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Abstract
Background: In recent years, a few studies have addressed the effect of chronic heroin use on brain structure with respect to volume
and shape; however, the literature in this field is sparse and further studies are necessary to generate robust replications.
Objectives: In this study, we intended to assess gray matter density (GMD) differences between successfully abstinent heroin dependents and healthy subjects. Indirect evidences for the causal role of drug use in the GMD differences are also targeted here by
testing the hypothesis on the correlation between GMD differences and duration of drug use.
Patients and Methods: Using structural magnetic resonance imaging (MRI) and voxel-based morphology (VBM) technique,
changes in gray matter volume and density were evaluated in 18 abstinent heroin dependents and 20 age-, education- and gendermatched healthy subjects. Heroin dependents were all male, and at least 3 months successfully abstinent (mean abstinence duration
= 9.2 ± 5.2 months).
Results: Decreased GMD in the right anterior cingulate cortex and bilateral putamen were found in abstinent heroin dependents in
comparison to controls, corrected for multiple comparisons (P < 0.05). Also, partial correlation analysis, corrected for age, showed
negative correlations between total intracranial volume (TIV) and total GMD (r = -0.61 and -0.44, respectively) with the duration of
opiate usage in heroin dependents. GMD in the right putamen also had negative correlation with the duration of drug abuse (r =
-0.49) and a weak negative correlation was observed between left putamen density and duration of drug abuse (r = -0.42). Examination of the negative correlation between the duration of drug abuse before the age of 25 years and total GMD, while controlling for
age, showed weak negative results (r = - 0.44).
Conclusion: Specific structural changes were noticeable in prefrontal and striatal areas in the heroin dependents even after a period
of successful abstinence. Our results on the interaction between duration of drug use and some of these structural changes provides
preliminary ideas for reciprocal cause and effect roles for brain structural changes and heroin abuse. These findings might also
imply that brain structures are unable to return to normal state and cannot recover spontaneously even after months of abstinence.
This evidence reminds us of the importance of neurorehabilitation interventions after termination of drug use.
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1. Background
United Nations estimates up to 16.5 million illicit opiate users worldwide, up to three quarters of which use
heroin. Europe and Asia remain the key global consuming
markets (1).
In fact, opiate usage, especially heroin, remains a great
health and social problem around the world. Brain imaging has undergone marked development in recent years
with the advent of dedicated imaging techniques and
modalities to help in better understanding the mecha-

nisms of addiction, and to assess changes in the central
nervous system (CNS) in different types of addiction (2-7).
Yet, only limited studies have focused on brain changes
among heroin dependents (6, 8-14). These evaluations have
revealed both anatomical (grey matter and white matter)
and functional changes among heroin addicts. Anatomically, brain structural assessments have shown grey matter (GM) volume reduction mainly in prefrontal, frontal,
temporal and cingulate cortices (9, 15-17). In addition, some
cognitive impairments and behavioral abnormalities have
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been shown among heroin addicts, including higher impulsiveness during problem solving, increased commission errors during response suppression tasks, working
memory impairments and abnormality in goal-directed
behavior (6, 18, 19). Similar to other types of addiction, considering these two parallel findings in neuroimaging and
cognitive functions, researchers have tried to find correspondence between them for more insight into heroin addiction mechanisms and its corresponding brain changes.
It has been shown that drugs could have direct effect on
brain tissue (20), which could be site-specific for each drug.
These changes could be responsible for behavioral changes
and cognitive impairments in the patients. Moreover,
some primary and inherent brain abnormalities could be
considered as predisposing factors for addiction. Understanding these corresponding changes is important in determining more exact mechanisms of the disease, which
seems necessary for devising more effective prevention
strategies and improved treatment planning. In assessing
the natural course of brain changes among heroin addicts,
both disease progression and disease recovery (i.e. during
abstinence period) are important. In fact, comparison of
the brain structural changes in the normal subjects with
abstinent subjects and active abusers could better elucidate the nature and natural course of the brain changes
and psychiatric abnormalities among heroin addicts. Most
papers published in this field have focused on brain structural changes in active users (9, 16) and very limited papers
have assessed the brain findings among 4.9, 3 months and
3 years abstinent heroin dependents respectively (15, 17, 21).

2. Objectives
The current study therefore aims at comparing brain
imaging results in a group of abstinent heroin dependents
with healthy controls to assess gray matter density (GMD)
differences between the two groups. We will also examine
the causal role of drug use in the GMD differences by testing the hypothesis on the correlation between GMD differences and duration of drug use.

