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ABSTRACT 

Tuberculosis (TB) is a chronic lung disease caused by Mycobacterium 

tuberculosis. Tobacco smoking and sharing of instruments have been reported to 

increase TB risk. In 2022, cannabis was legalized in Thailand. Cannabis use can 

increase inflammatory responses in the respiratory tract. Sharing of cannabis 

waterpipes has also been anecdotally linked to increased tuberculosis risks. In this 

thesis, we conducted two studies to assess the increased TB risks at the population level 

in Thailand. 

First, using a national in-patient databank, we aimed to 1) describe the 

spatiotemporal correlation between cannabis-related and tuberculosis hospital 

admissions, and 2) compare the rate of subsequent pulmonary tuberculosis admission 

between those with admissions for cannabis-related causes and those without. In the 

second part, a case-control study using pulmonary TB cases and neighborhood-age-sex 

matched healthy controls was conducted in the Songkhla province of Southern Thailand 

in 2023 to compare their history of cannabis consumption. 

The national databank study indicated a decline in TB admissions 

alongside a rise in cannabis-related admissions. Detailed temporal analysis showed no 

significant lag association between the two. However, the two types of admissions 

correlated had a hotspot zone in Northeastern Thailand.  

On the matched cohort of the in-patients, the incidence density rate of 

subsequent TB admissions was not significantly different between that in the cannabis-

related admission cohort and that in the control non-cannabis cohort (hazard ratio: 1.48, 

P = 0.268).  

Similarly, in the case-control study, there was no significant difference 

in the history of oral (odds ratio of 0.65; 95% CI: 0.28–1.52), and general smoking 

cannabis consumptions (odds ratio of 0.72; 95% CI: 0.04–12.38) between the TB cases 
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and their matched control. However, the TB cases had a higher prevalence of sharing 

bong in smoking cannabis than the control did with an odds ratio of 4.22 (95% CI: 

1.47–12.07). The population-attributable fraction of this type of exposure was 12.16, 

close to that of tobacco smoking (PAF = 12.62). 

  In conclusion, education should be provided to the population to reduce bong 

sharing among the cannabis users. 

Keyword : Tuberculosis, cannabis, bong sharing, case-control, national databank  
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ชื่อวทิยานิพนธ ์  ความสมัพนัธร์ะหวา่งวณัโรคปอดและประวตักิารใชก้ญัชา 

ผู้เขียน   นาย เขมภณ ชุม่ชื่น 

สาขาวชิา  ระบาดวิทยา (หลกัสตูรนานาชาติ)  

ปีการศึกษา  2567  

 
บทคดัย่อ 

วณัโรค (TB) เป็นโรคปอดเรือ้รงัที่เกิดจากการติดเชือ้ Mycobacterium tuberculosis 
นอกจากนีย้งัพบว่าการสบูบหุร่ีและการแชรเ์ครื่องมือการสบูรว่มกนันัน้สามารถเพิ่มความเส่ียงในการเกดิวณัโรค
ได ้ ในปี 2565 กญัชาไดถ้กูถอนจากบญัชียาเสพติดควบคมุในประเทศไทย การใชก้ญัชาถกูรายงานว่าสามารถ
เพิ่มการอกัเสบในระบบทางเดินหายใจ นอกจากนัน้การใชบ้อ้งกญัชารว่มกนัยงัไดถ้กูเชื่อมโยงถงึการเพิ่มความ
เส่ียงในการเป็นวณัโรคจากบทความวิจยับทความหนึง่ ในวิทยานิพนธน์ีผู้เ้ขียนไดด้  าเนินการสองการศกึษาย่อย
เพื่อประเมินความเส่ียงที่เพิม่ขึน้ของวณัโรคในระดบัประชากรในประเทศไทย 

ในการศกึษาแรกผูเ้ขียนไดใ้ชฐ้านขอ้มลูผูป่้วยในระดบัประเทศ โดยมีจดุประสงคข์อง
การศกึษาที่จะ 1) อธิบายความสมัพนัธเ์ชงิพืน้ท่ีและเวลา (spatiotemporal correlation) ระหว่างการเขา้รบัการ
รกัษาในโรงพยาบาลที่เก่ียวขอ้งกบักญัชากบัการเขา้รบัการรกัษาจากวณัโรค และ 2) เปรียบเทียบอบุตัิการณก์าร
การเขา้รบัการรกัษาวณัโรคทางปอดระหว่างกลุ่มที่เขา้รบัการรกัษาที่เก่ียวขอ้งกบักญัชากบักลุ่มที่ไม่เคยเขา้รบั
การรกัษาจากสาเหตุที่เก่ียวขอ้งกบักญัชา การศกึษาที่สองคือการศกึษาที่มีกลุม่ควบคมุ โดยใชก้ลุ่มผูป่้วยวณัโรค
ทางปอดและกลุ่มควบคมุที่ตรงกบัอาย ุ เพศ และที่อยู่อาศยัของกลุ่มผูป่้วยในจงัหวดัสงขลา โดยการศกึษานีถ้กู
จดัท าเพื่อเปรียบเทียบประวตัิการใชก้ญัชาระหว่างทัง้สองกลุ่ม 

ผลการศกึษาจากการศกึษาแรกบพบว่าเทรนดก์ารเขา้รบัการรกัษาของวณัโรคมีจ านวนลดลง 
ขณะที่การเขา้รบัการรกัษาในโรงพยาบาลที่เก่ียวขอ้งกบักญัชานัน้ขึน้สงู นอกจากนีจ้ากการวเิคราะหใ์นเชงิเวลา
แสดงใหเ้ห็นวา่ ไม่มีความสมัพนัธใ์นเชงิความล่าชา้ระหวา่งทัง้สองการเขา้รบัการรกัษาในโรงพยาบาล อย่างไรก็
ตามพบว่ามีฮอตสปอตของทัง้สองการเขา้รบัการรกัษาในโรงพยาบาลทัง้สองประเภทในภาค
ตะวนัออกเฉียงเหนือของประเทศไทย 

ในเชงิการเปรียบเทียบอบุตักิารณก์ารเขา้รบัการรกัษาวณัโรคทางปอด พบว่าอบุตัิการณก์าร
เขา้รบัการรกัษาวณัโรคทางปอดในครัง้ถดัไปไม่แตกต่างกนัอยา่งมีนยัส าคญัระหว่างกลุ่มที่เขา้รบัการรกัษาที่
เก่ียวขอ้งกบักญัชากบักลุ่มที่ไม่เคยเขา้รบัการรกัษาจากสาเหตุที่เก่ียวขอ้งกบักญัชา (อตัราเส่ียง: 1.48, P = 
0.268) 

จากการศกึษาที่มีควบคมุพบวา่ไม่มีความแตกต่างที่มีนยัส าคญัทางสถิตใินประวตัิการใช้
กญัชาในรูปแบบรบัประทาน (อตัราส่วนอ็อดส ์ 0.65; 95% CI: 0.28–1.52) และการใชก้ญัชาแบบทั่วไป 
(อตัราส่วนอ็อดส ์0.72; 95% CI: 0.04–12.38) ระหวา่งกลุม่วณัโรคและกลุ่มควบคมุที่ อยา่งไรกต็ามพบว่าผูป่้วย
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วณัโรคมีอตัราการใชบ้อ้งกญัชารว่มกนัในการสบูกญัชาสงูกว่ากลุม่ควบคมุ โดยมีอตัราส่วนอ็อดส ์ 4.22 (95% 
CI: 1.47–12.07) โดยสดัส่วนของการเกิดโรคในประชากรจากตวัแปรนี ้(population-attributable fraction) อยู่ที่ 
12.16 ซึ่งใกลเ้คียงกบัสดัส่วนที่ไดม้าจากการสบูบหุร่ี (PAF = 12.62) 
   จากขอ้มลูเหล่านีม้ีผลสรุปว่าการใหค้วามรูแ้ก่ประชากรเพื่อลดการใชบ้อ้งกญัชารว่มกนัใน
กลุ่มผูใ้ชก้ญัชานัน้เป็นเรื่องที่ส  าคญั 
ค าส าคัญ : วณัโรค, กญัชา, การใชบ้อ้งกญัชารว่มกนั, การศกึษากรณีควบคมุ, ฐานขอ้มลูระดบัประเทศ  
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SUMMARY OF CONTENTS 

1. Introduction 

1.1 Background 

1.1.1 Tuberculosis and its situation in Thailand 

   Tuberculosis (TB) is an infectious lung disease caused by 

Mycobacterium tuberculosis. The infection begins when a person inhales the pathogen 

suspended in the air, which is excreted from an infected host via coughing or sneezing. 

Once exposed to the pathogen, the host either clears the infection through their own 

immune response or becomes infected. TB infection can present with signs and 

symptoms or remain asymptomatic until further reactivation of the pathogen. M. 

tuberculosis is an obligate aerobic bacterium, meaning it requires air. The pathogen 

migrates to the host's lungs and infects the alveolar spaces, resulting in lung damage. 

Without effective treatment, the infected host can develop extensive lung damage or 

even die1. 

   Tuberculosis causes a significant burden in both morbidity and mortality 

worldwide. Prior to the COVID-19 pandemic, tuberculosis was responsible for the 

highest number of deaths from a single pathogen. The elimination of tuberculosis, in 

line with the End TB Strategy, had been progressing steadily over the years. However, 

since the COVID-19 pandemic, progress in eliminating tuberculosis has been hindered 

or even reversed to some extent2,3. 

