138 (79.8)

29 (21)

101 (73.2)

37 (26.8)

40.37 (11.35, 20-69)

35 (20.2)

14 (46.4)

28 (80)

7 (20)

33.29 (7.67-21-54)

5 (14.3)
1.32 (1.28, 0-5)

43 (24.2)

36 (83.7)
7 (16.3)

38.95 (11.75, 22-66)

2(4.8)

0.95 (1.29, 0-5)

130 (75.14)

90 (73.2)
33 (26.8)

38.91 (10.72, 20-69)

8 (6.5)
111 (1.24, 0-5)

§12 N (%) 12 (6.9) 7 (5.1)
Psychiatric 1.06 (1.24, 0-5) 1(1.23, 0-5)
diagnoses, mean (SD,

range)

Years of addiction n
(SD, range)

14.34 (9.8, 0-60) 14.37 (10.47, 0-60)

SUD diagnosis n (%)

Alcohol 77 (44,5) 68 (49.3)
Opioids 19 (11) 12 (8.7)
Stimulants 35 (20.2) 28 (20.3)
Cannabinoids 23 (13.3) 17 (12.3)
Sedative hypnotics 8 (4.6) 7 (5.1)
Multiple drug use 5(2.9) 3(2.2)
Previous inpatient treatment, n (%)
Never, n (%) 60 (34.7) 53 (38.4)
1-2 times 45 (26) 33(23.9)
3-5 times 36 (20.8) 26 (18.8)
More than 5 24 (13.9) 19 (13.8)

14.20 (7.32,3-30)  16.15 (8.13, 3-32) 14.10 (10.49, 0-60)

9 (25.7) 20 (46.5) 54 (43.9)
7 (20) 5 (11.6) 12 (9.8)
7 (20) 11 25.6) 25 (20.3)
6 (17.1) 5 (11.6) 18 (14.6)
1(2.9) 1(2.3) 7 (5.7)
2(5.7) 1(2.3) 4(3.3)
7 (20) 10 (23.8) 48 (38.7)

12 (34.2) 7 (16.7) 13 (10.5)

10 (28.6) 12 (30) 44 (35.5)
5 (14.3) 11 (26.2) 13 (10.5)

Abbreviations: N, number of participants; Range, minimum and maximum values; SD, standard deviation.

period, and 23 patients were excluded from the data set due to
extreme cortisol values (2.5 SDs above the mean for each sam-
ple time: ST).

The sample was comprised of 74.6% male (n=129) and
25.4% (n=44) female. The age varied from 20 to 69 years, with
a mean of 38.94 (SD=11.06). The most common SUD diag-
noses were alcohol dependence (44.5%, n=77), stimulant
dependence (20.2%, n=35), cannabinoid dependence (13.3%,
n=23), and opioid dependence (11%, n=19).

Prevalence of dropping out

A total of 43 (24.2%) patients that participated in this study
dropped out of treatment. Eight patients dropped out after T1,
12 after T2, 12 after T3, and 11 after T4. The dropout rate was

highest in the long-term institution and among men. Table 1
presents a descriptive comparison of dropouts and treatment
completers, as well as descriptions of each institution.

Cortisol indexes

A total of 4405 salivary cortisol samples were collected and
analyzed in this study. Mean values for each sample time (ST)
across the timepoints (T1-T4) were: 6.74nmol/l at ST1
(SD=3.09, Range: 1.5-21.6), 6.59nmol/l at ST2 (SD=3.00,
Range: 1.5-16.9), 6.52nmol/l at ST3 (SD=2.95, Range: 1.5-
16.2) and 6.48nmol/l at ST4 (SD=2.91, Range: 1.5-23.7).
The mean and standard deviation for the computed AUC and
DCS for each time point are displayed in Table 2, which also
indicates whether or not patients dropped out.
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Table 2. Overview of the development of cortisol measured by AUC and DCS at each timepoint.

DROPOUT

AUCg, Yes 40 211 30.99
No 46.09 22.55 39.76
DCS Yes 1.04 0.75 0.99
No 1.28 0.94 119

14.84 30.08 10.06 33.06 26.99
16.36 37.42 14.72 40.01 21.31
0.81 1.03 0.64 1.23 0.8
0.79 1.28 0.86 1.08 0.75

Abbreviations: DCS, diurnal cortisol slope; SD, standard deviation; T1, time point 1 during the second treatment week, T2 is in week 4, T3 is in week 6, and T4 is in week 8.