3. Patients and Methods
3.1. Participants
Twenty heroin-dependent and 22 healthy control righthanded subjects were recruited in this study. Subjects did
not have a history of neurologic disorders and none of the
subjects reported head trauma. All abstinent heroin subjects were the members of “Congress 60” with documents
for at least 3 months of opiate abstinence confirmed with
drug urinalysis (UT). Congress 60 is an organization that
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manages networks of centers that treat abuse of abstinentbased substances in Iran. All heroin-dependent subjects
met diagnostic and statistical manual of mental disorders
(DSM) IV-TR (22) criteria for heroin dependence (before participating in the treatment program). None of the heroin
dependent and healthy control subjects had any major psychiatric or neurologic disorders except drug abuse disorder. All participants had negative urine tests for opiate and
stimulant drugs at least 90 days before the scanning session based on their treatment center report (according to
the center’s policy, urine check was carried out twice per
week) and were rechecked during the study at the time before image acquisition for each subject. All subjects were
male and Persian-speakers. Using the Mann-Whitney Utest, there were no significant differences in the age (P
value = 0.17) and education (P value = 0.08) among subjects
(Table 1).
Table 1. Demographics of Normal Controls and Abstinent Heroin Dependents and
Characteristics of Drug Abuse Profile in the Abstinent Heroin Dependentsa

Characteristics
Sample size
Gender (M, F)
Age, y
Range

Heroin Abstinent Group

Control Group

18

20

M

M

29.8 ± 4.65

26.90 ± 3.5

22 - 36

18 - 43

Education, y

11.2 ± 1.35

13.27 ± 2.16

Duration of drug abuse, y

13.8 ± 5.3

N/A

Abstinence periods, mo

9.2 ± 5.6

N/A

Duration of drug abuse
before age of 25, y

8.3 ± 4.2

N/A

Duration of opiate abuse,
mo

7.8 ± 4.4

N/A

Abbreviations: F, female; M, male; N/A, not applicable; y, year; mo, month.
a
Values are expressed as mean ± SD.

3.2. Image Acquisition
Structural images were acquired on Avento 1.5 T scanner (Siemens, Erlangen, Germany). Three-dimensional T1weighted images were obtained with magnetization prepared rapid gradient echo (MPRAGE) protocol, echo time
(TE) = 3.55 ms, repetition time (TR) = 1910 ms, voxel size 1
× 1 × 1 mm3 , and flip angle = 30 degrees. At the end, each
subject had 192 × 256 × 176 structural image matrix size.
Voxel-based morphometry (VBM) analysis, described in the
next section, was implemented on the structural images.
3.3. Preprocessing
First of all, digital imaging and communications in
medicine (DICOM) images were converted to neuroimagIran J Radiol. 2017; 14(3):e41858.
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ing informatics technology initiative (NIFTI) format using
the dcm2niigui software package, and then the matrix size
and orientation of all data were visually checked using
MRIcro. Quality control was implemented in MATLAB (Release 2013b, The MathWorks, Inc., Natick, Massachusetts,
United States). Signal to noise ratio (SNR) and homogeneity of images were checked in the quality control step, and
consequently two heroin dependents and two control subjects were excluded from the analysis due to their low quality MRI data. All data were aligned and saved with the same
orientation before the VBM analysis.
3.4. Voxel-Based Morphometry

Sciences and was signed by the subjects after a full explanation of the study procedure.
3.6. Statistical Analysis
We used SPSS 20 (IBM Corp. Released 2011. IBMSPSS
Statistics for Windows, Version 20.0. Armonk, NY: IBM
Corp.) and SPM8 (http://www.fil.ion.ucl.ac.uk/spm) for performing statistical analysis. Details of each analysis step
was described above in related sections.

4. Results

VBM analysis was performed using SPM8
(Welcome Department of Imaging Neuroscience:
http://www.fil.ion.ucl.ac.uk/spm), including the following
steps: 1) segmenting the T1-weighted images into grey
matter (GM) and white matter (WM) tissue types, using
the “new segment” toolbox; 2) generation of the native
space as well as Diffeomorphic Anatomical Registration
Through Exponentiated Lie Algebra (DARTEL)-imported
versions of the segmented tissue types; 3) populationspecific templates were generated by iteratively averaging
the DARTEL-imported data of the GM and WM tissue types,
using “Create Template” toolbox of the SPM8; 4) this
template, as well as the flow field data generated during
the template construction were used to normalize each
individual’s GM and WM data to the standard montreal
neurological institute (MNI) space (Montreal Neurological
Institute, Canada). This resulted in images with the matrix
size of 145 × 121 × 121, and a cubic voxel with the dimension
of 1.5 mm3 . Finally, images were smoothed with a 10 mm
full-width half-maximum (FWHM) Gaussian kernel before
any further analysis.
Total brain GM and WM volumes of the subjects of the
two groups were initially estimated, by adding the probability estimates of the voxels of each map, and then multiplying the resulted value to 3.375 mm3 (the volume of one
voxel). Total intracranial volume (TIV) was also estimated
for both groups. Using global calculation, voxel-wise comparison of the two groups was also performed in SPM8, using independent two-tailed two-sample t-test analysis. The
significance level was set at the corrected P value < 0.05
(corrected for multiple comparisons using family wise error correction). To eliminate any effect of edge difference
between the two images, a relative threshold was selected
for implicit masking of the final images.

