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Cross‑sectional study of passive 
opiate smoking in relation to stroke 
and some of stroke attributable risk 
factors in women
Nazanin Jalali1,2, Parvin Khalili3,4, Saeed Bahrampour5, Mohammad Mahmoudabadi5, 
Ali Esmaeili Nadimi1,6 & Zahra Jalali 1,7*

Opiate use is related to neuropathological disorders, stroke and stroke attributable risk factors. 
However, secondary exposure to opiate in relation to the above‑mentioned complications is studied 
only in animal models and remains to be evaluated in human populations. We tested whether passive 
exposure to opiate is associated with stroke and the known stroke predictive factors. We carried out 
a cross‑sectional study of 1541 never smoker women who participated in the Rafsanjan Cohort Study 
(RCS) with their husbands (2015–2017 recruitment phase). RCS is one of the 19 geographic districts 
of the Prospective Epidemiological Research Studies in Iran (PERSIAN cohort study). Unadjusted and 
adjusted multiple logistic regression analyses were performed to evaluate the relationship between 
second‑hand opiate exposure (husband opiate smoking after marriage) and the odds ratio of stroke 
and the following stroke risk factors and predictive parameters: overweight/obesity (BMI > 25), 
cholesterol (chol) > 200 mg/dl, fasting blood sugar (FBS) > 125 mg/dl, low density lipoprotein 
(LDL) > 100 mg/dl, triglyceride (TG) >  = 150 mg/dl, hypertension, diabetes, and chronic headache. We 
observed a significant increased adjusted odds ratio (OR) of stroke (OR = 3.43, 95% CI:1.33–8.82) and 
its risk factors LDL > 100 mg/dl (OR = 1.37, 95% CI:1.01–1.87) and FBS > 125 mg/dl (OR = 1.58, 95% 
CI:1.08–2.30) in women associated with husbands’ opiate smoking. This relationship was observed 
after adjusting for the confounding parameters including age, education years, and first‑degree family 
history of the relevant diseases. The increased odds ratio for stroke and high LDL displayed a dose‑
sensitive trend with years of husband’s opiate smoking after marriage (respective p‑trends: 0.02 & 
0.01). We did not observe a significant association between passive opiate smoking and high TG, high 
Chol or the diseases diabetes, hypertension and chronic headache. However, 89% increased odds 
ratio of chronic headache was observed to be associated with passive opiate smoking for more than 
10 years (OR = 1.89, 95% CI:1.02–3.50). We found an increased risk of stroke and high LDL and FBS in 
women associated with passive opiate smoking. Furthermore, a dose‑sensitive connection was found 
between the risks of stroke, high LDL and chronic headache with the years of passive opiate exposure. 
Our results point to the necessity of the future analyses, which further assess whether passive opiate 
exposure could be considered as an independent risk factor for stroke and metabolic diseases.

Lifestyle and environmental exposures have been extensively studied in relation to the risk of developing non-
communicative chronic diseases that constituted the main cause of annual death in the twenty-first century before 
COVID-19 pandemic. Opiate use is one of the lifestyle exposures that is linked to the diseases such as stroke and 
cerebrovascular  diseases1–6, atherosclerosis, obesity, diabetes, dyslipidemia and  hypertension7–11. Additionally, 
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opiate is also known to result in structural and molecular alterations in the cells of different regions of the brain 
and consequently result in neuropathological conditions such as executive and cognitive  impairment12–15 and 
 headache16,17. Opiate is suggested to exert its adverse metabolic and neurologic effects by some underlying 
biological mechanisms such as reduction in total antioxidant capacity, and induction of reactive oxygen species 
(ROS)18–21.

Opiate consumption in Asia and the Middle East is associated with rather low social stigma compared to the 
western  countries22,23. It is most commonly administered via smoking, which is the fastest way to exert its neu-
rological  effects23. Many studies have focused on the association of firsthand opiate consumption (direct effects) 
with stroke, atherosclerosis, metabolic diseases and neurological  dysfunctions1–11. However, the second-hand 
exposure effects on the above-mentioned complications are not studied in human populations.