Main results

We investigated associations with dropout, and the unadjusted
analysis estimated the effect of the explanatory variables
(AUCg and DCS) on dropout rates, which were adjusted for
time, age, sex, institution, number of psychiatric diagnoses,
years of addiction, and SUD diagnosis. The only significant
association with dropout was institution, whereby patients
were 64% less likely to drop out of short-term programs. Sex
differences were also close to being significant, as women had a
56% lower dropout risk. Background variables such as psychi-
atric diagnoses and years of addiction were not significantly
associated with dropping out and were therefore excluded from
further analysis. However, the other non-significant variables
were included in further analysis, because they were the main
explanatory variables or variables of general interest in our
study.

In the final multivariate logistic regression analysis (Table 3),
we analyzed the association between the explanatory variables
(AUCg and DCS) and dropout, which was adjusted for time,
sex, age, institution, and SUD diagnosis. The interaction
between time and AUC was also included in this model. The
analysis showed significant main effects between AUC,, sex,
institution, and dropout. The main effect for AUCy showed
that the odds for dropout decreased by 8% for each unit increase
in AUCg. AUCg; also had a significant interaction with T2
compared to T'1, demonstrating 9% lower odds for dropout for
each unit’s increase in AUCg. The main effects for sex and
institution had 73% lower dropout odds for women and 82%
reduced odds in the short-term program.

Discussion
Main findings

In this prospective naturalistic study, we investigated the asso-
ciation between the explanatory variables of salivary cortisol,
which was measured by AUCG and DCS, and dropout. Forty-
three of the total 173 participants dropped out of the treatment
during the course of study. Findings from the multiple logistic
regression analysis suggest that a higher AUC significantly
decreases the odds of dropping out of treatment, although this

depends on the time of treatment. Women and those in short-
term treatment programs also had significantly lower odds of
dropout.

RQ1: Is there an association between cortisol levels
and dropping out of inpatient addiction treatment?

The results showed that low AUC; values were positively asso-
ciated with dropping out from treatment. No significant results
were obtained for the other cortisol index DSC.

Although it is well established that drug use has the poten-
tial to affect and deregulate the activity of the HPA axis, litera-
ture focusing on an altered stress response on the risk of
dropout and relapse is scarce.!? Results from previous studies
have demonstrated both higher® and lower°%63 cortisol levels in
patients who dropped out of treatment. Due to the ambiguity
of previous studies, we did not have a directional hypothesis
regarding cortisol levels in the context of predicting dropout.
The descriptive statistics (Table 1) showed higher AUC val-
ues for those who completed treatment compared to those who
dropped out. In a previous study by Adinoff et al,®® both basal
and stimulated cortisol levels were attenuated in abstinent
alcoholics compared to healthy controls. The lower levels of
cortisol in the group of patients with alcohol dependency could
be comparable to the dropouts in our study, in that lower levels
of cortisol may be a sign of HPA axis hypo-reactivity in sub-
stance-dependent subjects. Whether this hypo-reactivity is the
result of or the cause of chronic substance consumption remains
uncertain.

Reduced cravings after cortisol administration has been
found in individuals addicted to cocaine’? and alcohol,” as well
as in patients who received a low dose of heroin.”” Findings
for opioid maintenance also points to possible effects for stress-
responses, in that the administration of buprenorphine seems
to normalize cortisol levels.”® As craving is considered a predic-
tor of relapse,” the administration of cortisol or opioids, such
as buprenorphine or naltrexone, might have pharmacological
treatment potential for preventing relapse.’”+76

The hypo-responsiveness of the hypothalamic-pituitary-
adrenal (HPA) axis could be a result of psychological
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Table 3. Association between AUC or DCS and dropout, adjusted for time, age, sex, institution, number of psychiatric diagnoses, years of
addiction, and SUD diagnosis. Unadjusted and adjusted multiple regression analyses.