   Since tuberculosis was first reported in Thailand in the 19th century, it 

has become an endemic disease in the country, similar to other nations in Asia. Thailand 

has been classified as a country with a high burden of tuberculosis for over 10 years4–

6. According to a national TB survey conducted in 2012-2013, the prevalence of TB 

was highest among the elderly. TB was found to be more common in males compared 

to females, with the majority of cases occurring in the Northeastern region. The 

incidence rate from the national prevalence survey was 242 cases per 100,000 

population7. 
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   Before the COVID-19 pandemic, the incidence of TB in Thailand had 

been steadily declining over the years. In 2019, the incidence rate was estimated to be 

150 per 100,000 population (uncertainty interval: 114-191)8. A decrease in newly 

diagnosed TB cases was observed during 2020-2021, although this reduction was 

suggested to be due to a decline in case detection and reporting affected by the 

pandemic, rather than an actual decrease in TB transmission. In 2021, Thailand 

transitioned out of the list of countries with a high burden of multidrug-resistant (MDR) 

TB. However, the burden of TB in general and the coinfection between TB and HIV 

(human immunodeficiency virus) remained high, as shown in Figure 12. 

 

 

Figure 1 Lists of countries stratified by type of TB burden 

Source: WHO, 20212 

1.1.2 Cannabis in Thailand 

    Cannabis, also known by many names such as marijuana or ganja, is a 

flowering plant belonging to the Cannabaceae family, originating from Central Asia or 

Western China. It is currently the most widely used psychoactive substance in the 

world, with its popularity as a recreational drug only behind caffeine, alcohol, and 

tobacco9,10. Cannabis has existed for a long time, with its use dating back 5,000 years. 

In ancient times, cannabis was used in various ways, such as therapeutically in the form 

of medicinal tea, as a spice in cooking, and as part of religious ceremonies11,12. 
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   Regarding cannabis in Thailand, it is believed to have been introduced 

through trade with India in the past, supported by the similarity of the plant name, ganja, 

used in both countries. During that time, Thai locals used cannabis as an analgesic, 

sedative, and muscle relaxer, especially among labor workers12,13. The use of cannabis 

in Thailand was not deemed illegal until the enactment of the first Thailand Narcotic 

Act in 1922, which was established in response to the formation of the League of 

Nations International Opium Convention of 1912. After the first Narcotic Act, the 

Thailand Marijuana Act was subsequently enacted in 1937, further enforcing cannabis 

control and penalties. The usage and consumption of cannabis were tightened again 

after another edition of the Thailand Narcotic Act in 1979. Following this, the 

remaining production of cannabis in Thailand was forced to move to neighboring 

countries such as Laos and Cambodia14. 

   Following a surge of interest in cannabis as a therapeutic substance in 

other countries, the movement for cannabis legalization in Thailand started in 2016 and 

gradually gained momentum as it became one of the promised policies from the elected 

political party during 2018 and 201915. In February 2019, medical cannabis was 

legalized as announced in the Thailand Narcotic Act of 2019. However, regular 

cannabis was still considered a controlled narcotic substance, and recreational use 

remained illegal16. In June 2022, the law entitled "Unlocking Cannabis" announced that 

cannabis was removed from the controlled narcotic substance group. This law was 

established to enhance the value of cannabis in three aspects: 1) medicinal value, 2) 

economic value, contributed by several industries such as cosmetics, traditional herbs, 

food, and innovation, and 3) its value as an alternative choice for self-care. Furthermore, 

this law enables Thai people to grow and own cannabis in their households. Similar to 

Kratom, the legality of the plant could increase the prevalence of cannabis consumers, 

leading to the necessity of investigating its effects. 
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1.1.3 Overlap between high TB risk population and cannabis consumers 

   Evidence from past studies has shown that men are at a higher risk of 

TB due to their disadvantages in seeking or accessing healthcare17,18. Moreover, 

cannabis use is also more likely to be found in males than females19,20. A study by 

Leung et al. reported that the highest prevalence of cannabis users was among young 

adults aged 26 to 3521; however, increased trends of cannabis consumption have also 

been reported in older male adults over the years22. Additionally, the prevalence of 

cannabis use has been found to be associated with socioeconomic adversities23. As 

reported in several past studies24–27, the risk of contracting tuberculosis is higher in low 

socioeconomic groups or those living in poverty. This association is suggested to be 

mediated mainly through the fact that those living in poverty are likely to reside in 

crowded spaces, hence having higher chances of being exposed to tuberculosis24,28,29. 

As there are several possible overlaps in the population between those likely to use 

substances and those prone to getting tuberculosis, investigating the association 

between these populations is needed. 

1.2 Rationale 

   Since the legalization of cannabis in Thailand, its popularity has surged, 

resulting in an increasing number of consumers for both medicinal and recreational 

purposes. The population of cannabis consumers overlaps with populations prone to 

TB infection, such as males and those residing in low socioeconomic or low hygienic 

areas. While evidence of immunosuppression from cannabis is inconclusive based on 

past studies, the increased risk of TB infection can be attributed to several factors, such 

as inflammation and cell damage in the respiratory tract due to cannabis smoking, and 

exposure to pathogens via sharing smoking utensils like water pipes or the cannabis 

itself. Therefore, investigating the health effects of cannabis use is necessary. 

To assess the increased pulmonary TB risks from cannabis use, epidemiological 

evidence is required. We started by using an available national databank of in-patient 

data to conduct a national-scale secondary data analysis to: 1) investigate the 

spatiotemporal correlation between pulmonary TB admission incidence and cannabis-

related admission incidence, and 2) determine the subsequent TB admission rate in 

those admitted with cannabis-related causes and compare it with that of general in-
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patients. To follow up on the national-scale findings, we then conducted a matched 

case-control study to compare the history of cannabis consumption between TB cases 

and age-sex-neighborhood matched controls in a more individualized aspect. 

1.3 Objectives 

 We hypothesized that cannabis use could increase the risk of 

contracting active pulmonary TB. Therefore, to assess the increased risk of infection, 

we aimed to: 

1. Investigate the spatiotemporal correlation between pulmonary TB 

admission incidence and cannabis-related admission incidence. 

2. Determine the subsequent TB admission rate for those admitted with 

cannabis-related causes and compare it with that of general in-patients. 

3. Determine the odds ratio of past cannabis use on pulmonary TB using a 

case-control study with active pulmonary tuberculosis cases and age-sex-

community matched tuberculosis-free controls. 
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1.4 Conceptual frameworks 

1.4.1 Conceptual framework of the secondary data analysis study 

 

Figure 2 Conceptual framework of the secondary data analysis study 
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1.4.2 Conceptual framework of the case-control study 

 

Figure 3 Conceptual framework of the case-control study 
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2. Methodology  

2.1 Methodology of the secondary data analysis study 

2.1.1 Study design 

A secondary data analysis study using the national in-patient databank 

was conducted. 

 

2.1.2 Data source 

 This study was conducted using Thai Health Information Portal (THIP) 

databank. THIP is a collaborative project, jointly managed by the National Health 

Security Office (NHSO), the National Science and Technology Development Agency 

(NSTDA) and the Institute of Research and Development for Health of Southern 

Thailand. THIP contains data from admitted patients from the whole nation who filed 

for reimbursement from NHSO for the medical fees. Since the start of the collaboration, 

in-patient data from between 2017 and 2022 were made available for analysis.  

 

2.1.3 Data curation 

THIP data can be queried using the International Classification of 

Diseases (ICD-10) codes. Admission records of in-patients that had conditions 

presented in either their primary or secondary diagnosis that matched with the queried 

ICD-10 codes will be selected for data extraction. As a proxy for cannabis user 

population, those admitted with conditions including mental and behavioral disorders 

due to use of cannabinoids, cannabis poisoning, and Cannabinosis were queried from 

THIP. To obtain the pulmonary TB history of these in-patients along with the aim to 

estimate and compare subsequent pulmonary TB admission rate with the general in-

patients, ICD-10 codes related to TB were also used for the query processes. All ICD-

10 codes used in the query process along with their description are shown in Appendix 

6. 

 

2.1.4 Sample populations and definitions 

National Thai in-patients were used for secondary data analysis study. 

Those diagnosed with cannabis related causes as show in the appendix were defined as 
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cannabis-related in-patients, a similar process was also conducted to define TB in-

patients. For the second objective, the general in-patients in the databank who were 

never diagnosed with cannabis-related causes and did not admit with TB in their first 

visit were used as control population for matching analysis. 

 

2.1.5 Variables 

 Both the exposure (cannabis-related admission) and the outcome (TB 

admission) variables were derived from the full diagnoses of the in-patient. In THIP, 

each admission records contain one primary diagnosis column and 21 available 

columns for the secondary diagnoses. For the exposure variable of interest, we defined 

in-patients that had the diagnosis of cannabis-related conditions (Appendix Table) in 

any diagnosis column as those with history of cannabis-related admission. A similar 

process was employed for pulmonary TB admission, the outcome variables. Both the 

exposure and outcome variables were treated as binary variables in this study.  

 Other variables available in the databank that were present in this study 

included age, sex, province of residence, and date of admission. The latter was used to 

determine causal relationship between the exposure and outcome variables. We 

categorized age group for analysis process, separating those under and older or equal 

to 40 years of age. For the second objective, co-diagnoses were pre-selected for 

estimating increased risk in the form of hazard ratio (HR). We selected common 

(>10%) co-diagnoses presented in the first admission in any diagnosis column of those 

who later admitted with pulmonary TB. 

 

2.1.6 Statistical analysis and data management 

Concerning the spatiotemporal relationship (the first objective), we 

aggregated admission count into monthly unit and plotted a line graph with Hans 

Rosling’s principal to display their temporal pattern over the years. Monthly aggregated 

admission frequencies were also used for temporal analyses including Pearson’s 

correlation test between admission frequency, trend and stationarity assessments, 

autocorrelation function, cross correlation function, lag analysis such distributed lag 

model and autocorrelated distributed lag model. 
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 For the spatial investigation, we aggregated the admission counts into 

province-level of each year. The counts were then divided by the population of each 

province and presented as admission incidence density rate (IDR) per 100,000 

population. We plotted choropleth maps from 2017 to 2022 while using the calculated 

rate for color gradients to visualize spatial patterns. Pearson’s correlation test was also 

performed in the spatial aggregated unit of superdistrict and provincial level. 

