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Abstract

Objectives: Opioid use has been associated with alterations in gut–brain axis signaling and intestinal barrier function. Zonulin, a 
key regulator of intestinal permeability, has been implicated in various neuropsychiatric and inflammatory conditions; however, its 
role in heroin addiction and remission remains poorly understood. This study aimed to investigate serum zonulin levels in patients 
with heroin addiction (HA) during active heroin use (AHU) and remission (R) and to compare these levels with those of healthy 
controls (C).
Methods: A total of 104 male participants were included: patients with AHU, patients in remission under buprenorphine/nalox-
one maintenance treatment, and C. Serum zonulin levels were measured using an enzyme-linked immunosorbent assay. Group 
comparisons and correlation analyses were performed, and receiver operating characteristic (ROC) analysis was used to evaluate 
the discriminatory value of zonulin.
Results: The scores of addiction diagnostic criteria, the severity of craving, and the total API score were significantly higher in the 
AHU group than in the R group. The difference between the groups was significant when the R, AHU, and C groups were compared 
for zonulin levels (p=0.02). This difference was due to zonulin levels being higher in the R group than in the C group. When the 
HA (R+AHU) and C groups were compared for zonulin levels, zonulin levels were significantly higher in the HA group than in the 
C group (p=0.00). In the ROC analysis, the highest area under the curve (AUC) values were obtained in the R-C group comparison 
and the HA-C group comparison (AUC=0.683 and AUC=0.650, respectively).
Conclusion: These findings suggest that increased intestinal permeability, as reflected by elevated serum zonulin levels, may 
persist during the remission phase of heroin addiction. However, given the cross-sectional design and the fact that remission was 
defined as a medication-stabilized state under buprenorphine treatment, these results should be interpreted cautiously. Longi-
tudinal studies incorporating follow-up assessments and gut microbiota analyses are warranted to clarify the temporal dynamics 
and clinical significance of zonulin alterations in heroin addiction.
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Abstract

Objectives: Opioid use has been associated with alterations in gut–brain axis signaling and intestinal barrier function. Zonulin, a 
key regulator of intestinal permeability, has been implicated in various neuropsychiatric and inflammatory conditions; however, its 
role in heroin addiction and remission remains poorly understood. This study aimed to investigate serum zonulin levels in patients 
with heroin addiction (HA) during active heroin use (AHU) and remission (R) and to compare these levels with those of healthy 
controls (C).
Methods: A total of 104 male participants were included: patients with AHU, patients in remission under buprenorphine/nalox-
one maintenance treatment, and C. Serum zonulin levels were measured using an enzyme-linked immunosorbent assay. Group 
comparisons and correlation analyses were performed, and receiver operating characteristic (ROC) analysis was used to evaluate 
the discriminatory value of zonulin.
Results: The scores of addiction diagnostic criteria, the severity of craving, and the total API score were significantly higher in the 
AHU group than in the R group. The difference between the groups was significant when the R, AHU, and C groups were compared 
for zonulin levels (p=0.02). This difference was due to zonulin levels being higher in the R group than in the C group. When the 
HA (R+AHU) and C groups were compared for zonulin levels, zonulin levels were significantly higher in the HA group than in the 
C group (p=0.00). In the ROC analysis, the highest area under the curve (AUC) values were obtained in the R-C group comparison 
and the HA-C group comparison (AUC=0.683 and AUC=0.650, respectively).
Conclusion: These findings suggest that increased intestinal permeability, as reflected by elevated serum zonulin levels, may 
persist during the remission phase of heroin addiction. However, given the cross-sectional design and the fact that remission was 
defined as a medication-stabilized state under buprenorphine treatment, these results should be interpreted cautiously. Longi-
tudinal studies incorporating follow-up assessments and gut microbiota analyses are warranted to clarify the temporal dynamics 
and clinical significance of zonulin alterations in heroin addiction.
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Opioid use disorder (OUD) is defined as the chronic use 
or abuse of prescribed or illicit opioids.[1-3] OUD, par-

ticularly heroin dependence, remains a major health and 
social issue worldwide.[4,5] To combat opioid dependence 
and achieve successful treatment outcomes, it is crucial to 
understand the mechanisms underlying the pathological 
changes resulting from opioid use.