UNADJUSTED [? P VALUES ADJUSTED EFFECTS— P
EFFECTS VALUES ADJUSTED EFFECTS— MODEL WITH MAIN VALUES
MODEL WITH MAIN EFFECTS AND
EFFECTS INTERACTIONS
95% ClI OR 95% Cl OR 95% Cl
AUC 0.98 0.96: 1.00 178 0.98 0.95: 1.00 138 0.92 0.85:0.99 .047
DCS 0.87 0.58: 1.31 .525 1.04 0.58:1.88 .874 1.16 0.63:2.15 .617
Time .964 145 .445
T 1.00 1.00 1.00
T2 1.62 1.12:2.36 .964 2.24 0.70:7.18 A71 0.10 0.00: 2.09 140
T3 1.84 1.08: 3.14 .978 1.37 0.37:5.09 .636 0.53 0.01: 16.42 .720
T4 2.72 1.69: 1.02 .980 3.97 1.13: 13.96 .031 0.51 0.02: 8.82 .647
Age 0.99 0.96: 1.02 .862 1.03 0.98:1.09 131
Sex
Male 1.00 1.00 1.00
Female 0.44 0.18: 1.07 .072 0.29 0.08: 1.05 .061 0.27 0.07: 0.99 .049
Institution
Long-term 1.00 1.00 1.00
Short-term 0.36 0.19: 0.69 .002 0.18 0.07: 0.48 .001 0.18 0.07: 0.49 .001
Psychiatric 0.99 0.77:1.28 .987 -
diagnoses
Years of addiction 1.02 0.99: 1.05 .095
SUD diagnosis 496 471 .612
Alcohol 1.00 1.00 1.00
Opioids 1.46 0.55: 3.84 439 218 0.57: 8.30 .250 1.78 0.44:7.20 415
Stimulants 1.14 0.51: 2.53 743 213 0.63: 712 .219 1.79 0.52: 6.12 .351
Cannabinoids 0.43 0.12: 1.51 192 0.64 0.11: 3.57 .618 0.63 0.11: 3.52 .600
Sedative 0.42 0.05: 3.27 410 0.92 0.10: 8.53 .947 0.83 0.08: 7.81 .873
hypnotics
Multiple drug 1.95 0.40:9.28 401 3.72 0.54:25.27 179 3.57 0.51: 25.09 199
use
Interaction
Timetc. .253
AUC
T1
T2 1.09 1.00: 1.19 .044
T3 1.02 0.92: 1.14 612
T4 1.06 0.97:1.15 149

Abbreviation: Cl, confidence interval.
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stressors.*” Attenuated cortisol accumulation may lead to poor
coping strategies in response to stress. Patients dropping out of
treatment may face more difficulty managing the challenges of
SUD treatment.10

RQ2: Higher predictive validity for dropout in one
of the cortisol indexes (AUC, or DCS)

We used two of the recommended indices for computing cor-
tisol levels: AUC; and DCS.13 The 2 indices are based on dif-
ferent aspects of cortisol, in that DCS is based on the diurnal
rhythm of cortisol and AUC; is regarded as a measure of total
cortisol/basal cortisol levels. The fact that statistical signifi-
cance was reached for AUCg and not DCS could be due to
multiple reasons. Basal cortisol levels could be more relevant in
predicting dropout, even if DCS is known to be sensitive to
psychological distress.’>”” The relationship between cortisol
and psychological distress in dropping out was found in other
studies,!? although it was not monitored in the current study.
The main difference between AUCg and DCS is that AUCq
takes all the measurements into account, whereas DCS only
measures the difference between 2 sample times (STs).
Therefore, the DCS, which was calculated based on 2 daily
cortisol samples, might not have been sufficiently sensitive in
this research. The AUC4; is the total area under the curve of all
measurements (STs) and thus takes both the sensitivity and
intensity of cortisol into account.

RQ3: An interaction with time for different cortisol
indexes

The final multiple logistic regression model showed that the
cortisol index AUC; interacted with T2 in predicting dropout.
The results imply that the odds of dropping out were 9% higher
at the second timepoint in the fourth treatment week, depend-
ing on the AUCg. Previous research has demonstrated that
stress and cortisol levels are normalized during periods of
abstinence and treatment.®” This is supported by our finding
that time interacts with cortisol levels in predicting dropout, as
well as with other studies of dropout rates and cortisol levels
during early abstinence.>’87° As previously mentioned, some
studies have indicated that early stages of abstinence and treat-
ment are a critical period for predicting dropout,”®® which
could possibly be linked to this finding. Looking further into
the development of cortisol at each time point is beyond the
scope of this article, but it seems relevant for future studies to
assess this.

RQ4: Different risk of dropouts for sex and short-

term versus long—z‘erm treatment

As pointed out by Brorson et al,'¢ studies on the risk factors for
dropping out have revealed varying results. This is also the case
for sex, as there is no clear consensus on whether there is a

higher risk of dropout for men compared to women. In our
sample, we found that being female reduced the odds of drop-
ping out by 72%.