Regarding the second objective, we matched in-patients who admitted 

with cannabis-related causes with those the general in-patient from THIP data using 

specific age, sex, year of admission and superdistrict as matching variables. We 

calculated incidence density rate (IDR) by dividing the number of subsequent TB 

admission in each group by their cumulative person-year. The person-year was defined 

as the time between their first admission entry in THIP data and their endpoint, which 

was the last admission entry if pronounce dead or 30th September 2022, the last entry 

of THIP data for alive in-patients. 

 We then statistically compared the matched populations using 

univariate analysis to assess matching balance and differences in demographic variables 

and outcome-related variables. The pre-selected common co-diagnoses from those who 

later developed subsequent TB admission were also included in this univariate process. 

We performed Mann-Whitney U test, chi-squared test, and Poisson Exact test for non-

normally distributed continuous variables, categorical variables, and comparison 

between IDR, respectively. 

 To assess the increased risk of subsequent pulmonary TB admissions 

while adjusting for covariates, we performed Cox regression between the matched 

population for the outcome of the first subsequent TB admission. The result of Cox 

regression was displayed as adjusted hazard ratio (HR) table. 

All data including for THIP were managed and analyzed using R 

program version 4.2.3. Packages such as tidyverse, stringr, and plyr were used to 

manage the national data.
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2.2 Methodology of the case-control study 

2.2.1 Study design 

 A case-control study was conducted to determine association between 

cannabis consumption and pulmonary TB status using pulmonary TB outpatients and 

their age-sex-community matched TB free healthy controls. 

 

2.2.2 Study setting 

 
Figure 4 Map of Songkhla stratified by districts. Two red dots represent  

the two local hospitals. 
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Pulmonary TB cases were collected from two hospital located within 

Songkhla province, Thailand, of which are Songklanagarind Hospital and Hatyai 

Hospital. Both hospitals were selected based on the difference in patient population 

background, as we planned to collect from both urban and rural population, which are 

the population type of patients from Songklanagarind Hospital and Hatyai Hospital, 

respectively.  

Songklanagarind Hospital is located in Prince of Songkla University, 

Hatyai district, the main business district of Songkhla province. Being a university 

teaching hospital affiliated with Faculty of Medicine of Songkla University, and a 

hospital with super tertiary care capacity, patients of Songklanagarind Hospital can be 

from local Songkhla residence, or people travel from all over Southern region to receive 

a treatment here. Regarding TB patients, there were 173 new TB cases diagnosed in 

2020 in Songklanagarind Hospital. TB cases in Songklanagarind Hospital are generally 

distributed to 3 departments: infectious department, chest department, and screening 

center. For this study, TB cases were recruited from the screening center. 

Hatyai Hospital is the main hospital of Hatyai district, the capital district 

of Songkhla province. It is classified as a general hospital, operated by the Ministry of 

Public Health, and affiliated with the Faculty of Medicine of Prince of Songkla 

University as a teaching hospital. In contrast to Songklanagarind Hospital, patients of 

Hatyai Hospital are usually the residents of Hatyai district, due to the restriction of 

hospital when using the universal health care of Thailand. In Hatyai Hospital, TB cases 

are registered and treated at the TB clinic of the hospital, which was the place where 

the cases were recruited in this study. 

 

2.2.3 Case definition  

We included individuals aged ≥ 20 years old, diagnosed with active 

pulmonary tuberculosis since 1st of January 2022. The diagnosis was either 

bacteriologically (B+) confirmed or clinically diagnosed (B-). In case of B+, the 

confirmation was based on MTB positive culture, Acid- Fast Bacilli (AFB) smear 

positive with CXR image suggesting TB infection, or MTB positive from Gene Xpert. 

Regarding clinically diagnosed TB patients, the decision was accompanied with 

abnormal CXR result with pulmonary TB symptoms, physician decision in starting TB 
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treatment (after 2 weeks of treatment with broad spectrum antibiotics without 

fluoroquinolones). Furthermore, only outpatients that were resided in Songkhla and 

treated at either the screening center of Songklanagarind Hospital or TB clinic of Hatyai 

Hospital were included in this study. 

Regarding exclusion criteria, pulmonary TB patients who were 

diagnosed with diseases or had conditions that affected their immune response were 

excluded from this study. The disease and conditions included HIV positive, cancer, 

receiving chemotherapy, diabetes patients, and malnourished. Those who could not 

partake in face-to-face interview were also excluded from the study. 

 

2.2.4 Control definition 

Controls in this study was matched with the cases using age group, sex, 

and community as the matching variables. Control matching varied between urban and 

rural cases due to differences in TB transmission, influenced by factors such as high 

population density, crowded living conditions, and low hygiene30,31. For rural areas, we 

defined a community as a village in which the patient resided. For the urban setting, we 

defined the study community as an alley of the patient’s home. The responsible 

healthcare center for each study community was approached. The study protocol was 

explained to the patients. The health offices were requested to invite health volunteers 

in charge to participate in the control selection. Information on the age group (10-year 

range) and sex of the patients in that community was used to match with the cases and 

guide the health volunteers to select controls. The exclusion criteria for controls were 

the same as those for the case group. Potential controls were not included if they had 

been diagnosed with TB. However, we did not attempt to exclude patients with TB 

from the control group using any tests, including chest radiography. 
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2.2.5 Sample size calculation 

𝑛1 = [
𝑧

1−
𝛼
2

 √𝑝̅𝑞̅(1+
1

𝑟
)+𝑧1−𝛽√𝑝1𝑞1+

𝑝2𝑞2
𝑟

∆
]2  (1) 

𝑟 =  
𝑛2

𝑛1
, 𝑞1 = 1 − 𝑝1, 𝑞2 = 1 − 𝑝2  (2) 

𝑝̅ =
𝑝1+𝑝2𝑟

1+𝑟
, 𝑞̅ = 1 − 𝑝̅    (3) 

This study sample size was calculated using two independent proportion 

formulas (formulas 1-3). For the exposure proportion in the control group, we used the 

previously reported prevalence of Thai people who had ever used cannabis for 

medicinal purposes, which was 0.32 for P1. We assumed the proportion of cannabis 

consumption among the cases (P2) to be 0.49, which was sufficient to generate an OR 

of 2. With a significance level of 0.05, a power of 0.8, and a 1:1 case-to-control ratio, 

the required total sample size was 148 cases and 148 controls. 

 

2.2.6 Recruitment and sampling processes 

No sampling technique was performed for the case group. All available 

eligible TB cases were approached for recruitment by the nurse teams of both hospitals, 

while they waited for their scheduled examination or payment processes. After 

approached by the nurse team, the primary investigator explained the study to the 

eligible cases, while handing out the participant information sheet before asking for 

their verbal informed consent. Cases were approached from both hospitals until the 

number of cases met the sample size requirement. 

Regarding the sampling of control, recruitment of the control group was 

assigned to the health volunteers or research staffs who responsible or resided at the 

sub-district/community where the cases were resided in. For each case, the health 

volunteers or research staffs were told to randomly select one eligible control (matched 

in age group, sex, and community) from the community. When more than one eligible 

control was available for each TB case, volunteers were advised to randomly select one. 
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2.2.7 Data collection 

The primary investigator was stationed at the screening center of 

Songklanagarind Hospital on every Tuesday and Thursday during the data collection 

period, while the cases from Hatyai Hospital were approached and recruited on every 

Monday, Wednesday, and Friday when the TB clinic was operational. 

Data collection was done using face-to-face interview with a structured 

questionnaire (Appendix). The structured questionnaire contained 3 sections of items 

included 1) demographic information, 2) alcohol-tobacco-kratom-related information, 

and 3) cannabis-related information. The interview duration was limited to at most 10 

minutes to avoid discomfort of the case group. The interview of the case group was 

conducted at the hospital where they were recruited, while eligible controls were 

contacted to come for an interview at their nearby local health center. Data collection 

was performed only once the verbal informed consent was obtained from the 

participant. 

 

2.2.8 Variables 

In this study, dependent variable or outcome variable was the status of 

active pulmonary TB, of which either was pulmonary TB positive or pulmonary TB 

negative. Pulmonary TB status of the case population was obtained from the hospital 

that the cases are registered and receiving treatment at. Pulmonary TB status depended 

on TB diagnosis, of which based on either TB culture result, or AFB staining result 

combined with CXR image. As there are 2 outcomes for pulmonary TB status, positive 

or negative, this variable was treated as a binary variable. Independent variables 

consisted of 3 domains, as described in Table 1 shown below. 

Table 1 Independent variable table with description and type of variables 

Domain 1: demographic variables 

Variable name Description Type of variable 

Sub-district location 
Sub-district where that participant 

located 
Categorical variable 

Village/block 
Sub-district where that participant 

located 
Categorical variable 
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Age 
Age of participant at the day of 

interview 
Continuous variable 

Sex Sex of the participant Categorical variable 

Occupation Occupation of the participant Categorical variable 

Education level Education level of the participant.  Categorical variable 

Average monthly income 

Monthly income of the participant. In 

case of variation between months, the 

average will be asked. 

Continuous variable 

Registration type (case 

group) 

Registration type from the hospital, in 

case of being a TB case 
Categorical variable 

TB household contact 

status 

Currently living with TB case, in the 

same house 3 months before onset of 

symptom or diagnosis of pulmonary 

TB 

Categorical variable 

Domain 2: tobacco, alcohol and kratom-related variables 

History of smoking 
Participant history of smoking:  

Yes or No  
Categorical variable 

Currently a smoker 

Currently a smoker:  

Yes (≥ 1 cigarette in past month), 

No (hasn’t smoked in the past 6 

months), or just quit (hasn’t smoked 

in the < 6 months) 

Categorical variable 

Start smoking 

In case of being a smoker/ex-smoker. 