For the heroin-dependent group, the average duration
of heroin and other drug substance usage was 13.8 ± 5.3
years. Drug in our study included opium, puppy milk,
heroin, crack, norjizak, tamjizak, ecstasy, cannabis, and
sedatives. The relationship between duration of drug usage and whole-brain GM volume was assessed using SPSS.

3.5. Ethics

Figure 1. Representative slices in brain map (Standard Space: avgMNI152), showing
regions of reduced gray matter density in the heroin-abstinence group compared
with control group.

The written consent form was approved by the Independent ethics committee of Tehran University of Medical
Iran J Radiol. 2017; 14(3):e41858.

4.1. VBM Analysis Results
Reduced GM volume in three brain clusters was
demonstrated by the VBM technique in heroin dependents
compared with healthy subjects, including right anterior
cingulate cortex and bilateral putamen (corrected P value
< 0.05) (Figure 1 and Table 2).
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Table 2. Clusters with Reduced GM Density in Heroin Abstinence Group vs. Healthy Subjects

Anatomical Region

Putamen

Right/Left

R

MNI Coordinate

Cluster Size (> 100) (No of Voxels)

Peak T-Value

Cluster P Value (Corr)

2

974

7.63

0.001

x

y

z

26

-6

Putamen

L

-26

-6

2

593

7.49

0.003

Anterior Cingulate

R

19.5

36

5

239

7.34

0.007

Abbreviation: GM, grey matter; MNI, montreal neurological institute.

4.2. Correlation Analysis Results
Partial Spearman rank order correlation was used to
control for possible confounding effect of age. Partial correlation analysis results showed that at P value < 0.05, duration of the drug abuse had a negative correlation with
abstinent heroin-dependent’s TIV (r = -0.48). Also, we observed significant negative correlations between GM density and duration of drug abuse (r = -0.42) in the same
group.
Duration of drug abuse had significant correlations
with VBM results of the right putamen (r = -0.49) and negative correlation by the left putamen (r = -0.42) density, but
no correlation was found between duration of addiction
and anterior cingulate cortex (ACC) density.
We defined an arbitrary cut-off-point for brain maturation (i.e. 25 years old) to obtain the duration of drug
abuse during this critical time of development and investigate the correlation of this variable with the GMD in the
abstinent heroin dependents. Negative correlation was obtained between the duration of drug abuse before the age
of 25 and GMD while controlling age (r = -0.44).
5. Discussion
Using advanced MRI imaging techniques, many researches have tried to assess the structural and functional
brain alterations in drug-dependent individuals. Neuroimaging studies on heroin abusers have frequently addressed functional differences (9, 17, 21, 23). Although there
are few studies on brain structure differences of heroin
abusers, their results are controversial.
5.1. Interpretation and Comparison of Results
The present study found that abstinent heroin abusers
had reduced GM density in three regions: right anterior
cingulate cortex and bilateral putamen. These results are
consistent with a number of investigations that reported
brain tissue impairment in some specific regions in the
opiate-dependents (9, 16, 17, 24). Each study, however, emphasizes on a different series of cortical or subcortical clusters. Among the various brain regions, cingulate cortex
4

