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Abstract

Alcohol and drug use contribute to the pathogenesis of diabetes and are associated with adverse
health outcomes, but little research exists on treatments for substance use disorders (SUDs) in
patients with diabetes. The aim of this study was to evaluate contingency management (CM)
treatments targeting substance use in patients with diabetes. A secondary analysis evaluated the
main and interactive effects of diabetes status and treatment condition on outcomes of 681
substance abusers. All participants were enrolled in randomized clinical trials comparing CM to
standard care (SC). As in the main trials, CM treatment improved outcomes. However, there was a
significant treatment condition X diabetes status interaction effect in terms of durations of
abstinence achieved and proportion of negative samples submitted; patients with diabetes
responded even more favorably than their counterparts without diabetes when receiving CM.
Analyses of post-treatment effects revealed that patients with diabetes, regardless of the type of
SUD treatment to which they were earlier assigned, were more likely than those without diabetes
to be abstinent at the 9-month follow-up. The findings suggest CM may be an effective treatment
for this vulnerable subgroup of substance abusing patients.
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Diabetes is projected to be the seventh leading cause of death by 2030 [World Health
Organization (WHO), 2011]. Current treatment guidelines recommend using
pharmacotherapies, addressing psychosocial and behavioral factors, and treating comorbid
conditions, including substance use disorders (SUDs) [American Diabetes Association
(ADA), 2012; Piette & Kerr, 2006]. There is paucity of research on treatments for co-
occurring SUDs in patients with diabetes, even though illicit drug use and drinking
contribute to its pathogenesis (Ghitza, Wu, & Tai, 2013). Heavy drinking is associated with
increased risk of type 2 diabetes (Babor et al., 2012), and substance use can directly and
indirectly (e.g., influencing self-management behaviors) contribute to disease progression by
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disrupting glucose regulation (Ahmed, Karter, & Liu, 2006; Leung, Zhang, Lin, & Clark,
2011a).

Despite the adverse health effects associated with SUDs in patients with diabetes, no SUD
interventions have been evaluated explicitly in patients with diabetes. CM is an evidence-
based treatment for SUDs based on principles of behavioral analysis. It is included in the
National Institute for Health and Clinical Excellence (NICE; 2007) guidelines in the United
Kingdom and is being implemented nationwide throughout the Veterans Administration in
the United States (Petry, DePhilippis, Rash, Drapkin, & McKay, 2014). CM involves
delivering tangible positive reinforcers following objective evidence of a targeted behavior
(e.g., negative urine sample, attending treatment) (Petry, 2012), and it is the most effective
psychosocial treatment for SUDs (Dutra et al., 2008). Reinforcers typically are chances to
win prizes of varying sizes (Petry et al., 2005) or vouchers that can be exchanged for retail
goods or services (Higgins, Badger, & Budney, 2000). Numerous studies demonstrate that
CM is efficacious in reducing substance use (Lussier, Heil, Mongeon, Badger, & Higgins,
2006; Prendergast, Podus, Finney, Greenwell, & Roll, 2006). CM is also efficacious in
subgroups of SUD patients including those with or at high risk for HIV and those with
concurrent psychiatric disorders (McDonell et al., 2013; Petry, Alessi, & Rash, 2013;
Reback et al., 2010). In these populations, CM appears to have particularly large effect sizes,
suggesting its potential for treating other vulnerable populations, such as substance abuse
patients with diabetes.

Given increased risks associated with substance use among patients with diabetes, there is a
critical need to identify effective SUD treatments in this population. We conducted a
retrospective analysis of patients with and without diabetes who participated in randomized
trials of CM. Because past research demonstrates very strong effects of CM in other SUD
populations with chronic conditions, we hypothesized that patients with diabetes would
respond particularly well to CM.

Methods

Participants

Participants were 681 patients enrolled in randomized trials of CM (Petry, Barry, Alessi,
Rounsaville, & Carroll, 2012; Petry, Weinstock, & Alessi, 2011). Inclusion criteria were 18
years or older, initiating SUD treatment at a community-based clinic, and ability to
understand study procedures. Exclusion criteria were significant uncontrolled psychiatric
disorders (e.g., active suicidal ideation, psychosis), or being in recovery for gambling
disorder (see Petry et al., 2006, Petry & Alessi, 2010). Patients provided written informed
consent, and the University Institutional Review Board approved procedures.