Age when the participant started 

smoking will be asked 

Continuous variable 

Time of quitting 

In case of being an ex-smoker. Time 

of quitting will be measured in year 

since stop smoking 

Continuous variable 

Type of smoking 
Type of smoking substance the 

participant smokes 
Categorical variable 

Smoking frequency 
How often does the participant 

smoke: daily, weekly, or monthly 
Categorical variable 

Smoking dosage 

Number of cigarettes consume per 

frequency answered in the prior item. 

In case that the participant smokes 

daily or weekly, the dosage will be 

calculated into monthly equivalent 

Continuous variable 
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Replacement for tobacco 

In case of quitting, is there a product 

used as a replacement for tobacco 

(stop craving or reduce withdrawal 

effects) 

Categorical variable 

Reason behind the 

replacement of tobacco 

Reason behind choosing the 

replacement substance for tobacco 
Categorical variable 

History of alcohol 

consumption 

Participant history of alcohol 

consumption: Yes or No 
Categorical variable 

Currently an alcohol 

drinker 

Currently an alcohol drinker: 

Yes (≥ 1 drink in the past 12 months) 

or  

No (hasn’t drunk in the past 12 

months) 

Categorical variable 

Start drinking 

In case of being a drinker/ex-drinker. 

Age when the participant started 

drinking will be asked 

Continuous variable 

Time of quitting 

In case of being an ex-drinker. Time 

of quitting will be measured in year 

since stop drinking alcohol 

Continuous variable 

Drinking frequency 
How often does the participant drink 

alcohol: daily, weekly, or monthly 
Categorical variable 

Dosage of alcohol 

consumption (per month) 

Number of drinks consume per 

frequency answered in the prior item. 

In case that the participant drink 

alcohol daily or weekly, the dosage 

will be calculated into monthly 

equivalent 

Continuous variable 

Replacement for alcohol 

In case of quitting, is there a product 

used as a replacement for alcohol 

(stop craving or reduce withdrawal 

effects) 

Categorical variable 

Reason behind the 

replacement of alcohol 

Reason behind choosing the 

replacement substance for alcohol 
Categorical variable 

History of kratom use 
Participant history of kratom use: Yes 

or No 
Categorical variable 

Currently use kratom Currently use/consume kratom  Categorical variable 

Start using kratom 

In case of being a user/ex- user. Age 

when the participant started using 

kratom will be asked 

Continuous variable 

Time of quitting 

In case of having history of kratom 

use but not a current user. Time of 

quitting will be measured in year 

since stop using kratom 

Continuous variable 
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Main reason behind using 

kratom 

Reason (recreational vs therapeutic) 

will be asked in kratom user 
Categorical variable 

Desired therapeutic effect 

from kratom 

In case the user used kratom for 

therapeutic effect, specific ailment 

that kratom is used for will be asked 

Categorical variable 

Types of kratom 

consumption 
How kratom is consumed Categorical variable 

Additive used with kratom 

In case the user consumes kratom as 

cocktail mixture, additive for the 

cocktail will be asked 

Categorical variable 

Frequency of kratom 

consumption 

How often does the participant 

consume kratom 
Categorical variable 

Dosage of kratom 

consumption (per month) 

Average number of kratom leaves 

consumed per frequency answered in 

the prior item. In case that the 

participant consumes kratom daily or 

weekly, the dosage will be calculated 

into monthly equivalent 

Continuous variable 

Companions presented 

during kratom 

consumption 

The number of companions during 

kratom consumption 
Continuous variable 

Domain 3: cannabis-related variables 

History of cannabis use 
Participant history of cannabis use: 

Yes or No 
Categorical variable 

Currently use cannabis Currently use/consume cannabis Categorical variable 

Start using cannabis 

In case of being a user/ex- user. Age 

when the participant started using 

cannabis will be asked 

Continuous variable 

Time of quitting 
In case of having history of cannabis 

use but not a current user. Time of 
Continuous variable 
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quitting will be measured in year 

since stop using cannabis 

Main reason behind using 

cannabis 

Reason (recreational vs therapeutic) 

will be asked in cannabis user 
Categorical variable 

Desired therapeutic effect 

from cannabis 

In case the user used cannabis for 

therapeutic effect, specific ailment 

that cannabis is used for will be asked 

Categorical variable 

Types of cannabis 

consumption 
How cannabis is consumed Categorical variable 

Location where cannabis is 

consumed 

Where cannabis is generally 

consumed 
Categorical variable 

Ventilation at place of 

consumption  

Ventilation status of place of 

consumption: 

Well ventilated (open door/window, 

outdoor) 

Poorly ventilated (close 

door/window, hotboxing)  

Categorical variable 

Sharing of cannabis 

In case that cannabis is consumed via 

smoking, sharing of cannabis will be 

asked  

Categorical variable 

Companions presented 

during consumption 

The number of companions during 

cannabis consumption 
Continuous variable 

Pipe hygiene 

In case that cannabis is smoked via 

water pipe, frequency of pipe 

cleaning will be asked 

Categorical variable 

Frequency of cannabis 

consumption 

How often does the participant 

consume cannabis 
Categorical variable 

Dosage of cannabis 

consumption (per month) 

Average cost of cannabis consumed 

per frequency answered in the prior 

item. In case that the participant 

consumes cannabis daily or weekly, 

Continuous variable 
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the dosage will be calculated into 

monthly equivalent 

 

2.2.9 Data management 

This study used the REDCap server hosted by the Research 

Development Office of Prince of Songkla University to enter and store data. To avoid 

potential human error and recall bias, all data collected during face-to-face interviews 

was directly entered into the REDCap mobile application (Figure 5). To access the 

mobile application, the primary investigator and all field staff were required to install 

the mobile application before data collection, along with setting up login IDs and 

passwords to increase data security. The interview data stored in the mobile application 

was then synced with the REDCap server at the end of each day of the data collection 

period. 

Only the primary investigator was allowed to access the database of this 

study. The database was restricted via two-factor authentication using an ID and 

password, and an email one-time password (OTP). This was conducted to safeguard 

participant information and confidentiality. Furthermore, data collected in both mobile 

structured questionnaires and collection instruments on the database did not contain the 

names of the participants. Data from the REDCap database was separately exported 

into comma-separated values (CSV) data files and R files. The R files will be used to 

read and label REDCap data via the R Hmisc package. 

 

Figure 5 Data entry processes on REDCap mobile application 
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2.2.10 Statistical analysis 

Descriptive statistics were used to summarize all independent variables 

and were stratified by the outcome variable. Frequency and percentage were used for 

categorical variables, whereas continuous variables were described using mean and 

standard deviation (SD) or median and interquartile range (IQR) based on their 

distribution. Univariate association analysis was conducted using either the chi-square 

test or Fisher’s exact test for small, expected cell counts, while the Student’s t-test or 

Mann–Whitney U test was performed for continuous variables depending on the 

variable’s distribution. A logistic regression analysis was performed to adjust for the 

remaining confounding factors. The key independent variables maintained in the model 

were cannabis use and smoking. Other covariates included in the model as potential 

confounders were those that showed a significant association with the outcome in the 

univariate analysis (P < 0.2). 

Because smoking tobacco is a strong confounder, a multivariate model 

was initially performed without it. This model was then compared with the model in 

which it was included. The coefficient/OR of cannabis in the model, including smoking 

tobacco, reflected its direct effect on TB risk. This stepwise modeling approach was 

used separately to analyze the effects of cannabis use and cannabis smoking. To 

compare the different models, we used the Akaike information criterion (AIC) values. 

The model with the lowest AIC was considered the best-fit model, given that the set of 

records was the same. In the case of collinearity between two exposure variables, the 

variable with the lowest AIC was selected. This model was then summarized to display 

the OR with a 95% confidence interval (CI) for each independent variable. In addition, 

the population-attributable fraction (PAF) based on Levin’s formula was computed for 

modifiable risk factors32, particularly cannabis use. The significance level (α) for 

multivariate analysis was set at 0.05. 
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3. Results and Discussion 

3.1 Results of secondary data analysis 

3.1.1 Temporal analyses  

 

Figure 6 Chronological line plot of admission frequencies of cannabis-related and pulmonary TB diagnoses
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Figure 6 illustrated dynamics of monthly admission frequency from 

cannabis related causes in the X axis and those from pulmonary TB admission of the 

same month in the Y axis. The  number in the points denote the number of months of 

follow up: 1 denotes January 2017,  5 denotes May 2017, stepping up at 5-month 

interval until month 69 on September 2022. From month 1 to month 27, the frequencies 

of cannabis-related admissions were relatively low (below 55 admission per month), 

whereas those of TB admission were relatively high (above 4500 admission per month). 

During the COVID-19 pandemic, from month 28 to month 65, the number of monthly 

cannabis-related admission distributed in the middle of the X axis (from 82 to 213 

admission per month), while pulmonary TB admission widely distributed on the Y axis. 

Finally, in month 66 to 69, the number of cannabis-related admission were on its peak 

contrasted to those of pulmonary TB. The trends of both admission types in log scale 

are separately displayed in Figure 7 and Figure 8. 
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Figure 7 Trend of TB admission frequency in log scale 
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Figure 8 Trend of cannabis-related admission frequency in log scale
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Figure 9 Scatter plot between two admission frequencies in log scale 

 

Concerning the relationship between cannabis related admission and 

those of TB diagnoses, without accounting for lag aspect, negative correlation was 

detected between the two admission frequency; Pearson’s correlation value of -0.415 

with P < 0.001 was found as shown in Figure 9. 

