International Journal of /
* Environmental Research m\DP|
and Public Health Z

Review

The Effects of Substance Abuse on Blood Glucose
Parameters in Patients with Diabetes: A Systematic
Review and Meta-Analysis

Omorogieva Ojo 1'*(%, Xiao-Hua Wang 2, Osarhumwese Osaretin Ojo 3 and Jude Ibe *

Department of Adult Nursing and Paramedic Science, University of Greenwich, London SE9 2UG, UK
The School of Nursing, Soochow University, Suzhou 215006, China; wangxiaohua@suda.edu.cn
University Hospital, Lewisham High Street, London SE13 6LH, UK; eseojol@gmail.com

Department of Family Care & Mental Health, University of Greenwich, London SE9 2UG, UK;
J.C.Ibe@greenwich.ac.uk

*  Correspondence: o.0jo@greenwich.ac.uk; Tel.: +44-020-8331-8626; Fax: +44-020-8331-8060

BwW N e

Received: 27 October 2018; Accepted: 27 November 2018; Published: 29 November 2018 ﬁr:,eﬂ(t?;
Abstract: Background: People who abuse substances are at increased risk of metabolic syndrome and
diabetes resulting partly from increased cell damage and due to the effects of opioids on glucose
homeostasis. Therefore, people with diabetes who abuse substances may carry greater health risks
than the general population resulting from their effect on glucose metabolism. These substances
may be in the form of cannabis, hallucinogens, opioids, and stimulants. Therefore, the aim of this
review was to evaluate the effects of substance abuse on blood glucose parameters in patients with
diabetes. Method: Databases including Embase, Psycho-Info, Google Scholar and PubMed were
searched systematically for relevant articles from database inception to May 2018. Search terms
including medical subject headings (MeSH) based on the Population, Intervention, Comparator
and Outcomes (PICO) framework was used to access the databases. Eligible articles were selected
based on set inclusion and exclusion criteria. The articles reviewed were evaluated for quality and
meta-analysis and sensitivity analysis were carried out using the Review Manager (RevMan 5.3,
The Cochrane Collaboration, Copenhagen, Denmark). The Random effects model was used for the
data analysis. Results: Twelve studies which met the inclusion criteria were included in the systematic
review, while nine articles were selected for the meta-analysis. The results of the meta-analysis showed
that substance abuse does not have significant effects (p > 0.05) on postprandial blood glucose and
glycated haemoglobin in patients with diabetes. With respect to the effect of substance abuse on fasting
blood glucose, while this was significant (p < 0.05) following meta-analysis, the results of the sensitivity
test did not demonstrate any significant difference (p > 0.05) between patients who abused substances
compared with control. This would suggest that the effect of substance abuse on fasting blood glucose
in these patients was not very reliable or not consistent. Conclusions: The effect of substance abuse on
glycated haemoglobin and postprandial blood glucose in patients with diabetes was not significant.
In the meta-analysis, while the value was slightly lower with respect to postprandial blood glucose,
this was slightly higher in relation to HbAlc in the substance abuse group compared with control.
On the other hand, the effect of substance abuse on fasting blood glucose was significant (p = 0.03)
compared with control, but this was attenuated following a sensitivity test. A range of factors including
eating habits, characteristics of drugs, erratic lifestyle of patients may explain the outcome of this review.
There is the need for randomised controlled trials that will include diet and medication history in order
to fully understand the effect of substance abuse on blood glucose parameters in patients with diabetes.

Keywords: diabetes; substance abuse; opioids; fasting blood glucose; glycated haemoglobin;
postprandial blood glucose; meta-analysis; systematic review; blood glucose parameters

Int. ]. Environ. Res. Public Health 2018, 15, 2691; doi:10.3390/ijerph15122691 www.mdpi.com/journal/ijerph


http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0003-0071-3652
http://www.mdpi.com/1660-4601/15/12/2691?type=check_update&version=1
http://dx.doi.org/10.3390/ijerph15122691
http://www.mdpi.com/journal/ijerph

Int. J. Environ. Res. Public Health 2018, 15, 2691 2of 16

1. Introduction

The problem of substance abuse or illicit drug addiction is worldwide and it reduces productivity
and places significant burden on healthcare systems while also negatively impacting the quality
of life of individuals and communities [1]. The illicit drugs may include cannabis, hallucinogens,
opioids, and stimulants [2]. Patients with diabetes frequently use opioids to manage diabetes-related
neuropathic pain, which may put them at increased risk of opioid use disorder [2]. Chronic opiate
use can result from opiate-related substance use disorder (SUD), or in the treatment of clinical opiate
dependence [3]. People who abuse substances are at increased risk of metabolic syndrome and diabetes
due partly to increased cell damage and lowered antioxidant potential of the cells [4]. It could also be
due to the effects of opioids on glucose metabolism and opioid users’ poor diet choices [2]. Therefore,
people with diabetes who abuse substances may carry greater health risks than the general population
resulting from their effect on glucose metabolism [5]. In a study conducted in North Carolina, USA,
adults with type 2 diabetes were found to have significantly higher rates of SUD (4.2%) compared with
those without diabetes (2.1%) [2].

The effect of opium and other illicit substances on blood glucose parameters in patients with
diabetes may be profound. In a review by Sharma and Singh Balhara [4], it was reported that among
49 patients with type 2 diabetes, it was found that the smoking of opium increased serum glucose and
increased the risk of diabetic complications. In these patients who abuse opioid, the insulin secretory
islet cells may not be responding appropriately to the glucose signals [4].

There have also been reported interactions between antidiabetic agents and prescribed, illicit and
recreational drugs [5]. People who abuse substances are at greater risk of poorer diabetes outcomes
including patient-related factors such as limited access to care, poor follow-up and suboptimal
self-management skills [6-8]. There are also clinician factors including having negative views of
patients with drug use and this may affect the quality of care that is provided for patients with
diabetes [6].

There is evidence which shows that the use of illicit drugs including opioid is associated with
glucose dysregulation, increased preference for sweet food, weight gain and the development of acute
and chronic complications [2,9].

2. Why is the Review Important?

According to Sheldon and Quin [10], regular illicit drug use may hasten the onset of type 2 diabetes
and it is associated with decreased insulin sensitivity. It has been shown that patients with co-occurring
type 2 diabetes and illicit SUD do not comply as much with guidelines for laboratory testing (glycated
haemoglobin) and clinical examinations (nephrology testing, eye examinations) and are more likely to
experience lower-limb amputations and diabetes-related hospitalizations compared to patients with
type 2 diabetes alone [2]. While substance use may play a role in type 2 diabetes outcomes, this is often
overlooked from both research and clinical perspectives [2].