Admission to short-term treatment programs results in an
81% lower risk of dropout. We suggest that there are 3 main
reasons for the lower dropout rate among short-term institu-
tions. First, long-term institutions have a longer “time at risk”
of dropping out due to the length of the treatment program.
Second, since the institutions serve the same catchment area, it
is natural to enter a long-term treatment program after failing
to get admitted into a short-term institution. Third, patient
characteristics vary slightly between the 2 institutions (con-
cerning SUD diagnosis, previous treatment experience, and a
slightly younger age at the long-term clinic). This is particu-
larly notable in the case of age, as this is one of the most con-
sistent risk factors for dropout.'® As mentioned in the Methods
section, there is also a somewhat different structure in the long-
term institution, which builds upon a modified model of a
3-step structured therapeutic community. This could explain
why dropout rates are higher in long-term institutions.

Strengths and limitations

Strengths: First, the prospective design allowed for repeated
measurements, providing valuable information about the
development of cortisol and the time of dropout. Second, the
naturalistic setting, which measured basal cortisol levels rather
than stress responses, is also an advantage. To prevent dropouts,
it is important to evaluate the context of dropouts during treat-
ment. Third, for the salivary sampling procedure, several actions
were taken to minimize the effect of blunted cortisol activity or
“random values.” This included taking 4 salivary samples a day
over 2consecutive days, as well as using 2 recommended
indexes when calculating cortisol levels. Fourth, the application
of 2 cortisol indices enhanced internal validity. Moreover, we
used salivary samples, as this is a non-invasive procedure.

Limitations: The choice of logistic regression for data analy-
sis can be questioned and survival analysis with Cox regression
could be an alternative. However, due to the study design and
data collection, logistic regression was most appropriate. From
a statistical point of view there will be little difference in the
results from a logistic regression and a Cox regression. It is well
known that the 2 models yield similar estimates of regression
coefficients in studies with short follow-up period and low
incidence of event occurrence, which was the case in this study.

We did not control for the time that participants woke up
and could therefore not be certain that we avoided the cortisol
awakening response (CAR). Instead, all samples were inspected
for unusual values, and samples exceeding 2.5 standard devia-
tions from the mean of each sample time (ST) were excluded
from further analysis. Two additional aspects that were not
controlled for in the statistical analysis were stressful events in
the patients’ lives and the intake of nicotine and caffeine.
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As the long-term clinic offers a 6-month treatment, the
original plan was to include salivary samples close to the time
of discharge (ie, in week 26 of the treatment). However, since
only 32 participants were receiving treatment from a long-term
institution, this was not optimal for the statistical analyses.
Therefore, data after week 8 of treatment were not included in
the statistical analyses due to poor statistical power.

In addition to the missing measurement, including a meas-
urement that was taken before week 2 of the treatment could
also be valuable for 2 reasons. First, having the first measurement
in treatment week 1 would have provided additional information
about the development of cortisol during treatment. Second, we
could have included patients who dropped out in the first treat-
ment week, leading to a higher number of participants.

As a final note on limitations, we want to emphasize that
our results reveal a significant association between cortisol and
dropout, albeit without illustrating what this represents. The
purpose of this study was solely to assess the possibility of cor-
tisol as a biomarker of dropout.

Conclusion
Our study found a significant association between the cortisol
index AUCg and dropping out, depending on the time of
treatment; however, no such association was found for the
DCS index. This indicates that accumulated levels of cortisol
can be a potential biomarker of dropping out. The measure-
ment of basal cortisol levels may be used as a diagnostic marker
to assess dropout propensity. Assessment of cortisol at the
beginning and in the middle of treatment could inform clini-
cians of the need to tailor interventions toward stress regula-
tion. Psychosocial variables, such as psychological distress, the
atmosphere in the ward, and motivation, should be assessed in
future studies to confirm the association between basal cortisol
levels and perceived stress. Monitoring other possible reasons
for dropping out of treatment using a stricter sampling proto-
col is also recommended in future studies.

In summary, and as expected, we did not find any cortisol—
dropout breakthrough in our study. Nevertheless, some small
steps can help develop this important field of clinical research.
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NOTES

a.  The §12 law provides the opportunity for criminal proceedings
to take place in an approved inpatient treatment facility for SUD.
Application for §12 is done by the individual themselves and is
hence considered as voluntary.

b. The formula for AUCg; is summarized as: AUCy =
2i=1n-1(mg+,y + m;) £2, where # denotes the individual time
distance between measurements, 7; denotes the individual meas-
urement, and 7 represents the total number of measures.
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