However, when investigating the relationship in each year of THIP data 

(Figure 10), we found weak to medium positive correlations were found between the 

two admission frequencies. A statistically significant correlation of 0.662 was detected 

in 2021 with  P = 0.019. 
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Figure 10 Scatter plot between two admission frequencies in log scale in each year of THIP data 
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Regarding, the lag aspect, the autocorrelation of TB and cannabis-related admission frequency are shown in Figure 11 and Figure 

12. Significant positive autocorrelations were found in both admission types between lag 0 (current lag) and lag 12 (in TB admission) and 

lag 17 (in cannabis-related admission). 

 

Figure 11 Autocorrelation function of monthly frequency of TB admission. 
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Figure 12 Autocorrelation function of monthly frequency of cannabis-related admission. 

In addition, negative autocorrelations were found in monthly frequency of cannabis-related admission between lag of 41 to 58. All 

mentioned autocorrelations were outside the 95% confidence interval range. 
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Concerning the cross correlation between the two monthly admission frequencies, the cross correlation plot with the cannabis-

related admission treated as an independent variable and TB admission treated an outcome variable is shown in Figure 13. 

 

Figure 13 Cross correlation function between cannabis-related and TB admission monthly frequencies.
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Statistically significant negative cross correlations were found in lag -

15 to lag 11, indicating that both preceding and proceeding admission of frequencies of 

cannabis-related admissions had a negative correlation with those of TB admission. 

However, after adjusting for TB autocorrelation up to 12 lags (one year of past 

frequencies), the negative correlation turned out to non-statistical significance, while 

only the autocorrelation of TB in lag 10 possessed a statistically significant positive 

correlation of TB monthly admission frequency (Table 2). 

Table 2 Autocorrelated distributed lag model table for TB monthly admission 

frequency. 

Lags of variable β Std. Error t value P value 

Monthly cannabis-related 

admission frequency 
    

   Lag 3 -1.311 1.409 -0.930 0.358 

   Lag 6 -1.448 2.047 -0.707 0.484 

   Lag 9 1.984 2.237 0.887 0.381 

   Lag 12 -1.555 2.589 -0.601 0.552 

   Lag 15 0.248 1.892 0.131 0.896 

Monthly TB admission 

frequency 
    

tb.count.1 0.272 0.170 1.598 0.119 

tb.count.2 0.137 0.170 0.805 0.426 

tb.count.3 0.160 0.167 0.956 0.345 

tb.count.4 0.101 0.159 0.634 0.530 

tb.count.5 0.062 0.158 0.392 0.697 

tb.count.6 -0.159 0.174 -0.911 0.368 

tb.count.7 0.057 0.160 0.358 0.722 

tb.count.8 -0.051 0.156 -0.325 0.747 

tb.count.9 0.082 0.176 0.467 0.643 

tb.count.10 0.337 0.161 2.100 0.043 

tb.count.11 -0.132 0.165 -0.797 0.430 

tb.count.12 0.158 0.186 0.851 0.400 

 

3.1.2 Spatial investigation 

   Without accounting for the temporal aspect, areas with high cannabis-

related admission frequency were also found with high TB admission frequency. This 

correlation was found in both sub-region and superdistrict level as shown in Figure 14 

and Figure 15. 
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Figure 14 Scatter plot of admission frequencies aggregated into sub-region unit 
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Figure 15 Scatter plot of admission frequencies aggregated into subdistrict unit of each stratified by region 
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Figure 16 Thailand choropleth map based on the admission incidence rate per 

100,000 population. A) cannabis-related causes, B) pulmonary TB, and C) the 

combination of both gradients. 

   Figure 16 illustrates the spatiotemporal changes of IDR of cannabis-

related admission (16A), TB admission (16B), and the combination of in blue, red, and 

purple tones (16C). Distinct increases of cannabis admission were observed in the upper 

parts of Thailand, which eventually overtook the initial relatively high IDR in Surat 

Thani province in the middle of Southern Thailand. On the contrary, TB admission 

incidence remained highest in the Northeastern region throughout the years although 

the incidence tended to decline over time in all regions. 
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3.1.3 Demographic of in-patients 

The flow diagram of data curation and cohort matching processes is shown in 

Figure 17. Throughout the 6-year period, 7,313 in-patients were admitted with 

cannabis-related causes recorded in their first data entry. The most common cannabis-

related causes were “Mental and behavioral disorders due to use of cannabinoids” 

(83.5%) and “Poisoning, cannabis (derivatives)” (23%), with the diagnoses not being 

mutually exclusive. After excluding those co-diagnosed with pulmonary TB, 7,272 in-

patients remained. Of these, 80 (1.1%) in-patients were deceased at the time of their 

first admission records.  

 
Figure 17 Flow diagram of data curation and matching processes. 

   We identified 37 subsequent pulmonary TB admissions among 23 in-

patients, with 6 of these in-patients having more than one sequential TB admission. 

More than half (52.1%) of the 23 in-patients were admitted for TB within 10 months of 

their initial cannabis-related admission. Among the 23 in-patients, 78.26% were 

diagnosed with “Mental and behavioral disorders due to use of cannabinoids” on first 

admission, while “Poisoning, cannabis (derivatives)” was found in 26.09% of the 

patients. Other co-diagnoses occurring in > 10% of these in-patients included “Mental 
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and behavioral disorders due to use of alcohol” (17.39%), “Intentional self-poisoning 

by and exposure to narcotics and psychodysleptics” (13.04%), “Mental and behavioral 

disorders due to use of other stimulants, including caffeine” (17.39%), “Hypo-

osmolality and hyponatremia” (17.39%), “Hypokalemia” (17.39%), “Pneumonia, 

unspecified” (13.04%), “Poisoning by and exposure to narcotics and psychodysleptics” 

(13.04%), and “Type 2 diabetes mellitus without complications” (13.04%). 

   For the control group, we obtained admission records of 75,850 general 

in-patients with no history of cannabis-related admission or co-diagnoses indicating 

pulmonary TB. Among these, 560 (0.7%) were deceased at the time of their first 

admission record. Regarding the matching of the two cohorts, we successfully matched 

6,773 (93.1%) of the 7,272 in-patients diagnosed with cannabis-related causes with the 

general in-patients without a cannabis-related admission history or pulmonary TB in 

their first admission. 

Table 3 Descriptive table of two cohorts 

Variable 

No history of 

cannabis-related 

admission 

Admitted with 

cannabis-related 

causes 

p value 

Total 6773 6773  

Age   0.893a 

   Median (IQR) 30 (21,47) 30 (21,47)  

Sex   1b 

   Male 5746 (84.8) 5746 (84.8)  

   Female 1027 (15.2) 1027 (15.2)  

Diabetes mellitus   < 0.001b 

   No 6542 (96.6) 6465 (95.5)  

   Yes 231 (3.4) 308 (4.5)  

Hypo-osmolarity   < 0.001b 

   No 6610 (97.6) 6543 (96.6)  

   Yes 163 (2.4) 230 (3.4)  

Hypokalemia   < 0.001b 

   No 6099 (90) 5650 (83.4)  

   Yes 674 (10) 1123 (16.6)  

Pneumonia   < 0.001b 

   No 6651 (98.2) 6698 (98.9)  

   Yes 122 (1.8) 75 (1.1)  
a Mann-Whitney U test, and bChi-squared test 

 

    Table 3 summarizes the background information of the cannabis-related 

admission cohort with their matched pairs. The distributions of age and sex were well-
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matched, with a pre-dominance of young adults and male sex. The control participants 

were less likely to have metabolic comorbidities, such as diabetes mellitus, hypo-

osmolarity and hypokalemia, but were more likely to have pneumonia. 

 

3.1.2 Comparison of incidence density rates 

          Table 4 presents various follow-up outcome variables in the univariate 

analysis format. The univariate analyses revealed a shorter interval between the first 

admission and the subsequent TB admission and higher IDR in the case group. 

However, none of these differences reached statistical significance (P < 0.05) in any of 

the analysis methods used. 

Table 4 Comparison of variables related to pulmonary TB admission between cohorts 

Variable 

No history of 

cannabis-related 

admission 

Admitted with 

cannabis-related 

causes 

P value 

Total 6773 6773  

Individual level    

Frequency of 

subsequent TB 

admission 

  0.392a 

   0 6760 (99.8) 6751 (99.7)  

   1 8 (0.1)          16 (0.2)     

   2 3 (0) 3 (0)  

   3 1 (0) 0 (0)  

   4 0 (0) 1 (0)  

   5 1 (0) 2 (0)  

Time until first 

subsequent TB 

admission (in-month) 

  0.049b 

   Median (IQR) 4.1 (0.4 - 13.5) 11.4 (4.0 – 32.7)  

Population level    

Frequency of 

subsequent TB 

admission 

  0.087c 

    Frequency 22 36  

Follow-up person year    

   Median (IQR) 1.6 (0.5,3.1)  1.7 (0.5,3.2)  
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Incidence density rate 

per person year per 

100,000 population  

  0.087c 

   IDR 165.9 267.6  
aFisher’s exact test, bMann-Whitney U test, and cExact Poisson test  

 

   Table 5 summarizes the results from the Cox regression for subsequent 

TB admission, including the HR and its 95% CI. The HR of the cannabis cohort was 

not significant (1.48, 95% CI: 0.74,2.96). Young age (< 40 years old), having diabetes 

mellitus, hypo-osmolarity, and pneumonia in the first admission were statistically 

significant predictors for subsequent pulmonary TB admission. 

Table 5 Hazard ratio table. 

Variable Hazard ratio 95% CI P value 

History of cannabis-related 

admission (ref = no) 
  0.268 

   Yes 1.48  (0.74,2.96)  

Age group  

(ref = < 40 years old) 
  0.002 

   ≥ 40 years old 3.45  (1.6,7.43)  

Sex  

(ref = female) 
  0.055 

   Male 4.11  (0.97,17.51)  

Diabetes mellitus  

(ref = no) 
  0.001 

   Yes 4.22  (1.77,10.08)  

Hypo-osmolarity  

(ref = no) 
  0.003 

   Yes 4.39  (1.67,11.53)  

Hypokalemia 

(ref = no) 
  0.561 

   Yes 0.76 (0.29,1.94)  

Pneumonia 

(ref = no) 
  < 0.001 

   Yes 10.12  (3.92,26.12)  
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3.2 Result of case-control study 

3.2.1 Demographic of case and control groups 

 

Figure 18 Collection timeline of case-control study 
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Figure 19 Distribution of TB cases in Songkhla province. 