The gut microbiome comprises the microorganisms liv-
ing in the human gastrointestinal system, along with their 
genes and metabolites. Gut permeability and microbiome 
alterations have been associated with several neuropsychi-
atric disorders, including OUD.[6-10] Many gastrointestinal 
symptoms, including constipation, leaky gut, bloating, nau-
sea, and vomiting, can occur with opioid use.[11] Clinical and 
preclinical studies have shown that opioid administration 
disrupts intestinal epithelial integrity and increases barri-
er permeability. Increased intestinal permeability triggers 
a systemic inflammatory response and neuroinflammation 
by facilitating the entry of bacteria and toxic metabolites 
into the systemic circulation. People with OUD have been 
shown to develop withdrawal symptoms and tolerance as 
a result of this type of neuroinflammation.[12-17]

The intestinal barrier is formed by tight junctions (TJs) be-
tween intestinal epithelial cells.[18,19] Zonulin is the precur-
sor protein of haptoglobin-2 and regulates the function 
of TJs by binding to specific receptors on epithelial cells in 
the jejunum and distal ileum. By activating the epidermal 
growth factor receptor, it causes disintegration of TJs, tran-
sient loosening of intercellular junctions, and increased in-
testinal permeability. When zonulin levels increase, these 
junctions relax, and intestinal permeability increases. With 
this property, zonulin is accepted as a clinical indicator of 
intestinal permeability.[20,21] The relationship of zonulin 
with multiple sclerosis, type 1 diabetes mellitus, ankylosing 
spondylitis, celiac disease, and irritable bowel syndrome 
has been investigated, and it has been reported that in-
creased intestinal permeability plays a role in the etio-
pathogenesis of these diseases.[22-25]

In recent years, there has been growing interest in the re-
lationship between gut permeability and psychiatric disor-
ders. Circulating zonulin levels have been investigated in 
relation to several psychiatric disorders, including schizo-
phrenia, bipolar disorder, obsessive-compulsive disorder, 
attention deficit hyperactivity disorder, and autism.[26–29] As 
opioid use has been shown to disrupt intestinal epitheli-
al integrity and increase intestinal permeability, patients 
with heroin addiction (HA) may have elevated zonulin 
levels, which could be associated with clinical symptoms. 
Through the gut–brain axis, opioid use affects intestinal 
motility, microbiota composition, and mucosal inflamma-

tion, which can lead to impaired intestinal barrier function. 
As zonulin is a key regulator of tight junction permeability, 
it represents a biologically relevant marker for investigat-
ing alterations in intestinal permeability in opioid addic-
tion. Although inflammatory and metabolic markers have 
been studied in addiction, intestinal permeability via zonu-
lin has not yet been examined. Therefore, this study aimed 
to compare serum zonulin levels in patients with HA with 
those in age- and sex-matched healthy controls (HC) and to 
determine their relationship with clinical features indicat-
ing addiction severity.

Methods

Study design
We designed this study prospectively. Following ethics 
committee and institutional approval from the hospital, 
the study was initiated. It included 50 patients who applied 
to the Alcohol and Drug Research, Treatment, and Training 
Centre at the Beyhekim Psychiatric Department of Konya 
Health Sciences University Training and Research Hospi-
tal between December 1, 2023, and March 12, 2024. Her-
oin dependence was diagnosed using clinical interviews 
conducted by experienced psychiatrists according to the 
criteria of the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5).[2] Patients and their rela-
tives were interviewed to obtain detailed clinical and so-
ciodemographic information. All patients underwent urine 
screening for various substances. Opioids, buprenorphine, 
benzodiazepines, cocaine, cannabinoids, synthetic canna-
binoids, and amphetamines were investigated. Only male 
patients with positive urine results for opioids or buprenor-
phine were included in the study. Twenty-four patients 
were active heroin users (AHU), as identified by clinical in-
terview and confirmed by urine opiate testing. Remission 
status was defined according to the early remission criteria 
of the DSM-5. Twenty-six patients who had not met any of 
the diagnostic criteria for opioid use disorder, except for ex-
cessive craving, for between 3 and 12 months were includ-
ed in the remission group. All patients in remission were re-
ceiving buprenorphine/naloxone stabilization treatment. 
Fifty-four age-matched healthy male volunteers with no 
history of disease or drug use were included in the study as 
the control group.