Therefore, the need for researchers to direct their interest in this area is becoming more important
as the prevalence of diabetes is increasing globally [7]. A better understanding of approaches to
managing SUD in patients with or at risk of type 2 diabetes may improve health outcomes in
this high-risk population [2]. Areas of research interest could focus on determining the cause or
directionality with respect to the high rate of type 2 diabetes in adults with opioid use disorder and
the effect of substance abuse in patients with type 2 diabetes [2]. This is because there has been little
research on the role of illicit SUD and diabetes outcomes [2].

The nature of illicit drug use and the often complicated lifestyles of those patients involved may
contribute to the low level of research in this area and may make accurate assessment difficult [10].
However, the negative effects on morbidity, mortality and health economics suggest that it is a
significant problem in diabetes practice [10]. The importance of managing SUD in patients with
diabetes is underscored by the treatment guidelines recommended by the American Diabetes
Association including limiting exposure to adverse lifestyle factors, the use of pharmacotherapies,
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managing psychosocial and behavioural factors, and treating comorbid conditions, including substance
use disorders [2,7].

There are conflicting reports of the effect of substance abuse on blood glucose parameters
including glycated haemoglobin (HbAlc) levels in patients with diabetes. While studies have indicated
that nonopioid-dependent patients with diabetes demonstrate lower level of glycated haemoglobin
compared with opioid-dependent individuals [11], there is evidence showing no significant change in
the level of HbAlc in individuals with diabetes with or without opioid dependence [4,12]. However,
in some Asian countries, opium is believed to have positive impact in lowering blood glucose [13].

Following a review of the literature, the authors of this review found no evidence of any systematic
review and meta-analysis of the effects of substance abuse on blood glucose parameters in patients
with diabetes. Therefore, the aim of this review is to evaluate the effects of substance abuse on blood
glucose parameters in patients with diabetes.

Research Question: What effect does substance abuse have on markers of glycaemic control in
patients with diabetes?

3. Method

This was a systematic review and meta-analysis conducted in accordance with established
guidelines [14,15].

3.1. Data Sources and Search Strategy

Databases including Embase, Psycho-Info, Google Scholar and PubMed were searched
systematically for relevant articles from database inception to May 2018. Search terms including
medical subject headings (MeSH) based on the Population, Intervention, Comparator and Outcomes
(PICO) framework (Table 1) was used to access the databases [14]. The search terms were combined
using Boolean operators (AND/OR). All articles retrieved from the databases were exported to
EndNote (Analytics, Philadelphia, PA, USA) for de-duplication.

Table 1. Search Terms and Search Strategy.

Patient/Population Intervention Comparator Outcomes of Interest Combining Search Terms

Patients with diabetes Substance Abuse Outcomes of interest
Substance-Related Disorders OR

Type 2 diabetes OR Type 1 diabetes  substance * OR Marijuana Abuse Glycated hemoglobin OR
OR Diabetes gompllcatlons OR OR Amphetamlne—Related Fasting blo9d glucose OR Column 1 AND Column 2
Diabetes mellitus, type 2 OR Disorders OR Cocaine-Related Post-prandial blood AND Column 3
Diabetes mellitus, type 1 OR Disorders OR Opioid-Related glucose OR Fasting insulin
Diabetes mellitus Disorders OR opiate * OR opioid * OR Fructosamine

OR Heroin Dependence

* (Truncation symbol).

3.2. Study Selection

Identification of relevant articles, screening of articles using the abstracts and titles were conducted
separately by the four researchers (O.0., X.-H.W., O.0.0. and ].I.) (Figure 1). In addition, eligibility of
articles using the full-text was also based on a previously agreed inclusion and exclusion criteria by
the four researchers. Differences were resolved among the researchers through consensus.

The records of articles accessed after de-duplication was 543. Following screening of the articles
using the abstract and applying the exclusion and inclusion criteria, only 12 articles were eligible for
the systematic review and nine articles for the meta-analysis.
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Figure 1. Prisma flow chart.

Study excluded due to patients
with diabetes receiving opioid
substitution therapy (n=1)

Study excluded due to
comparing drug addicts who
had diabetes with healthy
subjects (n=1)

Study excluded due to;

a. Results being reported as
median (n=1)

b. Results being report as
events instead of sample size
(n=1)

c. Type of glucose measured
not stated (n=1)

40f16

The criteria for inclusion were: (1) Patients with type 1 or type 2 diabetes who are substance
abusers; (2) Case-control study, Cross-sectional study and Retrospective cohort study; (3) Articles
written in English. Exclusion criteria were: (1) Subjects with gestational diabetes; (2) Outcomes without

blood glucose parameters.

3.4. Data Extraction

The data were extracted separately from the studies included by two researchers (O.0. and O.0.0.)
and cross checked by two other researchers (X.-H.W. and ] .I.). Differences among researchers were
resolved by consensus. For this review, the following data were extracted (where available) from each
study; country of study, length of study, study type/design, age of participants, gender and the type of
substance abused. The blood glucose parameters of interest included were:

Fasting plasma glucose (mg/dL)
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2-Hours Postprandial blood glucose (mg/dL)
Glycated haemoglobin (HbAlc) (%).

3.5. Quality Evaluation

The articles included in this review were evaluated using the Critical Appraisal Skills Programme
(CASP) tool [16] and The Risk of Bias In Non-Randomised Studies of Interventions (RONINS-I)
assessment tool [17]. The studies were evaluated in relation to bias due to confounding; selection of
participants into the study; classification of interventions; deviations from intended interventions;
missing data; measurement of outcomes; selection of the reported result [17]. The risk of bias could be
classified as low, moderate, serious or critical [17]. One author (O.0O.) assessed each study against the
criteria in the assessment tool and this was cross-checked by other researchers (X.-H.W.; O0.0.0. and
J.I). The assessments were based only on the data/information available in the studies.

3.6. Data Synthesis

The Mohammadali et al. [18] and Rahimi et al. [19] studies did not specify whether the data
presented were expressed in the form of means =+ standard deviation (SD) or means =+ standard error
of mean (SEM). The Rahimi et al. [19] study did not also specify the units of measurements. Therefore,
we contacted the corresponding authors, but received no response. We then calculated the SD based on
the means, sample sizes and the measures of dispersion and compared these with the results presented,
and the findings were comparable.