   The collection period for the case-control study spanned from March to 

December of 2023 as shown in Figure 18. Cases were collected during March to July 

of 2023. The majority of the cases came from Hatyai Hospital (78%). The peak of case 
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collection period was in May of 2023. While the cases were distributed throughout the 

province, hotspot of TB cases were found in the urban sub-districts including Hat Yai, 

Ban Phru, Kho Hong, Khlong Hae, and Khuan Lang as shown in Figure 19. 

Concerning the control group, we initially tested the control data 

collection processes in late July and fully conducted control collection between 

September and December of 2023. 

Of 152 eligible TB patients, 148 patients gave their consent,  a response 

rate of 97.4%. We obtained 117 age-sex-community matched controls from the health 

volunteer recruitment. As these controls were readily recruited by the health workers, 

we did not have the information on the number of eligible subjects and the response 

rate. Table 2 shows the results of the univariate analysis. The patients in the case group 

were generally younger than the controls, had a lower education level, and had a higher 

proportion of unemployed individuals and office workers. Substance use was more 

common in the case group, with a significantly higher proportion of individuals 

reporting ever-drank alcohol and tobacco, along with a higher prevalence of current 

smoker. Additionally, the monthly cigarette dosage was significantly higher in those 

who had smoked tobacco.  

Table 6 Descriptive table stratified by case and control group status 

Variables Control Case P value 

Total 117 148  

Age   0.097a 

  Mean (SD) 55.1 (15.9) 51.8 (16.2)  

Age group   0.351c 

   ≤ 40 years old 22 (18.8) 38 (25.7)  

   41 - 60 years old 59 (50.4) 64 (43.2)  

   > 60 years old 36 (30.8) 46 (31.1)  

Sex   0.492c 

   Male 71 (60.7) 97 (65.5)  

   Female 46 (39.3) 51 (34.5)  

Education   0.042c 

   < High school 54 (46.2) 88 (59.5)  

   ≥ High school  63 (53.8) 60 (40.5)  

Occupation   0.065c 

   Business owner/freelance 31 (26.5) 22 (14.9)  
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   Laborer 32 (27.4) 40 (27)  

   Office worker 12 (10.3) 26 (17.6)  

   Retired/unemployed/student 42 (35.9) 60 (40.5)  

Monthly income (thousand baht) (n 

= 235) 
  0.388b 

  Median (IQR) 6 (0,15) 8 (0,15)  

Ever drank alcohol   0.004c 

   No 54 (46.2) 42 (28.4)  

   Yes 63 (53.8) 106 (71.6)  

Current drinker   0.707c 

   No  78 (66.7) 103 (69.6)  

   Yes  39 (33.3) 45 (30.4)  

Monthly drink count (n = 123)   0.004b 

  Median (IQR) 24 (10,60) 60 (16,120)  

Ever smoke   < 0.001c 

   No 69 (59) 49 (33.1)  

   Yes 48 (41) 99 (66.9)  

Current smoker   0.035c 

   No 90 (76.9) 95 (64.2)  

   Yes 27 (23.1) 53 (35.8)  

Monthly cigarette count  

(n = 137) 
  0.004b 

  Median (IQR) 155 (55,480) 300 (150,600)  
aStudent’s t-test 
bMann-Whitney U test 

cChi-square test 

   

 

3.2.2 Active pulmonary TB association with cannabis use 

   The details of cannabis consumption among cases and controls are 

summarized in Table 3. Eleven percent of the controls were current cannabis users, 

whereas nearly 19% had used cannabis at least once before, most commonly through 

oral consumption (12.8%). Cannabis consumption among cases and controls was not 

significantly different among current users, quitting age, usage frequency, oral 

consumption, and health reasons behind cannabis use. Cases were more likely to have 

a history of ever using cannabis and smoking cannabis via a bong or joint, especially 

when sharing cannabis during the session. We obtained the ventilation status from 37 
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out of 38 bong smokers and 30 out of 33 joint smokers. Smoking in well-ventilated 

areas was reported by 33 (89.2%) of bong smokers and 26 (86.7%) of joint smokers. 

Table 7 Comparison of cannabis use detail among cases and controls. 

Variables Control Case P value 

Total 117 148  

Current user (within 1 year)   0.303b 

   No  104 (88.9) 138 (93.2)  

   Yes  13 (11.1) 10 (6.8)  

Ever used cannabis   0.002b 

   No 95 (81.2) 94 (63.5)  

   Yes 22 (18.8) 54 (36.5)  

History of cannabis use    

Starting age (n = 76)   0.064a 

  Median (IQR) 22.5 (18.5,49.2) 19 (18,21)  

Year since last use (n = 49)   0.736a 

  Median (IQR) 15 (2,38) 10 (3,26.5)  

Frequency (n = 76)   0.366b 

   Occasionally 12 (54.5) 20 (37)  

   Regularly 4 (18.2) 15 (27.8)  

   Once or twice 6 (27.3) 19 (35.2)  

Usage via bong smoking   < 0.001c 

   No  111 (94.9) 116 (78.4)  

   Smoke only 1 (0.9) 1 (0.7)  

   Smoke and share 5 (4.3) 31 (20.9)  

Usage via joint smoking   0.005b 

   No  111 (94.9) 121 (81.8)  

   Smoke only 3 (2.6) 11 (7.4)  

   Smoke and share 3 (2.6) 16 (10.8)  

Usage via oral consumption   0.390b 

   No  102 (87.2) 135 (91.2)  

   Yes  15 (12.8) 13 (8.8)  

Extra information among users    

Paid for cannabis (n = 51)    

   No 15 (93.8) 20 (57.1)  

   Yes 1 (6.2) 15 (42.9)  

Monthly spending in THB 

(n = 16) 
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   Median (IQR) 50 300 (100,450)  

Using cannabis for health 

reasons 

(n = 11) 

   

   To increase appetite 0 (0) 4 (57.14)  

   To treat insomnia 1 (25) 2 (28.57)  

   To freshen up 0 (0) 1 (14.29)  

   For unknown medicinal 

   benefits 
2 (50) 0 (0)  

   Missing 1 (25) 0 (0)  
aMann-Whitney U test 

bChi-square test 

cFisher’s exact test 
   

 

Table 8 compares the AICs of all prediction models for active 

pulmonary TB from various types of cannabis use with different combinations of 

covariates. Owing to the collinearity between smoking via the bong and joints, they 

were separately analyzed and displayed. Row A displays the results from ever-used 

cannabis, while rows B and C display those from smoking cannabis via bong and joint, 

respectively. Model 1, incorporating all exposure variables, showed a significant crude 

odds ratio that remained significant after age, sex, education and occupation were 

included (Model 2). Of all the models, model 3B yielded the lowest AIC value and was 

therefore used to calculate the ORs and population-attributed fractions.  

Table 9 displays the ORs (95% CI) of variables in model 3B. The effects 

from smoking and sharing cannabis via a bong were independently significant, as were 

the effects from tobacco smoking. The levels of ORs between smoking and sharing 

cannabis via a bong and tobacco smoking were similar (4.22; 95% CI: 1.47–12.07 and 

4.36; 95% CI: 1.97–9.65, respectively). The percentages of PAF were 12.16 and 12.62 

for the respective categories. Based on the likelihood ratio tests, all other independent 

variables in the model, except age, were also statistically significant. Using the same 

covariates, the adjusted OR for oral consumption cannabis was (0.65; 95% CI: 0.28–

1.52).  
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Table 8 Comparison of AIC values among predicting models for active pulmonary TB 

 

Key independent variables  Odds ratio  

 Model 1 Model 2 Model 3 

Included covariates - 
Age group, sex, education, and 

occupation 

Model 2 & history of tobacco 

smoking 

A)    

   Ever used cannabis (ref = never) 2.48 (1.40,4.39)* 2.71 (1.47,5.01)* 2.00 (1.05,3.81)* 

        AIC 357.46 353.61 339.13 

B)    

   Smoking cannabis via bong 

   (ref = no) 
   

   Smoke only 0.96(0.06,15.49) 0.95 (0.06,16.23) 0.72 (0.04,12.38) 

   Smoke and shared 5.93 (2.23,15.80)* 6.35 (2.28,17.67)* 4.22 (1.47,12.07)* 

        AIC 351.36 349.76 336.78 

C)    

   Smoking cannabis via joint 

   (ref = no) 
   

   Smoke only 3.36 (0.91,12.37) 4.50 (1.15,17.59)* 3.32 (0.84,13.22) 

   Smoke and shared 4.89 (1.39,17.24)* 5.45 (1.46,20.34)* 3.42 (0.89,13.05) 

        AIC 358.31 353.63 339.23 
*Statistical significance at P < 0.05    
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Table 9 Odds ratios of active pulmonary TB 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable OR (95% CI) PWald’s test PLR-test PAF (%) 

Smoking cannabis via bong  

(ref = no) 
  0.011  

   Smoke only 0.72 (0.04,12.38) 0.823  0 

   Smoke and shared 4.22 (1.47,12.07) 0.007  12.16 

Age (ref = ≤ 40 years old)   0.169  

   41 - 60 years old 0.51 (0.24,1.07) 0.077   

   > 60 years old 0.5 (0.21,1.17) 0.109   

Sex (ref = male)   0.034  

   Female  2.28 (1.04,5.04) 0.041   

Education (ref = ≥ High school)   0.023  

   < High school 2.02 (1.1,3.72) 0.024   

Occupation (ref = business owner)   0.038  

   Laborer 1.1 (0.47,2.55) 0.83   

   Office worker 3.55 (1.36,9.27) 0.01   

   Retired/unemployed/student 1.65 (0.75,3.61) 0.212   

Ever smoked tobacco (ref = no) 4.36 (1.97,9.65) < 0.001 < 0.001 12.62 
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3.3 Discussion 

While the monthly frequencies of pulmonary TB admissions declined, 

those that were cannabis-related increased from 2017 to 2022. The increase in cannabis-

related admissions was classified into three time periods. From January 2017 to March 

2019, the monthly admissions ranged from 25 to 75 nationally. From April 2019 to May 

2022, the monthly admissions ranged from 82 to 213 nationally. In June 2022, 

recreational cannabis was legalized; the number of admissions then further increased to 

over 348 national monthly admissions until the last data point available in September 

of 2022. Both cannabis and TB admissions shared a geographical hotspot in the 

Northeastern region. 