Procedures

Following informed consent, participants completed demographic questionnaires and
structured interviews. The Clinical Interview for the DSM-IV (First, Spitzer, Gibbon, &
Williams, 1996) evaluated substance use diagnoses and the Addiction Severity Index (ASI;
McLellan et al., 1985) assessed medical, drug, alcohol, employment, legal, family/social,
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and psychiatric problems. ASI composite scores range from 0.00-1.00 on each domain, with
higher scores indicating greater severity of symptoms. The ASI-medical section asks if
patients have a chronic medical condition, and if so what it is. The Service Utilization Form
(SUF; Rosenheck, Neale, Leaf, Milstein, & Frisman, 1995) evaluated medical, psychiatric,
and substance use services received and reasons for services received (e.g., diabetes
prescription, check-up, or Alc) in the past year at baseline, and since the last evaluation at
subsequent assessment periods. The ASI and SUF were re-administered one, three, six, and
nine months after treatment initiation. Patients received $35-40 for completion of each
assessment, and over 80% participated in each assessment, with no differences between
completers and non-completers (Petry et al., 2012; Petry, Weinstock, et al., 2011).

A computerized randomization procedure assigned patients to conditions. The Petry et al.
(2011) “group” study involved two conditions: group-based CM or standard care (SC). The
Petry et al. (2012) study was comprised of two related studies, one for patients initiating
treatment with a cocaine positive sample (the “positive” study) and the other for patients
initiating treatment with a cocaine negative sample (the “negative” study). Both studies
assigned patients to one of three conditions; two involved SC+CM and the third SC only. As
treatments are detailed in original reports, they are only briefly described below.

SC treatment—All study participants received intensive outpatient treatment at the clinics;
group sessions were held 3-5 days per week for up to four weeks. Care was gradually
tapered to a minimum of one group per week. Patients submitted up to 24 study breath and
urine samples during the first 12 weeks of treatment. Breath samples were tested for alcohol
using Alcosensor-1V Alcometers (Intoximeters, St Louis, MO, USA), and urine samples for
opioids and cocaine using Ontrak TesTstiks (Roche, Somersville, NJ, USA).

CM treatment—Patients assigned to CM received SC as above, and submitted breath and
urine samples at the same schedule. They also earned reinforcers for providing substance
negative samples and/or attending treatment. In all studies (Petry et al., 2011; 2012)
reinforcement for abstinence was contingent upon samples testing negative for alcohol,
cocaine, and opioids concurrently. Attendance at group therapy was reinforced either alone
(in one CM condition of the “negative” study) or in addition to abstinence (in the “group”
study). The “positive” study evaluated two magnitudes of reinforcement for abstinence,
while the “negative” study compared abstinence versus attendance CM, both providing the
same magnitude of reinforcement. Both studies also had a SC condition. The CM condition
in the “group” study reinforced both attendance and abstinence, such that minimal
reinforcement was provided for attending groups alone, with more reinforcement when
samples also tested negative. All studies found benefits of CM relative to SC. Further, all
provided comparable treatments (e.g., intensity, duration) and applied identical assessment
instruments. These similarities allowed for cross-study analyses. Nevertheless, all analyses
controlled for study (see below).
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Data analysis

Results

Patients who reported having diabetes, or receiving any diabetes-related services, were
classified as having diabetes, while those who had no indication of diabetes or diabetes-
related services in their study records were coded as not having diabetes. In total, 28 patients
had evidence of diabetes, 96.4% of whom (n=27) reported the condition at the baseline
evaluation.

Demographics and baseline characteristics were compared between patients with and
without evidence of diabetes using x2 and independent t-tests. Baseline variables that
differed significantly between groups were included as covariates in subsequent analyses.