The exclusion criteria were as follows: refusal to participate 
in the study; major psychiatric disorders, such as autism, 
schizophrenia, bipolar disorder, and intellectual disability; 
chronic diseases, such as metabolic diseases, autoimmune 
diseases, inflammatory and non-inflammatory gastrointes-
tinal diseases, malignancy, and neurodegenerative diseas-
es; obesity (BMI>30); active infection within the last month; 
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and use of corticosteroids or drugs affecting the immune 
system within the last 6 months.

The Addiction Profile Index (API) scale was used to assess 
individuals with HA and determine the different dimen-
sions and severity of addiction.[30] The sociodemographic 
and clinical characteristics of all participants were recorded 
by clinicians using a data form prepared by the research-
ers. Written informed consent was obtained from all par-
ticipants after the nature and importance of the study had 
been explained to them.

The Addiction Profile Index (API)
The Addiction Profile Index is a self-administered question-
naire consisting of 37 questions divided into 5 subscales. 
These subscales measure the characteristics of substance 
use, diagnostic criteria for addiction, the impact of sub-
stance use on an individual’s life, the severity of cravings, 
and motivation to stop using substances. Cronbach’s alpha 
coefficient was 0.89 for the total API, ranging from 0.63 
to 0.86 across the subscales. Item-total correlation coeffi-
cients ranged from 0.42 to 0.89. [30]

Biochemical analysis
Serum zonulin levels were measured using ELISA. No inva-
sive procedures were performed during the study. Once 
the laboratory procedures had been completed for each 
group, the remaining serum samples were collected in Ep-
pendorf tubes and stored at -80°C until the ELISA test was 
performed. For the zonulin assay, the sample was removed 
from the freezer and thawed at room temperature. Zonulin 
levels were measured in the samples in accordance with 
the instructions for the ELISA kit (Cat. No. E-EL-H5560, Elab-
science, Wuhan, China). The zonulin study was performed 
at the KTO Karatay University Research Laboratory. The re-
sults were analyzed using a Multiskan Sky Thermo device 
(USA). A Combi Wash (Human) washing machine was used 
in the study. The assay sensitivity was 0.47 ng/mL, with a 
range of 0.78–50 ng/mL, and the r² value of the calibration 
curve was 0.99.

Statistical analysis of data
The data were entered and analyzed using SPSS for Win-
dows, version 18.0 (SPSS Inc., Chicago, IL, USA). Visual 
methods, including histograms and probability plots, and 
analytical methods, including the Kolmogorov–Smirnov 
and Shapiro–Wilk tests, were used to analyze the conformi-
ty of the data to a normal distribution. The mean, standard 
deviation, and median (1st quartile–3rd quartile) were used 
to summarize numerical data, whereas frequency distribu-
tions and percentages were used for categorical data. An 
independent samples t-test was used to compare 2 inde-

pendent groups of normally distributed numerical data, 
and one-way ANOVA was used to compare more than 2 
groups. For groups with a significant difference according 
to one-way ANOVA, the post hoc Tamhane test was used 
to determine the responsible group. The Mann–Whitney 
U test was used to compare non-normally distributed nu-
merical data between 2 groups. The Kruskal–Wallis test was 
used to assess 3 or more non-normally distributed groups 
with numerical data. A post hoc Mann–Whitney U test with 
Bonferroni correction was used for pairwise comparisons 
between groups with significant Kruskal–Wallis test results. 
Spearman’s correlation coefficient was used to analyze cor-
relations between numerical variables that were not nor-
mally distributed. Spearman correlation coefficients were 
interpreted as follows: no correlation below 0.19, weak 
correlation between 0.20 and 0.39, moderate correlation 
between 0.40 and 0.69, high correlation between 0.70 and 
0.89, and very high correlation above 0.90. Categorical data 
were compared using the chi-squared test.

As there were significant differences in body mass index 
(BMI) between the groups, which showed a positive cor-
relation with serum zonulin levels, additional analyses 
were conducted to determine whether group differenc-
es in zonulin levels were independent of BMI. As zonulin 
values were not normally distributed, Quade rank analysis 
of covariance (ANCOVA), the nonparametric equivalent of 
ANCOVA, was performed. Zonulin was used as the depen-
dent variable, group was used as the fixed factor, and BMI 
was used as the covariate. For this analysis, zonulin values 
were first regressed against BMI, and unstandardized resid-
uals were then obtained. These residuals were then ranked 
across the entire sample, and one-way analysis of variance 
(ANOVA) was applied to the ranked residuals. Post hoc 
pairwise comparisons were performed using Bonferroni 
correction when appropriate.