In the analysis of anonymized in-patients, the risk of subsequent TB 

admission among those previously admitted for cannabis-related issues was not 

significantly higher than that for those admitted due to other causes or diseases. 

The steady decline in TB admissions during the pre-COVID-19 period 

may partially reflect the success of the National End TB Program33. The sharp decline 

during the COVID-19 period, however, is likely attributable to the disruption of the 

health care system from the pandemic. Similar declines in notified cases were reported 

in China34,35, the USA36, and several lower-and middle income countries37. However, 

rebounds in notified cases after the pandemic subsided was also detected in several 

regions, including the Americas and South-East Asia37. In addition, several reports 

showed an increase in TB mortality while the notification rate declined during the 

pandemic34,38,39.  

Our data suggest that legalization of recreational cannabis may increase 

the incidence of hospitalization from cannabis use. Availability of cannabis outlets was 

shown to lead to a higher likelihood of cannabis consumption40, thereby increasing the 

chance of hospital admission. Similar findings of increased cannabis consumption after 

legalization have previously been reported; Martins et al. detected an increase in past-

year cannabis use of 1–3.7% in the US41. Following the legalization of cannabis in 

Canada, Sandhu et al. reported that 20% of Canadians evinced an increased interest in 

trying cannabis42, and the prevalence of cannabis use increased by 5.6%43. Similarly, 
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increased hospitalization rates due to cannabis were also reported in Canada after 

cannabis commercialization during the pandemic44.  

After accounting for the yearly (Figure 10) or monthly (Table 2) decline 

in TB admissions, the transition from a significant negative correlation to a non-

significant correlation between the two admission types provided no evidence of a link, 

either concurrently or with a lag. 

In the spatial aspect, both TB and cannabis-related admissions were 

highest in the Northeastern region of Thailand, which is well-known for its poverty and 

general ill health45,46. These factors may potentially explain the geographical 

association47,48. However, the opposite trend suggests a non-causal association between 

cannabis use and TB admissions. 

When analyzing individual-level associations, we did not detect an 

increased risk of subsequent TB admission in patients priorly admitted for cannabis-

related causes. Therefore, this study does not provide evidence to support cannabis 

consumption as a risk factor for pulmonary TB hospitalization. 

In a non-hospitalized context, a contact-tracing study in Queensland 

reported an association between sharing cannabis pipe with TB index case and 

transmission of TB49. Thus, so far, only instrument sharing has been identified as a risk 

factor for TB transmission. Hypotheses related to respiratory tract damage causing 

depletion of local immunity remain unsupported by evidence. However, the lack of 

association found in this study does not provide sufficient grounds for policy 

implications regarding cannabis regulation, given the need to consider other adverse 

health effects of cannabis that are beyond the scope of this investigation. 

The limitations of this secondary data analysis study stemmed from the 

usage of a national in-patient data registry. We could not rule out possible past TB 

status; thus, the outcomes in this study were either new TB (either from new infection 

or from reactivation of latent TB) or relapse TB cases, with symptoms severe enough 

to require hospitalization. Patients in cannabis-related admission cases may exhibit 

different settings and behaviors compared to the general cannabis consumer population. 

Thus, the results should be interpreted with caution. Moreover, the use of 
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hospitalization data based on ICD-10 codes limited us in acquiring information 

regarding route, type, duration, and frequency of cannabis consumption. This 

information is vital when assessing associations between infection and substance use, 

as the pathogenesis can vary depending on how the substance was consumed. Similar 

limitations were also highlighted in another study investigating the impact of cannabis 

consumption on primary spontaneous pneumothorax50. Since increased inflammation 

of the respiratory tract and exposure to MTB are more likely to result from smoking 

cannabis rather than consuming it in edible form49,51. 

Regarding, the case-control study, our TB cases were more likely to have 

a lower SES than community-matched controls in terms of education. They were also 

more likely to consume alcohol and tobacco. Univariate analysis showed that both bong 

and joint sharing were associated with the disease. However, multivariate analysis 

suggested that bong sharing was a stronger risk factor, with an OR and PAF close to 

those of smoking tobacco. 

Our study conformed with most previous research that found that low 

SES 26,47,52 and tobacco smoking were risk factors for TB 53. These factors are 

associated with addiction, including cannabis use, particularly in Thailand. Therefore, 

it is important to adjust for these factors when assessing the effects of cannabis in 

increasing pulmonary TB risk. 

In this study, we tested the effects of different forms of cannabis. Oral 

consumption was not a risk factor, although it was the most common form of 

consumption. Leaves are commonly added to food to enhance its flavor and appetite. 

No plausible mechanism linking this to the risk of pulmonary TB was evident. 

Without instrument sharing, we do not have enough evidence to suggest 

that cannabis smoking has the same effect as tobacco smoking. Notably, non-shared 

cannabis smoking is uncommon. This lack of evidence is likely explained by the small 

sample size of the non-sharing groups. Thus, we could not test the hypothesis that 

cannabis causes respiratory inflammation, which leads to increased TB risk. 
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In our setting, bong sharing was a significant risk factor for TB, which 

corresponds well with that reported in a previous contract-tracing study 49.  

  In general, bong smoking involves a behavior known as puff smoking, 

which is referred to as the Beirut smoking protocol54. Puff smoking is well-established 

to generate a high volume of aerosol along with harmful particles55–57. Two plausible 

mechanisms behind the increased TB risk from bong smoking, which may not be found 

in other smoking methods, are: 1) longer duration of smoking/sharing sessions, and 2) 

increased MTB droplet viability due to humidity. 

   The duration of bong smoking can last as long as an hour58, which is 

drastically longer compared to the average 5-minute cigarette smoking session59. 

Combined with reports that MTB can remain viable in aerosol droplets for up to 60 

minutes60, the longer exposure duration from bong smoking sessions could explain the 

increased TB exposure risk, especially if the smoker shares the bong with a TB index 

case present during the session. 

   Another mechanism that could facilitate the spread of MTB through 

bong smoking is the process of passing the smoke through water, which generates 

aerosol water along with the smoke61. These aerosol waters could increase both the 

viability and transmissibility of MTB droplet nuclei. A study by Barasona et al. reported 

significantly higher detection of Mycobacterium tuberculosis complex in areas with 

water points62. Furthermore, increased humidity from aerosol water could enhance the 

dispersal of respiratory droplets containing MTB bacteria63. 

   However, this evidence only supports mechanisms related to the air 

suspension of TB droplet nuclei, as TB cannot be transmitted through kissing or sharing 

saliva or instruments like cups or toothbrushes64. Therefore, reusing a bong for smoking 

sessions may not lead to increased TB transmission risk from remaining saliva on the 

instrument unless it is reusing unwashed bong of which the TB index case directly 

coughs and deposits TB droplets on the mouthpiece of the bong. This route of 

transmission is plausible, as TB droplets have been reported to remain viable for up to 

a year in soil65, and for months on dry surfaces66. 
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Unfortunately, bong sharing is a socializing activity among cannabis 

smokers. Aiding by the plausible mechanisms stated above, aerosol droplets produced 

by a smoker can enter the bong cavity from the coughing of a patient with active 

pulmonary TB and be inhaled by the sharer shortly thereafter. Conversely, although 

more than 85% of bong and joint cannabis smokers were reported to smoke in well-

ventilated areas, the possibility of inhaling aerosol droplets without sharing remains if 

the smokers are seated in close proximity. 

Joint sharing is also a common practice among cannabis smokers. 

Infectious MTB aerosol droplets can be transmitted to other smokers during a smoking 

session that is often conducted in a closed space 67. A similar mechanism has been 

reported for SARS-CoV-2 transmission among tobacco smokers who share the same 

cigarette 68. The collinearity between joint and bong sharing compelled us to opt 

supporting only one interest. Our choice to choose bong sharing as the main interest 

was due to its significant adjusted ORs (4.22; 95% CI: 1.47–12.07), compared to the 

non-significant adjusted OR of joint sharing (3.42; 95% CI: 0.89–13.05). Our study 

may lack sufficient power to demonstrate the effect of joint sharing because of the small 

sample size of joint sharing behavior. 

Tobacco smoking had similar levels of adjusted OR and PAF as those 

calculated from the sharing of bongs of cannabis. Tobacco smoking causes ciliary 

dysfunction and reduces local immunity against MTB infection 69. Although sharing 

instruments for tobacco smoking may be a risk factor for TB transmission 70, this 

behavior is not as common as that observed in cannabis smokers. Therefore, at the 

population level, the mechanisms attributed to TB cases are different. 

The strengths of this study lie in the time and place where the study was 

conceptualized. Thailand, a high TB burden country, and also the first country in Asia 

to legalize cannabis. It added evidence of this association in general population setting 

from those derived from a TB contact tracing study49. 