Assessing the effects of parental opiate inhaling started before or after childbirth, we recently found a higher 
odds ratio of obesity in male young-adults exposed to parental opiate inhaling (started after childbirth) in a 
dose-dependent manner. Therefore, our previous results point to the effects of secondary opiate smoking on the 
risk of obesity in young subjects (15–35 years)24. Additionally, regarding the second-hand exposure to opiate, 
one study performed in rat animal models found that opium smoke exposure results in an increase in blood 
pressure and low density lipoprotein-cholesterol (LDL-chol)25.

Here, we decided to assess whether the wives of men smoking opiate regularly (after marriage date) display 
a difference in the risks of stroke, development of obesity, diabetes, hypertension, hyperglycemia, dyslipidemia 
and chronic headache as some of the known risk factors and predictive parameters of  stroke26,27.

Comprehensive data collection on the history of illicit drug use by participants, is one of the strengths of the 
Rafsanjan Cohort Study (RCS)28, as one of the 19 geographically district areas of the Prospective Epidemiological 
Research Studies in Iran (PERSIAN)29. This benefit of RCS helped us study the relationship between the second-
hand opiate smoking and stroke or some of its associated risk factors.

Materials and methods
Subjects, study design and ethical considerations. In this cross-sectional study, a total of 3261 hus-
band-wife dyads were identified (35–70  years old), representing 32.64% of the total number of participants 
enrolled in the adult Rafsanjan Cohort Study (RCS) (3261/9990)28. All participants in this study were registered 
after providing a valid identification document (2015–2017 recruitment phase). The husband-wife relationship 
and the other family relationships are all accurately recorded in RCS by assigning accurate Personal Code Identi-
fication (PCID) numbers to all family members. Women with any history of substance use and cigarette smoking 
were excluded from our analysis (119/3261). All individuals reporting more than one marriage or the couples 
with different residential addresses, and with incomplete questionnaires were excluded from our study. Addi-
tionally, women with husband’s smoking cigarettes after marriage or consuming opiate with any administration 
route other than smoking were excluded from our analysis.

All procedures of invitation, interview, measurements and physical examinations were conducted according to 
the protocols of the PERSIAN  cohort29, and under the supervision of the Iranian Ministry of Health and Medical 
Education (IMHME). Additionally, the ethics Committee of the Rafsanjan University of Medical Sciences has 
approved all the protocols of the present study(Ethical codes: IR.RUMS.REC.1400.182), and all the research was 
performed in accordance with the relevant guidelines/regulations. Participation in the RCS study was voluntary 
and upon signature of an informed consent form for the interview, physical examinations, the collection of the 
biological specimens and the use of the collected data for research. The confidentiality of the personal data of 
the participants was ensured by all necessary measures.

DATA collection and measurements. Validated comprehensive questionnaires on the demographic 
features, medical history and habits (e.g., smoking and substance use) were filled in the interview process by 
trained experts in a computer system connected to a central server. The participants underwent physical exami-
nations by medical doctors, which was followed by a donation of the biological samples, and the measurement 
of the anthropometric factors all carried out by trained health-care professionals. Blood biochemical factors 
were measured using a CPALS analyzer (Coultronics, Margency, France) at the central laboratory of RCS center. 
Comprehensive information was collected regarding substance use and smoking with detailed questionnaires 
of RCS, including start-age and duration of usage, drug type, and the routes of administration. We defined the 
regular opiate use as the consumption of opiate for at least one day per week for at least one year continuously 
(every week of the year).

A significant number of opiate users also smoke cigarettes (estimated correlation rate in our study 48%). In 
order to avoid the multicollinearity between opiate use and cigarette smoking, we decided to exclude all subjects 
with passive cigarette smoking (husband’s smoking cigarettes), to assess the effects of opiate only. In the present 
study, opiates include raw opium (dried latex obtained from the seed capsules of the opium poppy Papaver 
somniferum), shireh (a refined and concentrated opium extract by boiling and filtering opium)30,31, and heroin. 
We restricted our study to opiate smoking, and the subjects with oral or injectable routes of administration were 
excluded from our analysis.