The Karam et al. study [11] presented the male and female results as separate findings and
were thus included in the data analysis separately. Due to the limited number of studies involving
patients with type 1 diabetes that were included in the meta-analysis, sub-group analysis could not be
conducted for the type of diabetes. However, sub-group analysis was carried out for studies involving
opium as SUD.

3.7. Statistical Analysis

The meta-analysis and sensitivity analysis were carried out using the Review Manager (RevMan
5.3, The Cochrane Collaboration, Copenhagen, Denmark) [20]. For sensitivity analysis, this was only
conducted for parameters involving more than two studies. The random effects model was used
for the data analysis of blood glucose because of the differences in the study designs of the various
articles included and a forest plot provided a graphical representation for the different outcomes of
interest. A p value of <0.05 was taken as statistically significant for the overall effect of the intervention.
In addition, the statistic I> on a scale of 0-100% was used as the measure of heterogeneity across the
studies while a p value of 0.1 was used to determine statistical significance of heterogeneity.

4. Results

Twelve studies [11,12,18,19,21-28] met the inclusion criteria and were included in the systematic
review (Tables 2 and 3). Six of these studies [11,12,18,19,21,25] were conducted in Iran. Two studies
were conducted in USA and one each was carried out in the UK, Yemen, Spain and Australia.
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Table 2. Characteristics of the articles included in this review (N = 12).

6 of 16

Study Reference Country Length of Study Study Type/Design Sample Size/Description Age Gender Diabetes Type Type of Substance Abused
Azod et al., 2008 [12] Iran No data Cross-sectional study 4212 ggiﬁf:;ium Mean 55.24-60.52 years No data Type 2 DM Opium
- . 228 opium o o .
Hosseini et al., 2011 [21] Iran 2008-2010 Cross-sectional study 228 non-opium Mean 58.9 (SD =9.2 years) ~ 92% male 91% were type 2 DM Opium
. . 2 Retrospective 52 events with substance use; 2 o Mostly Type 1 DM .
Isidro & Jorge 2013 [22] Spain 2005-2009 cohort study 201 events without substance use Mean 29.5-36.7 years 58% male (83.8-92.3%) Cocaine & polydrug use
Karam et al., 2004 [11] Iran No data Case-control study gg :Z}z 223 ;z 1{:22}2 igi’\li:;ium 35-65 years 53% female Type 2 DM Opium
Lee et al., 2012 [23] Australia No data Cross-sectional survey f?g ;zziasr;z users Mean 30-32 years 63-79% female Type 1 DM Different illicit drugs
Modzelewski etal, 2017 [24]  USA 2004-2010 Retrospective 161 DM patients with cocaine use;  \roo 473 vears 66% male No data Cocaine
case-control analysis 789 DM without drug use
Mohammadali et al., 2014 [18]  Iran 2006-2007 Cross-sectional study ig S\(P;;Lf(r:‘p;lusgilsers Mean 64 years >60% female Type 2 DM Opium
Rahimi et al., 2014 [19] Iran No data Cross-sectional study };‘; ;)S;u-(r)r}l)iulfr?isers Mean 53.5-58.2 years No data Type 2 DM Opium
Rezvanfar et al., 2011 [25] Iran 2009-2010 Case-control study ii; 405(1;1_1;;?;? users Mean 55-57 years All male Type 2 DM Opium
AT 21 khat chewers
Saif-Ali et al., 2003 [26] Yemen No data Case-control study 15 non Khat chewers 25-65 years All male Type 2 DM Khat
Saunders et al., 2004 [27] UK 1997-2002 Retrospective case 9 intravenous drug users Mean 33 years >75% male Type 1 DM No data
note analysis 18 non intravenous drug users
Warner et al., 1998 [28] USA 1985-1994 Retrospective 27 cocaine user Mean 28.2-29.7 years >65% female No data Cocaine

Case-control study

85 non cocaine user

Abbreviations: DM (Diabetes Mellitus); SD (Standard deviation).
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Table 3. Blood glucose parameters among individuals with diabetes based on their substance use status.

7 of 16

Study Reference

Participants Studied

Fasting Blood Sugar

2-Hrs Postprandial Blood Glucose

Random Blood Sugar

Glycated Haemoglobin

Azod et al,, 2008 [12] Substance abusers 154.74 mg/dL (SD = 53.01) 247.43 mg/dL (SD = 81.09) No data 9.53% (SD = 1.21)
zodetal, Non-substance abusers 190.67 mg/dL (SD = 75.19) p = 0.04 293.61 mg/dL (103.53) p = 0.06 No data 10.15% (SD = 2.43) p = 0.25
H ini et al., 2011 [21] Substance abusers 160.68 mg/dL (SD = 67.71) No data No data No data
ossemt et al, Non-substance abusers 170.72 mg/dL (SD = 67.26) p = 0.117 No data No data No data
Substance abusers No data No data 32.8 mmol/L (SD = 14.5) 11.4% (SD = 1.8)
Isidro & Jorge 2013 [22] Non-substance abusers No data No data 30.5 mmol/L (SD =13.6) 11.6% (SD = 2.2) p (No data)
p (No data)
Karam et al., 2004 [11] Substance abusers 14.17 mmol /L (SEM = 1.17) No data No data 15.00% (SEM = 0.96)
(for men) Non-substance abusers 15.8 mmol/L (SEM = 1.49) p = 0.4650 No data No data 11.54% (SEM = 0.7) p = 0.0094
Karam et al., 2004 [11] Substance abusers 13.56 mmol/L (SEM = 1.64) No data No data iggz{f g?]:/[/[ i 8;?)/ )
(for women) Non-substance abusers 14.83 mmol/L (SEM =1.17) p=0.5700  No data No data p - 0 009 15 T
Substance abusers No data No data No data 8.4% (SD =2.1)
Leeetal, 2012 [23] Non-substance abusers No data No data No data ;E/S éiD =16
Substance abusers No data No data 480.9 mg/dL (SD =211.8)  10.3% (SD =2.8)
Modzelewski et al., 2017 [24] Non-substance abusers No data No data 4421 mg/dL (SD =226.2) 10.3% (SD =2.9)
p=0.045 p=0.903
Substance abusers 172.98 mg/dL (SD = 76.73) No data No data 7.61% (SD =1.92)
Mohammadali et al., 2014 [15] Non-substance abusers 177.57 mg/dL (SD = 54.05) p = 0.787 No data No data i(i/g (1862 =1.84)
Substance abusers 172.1 mg/dL (SD =73.1) No data No data 8.5% (SD = 1.8)
Rahimi etal., 2014 [19] Non-substance abusers 177.6 mg/dL (SD = 66.1) p = 0.440 No data No data i? (059D7; 21)
Substance abusers 140.0 mg/dL (SD = 88.0) No data No data 9.5% (SD = 2.4)
Rezvanfar etal, 2011 [25] Non-substance abusers 141.0 mg/dL (SD = 64.0) p = 0.71 No data No data ;1?1—.00/(2)5)86]3 =29
. . Substance abusers No data 329.3 mg/dL (SEM = 31.9) No data No data
Saif-Ali et al., 2003 [26] Non-substance abusers No data 302.6 mg/dL (SEM =37.3) p (No data)  No data No data
Median
Substance abusers No data No data No data 10.2% (IQR = 1.96)
Saunders et al., 2004 [27] Median
Non-substance abusers No data No data No data 9.1% (IQR = 2.34)
p=0.061
Substance abusers No data No data 593.4mg/dL (SD =238.9) No data
Warner et al., 1998 [28] Non-substance abusers No data No data 5311 mg/dL (SD = 185.8) No data