A limitation of the study might come from uncommon setting that 

number of cases was higher than number of controls, as not all cases could have an 

eligible control to match with. However, the post-hoc analysis confirmed sufficient 
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power for our hypothesis testing. In addition, sensitivity analyses using only cases with 

matched control (Appendix 3, 4 & 5) showed similar results in both univariate and 

multivariate analyses, with marginal differences in proportions in the former and a 

slightly lower odds ratio from sharing bong of cannabis in the latter. These results 

suggest that not having enough controls for a 1:1 case-control ratio could slightly 

overestimate the association, as the incomplete control group was not a perfect 

representation of the matched-population. However, including cases without matched 

control in the analysis provided slightly higher statistical power. The collinearity 

between joint and bong sharing among cannabis smokers disabled us to separate these 

two factors well enough. Our TB cases (and thus also the matched control) were 

generally older than cannabis consumers in the general population. The prevalence of 

tobacco smoking in the control group (23.1%) was much higher than in the general 

population (19%), as reported in a 2017 national survey 71. This might be due to the fact 

that our study subjects resided in low socio-economic areas. In addition, we excluded 

TB patients with immunocompromised conditions. This may reduce the 

generalizability of our findings, as it may not reflect the general TB patient population, 

especially for PAF. Moreover, the time lag between policy change in 2022 and the study 

period in 2023 was just one year. The association found may not be due to the change 

in the policy. Therefore, the findings of this study must be interpreted with caution.  

Most cannabis smokers have started smoking since they were young. 

Recent changes in the prevalence of cannabis smoking were not observed in the present 

study. However, the legalization of cannabis in other countries has been followed by an 

increase in the number of users 41. Therefore, this policy may have an impact on TB 

risk in lower-middle-income countries where TB is already highly prevalent. 

 

 

 

 

 

 



53 

 

 

 

4. Concluding 
 

This thesis fulfills the research objectives by employing multiple 

research methods and two different studies. By investigating at both macro and micro 

levels, we found that while the hospitalization trend for TB was gradually declining, 

the hospitalization trend for cannabis-related causes increased, especially after 

legalization. Temporally, no correlation or association was found after accounting for 

the self-decline of the TB trend. We found that sharing cannabis instruments such as 

bongs or joints was significantly more frequent among TB patients. This evidence 

should be distributed to raise awareness of the harm from bong sharing among the 

cannabis consumer population. If this practice could not be reduced by all means, strict 

policy to reduce cannabis consumption should be indicate.  
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Appendix 2. Structured Questionnaire of Case-control Study 
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Appendix 3. Supplementary Table 1 
 

 
Variables Control Case P value 

Total 117 117  

Age   0.161a 

  Mean (SD) 55.1 (15.9) 52.2 (16.2)  

Age group   0.367 

   ≤ 40 years old 22 (18.8) 29 (24.8)  

   41 - 60 years old 59 (50.4) 49 (41.9)  

   > 60 years old 36 (30.8) 39 (33.3)  

Sex   0.788c 

   Male 71 (60.7) 74 (63.2)  

   Female 46 (39.3) 43 (36.8)  

Education   0.191c 

   < High school 54 (46.2) 65 (55.6)  

   ≥ High school  63 (53.8) 52 (44.4)  

Occupation   0.149c 

   Business owner/freelance 31 (26.5) 18 (15.4)  

   Laborer 32 (27.4) 33 (28.2)  

   Office worker 12 (10.3) 19 (16.2)  

   Retired/unemployed/student 42 (35.9) 47 (40.2)  

Monthly income (thousand baht) (n = 210)   0.576b 

  Median (IQR) 6 (0,15) 8 (0,15)  

Ever drank alcohol   0.007c 

   No 54 (46.2) 33 (28.2)  

   Yes 63 (53.8) 84 (71.8)  

Current drinker   0.572c 

   No  78 (66.7) 83 (70.9)  

   Yes  39 (33.3) 34 (29.1)  

Monthly drink count (n = 123)   0.006b 

  Median (IQR) 24 (10,60) 60 (16,120)  

Ever smoke   < 0.001c 

   No 69 (59) 42 (35.9)  

   Yes 48 (41) 75 (64.1)  

Current smoker   0.07c 

   No 90 (76.9) 79 (67.5)  

   Yes 27 (23.1) 38 (32.5)  

Monthly cigarette count   0.001b 
(n = 137) 

  Median (IQR) 155 (55,480) 300 (157.5,600)   
aStudent’s t-test; bMann-Whitney U test; cChi-square test 
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Appendix 4. Supplementary Table 2 
 

 

 
Variables 

Control Case P value 

Total 117 117  

Current user (within 1 year)   0.242b 

   No  104 (88.9) 110 (94)  

   Yes  13 (11.1) 7 (6)  

Ever used cannabis   0.008b 

   No 95 (81.2) 76 (65)  

   Yes 22 (18.8) 41 (35)  

History of cannabis use    

Starting age (n = 63)   0.107a 

  Median (IQR) 22.5 (18.5,49.2) 19 (18,23)  

Year since last use (n = 41)   0.727a 

  Median (IQR) 15 (2,38) 12.5 (2.5,28.5)  

Frequency (n = 63)   0.371b 

   Occasionally 12 (54.5) 15 (36.6)  

   Regularly 4 (18.2) 12 (29.3)  

   Once or twice 6 (27.3) 14 (34.1)  

Usage via bong smoking   < 0.001c 

   No  111 (94.9) 93 (79.5)  

   Smoke only 1 (0.9) 1 (0.9)  

   Smoke and share 5 (4.3) 23 (19.7)  

Usage via joint smoking   0.02b 

   No  111 (94.9) 98 (83.8)  

   Smoke only 3 (2.6) 7 (6)  

   Smoke and share 3 (2.6) 12 (10.3)  

Usage via oral consumption   0.533b 

   No  102 (87.2) 106 (90.6)  

   Yes  15 (12.8) 11 (9.4)  

Extra information among users    

Paid for cannabis (n = 43)    

   No 15 (93.8) 14 (51.9)  

   Yes 1 (6.2) 13 (48.1)  

Monthly spending in THB    
(n = 14) 

   Median (IQR) 50 200 (100,400)  

Using cannabis for health reasons    
(n = 11) 

   To increase appetite 0 (0) 3 (50)  

   To treat insomnia 1 (25) 2 (33.3)  

   To freshen up 0 (0) 1 (16.7)  

   For unknown medicinal 
2 (50) 0 (0)  

   benefits 

   Missing 1 (25) 0 (0)  

aMann-Whitney U test; bChi-square test; cFisher’s exact test 
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Appendix 5. Supplementary Table 3 
 

 

Variable OR (95% CI) PWald’s test PLR-test PAF (%) 

Smoking cannabis via bong 
    0.019   

(ref = no) 

   Smoke only 0.88 (0.05,15.19) 0.93  0 

   Smoke and shared 4.12 (1.4,12.1) 0.01  11.83 

Age (ref = ≤ 40 years old)   0.239  

   41 - 60 years old 0.52 (0.24,1.12) 0.093   

   > 60 years old 0.59 (0.24,1.42) 0.236   

Sex (ref = male)   0.045  

   Female  2.19 (0.99,4.81) 0.052   

Education (ref = ≥ High school)   0.124  

   < High school 1.64 (0.87,3.1) 0.125   

Occupation (ref = business owner)   0.209  

   Laborer 1.23 (0.51,2.93) 0.645   

   Office worker 2.82 (1.03,7.73) 0.044   

   Retired/unemployed/student 1.55 (0.69,3.51) 0.29   

Ever smoked tobacco (ref = no) 3.62 (1.64,7.99) 0.001 < 0.001 10.13 
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Appendix 6. Supplementary Table 4 
 

 

 
ICD-10 

Codes 
Description 

Cannabis-related diagnoses 

F12 Mental and behavioural disorders due to use of cannabinoids 

F120 Mental and behavioural disorders due to use of cannabinoids, acute intoxication 

F121 Mental and behavioural disorders due to use of cannabinoids, harmful use 

F122 Mental and behavioural disorders due to use of cannabinoids, dependence syndrome 

F123 Mental and behavioural disorders due to use of cannabinoids, withdrawal state 

F124 Mental and behavioural disorders due to use of cannabinoids, withdrawal state with delirium 

F125 Mental and behavioural disorders due to use of cannabinoids, psychotic disorder 

F126 Mental and behavioural disorders due to use of cannabionoids, amnesic syndrome 

F127 
Mental and behavioural disorders due to use of cannabinoids, residual and late-onset psychotic 

disorder 

F128 Mental and behavioural disorders due to use of cannabinoids, other mental and behavioural disorders 

F129 
Mental and behavioural disorders due to use of cannabinoids, unspecified mental and behavioural 

disorder 

J662 Cannabinosis 

Tuberculosis diagnoses 

T407 Poisoning, cannabis (derivatives) 

A15 Respiratory tuberculosis, bacteriologically and histologically confirmed 

A150 Tuberculosis of lung, confirmed by sputum microscopy with or without culture 

A151 Tuberculosis of lung, confirmed by culture only 

A152 Tuberculosis of lung, confirmed histologically 

A153 Tuberculosis of lung, confirmed by unspecified means 

A157 Primary respiratory tuberculosis, confirmed bacteriologically and histologically 

A158 Other respiratory tuberculosis, confirmed bacteriologically and histologically 

A159 Respiratory tuberculosis unspecified, confirmed bacteriologically and histologically 

A16 Respiratory tuberculosis, not confirmed bacteriologically or histologically 

A160 Tuberculosis of lung, bacteriologically and histologically negative 

A161 Tuberculosis of lung, bacteriological and histological examination not done 

A162 Tuberculosis of lung, without mention of bacteriological or histological confirmation 

A167 Primary respiratory tuberculosis without mention of bacteriological or histological confirmation 

A168 Other respiratory tuberculosis, without mention of bacteriological or histological confirmation 

A169 Respiratory tuberculosis unspecified, without mention of bacteriological or histological confirmation 
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