Physical activity of adults was measured using a detailed questionnaire recording participants’ self-reported 
daily activities. Based on the daily physical activity, the metabolic equivalent of task (MET) score over 24 h was 
then calculated. The metabolic equivalent of the task (MET-score) is the ratio of a person’s working metabolic 
rate relative to his/her resting metabolic  rate32,33. Familial history of the hypertension, diabetes, stroke and 
chronic headache are based on the self-reported information provided by participants in the interview with the 
comprehensive medical questionnaires used by RCS.
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Outcomes of interest. Our purpose in this study has been to investigate the association of second-hand 
opiate smoking with stroke and the stroke risk factors and predictive parameters: body mass index (BMI), dia-
betes, hypertension, high plasma lipids, high fasting blood sugar (FBS), and chronic  headache26,27.

The criteria for categorizing study subjects for the above-mentioned outcomes were based on the guide-
lines of the World Health Organization (WHO)34,35. BMI > 25 was considered as overweight/obesity, triglyc-
eride (Tg) ≥ 150 mg/dl as high serum Tg, low density lipoprotein (LDL) > 100 mg/dl as high LDL, and total 
cholesterol > 200 as high cholesterol. Hypertension is defined as hypertension stage II (systolic blood pressure 
(SBP) > 160 mmHg or diastolic blood pressure (DBP) > 100 mmHg or being under doctor-prescribed treat-
ment with blood pressure lowering medicines). High FBS is defined as FBS > 125, and diabetes as having an 
FBS > 125 mg/dl or being under the doctor-prescribed treatment with diabetes  medicines34,35.

Statistical analyses. Categorical variables were analyzed by the chi-square test or fisher’s exact test (in 
cases where more than 20% of the expected counts were less than 5). T-test was performed for the continuous 
variables. Quantitative variables were described as either the mean ± standard deviation or the median (inter-
quartile range) as appropriate, and the categorical variables as the frequency and percentage. The assumption of 
the normality of the distribution of the data was tested using the normal probability plots (skewness and kurtosis 
index). Among the continuous parameters tested, only MET-score (physical activity) did not show normality. 
Therefore, it was described with median (interquartile range), and was analyzed by the Mann–Whitney test.

Bivariate and multiple logistic regression analyses were performed to assess the relationship between hus-
bands’ opiate smoking and the interested outcomes in women. For the recognition of the candidate confound-
ing factors, subject matter knowledge and the related epidemiological literature were used first. Next, separate 
models at the bivariate level were used to estimate the level of association of each potential confounding variable 
to the dependent outcome. Confounding candidates, which displayed a p-value < 0.2 in these  tests36,37, as well as 
variables known as important in the literature were entered into the multiple logistic regression models. Based 
on these criteria, the following confounding parameters were used in the adjusted logistic regression models to 
assess each outcome of interest: stroke (age, education years, BMI, hypertension and first degree familial history 
of  stroke38,39), FBS (age, education years, BMI, physical activity and the first degree family history of diabetes), 
diabetes (age, education years, BMI, physical activity and first degree family history of diabetes), hypertension 
(age, education years, BMI, physical activity and first degree family history (FH1) of  hypertension39,40), LDL 
(age, education years, BMI, hypertension, diabetes and first degree family history of hypertension), TG (age, 
education years, BMI, physical activity and first degree family history of diabetes), cholesterol (age, education 
years, BMI, hypertension and first degree family history of  hypertension39,41), chronic headache (age, education 
years, hypertension and first degree family history of chronic  headache42).

Statistical analyses were performed in Stata V.14. All p-values are two-sided, and the p-values < 0.05 and the 
95% confidence intervals not including 1 are considered as statistically significant. The p-value for the trend 
(p-trend) was estimated using post-estimation contrast test after logistic regression analysis for the categorized 
duration of passive opiate exposure in association with each outcome of interest.