Multivariate general linear models (GLM) evaluated relationships between diabetes status,
age, study (positive, negative or group study), treatment condition (CM or SC), baseline
ASI-medical scores, and the interaction between treatment condition and diabetes status on
primary study outcomes. Primary outcomes were: retention, longest duration of abstinence
(LDA), and percentage of negative samples submitted. Retention, ascertained from clinic
records, was weeks engaged in group therapy sessions (0-12 weeks). LDA was
operationalized as the longest period of consecutive abstinence from alcohol, cocaine, and
opioids during treatment (range 0-12 weeks). Submission of a positive sample for one or
more substances or a failure to provide a sample on a testing day broke the string of
abstinence. Percentage of samples negative for cocaine, alcohol, and opioids were calculated
with the number of samples submitted in the denominator, so missing samples (and study
retention) did not impact this variable. These three measures were available from 100% of
randomized patients.

Logistic regressions assessed post-treatment predictors of abstinence. The same variables
above (diabetes status, study, age, and baseline ASI-medical scores) were entered as
independent variables in step one of a logistic regression. In step two, treatment condition
(CM or SC) and the interaction between treatment condition and diabetes status were added
to the model. The dependent variable was submission of a sample testing negative for
alcohol, cocaine and opioids at Month 9. The first regression included only participants with
data available at Month 9 (n=543), 80% of the full sample; the second conservatively
presumed patients who did not complete the follow-up were positive. All analyses were
conducted on SPSS for Windows (v 21), and 2-tailed alphas of < 0.05 were considered
significant.

Baseline characteristics

As shown in Table 1, patients with and without diabetes differed on only one baseline
demographic and substance use variable. On average, patients with diabetes were older by
about seven years, p < 0.001. Consistent with a diagnosis of diabetes, patients with diabetes
also had higher ASI-medical scores.
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During treatment effects

In predicting treatment outcomes, study and treatment condition were significant.
Specifically, study was related to all three treatment outcomes, F(2, 678)= 22.22, 104.71,
and 25.06, ps< .001, for retention, percent negative samples, LDA, respectively. Patients in
the “positive” study from Petry et al. (2012) had poorer outcomes than their counterparts in
the Petry et al. (2012) “negative” study, with adjusted means and standard errors (SE) of
5.47 (.50) versus 6.44 (.39) for weeks retained, 2.43 (.50) versus 5.39 (.39) weeks for LDA,
and 46.55 % (3.46) versus 89.74 % (2.68) for percent negative samples. Patients in the Petry
et al. (2011) “group” study had similar or better outcomes as those in the Petry et al. (2012)
“negative” study, with means (SE) of 8.24 (.42), 5.24 (.43), and 82.08% (2.94), for the
respective outcomes.

Treatment condition was significantly associated with LDA and percentage of negative
samples submitted, F(1, 679) = 18.93 and 8.49, ps < .01, but treatment condition was not
significantly related to retention, F(1, 679) = 2.05, p = .15. Overall, patients randomized to
CM maintained abstinence for longer durations than those randomized to SC, with means
(SE) of 5.93 (.46) and 2.78 (.57) weeks in the respective conditions. Patients randomized to
CM also submitted a higher percentage of negative samples than their counterparts in SC,
with means (SE) of 80.05% (3.18) and 65.52% (3.92), respectively.

Although the multivariate analysis did not reveal a main effect of diabetes on outcomes (ps
> .09), there was a significant diabetes status by treatment condition interaction effect for
LDA and percent negative samples, F(1, 677) = 5.47, p<.05 and F(1, 677) = 5.52, p<.05,
respectively. Figure 1 shows the weighted means (SE) of the primary outcomes based on
diabetes status and treatment condition. Patients with diabetes demonstrated greater
improvements in LDA and percentage of negative samples submitted when they were
assigned to CM compared to SC. The interaction was not significant for retention, p > .26.

Follow-up effects

Overall, 82.6% of patients with diabetes submitted samples negative for cocaine, opioids,
and alcohol at the Month 9 follow-up versus 61.7% of patients without diabetes. Step 1,
including diabetes status, age, baseline ASI-medical scores, and study significantly predicted
submission of a negative sample at Month 9, ¥2(5) = 14.15, p < .05. Older age was inversely
related to submission of a negative sample at follow-up, Beta (SE) = -0.02 (.01), Wald =
5.01, p <.05; odds ratio (OR) = 0.978, 95% confidence interval (CI) =0.960 - 0.997, and
having diabetes was associated with a 3.5-fold increase in the likelihood of submitting a
negative sample relative to not having diabetes, Beta (SE) = 1.27 (.57), Wald = 4.99, p <.05;
OR (95% CI) = 3.57 (1.17 - 10.90). Step 2, including treatment condition and the interaction
of treatment condition and diabetes status, was not significant, p > .55.