p<0.05

Abbreviations: IQR (Inter Quartile Range); SD (Standard deviation); SEM (Standard Error of Mean).
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Most of the studies were either cross sectional studies (1 = 5), retrospective cohort studies (n = 4)
or case control studies (n = 3). While seven of the studies involved patients with type 2 diabetes,
three studies had patients with type 1 diabetes and two studies did not state the type of diabetes
of participants.

In addition, participants in six of the studies were abusing opium, whereas cocaine was the
substance abused in three studies. One study each had Khat or different illicit drug abusers or the type
of substance abused was not stated.

The findings of the different studies with respect to substance abuse were varied. According to
Rezvanfar et al. [25], fasting blood glucose and HbAlc levels were lower in individuals with type
2 diabetes who abuse substances compared to non-abusers although the difference was not statistically
significant. In contrast, Karam et al. [11] found that, HbAlc levels for males and females were higher
in individuals with type 2 diabetes who abuse substances compared to non-abusers. Azod et al. [12]
provided a different dimension when they revealed that while opium might decrease blood glucose
temporarily, it had no clear and long-lasting effects on blood glucose and has no significant effect
on HbAlc.

There were also no significant differences in serum levels of glucose between individuals with type
2 diabetes who abuse substances compared to non-abusers in the study by Mohammadali et al. [18]
and in HbAlc between events shown and those not shown to be related to substance abuse [22].
Furthermore, Saif-Ali et al. [26] reported that chronic khat chewing does not affect serum glucose.

Therefore, it would seem that opium does not have significant effects on blood glucose
regulation [19]. Instead, drug use appears to be a significant contributor to poor glycaemic control in
young adults with type 1 diabetes [22] and cocaine users were found to have more frequent admissions
for diabetic ketoacidosis [28].

In the case of patients with diabetes who were intravenous drug abusers, there were higher rates
of diabetes complications [27] although Modzelewski et al. [24] observed that there was no association
between active cocaine use at the time of hospital admission and development of hyperglycaemic crisis.
Hosseini et al. [21] noted that, the use of opium for controlling blood glucose should not be encouraged.

The studies included in this review did not provide data on the duration and quality of substance
abused, diet history /compliance of participants and the type of diabetic medications except the study
by Mohammadali et al. [18] that provided the antidiabetic medication history of patients and the
Rezvanfar et al. [25] study that stated the mean duration (36 £ 6 months) of opium use.

4.1. Assessment of Risk of Bias of Included Studies

In terms of the risk of bias, the Modzelewski et al. [24] study demonstrated moderate risk of bias
in respect of selection of participants into the studies and in the measurement of outcomes (Figure 2).
All the other studies had low risk of bias in all the measures of assessment and had low overall risk
of bias (Figures 2 and 3). However, Modzelewski et al. [24] study’s overall risk of bias was moderate
(Figure 3).
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Figure 2. Summary of risk of bias (1 unit represents a low risk of bias while 2 represent moderate risk
of bias).

Saif - Ali et al 2003
Rezvanfar et al 2011
Rahimi et al 2014
Modzelewski et al 2017
Lee etal 2012

Karam et al 2004
Hosseini et al 2011

Bayani et al 2014

Azod et al 2008

o
e
w
=

1.5

M

2.5

Figure 3. Overall Risk of Bias (1 unit represents a low risk of bias while 2 represent moderate
risk of bias).

4.2. Effect of Substance Abuse on Fasting Blood Glucose

The results of the meta-analysis showed that substance abuse has significant effect (p = 0.03)
on fasting blood glucose in patients with type 2 diabetes (Mean Difference, —10.58; 95% CI, —19.84,
—1.32) (Figure 4a). However, a sensitivity analysis did not demonstrate significant difference (p = 0.11)
between patients with diabetes who abused substances compared to those who did not with respect to
fasting blood glucose (Figure 4b).
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a. Meta-analysis

Substance abuse Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azod et al (2008) 15474 5301 23 19067 7419 48 91% -3593[66.61,-5.29] —
Hosseini et al 2011 16068 G771 228 17072 G706 228 959% -10.04[22.43 239 —r
Karametal 2004 (Female Participants) 2441 1504 26 2668 1076 28 1.7% -22.80 9388 48.18]
Karam et al 2004 iMale Participants) 95110 23 2844 1287 23 1.9% -29.30}96.16, 37.56]
Mohammadali et al 2014 17288 THT3 4B ITT.A7 5405 48 12I% -4.58[31.05 2187 B
Rezvanfer etal 2011 140 B8 88 14 B4 144 192% -1.00[2215 20.15] I E—
Total (95% CI) 436 516 100.0% -10.58 [-19.84, 1.32] <
Heterogeneity. Tau®= 0.00; Chi*= 4.03, df=4 (P = 0.58), F= 1% |

100 50 50 100

Testfor overall effect 2= 2.24 (P = 0.03) 3ub. Abuse [experimental] Favours [control]

b. Sensitivity analysis

Substance abuse Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Azod et al (2008) 15474 530 23 19067 7519 46 207% -3593[G6.61,-5.29] —_—

Karam etal 2004 (Female Parficipants) 2441 1504 26 2869 1076 26 39% -22.80[-93.88, 4829
Karam et al 2004 (Male Participants) 850101 23 2844 1287 23 4.4% -29.30[-96.1E, 37.56]

Mohammadali et al 2014 17288 7673 48 17757 5405 49 278% 450131052187 ——
Regvanfar et al 2011 140 BB 88 141 B4 144 433%  -1ODEIZA5,2018) ——
Total (95% C1) 208 288 100.0% -11.30[-25.27, 268] -

Heterogensity: Tau®= 0.90; Chi*=4.01, df=4 (P=0.40); F=0%

Tegt for overall effect Z= 1.58 (P=0.11) 0 <0 %0 100

Sub Abuse [experimental] Favours [control]

Figure 4. Results of Fasting Blood Glucose (mg/dL).
4.3. Effect of Substance Abuse on Postprandial Blood Glucose

There was no significant difference (p = 0.5) in postprandial blood glucose between patients with
diabetes who abused substances compared with those who did not (Mean Difference, —22.71; 95% CI,
—89.45, 44.04) (Figure 5).