Results
General characteristics of the study participants. A number of 3261 women were identified in RCS 
whose husbands had also participated in the study. We then excluded women exposed to passive cigarette smok-
ing after marriage (n = 1624), and women who met other exclusion criteria in this study mentioned above in the 
methods section (n = 96). The current study population includes 1541 women (35–70 years) whose husbands 
smoke opiate regularly started after marriage, but reported no cigarette smoking (passive opiate smoking (PO)) 
(14.5%), compared to women living with men with no regular opiate use or cigarette smoking history after mar-
riage (not exposed to passive opiate (NPO)) (85.5%). Table 1 depicts the descriptive data about women in PO/
NPO groups for age, education years, age at marriage, BMI, and the physical activity level (MET = metabolic 
equivalent of task /24 h). While the BMI (p-value = 0.11) and MET (p-value = 0.14) values are not significantly 
different between the PO and NPO groups; a significant difference was observed between the mean values of age, 
age at marriage, and education years in the groups of PO and NPO (p-value < 0.0001) (Table 1). Additionally, a 
significant association was observed between PO and stroke (p-value < 0.01), hypertension (p-value = 0.01), dia-
betes (p-value < 0.01), FBS > 125 mg/dl (p-values < 0.001), and LDL > 100 mg/dl (p-value = 0.01). No significant 
association was observed between PO and overweight/obesity (p-value = 0.28), chol >  = 200 (p-value = 0.10), 
TG > 150 mg/dl (p-value = 0.15), and chronic headache (p-value = 0.07) (Table 1).

Relationship of passive opiate exposure with stroke and stroke risk factors and predictive pa‑
rameters in women. Stroke. Our results displayed a significant unadjusted and adjusted increased odds 
ratio of stroke in association with PO [adjusted OR: 3.43 (95% CI: 1.33–8.82), p-value: 0.01] (Table 2) . 1 to 
10 years of PO was associated with a 188% higher odds ratio of stroke (adjusted OR: 2.88 (95% CI: 0.86–9.62), 
p-value: 0.09), and above 10 years was associated with a 317% increased odds ratio of stroke (adjusted OR, 4.17 
(95% CI: 1.27–13.76), p-value: 0.02) (Table 3).

Post-estimation contrast test indicated a linear trend of increasing odds ratios of stroke with higher years of 
passive exposure to opiate (p-trend = 0.02), indicating a dose–response effect.

Overweight/obesity. No significant unadjusted or adjusted association was observed between the overweight/
obesity (BMI > 25) and PO (adjusted OR: 0.96 (95% CI: 0.71–1.28), p-value: 0.78) (Table 2).
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Diabetes. Unadjusted regression model displayed a significant 63% increased odds ratio of diabetes associ-
ated with PO (unadjusted OR: 1.63 (95% CI: 1.19–2.23), p-value < 0.01). However, adjusting for the confound-
ing factors, the results displayed no significant association between diabetes and PO in the studied population 
(Adjusted OR: 1.26 (95% CI: 0.89–1.79), p-value: 0.20) (Table 2).

Hypertension. According to the unadjusted regression model a significant 39% increased odds ratio of hyper-
tension was observed in association with PO (unadjusted OR: 1.39 (95% CI: 1.01–1.91), p-value: 0.04). This 
association was abrogated adjusting for the confounding factors [adjusted OR: 1.05 (95% CI: 0.73–1.51), p-value: 
0.80)] (Table 2).

Fasting blood sugar. Our results display significant unadjusted and adjusted association between the PO and 
the increased odds ratio of FBS > 125 (Adjusted OR: 1.58 (95% CI: 1.08–2.30), p-value: 0.02) (Table 2). Our 
results did not confirm a dose-responsive effect for this association (< 10 years adjusted OR: 1.82 (95% CI: 1.14- 
2.92), p-value: 0.01; > 10 years adjusted OR: 1.31 (95% CI: 0.76–2.26), p-value: 0.33, p-trend = 0.33) (Table 3).

Table 1.  Baseline characteristics of the study women population categorized by husband opiate smoking. 
Data are given as mean ± SD, absolute number n (percentage), or median (interquartile range). p-values for 
differences between categories were obtained using the t-test or Mann–Whitney test for continuous variables 
and using the χ2 or Fisher Exact Test for categorical variables. Significant values are in bold. BMI body mass 
index, MET metabolic equivalent of task/24 h. a Fisher’s exact test. b Mann–Whitney test.