The diagnostic decision-making properties of zonulin lev-
els in predicting disease were analyzed using receiver oper-
ating characteristic (ROC) curves. Significant cutoff values 
were determined using the Youden index (max[sensitivi-
ty+specificity−1]). The cutoff values were analyzed in terms 
of sensitivity, specificity, positive predictive value, and 
negative predictive value. In addition to p-values, effect 
size measures were reported for all analyses to quantify 
the magnitude of the differences. For normally distributed 
continuous variables, Cohen’s d was calculated for inde-
pendent samples t-tests, and η ² (eta-squared) values were 
reported for one-way ANOVA and Kruskal–Wallis tests. For 
non-normally distributed pairwise group comparisons per-
formed using the Mann–Whitney U test, effect sizes were 
expressed as r (r=Z/√n). For categorical variables analyzed 
using chi-square tests, effect sizes were reported using Phi 
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(φ) or Cramer’s V coefficients. Effect sizes were interpreted 
according to conventional thresholds: small, medium, and 
large.

The minimum required sample size was determined a pri-
ori using G*Power 3.1.9.7. For a t-test comparing 2 inde-
pendent groups, assuming a medium effect size (Cohen’s 
d=0.50), two-tailed α=0.05, and power (1−β)=0.80, the 
required total sample size was n=102 (51 participants per 
group). The final sample size for this study (50 patients with 
heroin addiction and 54 healthy controls, total n=104) met 
and slightly exceeded this requirement. A p-value of less 
than 0.05 was considered statistically significant.

Ethical approval
Ethical approval was obtained from the Non-Pharmaceuti-
cal and Non-Medical Device Research Ethics Committee of 
the Faculty of Medicine at Karatay University, Konya, Türki-
ye (Ethics Committee No. 2023/002, Meeting No. 10, Date: 
October 27, 2023). The study was conducted in accordance 
with the Declaration of Helsinki.

Results 
The study included a total of 104 male participants, includ-
ing 50 patients diagnosed with HA (26 R and 24 AHU) and 54 
C. The mean age of all participants was 32.56 years (range, 
17.00–56.00). The mean age of the AHU group was lower 
than that of the C group (p<0.05), but there was no differ-
ence in age between the groups when patients diagnosed 
with HA (R+AHU) were compared with controls (p=0.053). 
The number of years smoked was significantly higher in both 
the AHU and R groups than in the C group. All patients in the 
R and AHU groups who used IV heroin also used heroin by 
inhalation. When the groups were analyzed in terms of BMI, 
a significant difference was observed, with higher BMI values 
in the C group than in the AHU group. There was no differ-
ence in BMI between the AHU and R groups (Table 1).

The AHU group had significantly higher scores for addic-
tion diagnostic criteria, severity of craving, and total API 
score than the R group (Table 2).

When zonulin levels were compared among the R, AHU, 
and C groups, the groups differed significantly (p=0.02). 
This difference was due to zonulin levels being higher 
in the R group than in the C group (p=0.008). No signifi-
cant differences in zonulin levels were observed between 
the AHU and C groups or between the R and AHU groups 
(p=0.109 and p=0.846, respectively). When the HA (R+AHU) 
and C groups were compared, zonulin levels were signifi-
cantly higher in the HA group (p=0.008) (Table 3).

Moderate positive correlations were identified between 
zonulin and BMI in both the AHU and HA groups. In the 

healthy control group, a weak correlation was observed be-
tween age and BMI (Table 4). The total API score and zonu-
lin were positively correlated; however, this correlation was 
not significant (p=0.567).

To evaluate whether the observed group differences in 
zonulin levels were confounded by BMI, Quade rank AN-
COVA was performed, with BMI entered as a covariate. Af-
ter adjustment for BMI, the main effect of group remained 
statistically significant (F[2,101]=7.20, p=0.001), indicating 
that the differences in zonulin levels were independent of 
BMI. Post hoc analyses revealed that both the R and AHU 
groups had significantly higher zonulin ranks, adjusted for 
BMI, than the C group (Bonferroni-corrected p=0.005 and 
p=0.014, respectively), but no significant difference was ob-
served between the R and AHU groups (p>0.05).