Results were similar when follow-up non-completers were included in the analyses and
coded as having a positive sample. Again, patients with diabetes were more likely than their
counterparts without diabetes to submit a negative sample at follow-up, Beta (SE) = .91
(0.42), Wald = 4.63, p <.05; OR (95% CI) = 2.47 (1.08-5.63). Age was not associated with
abstinence at follow-up in this analysis, and Step 2 was again not significant.
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Discussion

Overall, 4.1% of these SUD patients had diabetes. This rate is consistent with prevalence
rates of diabetes in this age group; an estimated 4.1% of adults aged 20-44 years, the age
group most represented in this sample, have diabetes [Centers for Disease Control and
Prevention (CDC), 2014]. As expected, older age was related to increased likelihood of
having diabetes, and scores on the ASI-medical domain were higher in those with diabetes.
A limitation of this study is that diabetes status was not explicitly queried or biologically
assessed by a hemoglobin Alc or glucose tolerance test. Some patients may have had
diabetes but not reported it or received treatment for it during the study assessment periods.
Nevertheless, the analyses focused on patients with known diabetes, which they considered
a chronic medical condition or for which they reported receiving care.

Analyses of treatment outcomes revealed that CM may be especially beneficial for
substance abusers with known diabetes. CM was efficacious overall, but patients with
diabetes responded notably well increasing LDA and proportions of negative samples even
more so than patients without diabetes. Although preliminary due to the small sample of
patients with diabetes, these findings suggest that CM may be a particularly well-suited
treatment for patients with diabetes. Our findings are in line with those from a prior study
showing that in response to CM, SUD patients with HIV engaged in more health-promoting
behaviors than those without HIV (Reback et al., 2010).

Although studies reveal that prize-based CM is cost-effective in improving substance abuse
treatment outcomes relative to SC (e.g., Olmstead & Petry, 2009; Sindelar, Elbel, & Petry,
2007), application of this approach to all patients seeking SUD treatment would
substantially increase treatment costs. Having an objective index, such as diabetes, to
determine who should receive this treatment could be helpful in its expansion to clinical care
settings. Because patients with diabetes are a high-risk, high-resource utilizing group (ADA,
2013; Egede et al., 2014; Leung et al., 2011b), reducing substance use in these patients via
CM could result in net healthcare savings. Future larger scale studies should estimate
diabetes-related healthcare savings associated with CM treatments for SUDs by assessing
health outcomes such as glycemic control, complications, and hospitalizations.

Analyses of follow-up data did not reveal a significant treatment condition by diabetes status
interaction effect after treatment ended. However, patients with diabetes were more likely to
be abstinent at the month 9 follow-up. These findings of improved outcomes are consistent
with those from a behavioral weight loss program that found obese participants with
diabetes had better response than those without diabetes (Pascale, Wing, Butler, Mullen, &
Bononi, 1995). Having diabetes may motivate individuals to change their negative health
behaviors, like substance abuse. Relatedly, the healthcare providers of patients with diabetes
in this study may have discussed their substance abuse and linked it with potential or
existing adverse outcomes, thereby perhaps enhancing their motivation to abstain. Patients
with HIV, for example, are more likely to have been advised by a healthcare provider to quit
smoking than patients without HIV (Berg et al., 2014). Although this initial study is unable
to identify reasons for differences in outcomes between patients with and without diabetes,
these results do provide support for further evaluating CM in SUD patients with diabetes.
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Although this study is preliminary, it has several novel and important features. It is the first
known evaluation of SUD outcomes in patients with diabetes, and it was conducted in
community-based settings, making results generalizable. It employed random assignment to
conditions, evaluated objective indices of substance use, and assessed both short- and long-
term outcomes. Despite these strengths, this study had limitations. First, the number of
patients with diabetes was small, and future studies are needed to confirm and extend these
results in larger samples. Second, the retrospective nature of the study design precluded a
comprehensive and detailed assessment of diabetes and its treatment (e.g., date of diagnosis,
type of diabetes, medications, diabetes-related complications). Third, some patients likely
were unaware of their diabetes, given that an estimated 28% of adults have undiagnosed
diabetes (CDC, 2014). Those with undiagnosed diabetes may represent a subgroup of SUD
patients who have different treatment outcomes. Future studies should employ objective
diabetes screening tests to identify cases of undiagnosed diabetes (ADA, 2012). Earlier
diagnosis is likely to improve diabetes treatment outcomes, and may interact synergistically
to improve SUD outcomes as well.