Number (%) NPO PO Total p-value

Stroke  < 0.01a

No 1289 (99.08) 213 (96.38) 1502 (98.69)

Yes 12 (0.92) 8 (3.62) 20 (1.31)

Overweight/obesity 0.28

No 764 (58.10) 121 (54.26) 885 (57.54)

Yes 551 (41.90) 102 (45.74) 653 (42.46)

Chol > 200 mg/dl 0.10

No 709 (53.92) 107 (47.98) 816 (53.06)

Yes 606 (46.08) 116 (52.02) 722 (46.94)

FBS > 125 mg/dl  < 0.001

No 1140 (86.69) 173 (77.58) 1313 (85.37)

Yes 175(13.31) 50 (22.42) 225 (14.63)

Hypertension 0.01

No 1019 (77.49) 156(69.96) 1175 (76.40)

Yes 296 (22.51) 67 (30.04) 363 (23.60)

LDL > 100 mg/dl 0.01

No 544 (41.37) 72 (32.29) 616 (40.05)

Yes 771 (58.63) 151 (67.71) 922 (59.95)

Overweight/obesity (BMI > 25) 0.32

No 764 (58.10) 121 (54.26) 885 (57.54)

Yes 551 (41.90) 102 (45.74) 653 (42.46)

TG ≥ 150 mg/dl 0.15

No 757 (57.57) 117 (52.47) 874 (56.83)

Yes 558 (42.43) 106 (47.53) 664 (43.17)

Diabetes  < 0.01

No 1049 (79.77) 160 (71.75) 1209 (78.61)

Yes 266 (20.23) 63 (28.25) 329 (21.39)

Chronic headache 0.07

No 1200 (92.24) 196 (88.69) 1396 (91.72)

Yes 101 (7.76) 25 (11.31) 126(8.28)

Mean ± SD

Marriage age 20.73 ± 4.17 18.98 ± 3.88  < 0.0001

Education years 9.35 ± 4.95 6.86 ± 4.21  < 0.0001

Age 46.82 ± 8.44 49.44 ± 8.32  < 0.0001

BMI 29.32 ± 4.81 29.88 ± 4.80 0.11

Median (interquartile range)

MET 37.95 (36.18–39.73) 35.75 (35.7–39.55) 0.14b
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Serum lipid profile (LDL, triglyceride and cholesterol). In the unadjusted and the adjusted regression models, 
we found a significant association between PO and a respective 42% and 37% increased odds ratio of LDL > 100 
[adjusted OR:1.37 (95% CI: 1.01–1.87), p-value: 0.04] (Table 2).

Additionally, a dose–response effect was observed between the number of years of PO and odds ratio of 
LDL > 100 mg/dl in women. 1 to 10 years of PO was associated with 12% higher odds ratio of LDL > 100 (adjusted 
OR, 1.12 (95% CI: 0.77–1.64), p-value: 0.77), and above 10 years of PO was associated with 88% increased odds 
ratio of high LDL (adjusted OR: 1.88 (95% CI: 1.15–3.05), p-value: 0.01, p-trend = 0.01)(Table 3).

In contrast to LDL, high TG and cholesterol levels did not show a significant association with PO in the 
unadjusted and adjusted regression analyses [TG adjusted OR: 1.06 (95% CI: 0.79–1.43), p-value: 0.68, chol 
adjusted OR: 1.08 (95% CI: 0.81–1.46), p-value: 0.59] (Table 3).

Chronic headache. We did not observe a significant association between PO and the increased odds ratio of 
chronic headache, as indicated by the unadjusted and adjusted logistic regression analyses [adjusted OR: 1.37 
(95% CI: 0.85–2.20), p-value: 0.19) (Table 2)]. However, assessing a dose-dependent effect, we observed that PO 
longer than 10 years is significantly associated with 89% higher odds ratio of chronic headache in women, show-
ing a linear dose–response trend (p-trend: 0.04) (Table 3).