Substance abuse Control Mean Difference Mean Difference
Study or Subgroup ~ Mean SD Total Mean S0 Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Azod etal (2008) 24743 #08 23 29361 10353 46 B7.A8% -46.18[-80.83-1.53] ——
Saif-Ali et al 3293 14618 21 3026 14446 15 322% 26706949, 12289 e E—

Total (95% CI) 4 61 100.0% -22.71[-89.45, 44.04] -q-—

Heterogeneity: Taw?=1191.90, Chi*=1.81, df=1 (P = 0.18); F= 45% t

| | |
o _ -200 -100 I 100 20
Testfor averall eflect. 2= 0.67 (P = 0.50) Sub. Abuse [experimental] Favours [control]

=+

Figure 5. Results of Postprandial Blood Glucose (mg/dL).
4.4. Effect of Substance Abuse on Glycated Haemoglobin

The effect of substance abuse on glycated haemoglobin was not significantly different between
patients with diabetes who abused substances and control, following meta-analysis (p = 0.81).
The Lee et al. [23] study which was the only study that had patients with type 1 diabetes included
in the HbAlc analysis may have increased the level of heterogeneity (I> = 87%). The Lee et al. [23]
study also had highest weight. However, a sensitivity analysis which was carried out by removing
the Lee et al. [23] study did not demonstrate significant difference (p = 0.80) in HbAlc levels between
patients with diabetes who abused substances compared with control. Mean Difference was 0.08 for
meta-analysis and —0.09 for sensitivity analysis (Figure 6a,b).
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Figure 6. Results of Glycated Haemoglobin (%).

A sub-group analysis for studies involving opium as SUD showed that the mean difference
between the substance abuse group and control with respect to glycated haemoglobin was —0.01
(—0.87, 0.84) and the difference was not significant (p = 0.98) (Figure 6¢).

5. Discussion

The results of the meta-analysis have shown that substance abuse does not have significant
effects (p > 0.05) on postprandial blood glucose and glycated haemoglobin in patients with diabetes.
With respect to the effect of substance abuse on fasting blood glucose, while this was significant
(p < 0.05) following meta-analysis, the results of the sensitivity test did not demonstrate any significant
difference (p > 0.05) between patients who abused substances compared with control. This would
suggest that the effect of substance abuse on fasting blood glucose in these patients was not very
reliable or not consistent.

Although there appeared to be lower levels of fasting and postprandial blood glucose and higher
level of HbA1lc in the substance abuse group compared with control, these findings were not significant
and/or were not consistent. The outcomes seem to confirm the results of the current systematic review
which found that the effects of substance abuse on blood glucose parameters was variable in the
different studies. In particular, while substance abuse was found to reduce fasting blood glucose and
HbA1c in individuals with type 2 diabetes who abuse substances [25], it raised HbAlc in individuals
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with type 2 diabetes who abuse substances in another study [11]. Azod et al. [12] noted that although
opium may reduce blood glucose, it does not seem to have a long-lasting effect on blood glucose.
Both fasting and postprandial blood glucose reflect short term measures of blood glucose control
while glycated haemoglobin represents the average glycaemia over a period of 2-3 months [29].
These findings appear to reinforce the challenges faced by researchers in trying to establish the cause
and/or directionality between diabetes and substance use disorders and the controversy regarding the
role of opioids in regulating glucose homeostasis [2,30]. In this regard, while there is evidence that
opium consumption is the cause of impaired glucose tolerance and increased resistance to insulin,
other studies have also shown severe hyperglycaemia following the discontinuation of opium [25].

5.1. Factors Contributing to the Observed Differences on the Effects of Substance Abuse on Blood
Glucose Control

Sharma and Sing Balhara [4] observed that opioid dependent individuals are in a metabolic state
that resembles diabetes although the causal hypothesis has not been fully established. The differences
in the findings of the studies in this review may be partly due to differences in sample size and
the sampling methods [19,25]. In addition, opium has about 20 alkaloids, therefore, their effects
on metabolism and the endocrine system may be different compared to pure morphine, noscapine,
and papaverine and the findings may thus, vary from one study to the other [11,30]. The differences
in the findings may have also resulted from variations in the time of blood collection after the
last consumption of drug, age range of subjects, duration of drug dependency, sociodemographic
characteristics, the type of diabetes and its probable outcomes on function of liver and kidney [30].
Despite this position, only few associations were observed between the number of days of drug use
and drug use severity in relation to blood glucose control in adult patients reporting recent drug
use [6]. In the same study, cocaine use appeared to be associated with worse blood glucose control
than marijuana. The action of cocaine on alpha—adrenergic system which may lead to hyperglycaemia
has been reported as a possible mechanism of action of cocaine on blood glucose homeostasis [9].

Patients with diabetes who abuse substances may have poorer glycaemic control due to
a number of reasons including their poor nutrition state, mental illness and erratic lifestyle
such as poor compliance with prescribed medications including insulin and poor diabetic clinic
attendance [10,31,32]. In fact, the effect of poor medication management in patients with diabetes
who abuse substances could be bi-directional. For example, an overdose of insulin could lead to
hypoglycaemia while insufficient dose of the same medication could cause hyperglycaemic episode
irrespective of the underlying effect of substance abuse [33]. Opioid use can lead to sedation and
cognitive decline which could affect the patients” ability to provide selfcare, access healthcare provisions
including diabetic tests and the potential for increased diabetes related complications [2].

Therefore, in order to assess the effect of drug use on blood glucose parameters in patients with
diabetes who abuse substances, it is essential to have information on the characteristics of the drugs
being abused and studies should not just be limited to whether the patients are abusing drugs or
not [6]. This is because the frequency, the type of drug and/or its severity may have different effects on
clinical outcomes including blood glucose parameters of patients, although these data are difficult to
obtain [6] and many of the studies in this review did not report this kind of information. In this regard,
substance abuse may contribute to the non compliance with diabetic medication including insulin [9].