We assessed the predictive power of zonulin using ROC 
curves. In this analysis, the highest area under the curve 
(AUC) values were obtained in the R-C group comparison 
(65.4% sensitivity and 79.6% specificity; AUC=0.683; 95% 
confidence interval: 0.550–0.817) (Fig. 1) and the HA-C 
group comparison (62% sensitivity and 79.6% specificity; 
AUC=0.650; 95% confidence interval: 0.538–0.762) (Fig. 2). 
The highest AUC and p-values obtained when comparing 
the groups are shown in Table 5.

Discussion 
In this study, we investigated serum zonulin levels in pa-
tients with heroin addiction and compared them with 
those of a healthy control group. Our findings revealed 
that serum zonulin concentrations were notably higher in 
individuals with heroin addiction, especially those in remis-
sion, than in the control group. This suggests that intestinal 
barrier dysfunction may persist beyond the period of active 
heroin use, even during clinical remission and treatment. 
However, although patients in remission exhibited sig-
nificantly higher zonulin levels than the control group, no 
significant difference was observed between active heroin 
users and the control group. These results reveal an unex-
pected pattern of intestinal permeability alterations across 
different stages of heroin use.

Although median zonulin levels were higher in active her-
oin users than in patients in remission, this difference was 
not statistically significant. This apparent discrepancy is 
likely due to the high variability observed within the active 
heroin user group, as reflected by the wide interquartile 
range. Therefore, the lack of statistical significance should 
not be interpreted as evidence of lower zonulin levels in 
active users but rather as an indication of the varied intes-
tinal permeability responses experienced during ongoing 
heroin use.
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One of the most intriguing results of this study was the find-

ing that serum zonulin levels were significantly higher in 

patients in remission than in healthy controls, but not in ac-

tive heroin users. However, this finding should be interpret-

Table 1. The patients with HA and the controls have different sociodemographic and clinical characteristics

Variables
HA

C (n=54) p Post hoc ES
R (n=26) AHU (n=24)

Age 31.50±7.90 29.00±4.30 34.00±8.64 0.02* a C>AHU η²=0.07

30.00±6.70 34.00±8.64 0.05 b d=0.40

Marital status Married 9 (36%) 3 (12.5%) 36 (66.7%) - -

Single 12 (48%) 19 (79.2%) 18 (33.3)

Divorced 4 (16%) 2 (8.3%) -

Year of education Primary 10 (38.5%) 18 (75.%) 7 (13%) - -

High 13 (50%) 6 (25%) 20 (37%)

University 3 (11.5%) - 27 (50%)

Smoking (package/year) 26 (100%) 24 (100%) 20 (%37) - -

Duration of smoking (year) 15.00 (13-20) 15 (10-16) 10 (5-10.25) 0.00* c AHU,R>C η²=0.32

Active usage period (months) 80 (38.75-
127.25)

74.50 (56.75-
90.75)

- 0.86 d r=0.03

Age of first substance use 15.50 (14-18) 14.50 (12-16) 0.06 d r=0.27

Substance use in the family 5 (%19.2) 7 (%29.2) - 0.41 e Phi=−0.116

Implant history 6 (%23.1)) 7 (%29.2) - 0.24 e Phi=−0.069

Suicide 8 (%30.8) 11 (%45.8) - 0.27 e Phi=−0.155

Hospitalization history 16 (%61.5) 16 (%66.7) - 0.70 e Phi=−0.053

Route of administration Inhalation 16 (%55.2) 13 (%44.8) - 0.77 e Phi=−0.157

Intravenous+ 
Inhalation

10 (%47.6) 11 (%52.4)

BMI 22.25 (20.21-
26.92)

21.38 (20.12-
25.15)

24.58 (22.96-
26.89)

0.01* c C>AHU η²=0.08

21.55  
(20.21-25.34)

24.58  
(22.96-26.89)

0.03* d C>HA r=0.30

HA: Heroin addiction; R: Remission; AHU: Active heroin user; C: Control; BMI: Body mass index; *p<0.05; a One-Way ANOVA test; b Independent samples t-test; 
c Kruskal-Wallis test; d Mann-Whitney U; e Chi-Squared test. Data is expressed as median-IQR and percentage. ES: Effect size (Cohen’s d, η², r, or Phi/Cramer’s V 
according to the test applied