Discussion
For the present study, we used data of the RCS  study28, as one of the district areas of the PERSIAN  cohort29. 
Multiple logistic regression analyses were undertaken in 1541 husband-wife dyads assessing the association of 
partner’s opiate smoking with women’s risk of stroke, overweight/obesity, diabetes, hyperglycemia, dyslipidemia 
and chronic headache. We found an increased risk of stroke, high LDL and high FBS in women associated with 
husband’s opiate smoking. Furthermore, a dose-sensitive connection was found between the odds ratios of 
stroke, high LDL and chronic headache with the years of passive opiate smoking. Our results point to the neces-
sity of future prospective analyses, which further assess whether passive opiate exposure can be considered as 
an independent risk factor for stroke.

Table 2.  Estimated unadjusted and adjusted odds ratios for stroke, stroke risk factors and predictive 
parameters in women, as predicted by husband opiate smoking. Estimated unadjusted and adjusted odds ratios 
for stroke, high Chol, FBS, hypertension, LDL, overweight/obesity, high Tg, diabetes and chronic headache in 
women, as predicted by husband opiate smoking. Significant values are in bold. OR odds ratio, CI confidence 
interval, LDL low density lipoprotein, Chol cholesterol, TG triglyceride. a Adjusted for age, education years, 
BMI, stage 2 hypertension, diabetes, MET and family history of stroke. b Adjusted for age, education years, 
BMI, stage 2 hypertension and family history of hypertension. c Adjusted for age, education years, BMI, 
MET and family history of diabetes. d Adjusted for age, education years, BMI, MET and family history of 
hypertension. e Adjusted for age, education years, BMI, stage 2 hypertension, diabetes and family history of 
hypertension. f Adjusted for age, education years, MET and diabetes. g Adjusted for age, education years, BMI, 
MET and family history of diabetes. h Adjusted for age, education years, stage 2 hypertension and family history 
of recurrent chronic headache.

Unadjusted model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value

Husband opiate smoking

Stroke

3.98 (1.61–9.85)  < 0.01 3.43 (1.33–8.82) 0.01a

Chol > 200 mg/dl

1.23 (0.93–1.64) 0.14 1.08 (0.81–1.46) 0.59b

FBS > 125 mg/dl

1.95 (1.37–2.76)  < 0.001 1.58 (1.08–2.30) 0.02c

Hypertension

1.39 (1.01–1.91)  < 0.05 1.05 (0.73–1.51) 0.80d

LDL > 100 mg/dl

1.42 (1.05–1.91)  < 0.01 1.37 (1.01–1.87) 0.04e

Overweight/obesity (BMI > 25)

1.12 (0.84–1.49) 0.43 0.96 (0.71–1.28) 0.78f

TG ≥ 150 mg/dl

1.22 (0.92–1.62) 0.17 1.06 (0.79–1.43) 0.68g

Total diabetes

1.63 (1.19–2.23)  < 0.01 1.26 (0.89–1.79) 0.20g

Chronic headaches

1.49 (0.94–2.37) 0.09 1.37 (0.85–2.20) 0.19h
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Opiate consumption has been linked by multiple studies to the increased risk of cerebrovascular diseases 
and stroke, metabolic dysfunction and all-cause  mortality1–11. However, studies evaluating the association of the 
second-hand exposure to opiate with the above-mentioned diseases are scarce. We previously found a higher 
odds ratio of obesity in male young adults exposed to parental opiate smoking (started after childbirth) in a 
dose-dependent manner (years of consumption of opiate by parent after childbirth). Therefore, our previous 
results indicated that the environmental impact of opiate smoking may be sufficient to affect the metabolism in 

Table 3.  Estimated unadjusted and adjusted odds ratios for stroke, stroke risk factors in women, as predicted 
by duration (years) of husband opiate smoking after marriage. Estimated unadjusted and adjusted odds ratios 
for stroke, high Chol, FBS, hypertension, LDL, overweight/obesity, high Tg, diabetes and chronic headache in 
women, as predicted by husband opiate smoking. Significant values are in bold. OR odds ratio, CI confidence 
interval, LDL low density lipoprotein, Chol cholesterol, TG triglyceride. a Adjusted for age, education years, 
BMI, stage 2 hypertension, diabetes, MET and family history of stroke. b Adjusted for age, education years, 
BMI, stage 2 hypertension and family history of hypertension. c Adjusted for age, education years, BMI, 
MET and family history of diabetes. d Adjusted for age, education years, BMI, MET and family history of 
hypertension. e Adjusted for age, education years, BMI, stage 2 hypertension, diabetes and family history of 
hypertension. f Adjusted for age, education years, MET and diabetes. g Adjusted for age, education years, BMI, 
MET and family history of diabetes. h Adjusted for age, education years, stage 2 hypertension and family history 
of recurrent chronic headache.