In summary, this study is the first to evaluate outcomes in SUD patients with diabetes.
Patients with co-occurring SUDs and diabetes were even more responsive to CM than their
counterparts without diabetes. These data suggest that CM may be particularly beneficial for
treating this vulnerable, and ever-increasing, subgroup of persons with SUDs. Further, these
results bode well for the expansion of this treatment toward addressing other aspects of
diabetes prevention and treatment (Petry et al., 2013), including enhancing weight loss
(Petry, Barry, Pescatello, & White, 2011; Volpp et al., 2008), increasing ambulatory
activities (Petry, Andrade, Barry, & Byrne, 2013), and improving diabetes care activities
such as blood glucose self-monitoring (Raiff & Dallery, 2010; Stanger et al., 2013). As CM
interventions are gaining traction throughout the world (Garcia-Rodriguez et al., 2009; Hser
etal., 2011; Weaver et al., 2014), studies evaluating their application toward diabetes are
timely and potentially important for reducing the global health burden of this disease.
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Weighted means (SE) of the primary outcomes by diabetes status and treatment condition.
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Table 1
Demographic and Baseline Char acteristics

Variable No diabetes Diabetes Statistical test (df), p
N 653 28
Study, n (%) X3(2) = 2.45, .29
Petry et al. (2012) Positive study 104 (15.9) 5(17.9)
Petry et al. (2012) Negative study 316 (48.4) 17 (60.7)
Petry et al. (2011) Group study 233 (35.7) 6 (21.4)
Treatment group, n (%) X2(1) = .00, .95
Contingency management 400 (61.3) 17 (60.7)
Standard care 253 (38.7) 11 (39.3)
Race, n (%) X2(2) = .28, .87
African American 280 (42.9) 13 (36.4)
Caucasian 282 (43.2) 12 (42.9)
Other 91 (13.9) 3(10.7)
Male gender, n (%) 318 (48.7) 15 (53.6) X2(1) = .26, .61
Age” 36.8(9.6) 438(114)  t(679) =-3.70, <.001
Years of education 12.2(2.1) 11.5(2.3) t(678) =1.53, .13
Employment status, n (%) X?(2) = 4.80, .09
Full Time 255 (39.1) 6 (21.4)
Part Time 151 (23.1) 6 (21.4)
Unemployed/other 247 (37.8) 16 (57.1)
Income $9,140 (15,703)  $6,714 (12,269) t(676) = .81, .42
Baseline sample positive for alcohol, cocaine, or opiods, n (%) 153 (23.4) 8 (28.6) X2(1) = .39, .53
DSM-IV Cocaine use disorder, n (%) 579 (88.7) 27 (96.4) X2(1) = 1.65, .20
DSM-IV Opioid use disorder, n (%) 235 (36.0) 8(28.6) X2(1) = .64, .42
DSM-IV Alcohol use disorder, n (%) 432 (66.2) 14 (50.0) X2(1) = 3.10, .08

Addiction Severity Index scores

Medical” .26 (.36) 42 (.44) t(679) =-2.26, .02
Employment 73 (.27) .81 (.26) t(679) =-1.51, .13
Alcohol 22(.25) .18 (.26) t(679) = .81, .42
Drug use .16 (.10) 19 (.10) t(678) =-1.33, .19
Legal 13 (.21) .07 (.18) t(677) = 1.40, .16
Family/social 17 (.21) .15 (.20) t (676) = .65, .53
Psychological .29 (.24) .31 (.23) t (675) =-.50, .62

Note. Values represent means and standard deviations unless otherwise indicated; DSM-IV = Diagnostic and Statistical Manual for Mental
Disorders, revision 1V;

Significant between group difference, p < .05.
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