5.2. The Increase in the Risk of Hyperglycaemia in Patients with Diabetes Who Abuse Opioids

According to Sharma and Sing Balhara [4], there appears to be evidence which point to the role
of opioids in glucose homeostasis. While there was evidence of some effects of SUD on glycaemia in
patients with diabetes based on the current meta-analysis, these were not significant with respect to
glycated haemoglobin and postprandial blood glucose although the effect on fasting blood glucose
was significant albeit not consistent. In a previous review [2], high rates of type 2 diabetes (25-28%) in
adults who either previously or were receiving opioid maintenance therapy was reported. The findings
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of higher prevalence of patients with type 2 diabetes in individuals who abuse opioids may be due to
the effect of opioids on glucose metabolism and the poor diet choices of opioid users [2]. Data from
studies have found that the use of opioids is associated with glucose dysregulation and worse diabetes
performance measures [2,34]. The mechanisms of action of opioids including morphine on blood
glucose homeostasis have been demonstrated in human studies and in animal models. These include
increased production of adrenocorticotrophic hormone (ACTH) and plasma adrenaline, nor-adrenalin,
cortisol and glucagon [9,11,19]. These are counter-regulatory hormones and their actions oppose that
of insulin in the facilitation of glucose into the cells [19]. According to Azod et al. [12], in animal
studies, the hyperglycaemic effect of morphine may be due to its effect on glucagon production without
corresponding release of insulin. The acute hyperglycaemic effect of morphine may be controlled by
the central nervous system causing decreased insulin secretion and glycogenolysis [13]. In patients
with diabetes, this is exacerbated due to increased glucagon production [13].

It has been observed that patients who are dependent on opioids do not respond adequately to
insulin signals thus leading to loss of glucose homeostasis [4]. However, chronic heroin administration
can produce a state of fasting hyperinsulinaemia even in the absence of glucose intolerance and may
interfere negatively with carbohydrate metabolism [35]. The hypothesis that has been suggested is
based on the possible development of fasting hyperglycaemia as a result of either insulin resistance
through a secondary down-regulation of insulin receptors or accelerated beta cell failure [35]. However,
the challenge of confirming this hypothesis reside on a number of factors including narcotic withdrawal,
intercurrent infections, eating habits and early death [35].

5.3. The Lowering of Glycaemic Parameters in Patients with Diabetes Who Abuse Opioids

It has also been reported that morphine could exert a hypoglycaemic effect at low dose infusion
when the endocrine pancreatic function is fixed at basal level [12]. The authors noted that the findings
relating to the hypoglycaemia was independent of detectable changes in insulin, glucagon, epinephrine
and suggested that the hypoglycaemic effect of morphine results from the interaction of the opiate
with non-mu receptors, either in the liver or the central nervous system.

Another possible explanation in the lowering of postprandial blood glucose in patients with
diabetes who abuse substances may be due to decrease in gastric emptying resulting from opioid
p-receptor activation and delay in intestinal glucose absorption [13]. According to Kouros et al. [30],
increased utilisation of glucose and a decrease of hepatic gluconeogenesis resulting from the activation
of peripheral opioid p-receptors and alterations of glucose metabolism which may be related to genes
have been proposed as possible mechanisms involved in decreasing the plasma glucose. The effects of
medication taken by patients to manage their condition and other co-morbidities may also contribute
to the lowering of blood glucose in patients with diabetes who abuse substances.

5.4. The Pharmacological Effects of SUD on Glucose Management Versus Non-Pharmacological Effects of SUD

Patients with diabetes often use opioids to manage diabetes related pains including peripheral
neuropathic pain [1,36]. About 16-20% of patients with diabetes experience chronic neuropathic
pain [36]. However, the long term treatment with opioids may lead to opioid abuse which could have
impact on glucose homeostasis [2].

In terms of illicit substance use disorder, it would appear that patients with co-occurring type
2 diabetes and illicit SUD are more likely to have lower limb amputation and diabetes related
complications compared with those with type 2 diabetes alone [2].

6. Limitations

Most of the studies included in this review were carried out in Iran, therefore, this may affect its
broader application. In addition, most of the studies did not provide data on the duration and quality
of substance abused, diet history /compliance of participants and the type of diabetic medications thus
making analysis difficult. The Mohammadali et al. [18] and Rahimi et al. [19] studies did not specify
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whether the data presented were expressed as means + SD or means £ SEM. Although the SD was
calculated based on the means, sample sizes and measures of dispersion and were found comparable
to the results presented, the failure to properly report these measures is a limitation of those studies.

7. Conclusions

The effect of substance abuse on glycated haemoglobin and postprandial blood glucose in patients
with diabetes was not significant. However, while the value was slightly lower with respect to
postprandial blood glucose, this was slightly higher in relation to HbAlc in the substance abuse group
compared with control. On the other hand, the effect of substance abuse on fasting blood glucose
was significant (p = 0.03) compared with control, but this was attenuated following a sensitivity test.
This would suggest that the effect of substance abuse on fasting blood glucose is not very reliable or
is transient. A range of factors including narcotic withdrawal, intercurrent infections, eating habits,
characteristics of drugs, erratic lifestyle of patients may explain the outcome of this review. There is
the need for randomised controlled trials that will include diet and medication history in order to fully
elucidate the effect of substance abuse on blood glucose parameters in patients with diabetes.

Author Contributions: The four researchers (O.0., X.-H.W., O.0.0. and ] .I.) identified and screened the articles
included. The data were extracted by two researchers (O.0. and O.0.0.) and cross checked by two other
researchers (X.-H.W. and ].I.). All the researchers (O.O., X.-H.W., 0.0.0. and ].I.) contributed to the writing and
revision of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Shiri, R,; Hassani, K.F.; Ansari, M. Association between opium abuse and comorbidity in diabetic men.
Am. . Addict. 2006, 15, 468-472. [CrossRef] [PubMed]

2. Walter, K.N.; Wagner, ].A.; Cengiz, E.; Tamborlane, W.V.; Petry, N.M. Substance use disorders among patients
with Type 2 Diabetes: A dangerous but understudied combination. Curr. Diabetes Rep. 2017, 17, 2. [CrossRef]
[PubMed]

3. Reece, A.S. Manifold implications of forgotten hyperglycemia in clinical opiate dependence.
Drug Chem. Toxicol. 2013, 36, 55-66. [CrossRef] [PubMed]

4. Sharma, P; Singh Balhara, Y.P. Opioid use and diabetes: An overview. J. Soc. Health Diabetes 2016, 4, 6-10.
[CrossRef]