Unadjusted model Final adjusted model

OR (95% CI) p-value OR (95% CI) p-value

Husband opiate smoking

Stroke (total n = 1525) p-Trend = 0.02

Not passive opiate (n = 1301) Reference

1–10 years passive opiate (n = 130) 3.41 (1.08–10.73) 0.03 2.88 (0.86–9.62) 0.09a

> 10 years passive opiate (n = 94) 4.77 (1.51–15.10)  < 0.01 4.17 (1.27–13.76) 0.02a

Chol > 200 mg/dl (total n = 1541) p-Trend = 0.05

Not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 0.93(0.65–1.33) 0.69 0.84(0.58–1.22) 0.37b

 > 10 years passive opiate (n = 95) 1.83(1.20–2.81)  < 0.01 1.55(1–2.40) 0.05b

FBS > 125 (total n = 1541) p-Trend = 0.33

Not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 2.02 (1.31–3.11)  < 0.01 1.82 (1.14–2.92) 0.01c

 > 10 years passive opiate (n = 95) 1.85 (1.11- 3.08) 0.02 1.31 (0.76 2.26) 0.33c

Hypertension (total n = 1541) p-Trend = 0.25

not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 1.11(0.73–1.69) 0.62 0.84(0.52–1.37) 0.49d

 > 10 years passive opiate (n = 95) 1.83(1.18–2.85)  < 0.01 1.34(0.81–2.22) 0.25d

LDL > 100 mg/dl (total n = 1541) p-Trend = 0.01

Not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 1.14 (0.79–1.65) 0.478 1.12 (0.77- 1.64) 0.77e

 > 10 years passive opiate (n = 95) 1.98 (1.24–3.16)  < 0.01 1.88 (1.15 -3.05) 0.01e

Overweight/obesity (BMI > 25) (total n = 1541) p-Trend = 0.54

Not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 1.17(0.82–1.68) 0.39 1.02(0.71–1.48) 0.90f

 > 10 years passive opiate (n = 95) 1.05(0.69–1.60) 0.81 0.87(0.57–1.34) 0.54f

TG ≥ 150 mg/dl (total n = 1541) p-Trend = 0.97

Not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 1.22(0.85–1.74) 0.28 1.11(0.76–1.61) 0.59g

> 10 years passive opiate (n = 95) 1.22(0.80–1.85) 0.35 1.01(0.65–1.55) 0.98g

Total diabetes (total n = 1541) p-Trend = 0.64

Not passive opiate (n = 1315) Reference

1–10 years passive opiate (n = 131) 1.61(1.08–2.41) 0.02 1.38(0.88–2.15) 0.16g

> 10 years passive opiate (n = 95) 1.65(1.04–2.61) 0.03 1.13(0.68–1.86) 0.65g

Chronic headaches (total n = 1525) p-Trend = 0.04

Not passive opiate (n = 1301) Reference

1–10 years passive opiate (n = 130) 1.10 (0.57–2.10) 0.78 1.02 (0.53–1.97) 0.95h

 > 10 years passive opiate (n = 94) 2.08 (1.14–3.80) 0.01 1.89 (1.02–3.50) 0.04h
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 youth24. Our present results confirm such indirect metabolic effects, assessing the wives of men smoking opiates 
regularly. Here we observed a significant dose-sensitive increase in the adjusted odds ratio of high LDL, associ-
ated with the partner’s years of opiate smoking after marriage. Consistently, a prior animal study by Najafipour 
et al., on the second-hand opium exposure found that long term passive opium smoke exposure results in higher 
cholesterol and LDL-cholesterol levels in  rabbits11. Additionally, our results displayed an elevated adjusted odds 
ratio of FBS and stroke associated with husband’s opiate smoking in women. The association with stroke displayed 
a significant dose-sensitive trend. Albeit, small rate of stroke among women in this study, warrants future larger 
studies to evaluate this observation.