(especially the anterior division) is a common area that is
found to be reduced in size among heroin dependents in
comparison with the control healthy group. Yuan et al. (15)
displayed decreases in GM density in the prefrontal cortex,
anterior cingulate cortex (ACC), and insular and temporal
cortices on 30 lifetime heroin dependents with the average abstinence duration of 5 months. Using VBM analysis, reduced GM density were found in the frontal cortex,
cingulate cortex, and the occipital regions in heroin dependents after three days of abstinence (17). No significant difference was found in the superior frontal gyrus between heroin addicts and the control group when heroin
dependents had undergone an abstinence period of one
month. Structural impairments were however observed in
the right middle frontal gyrus, left cingulate gyrus, and left
inferior occipital gyrus (25). Cingulate cortex is specialized
in cognitive control by activating goal-directed behavior
and modifying cognitive processes in order to obtain internal aims (16). The current study found decreased density
of ACC in heroin addicts even after months of abstinence
in contrast with the matched controls. Although there was
a negative correlation between duration of addiction and
bilateral putamen density, such correlation was not significant with the density of ACC. On the other hand, limited structural studies on the brains of heroin dependents
have displayed inconsistent results, containing various affected brain regions due to opiate usage. In a recent study
(21), reduced brain tissue was observed in the surrounding of the parieto-occipital sulcus, which included the precuneus and cuneus in former heroin-dependent subjects
which were abstinent for a number of years. Moreover,
Liu et al. reported gray matter density decrease in the
right prefrontal cortex, left supplementary motor cortex,
and bilateral cingulate cortices in heroin abusers (16). In
our investigation, a decreased bilateral putamen was observed contradictory to a study carried out by Franklin et
al. (25) that showed increased bilateral putamen density
in nicotine users. In addition, another study documented
higher density of the right ventral anterior putamen in
amphetamine type stimulant and cocaine users compared
with healthy subjects (26). Putamen is found to be involved
Iran J Radiol. 2017; 14(3):e41858.
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in a variety of cognitive functions such as motor execution
and movement control. The density of putamen has negative correlation with impulsivity in the subjects with attention deficit hyperactivity disorder (ADHD) (27), and positive correlation with compulsive behaviors in obsessive
compulsive disorder (OCD) subjects (28). As drug abuse is
contained of both impulsive and compulsive components,
the status of left and right putamen should be investigated
closely.
As the destructive effect of drug usage on cortical
and subcortical anatomy is a complex multivariate issue, a wide range of differences among findings in the
neuroimaging studies could be caused by multiple variables such as abstinence duration, different treatment profiles, and age of drug onset. One other reason explaining
the inconsistency between findings of different studies is
the substantial comorbidity related to other psychoactive
drug usages and different addiction and abstinence conditions among different studies (9, 17, 29). Negative correlation between brain volumes and duration of heroin
abuse is replicated in VBM studies (9). In the present study,
we examined total intracranial volumes (TIV) related to
length of opiate abuse. Our results demonstrated TIV decrease with increasing years of opiate abuse. The study
results also showed abnormality in heroin-dependent individuals’ GMD in some regions of the brain volume (i.e.
right ACC and bilateral putamen, as mentioned above)
compared with normal healthy subjects. These findings
are in agreement with some other studies (30). We also addressed the effect of drug abuse duration on the brain before the age of 25 to evaluate the consequences of heroin
abuse on the dependents’ brain before cortical maturation. Based on longitudinal studies, the prefrontal regions
of the brain are exposed to anatomical changes until the
early 20s (31-33). Drug usage onset before the structural
and functional brain maturation might cause more severe
alterations in gray matter and cortical structures. Therefore, the age of 25 was defined as a cut-of-point below which
the duration of abuse was calculated for the addicts. For
an age threshold of 25, results showed negative correlation
between heroin abusers’ GMD and onset of abuse duration
when the effect of age was kept constant.
5.2. Limitations
There are several limitations in our study that must be
considered in interpreting the findings. Some gray matter abnormality in abstinent duration of this study is not
consistent with other studies, suggesting that the change
in GMD in heroin dependents after short period of abstinence may be subtle, and possibly the small sample size in
this study was not sufficient to detect these subtle changes.
We compared the two groups while their smoking status
Iran J Radiol. 2017; 14(3):e41858.

could not be fully matched; nicotine effect is difficult to
determine separately. We cannot specifically determine
the effects of tobacco smoking on the structural aspects of
the brain because of the overlapping of other drug abuse
and tobacco abuse; thus the effect of smoking must be
considered in interpreting our results. The results here
are gender-based because all subjects in this study were
male, and therefore, the results cannot be generalized to
females.

5.3. Conclusion
We conclude that specific structural changes were noticeable in prefrontal and striatal areas in the heroin dependents even after a period of successful abstinence. Interaction between duration of drug use and some of these
structural changes provides preliminary ideas for reciprocal cause and effect roles for brain structural changes
and heroin dependence. Our results also imply that brain
structures are unable to return to normal state and cannot
recover spontaneously even after months of abstinence;
therefore, the evidences ahead remind us of the importance of neurorehabilitation interventions after termination of drug use.
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