5. Hamilton, L; Lloyd, C.; Phillips, A. Substance use and diabetes: Practical solutions. Pract. Nurs. 2012, 23,
148-152. [CrossRef]

6. Kim, TW.,; Samet, ].H.; Cheng, D.M; Bernstein, J.; Wang, N.; German, J.; Saitz, R. The spectrum of unhealthy
drug use and quality of care for hypertension and diabetes: A longitudinal cohort study. BMJ Open 2015, 5,
e008508. [CrossRef] [PubMed]

7. Walter, K.N.; Petry, N.M. Patients with diabetes respond well to contingency management treatment targeting
alcohol and substance use. Psychol. Health Med. 2015, 20, 916-926. [CrossRef] [PubMed]

8. Singh Balhara, Y.P.; Kalra, S. Drug addiction and diabetes: South Asian action. JPMA ]. Pak. Med. Assoc. 2017,
67,954-956. [PubMed]

9.  Martinez-Aguayo, A.; Araneda, ].C.; Fernandez, D.; Gleisner, A.; Perez, V.; Codner, E. Tobacco, alcohol, and
illicit drug use in adolescents with diabetes mellitus. Pediatr. Diabetes 2007, 8, 265-271. [CrossRef] [PubMed]

10.  Sheldon, B.; Quin, J. Diabetes and illicit drug use. Pract. Diabetes Int. 2005, 22, 222-224. [CrossRef]

11. Karam, G.A.; Reisi, M.; Kaseb, A.A.; Khaksari, M.; Mohammadi, A.; Mahmoodi, M. Effects of opium
addiction on some serum factors in addicts with non-insulin-dependent diabetes mellitus. Addict. Biol. 2004,
9, 53-58. [CrossRef] [PubMed]

12. Azod, L.; Rashidi, M.; Afkhami-Ardekani, M.; Kiani, G.; Khoshkam, F. Effect of opium addiction on diabetes.
Am. J. Drug Alcohol. Abuse 2008, 34, 383-388. [CrossRef] [PubMed]

13. Najafipour, H.; Beik, A. The impact of opium consumption on blood glucose, serum lipids and blood
pressure, and related mechanisms. Front. Physiol. 2016, 7, 436. [CrossRef] [PubMed]


http://dx.doi.org/10.1080/10550490601000421
http://www.ncbi.nlm.nih.gov/pubmed/17182450
http://dx.doi.org/10.1007/s11892-017-0832-0
http://www.ncbi.nlm.nih.gov/pubmed/28101793
http://dx.doi.org/10.3109/01480545.2011.649286
http://www.ncbi.nlm.nih.gov/pubmed/22313373
http://dx.doi.org/10.4103/2321-0656.176570
http://dx.doi.org/10.12968/pnur.2012.23.3.148
http://dx.doi.org/10.1136/bmjopen-2015-008508
http://www.ncbi.nlm.nih.gov/pubmed/26692554
http://dx.doi.org/10.1080/13548506.2014.991334
http://www.ncbi.nlm.nih.gov/pubmed/25531935
http://www.ncbi.nlm.nih.gov/pubmed/28585604
http://dx.doi.org/10.1111/j.1399-5448.2007.00307.x
http://www.ncbi.nlm.nih.gov/pubmed/17850469
http://dx.doi.org/10.1002/pdi.821
http://dx.doi.org/10.1080/13556210410001674095
http://www.ncbi.nlm.nih.gov/pubmed/15203439
http://dx.doi.org/10.1080/00952990802122580
http://www.ncbi.nlm.nih.gov/pubmed/18584567
http://dx.doi.org/10.3389/fphys.2016.00436
http://www.ncbi.nlm.nih.gov/pubmed/27790151

Int. J. Environ. Res. Public Health 2018, 15, 2691 15 of 16

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Mobher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Prisma, G. Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. BM]J 2009, 339, b2535. [CrossRef] [PubMed]

Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions; Wiley-Blackwell:
Hoboken, NJ, USA, 2009.

Critical Appraisal Skills Programme (CASP). CASP Checklists. 2018. Available online: https:/ /casp-uk.net/
casp-tools-checklists/ (accessed on 30 June 2018).

Sterne, J.A.C.; Herndn, M.A.; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.;
Altman, D.G.; Ansari, M.T.; Boutron, L; et al. ROBINS-I: A tool for assessing risk of bias in non-randomized
studies of interventions. BMJ 2016, 355, i4919. [CrossRef] [PubMed]

Mohammadali, B.; Sepideh, N.; Mohammadreza Khosoosi, N.; Mirsaeid, R.; Afshin, K. Opium consumption
and lipid and glucose parameters in diabetic patients with acute coronary syndrome: A survey in northern
Iran. Tunis Med. 2014, 92, 497-500. [PubMed]

Rahimi, N.; Gozashti, M.H.; Najafipour, H.; Shokoohi, M.; Marefati, H. Potential effect of opium consumption
on controlling diabetes and some cardiovascular risk factors in diabetic patients. Addict. Health 2014, 6, 1-6.
[PubMed]

The Nordic Cochrane Centre. Review Manager (RevMan) [Computer Program]; Version 5.3; The Nordic
Cochrane Centre, The Cochrane Collaboration: Copenhagen, Denmark, 2014.

Hosseini, S.K.; Masoudkabir, F; Vasheghani-Farahani, A.; Alipour-Parsa, S.; Sheikh Fathollahi, M.;
Rahimi-Foroushani, A.; Hakki, E.; Goodarzynejad, H.; Eftekhar, H. Opium consumption and coronary
atherosclerosis in diabetic patients: A propensity score-matched study. Planta Med. 2011, 77, 1870-1875.
[CrossRef] [PubMed]

Isidro, M.L.; Jorge, S. Recreational drug abuse in patients hospitalized for diabetic ketosis or diabetic
ketoacidosis. Acta Diabetol. 2013, 50, 183-187. [CrossRef] [PubMed]

Lee, P.; Greenfield, J.R.; Gilbert, K.; Campbell, L.V. Recreational drug use in type 1 diabetes: An invisible
accomplice to poor glycaemic control? Intern. Med. ]. 2012, 42, 198-202. [CrossRef] [PubMed]
Modzelewski, K.L.; Rybin, D.V.; Weinberg, ].M.; Alexanian, S.M.; McDonnell, M.E.; Steenkamp, D.W. Active
cocaine use does not increase the likelihood of hyperglycemic crisis. J. Clin. Transl. Endocrinol. 2017, 9, 1-7.
[CrossRef] [PubMed]

Rezvanfar, M.R.; Farahany, H.; Rafiee, M.; Kaboli, S. Opium consumption challenge and diabetes mellitus
control. Iran. J. Diabetes Obes. (IJDO) 2011, 3, 72-76.