Several underlying biological mechanisms are suggested for the adverse metabolic and neurologic effects 
of opiates such as the reduction in the total antioxidant capacity and the elevation in the level of reactive oxy-
gen species (ROS). These effects are mediated by a decrease in the function of enzymatic antioxidants such as 
superoxide dismutase, catalase, and glutathione peroxidase, modification of the gene expression in the target 
cells through ROS  production18–21,43–45, an increase in the inflammatory mediators such as C-reactive protein, 
interleukin-17, and interleukin-1  receptor46–49, an increase in  homocysteine50, and a decrease in  adiponectin51. 
The above-mentioned changes are known mediators of vascular cell injury and atherosclerotic plaque formation, 
dyslipidemia, insulin  resistance52, apoptosis of neuron cells and cerebrovascular  dysfunction53–60.

A strength of the present study is the exclusion of women exposed to the husband’s cigarette smoking. Com-
prehensive data collection on the history of smoking and illicit drug use is one of the strengths of the Rafsanjan 
Cohort Study (RCS)28 as part of the PERSIAN  cohort29. The high correlation rate of the concurrent opiate mis-
use and cigarette smoking often complicates studies sought to determine the harmful effects of each. Here, we 
performed analysis on women exposed to only second-hand opiate smoking, and excluded all subjects exposed 
to cigarette smoking to avoid multicollinearity between opiate and cigarette smoking.

Another strength of the current study is the complete physical examination for the anthropometric measure-
ments and the blood biochemical tests for the metabolic parameters by the specialized pathology laboratory 
in RCS  center28. In addition, the computer-assisted and server-based method of RCS interviews which were 
performed by trained experts has provided a higher accuracy of data collection and storage in accordance with 
the PERSIAN cohort  protocols29.

The main limitation of this research is that it is a cross-sectional study. This limitation makes it difficult to 
infer a causal relationship between the passive opiate smoking and stroke and the other analyzed metabolic 
indices. Follow-up rounds of the RCS study, as well as other prospective cohort studies are warranted to further 
investigate the findings of the present research.

Our study has another limitation that the information on the substance use and smoking is based on self-
report of the participants, which may be associated with underreporting bias in substance use, type of the drug 
or the administration route. Additionally, misclassification due to self-reporting and recall biases is possible to 
some extent, which can result in the incidence of bias in estimates and some deviation from reality. To the best 
of our knowledge a limited number of studies have tested the validity of the self-reported opiate use in Iranian 
populations. Additionally, these limited studies reported varying levels of validity and sensitivity depending 
on the sex and age profile of the participants, type of the substance and the socio-cultural and geographical 
characteristics of the study  population61–64. In RCS, the validity of the substance use self-reporting is estimated 
only in RCS youth cohort participants (15–35 years)65, and remains to be tested in the adult RCS (present study 
population). In the city where the current study took place, opiate use is associated with rather low social stigma 
due to the traditional notion on the medical advantages of opiate use, a fact that is reflected in the rather high 
rate of self-reporting opiate consumption in RCS  population28, which makes us more confident in the validity 
of our data on opiate use. Another study in Iran performed in another geographical region which people also 
use opiate as a traditional medicine with low social stigma, displayed a high rate of sensitivity of the self-reports 
on opium use in a Turkmen  population63.

Conclusion
In conclusion, the results of the present study indirectly implicate the potential environmental impacts of opi-
ate smoking on family members of the users. Our results warrant future studies that assess whether exposure 
to second-hand opiate exposure could be taken into consideration as an independent risk factor for stroke and 
metabolic complications.

Data availability
The datasets generated and analyzed during the current study are not publicly available and belong to the PER-
SIAN Adult Cohort Study of Iran, Rafsanjan University of Medical Sciences cohort center but are available from 
the corresponding author on reasonable request.
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