Table 2. Comparison of Addiction Profile Index in patients group

Variables R (n=26) AHU (n= 24) p value ES

API total score 16.52 (15.28-19.82) 18.89 (18.01-20.08) 0.00** r=0.42

Substance use characteristics 3.27 (2.59-4.86) 5.09 (3.86-6.52 0.00** r=0.49

Diagnostic criteria 21.00 (17.37-25.00) 23.75 (21.50-25.37) 0.01* r=0.33

Effect on everyday life 40.00 (33.75-47.00) 42.00 (40.25-44.75) 0.39 r=0.12

Craving 12.00 (9.50-17.00) 16.50 (15.00-18.75) 0.00** r=0.45

Motivation 14.00 (12.00-15.00) 12.50 (11.00-13.00) 0.05 r=0.27

R: Remission; AHU: Active heroin user; API: Addiction profile index; *p<0.05; **p<0.01; Mann-Whitney U test. Data is expressed as median-IQR, ES: Effect size 
(r) according to the test applied
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ed with caution. Owing to the cross-sectional design of the 
study and the heterogeneity of remission duration (3 to 12 
months), it is not possible to determine whether elevated 
zonulin levels reflect persistent impairment of the intestinal 
barrier or a transient state during recovery. Furthermore, it 
is important to note that all patients in the remission group 
were receiving buprenorphine/naloxone maintenance 
treatment. Therefore, the remission phase examined in this 
study represents a medication-stabilized state rather than 
full abstinence. Consequently, the observed zonulin eleva-
tion may reflect a combination of post-cessation physiolog-

ical changes and ongoing pharmacological effects rather 
than being a harmful biological consequence of remission 
itself.

Notably, there was no significant difference in zonulin lev-
els between active heroin users and the control group, de-
spite elevated levels being found in patients in remission. 
One possible explanation for this finding is that acute or 
ongoing opioid exposure may transiently suppress im-
mune activation and intestinal permeability through opi-
oid receptor-mediated mechanisms. However, this remains 
a speculative interpretation, as the present study did not 

Table 3. Zonulin levels in patients and healthy control groups

Variables
HA (n=50)

C (n=54) p Post hoc ES
R (n=26) AHU (n=24)

Zonulin (ng/mL)

13.10 (6.13-19.07) 16.50 (2.54-20.22) 7.47 (5.73-9.30) 0.02* a R>C η²=0.05

HA (n=50) C (n=54)

14.14 (4.71-19.96) 7.47 (5.73-9.30) 0.00** b - r=0.26

HA: Heroin addiction; R: Remission; AHU: Active heroin user; C: Control; *p<0.05; **p<0.01; a Kruskal-Wallis test; b Mann-Whitney U test. Data is expressed as 
median-IQR; ES: Effect size ( η², r ) according to the test applied

Table 4. Spearman’s correlation coefficients for the groups

Correlations Correlation coefficient (r) Level p

AHU (n: 24) Zonulin-BMI 0.556 Moderate 0.00**

HA (n:50) Zonulin-BMI 0.443 Moderate 0.00**

C (n: 54) Age-BMI 0.329 Weak 0.01*

AHU: Active heroin user; HA: Heroin addiction; C: Control; Statistics: Spearman’s correlation test; *p<0.05; **p<0.01. For correlation analyses, the Spearman 
correlation coefficient (r) was considered as an effect size indicator

Figure 2. ROC analysis for zonulin between the HA group and the C 
group (AUC=0.650).

Figure 1. ROC analysis for zonulin between the R group and the C 
group (AUC: 0.683).
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measure inflammatory cytokines or other immune mark-
ers. Furthermore, buprenorphine treatment during remis-
sion may independently influence gut motility, mucosal 
immunity, and barrier integrity. Therefore, any mechanistic 
interpretation regarding differential zonulin levels across 
disease stages should be approached cautiously.

Zonulin is a physiological modulator of intercellular tight 
junctions and is widely considered a biomarker of increased 
intestinal permeability, also known as “leaky gut.” Substance 
use has been shown to disrupt the integrity of the intes-
tinal barrier through various mechanisms, such as altered 
gut motility, mucosal immune dysregulation, and changes 
in the composition of the gut microbiota.[31-33] Long-term 
opioid use has been associated with sphincter dysfunction, 
dysmotility, and reduced mucus secretion, all of which may 
compromise intestinal integrity. Previous studies have em-
phasized the important role of alterations in intestinal per-
meability and microbiota in the clinical manifestations of 
heroin addiction.[15] Preclinical studies have demonstrated 
that chronic heroin exposure leads to significant alterations 
in gut microbiota composition and tight junction protein 
expression. In animal models, long-term heroin use has 
been shown to disrupt the gut microbiota and reduce the 
expression of zonula occludens-1 (ZO-1), a key tight junc-
tion protein, compared with healthy controls.[15,32,33] These 
findings support the idea that heroin use affects the molec-
ular integrity of tight junctions, resulting in sustained intes-
tinal barrier dysfunction.