Saif-Ali, R.; Al-Qirbi, A.; Al-Geiry, A.; AL-Habori, M. Effect of Catha edulis on plasma glucose and C-peptide
in both type 2 diabetics and non-diabetics. |. Ethnopharmacol. 2003, 86, 45-49. [CrossRef]

Saunders, S.A.; Democratis, J.; Martin, ].; Macfarlane, I.A. Intravenous drug abuse and Type 1 diabetes:
Financial and healthcare implications. Diabet. Med. 2004, 21, 1269-1273. [CrossRef] [PubMed]

Warner, E.A.; Greene, G.S.; Buchsbaum, M.S.; Cooper, D.S.; Robinson, B.E. Diabetic ketoacidosis associated
with cocaine use. Arch. Intern. Med. 1998, 158, 1799-1802. [CrossRef] [PubMed]

Gao, L.; Matthews, FE.; Sargeant, L.A.; Brayne, C.; MRC CFAS. An investigation of the population impact
of variation in HbAlc levels in older people in England and Wales: From a population based multi-centre
longitudinal study. BMC Public Health 2008, 8, 54. [CrossRef]

Kouros, D.; Tahereh, H.; Mohammadreza, A.; Minoo, M.Z. Opium and heroin alter biochemical parameters
of human’s serum. Am. J. Drug Alcohol Abuse 2010, 36, 135-139. [CrossRef] [PubMed]

Wu, L.; Ghitza, U.E.; Zhu, H,; Spratt, S.; Swartz, M.; Mannelli, P. Substance use disorders and medical
comorbidities among high-need, high-risk patients with diabetes. Drug Alcohol Depend. 2018, 186, 86-93.
[CrossRef] [PubMed]

Gautam, S.; Franzini, L.; Mikhail, O.L; Chan, W,; Turner, B.J. Longitudinal analysis of opioid analgesic dose
and diabetes quality of care measures. Pain Med. 2015, 16, 2134-2141. [CrossRef] [PubMed]

Snyder, L.L.; Truong, YK.; Law, ].R. Evaluating substance use and insulin misuse in adolescents with type 1
diabetes. Diabetes Educ. 2016, 42, 529-537. [CrossRef] [PubMed]

Rose, A.].; Hermos, ].A.; Frayne, S.M.; Pogach, L.M.; Berlowitz, D.R.; Miller, D.R. Does opioid therapy affect
quality of care for diabetes mellitus? Am. J. Manag. Care 2009, 15, 217-224. [PubMed]


http://dx.doi.org/10.1136/bmj.b2535
http://www.ncbi.nlm.nih.gov/pubmed/19622551
https://casp-uk.net/casp-tools-checklists/
https://casp-uk.net/casp-tools-checklists/
http://dx.doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
http://www.ncbi.nlm.nih.gov/pubmed/25775291
http://www.ncbi.nlm.nih.gov/pubmed/25140211
http://dx.doi.org/10.1055/s-0031-1280017
http://www.ncbi.nlm.nih.gov/pubmed/21800277
http://dx.doi.org/10.1007/s00592-010-0243-z
http://www.ncbi.nlm.nih.gov/pubmed/21136122
http://dx.doi.org/10.1111/j.1445-5994.2011.02653.x
http://www.ncbi.nlm.nih.gov/pubmed/22356493
http://dx.doi.org/10.1016/j.jcte.2017.05.004
http://www.ncbi.nlm.nih.gov/pubmed/29067261
http://dx.doi.org/10.1016/S0378-8741(03)00035-7
http://dx.doi.org/10.1111/j.1464-5491.2004.01325.x
http://www.ncbi.nlm.nih.gov/pubmed/15569127
http://dx.doi.org/10.1001/archinte.158.16.1799
http://www.ncbi.nlm.nih.gov/pubmed/9738609
http://dx.doi.org/10.1186/1471-2458-8-54
http://dx.doi.org/10.3109/00952991003734277
http://www.ncbi.nlm.nih.gov/pubmed/20465370
http://dx.doi.org/10.1016/j.drugalcdep.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/29554592
http://dx.doi.org/10.1111/pme.12835
http://www.ncbi.nlm.nih.gov/pubmed/26179032
http://dx.doi.org/10.1177/0145721716659149
http://www.ncbi.nlm.nih.gov/pubmed/27480524
http://www.ncbi.nlm.nih.gov/pubmed/19355794

Int. J. Environ. Res. Public Health 2018, 15, 2691 16 of 16

35. Passariello, N.; Giugliano, D.; Quatraro, A.; Consoli, G.; Sgambato, S.; Torella, R.; D’Onofrio, F.
Glucose tolerance and hormonal responses in heroin addicts. A possible role for endogenous opiates
in the pathogenesis of non-insulin-dependent diabetes. Metabolism 1983, 32, 1163-1165. [CrossRef]

36. Jensen, T.S.; Backonja, M.-M.; Hernandez Jiménez, S.; Tesfaye, S.; Valensi, P; Ziegler, D. New perspectives on
the management of diabetic peripheral neuropathic pain. Diabetes Vasc. Dis. Res. 2006, 3, 108-119. [CrossRef]
[PubMed]

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/0026-0495(83)90065-3
http://dx.doi.org/10.3132/dvdr.2006.013
http://www.ncbi.nlm.nih.gov/pubmed/17058631
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Why is the Review Important? 
	Method 
	Data Sources and Search Strategy 
	Study Selection 
	Eligibility Criteria 
	Data Extraction 
	Quality Evaluation 
	Data Synthesis 
	Statistical Analysis 

	Results 
	Assessment of Risk of Bias of Included Studies 
	Effect of Substance Abuse on Fasting Blood Glucose 
	Effect of Substance Abuse on Postprandial Blood Glucose 
	Effect of Substance Abuse on Glycated Haemoglobin 

	Discussion 
	Factors Contributing to the Observed Differences on the Effects of Substance Abuse on Blood Glucose Control 
	The Increase in the Risk of Hyperglycaemia in Patients with Diabetes Who Abuse Opioids 
	The Lowering of Glycaemic Parameters in Patients with Diabetes Who Abuse Opioids 
	The Pharmacological Effects of SUD on Glucose Management Versus Non-Pharmacological Effects of SUD 

	Limitations 
	Conclusions 
	References