In our study, group differences in serum zonulin levels were 
primarily observed in patients in remission. The persistence 
of increased zonulin levels during this period suggests that 
intestinal barrier dysfunction may not fully normalize after 
heroin use ceases. However, all patients in remission were 
also receiving buprenorphine/naloxone therapy. Buprenor-
phine is a partial agonist at the μ-opioid receptor and is 
an effective drug for the maintenance treatment of hero-

in dependence. Multiple studies have shown that opioid 
treatment also has a negative impact on intestinal barrier 
function. This prolonged “leaky gut” state could contribute 
to chronic low-grade inflammation and ongoing dysregula-
tion of the gut–brain axis, which could influence long-term 
neuropsychiatric outcomes and vulnerability to relapse. 
Zonulin-mediated disruption of tight junctions is a key 
mechanism underlying increased intestinal permeability in 
chronic inflammatory and neuropsychiatric conditions. In 
the context of heroin addiction, opioid-induced alterations 
in gut motility, mucosal immunity, and microbiota compo-
sition may lead to sustained activation of the zonulin path-
way. Therefore, zonulin may serve as a potential biomarker 
reflecting disrupted intestinal barrier function in patients 
with heroin addiction, with persistently elevated levels be-
ing observed even during periods of clinical remission.

In addition to these primary findings, a moderate positive 
correlation was observed between serum zonulin levels 
and BMI in the groups of people with heroin addiction and 
active heroin users. People with heroin addiction are known 
to be at increased risk of malnutrition and low BMI due to 
factors such as poor nutrition and social deterioration.[34,35] 
Previous studies have shown that people who inject drugs 
tend to have lower BMI values than the general population, 
a finding supported by our results, particularly in the active 
heroin user group. Although obese individuals were ex-
cluded from the study, previous literature has demonstrat-
ed that circulating inflammatory cytokines associated with 
increased BMI may contribute to intestinal barrier dysfunc-
tion by altering the structure and localization of tight junc-
tions [36,37] and that serum zonulin levels increase with rising 
BMI. The BMI–zonulin correlation observed in our study is 
consistent with these findings and suggests that metabol-
ic factors, alongside substance-related mechanisms, may 
contribute to alterations in intestinal permeability in heroin 
addiction.

Table 5. The ROC analysis for the zonulin

Groups Variables AUC Asymptotic 
Sig

95% Confidence Interval

Cutoff Sn (%) Sp (%) PPV NPVLover  
Bound

Upper 
Bound

R- C

Zonulin 
(ng/mL)

0.683 0.008* 0.550 0.817 9.925 65.4 79.6 60.7 82.7

HA- C 0.650 0.008* 0.538 0.762 9.925 62.0 79.6 73.8 69.4

AHU- C 0.614 0.109 0.442 0.786 - - - - -

AHU- R 0.516 0.846 0.345 0.688 - - - - -

R: Remission; C: Control; HA: Heroin addiction; AHU: Active heroin user; AUC: Area under the curve; Sn: Sensitivity; Sp: Specificity; PPV: Positive predictive value; 
NPV: Negative predictive value; *p<0.01 Statistical significance; Optimal cut-off values were determined using the Youden index (max[sensitivity + specificity 
− 1]); corresponding sensitivity, specificity, PPV and NPV values are presented



251Cokunlu et al., Zonulin Levels in Heroin Addiction / doi: 10.14744/SEMB.2026.52028

Importantly, despite the positive correlation between BMI 
and zonulin, zonulin levels were significantly higher in both 
the remission and active heroin user groups than in con-
trols, as revealed by BMI-adjusted analyses. This indicates 
that the observed differences between the groups cannot 
be attributed solely to BMI or BMI-related metabolic mech-
anisms. It also supports the notion that additional BMI-in-
dependent pathways contribute to intestinal barrier dys-
function in heroin addiction.

As expected, clinically significant differences were ob-
served between active heroin users and patients in remis-
sion with regard to addiction severity, craving, and moti-
vation. Active heroin users had significantly higher craving 
and addiction severity scores, whereas the remission group 
had higher motivation scores. These findings are consistent 
with previous evidence indicating reduced craving and 
increased motivation during remission.[38] Despite these 
clinical differences, serum zonulin levels were similar be-
tween active users and patients in remission. Although the 
correlation between zonulin levels and addiction severity 
scores did not reach statistical significance, the observed 
positive trend suggests a potential association that may 
become clearer in studies with larger sample sizes. Taken 
together, these findings imply that zonulin may reflect bio-
logical alterations associated with heroin addiction that are 
not directly proportional to clinical severity measures.

ROC curve analysis revealed that serum zonulin exhibited 
moderate diagnostic efficacy in distinguishing patients 
with heroin addiction, particularly those in remission, from 
healthy controls. Although the sensitivity values were rel-
atively low, the specificity was notable, suggesting that 
zonulin may be more useful as a confirmatory biomarker 
than as a screening biomarker. Although zonulin alone is 
unlikely to serve as a standalone diagnostic marker, it could 
be beneficial as part of a multibiomarker panel reflecting 
intestinal permeability and gut–brain axis dysfunction in 
heroin addiction. To our knowledge, zonulin levels have 
not previously been evaluated in patients with heroin ad-
diction, limiting the possibility of direct comparison with 
existing literature. Nevertheless, our findings add to the 
existing body of evidence regarding altered intestinal per-
meability in substance use disorders and shed new light on 
the persistence of gut barrier dysfunction during remission.

Limitations of the study
This study has several limitations that should be consid-
ered. First, it was conducted at a single center with a rel-
atively small sample size and employed a cross-sectional 
design, which precludes causal or longitudinal interpreta-
tions. Second, the study population consisted exclusively 
of male participants, limiting the generalizability of the 

findings. In addition, although the groups were assessed 
for smoking and alcohol consumption, uncontrollable fac-
tors such as genetic characteristics, family history, lifestyle, 
dietary habits, microbiota variability, smoking intensity, 
and other psychosocial factors that could affect gut per-
meability could not be assessed. Although major clinical 
confounders were controlled for and comprehensive urine 
screening was performed at study entry, the potential influ-
ence of lifestyle-related factors, microbiota variability, and 
concurrent or intermittent use of other substances, such as 
benzodiazepines or cannabinoids, cannot be fully exclud-
ed. Therefore, the elevated zonulin levels observed in the 
remission group may reflect the combined effects of medi-
cation-assisted treatment and residual substance exposure 
rather than the biological state of complete abstinence. De-
spite these limitations, as the first study to examine serum 
zonulin levels in heroin addiction, our findings should be 
considered preliminary and warrant confirmation in larger, 
multicenter, prospective studies incorporating longitudinal 
follow-up and microbiota assessments.

Conclusion
The aim of this study was to investigate the potential role 
of zonulin as a marker of intestinal permeability in patients 
with heroin addiction. Despite the limitations of our study, 
we found that serum zonulin levels were significantly high-
er in patients with heroin addiction than in healthy con-
trols, with particularly elevated levels observed in patients 
in remission. These results imply that intestinal barrier 
dysfunction may persist beyond the period of active her-
oin use, even when the patient is clinically abstinent and 
undergoing treatment. To our knowledge, this is the first 
study to evaluate serum zonulin levels in patients with her-
oin addiction, providing preliminary evidence of altered 
gut permeability in this population.

Overall, our results suggest that zonulin could be a useful 
biomarker for identifying disrupted intestinal barrier func-
tion in patients with heroin addiction, with persistently 
high levels even during remission. Notably, the observed 
elevation in serum zonulin levels remained significant after 
adjustment for BMI, suggesting that the link between her-
oin addiction and intestinal barrier dysfunction is not solely 
driven by BMI-related metabolic factors. However, zonulin 
alone is unlikely to be sufficient as a standalone marker, and 
its clinical utility may be greater when combined with other 
biomarkers related to gut permeability and inflammation. 
Further multicenter, prospective studies involving larger and 
more diverse populations are needed to clarify the temporal 
relationship between heroin use and intestinal barrier dys-
function and to establish whether elevated zonulin levels are 
a cause or consequence of chronic substance exposure.
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