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Abstract

Background—Given current drug-policy reforms to decriminalize or legalize cannabis in 

numerous countries worldwide, it is critically important to understand the potential impacts of 

cannabis use on the development of cancer. The current study aims to assess the relation between 

cannabis use and the development of testicular cancer.

Method—The current study relied on a population-based sample (n = 49 343) of young men aged 

18–21 years who underwent conscription assessment for Swedish military service in 1969–1970. 

The conscription process included a non-anonymous questionnaire eliciting information about 

drug use. Individual-level conscription information was linked to Swedish health and social 

registry data. Testicular cancers diagnosed between 1970 and 2011 were identified by 

ICD-7/8/9/10 testicular cancer codes in the Swedish National Patient Register, the Cancer 

Register, or the Cause of Death Register. Cox regression modeling was used to estimate the 

hazards associated with cannabis use and time to diagnosis of testicular cancer.

Results—No evidence was found of a significant relation between lifetime “ever” cannabis use 

and the subsequent development of testicular cancer [n = 45 250; 119 testicular cancer cases; 

adjusted hazard ratio (AHR) 1.42, 95% CI, 0.83, 2.45]. “Heavy” cannabis use (defined as usage of 

more than 50 times in lifetime, as measured at conscription) was associated with the incidence of 

testicular cancer (n = 45 250; 119 testicular cancer cases; AHR 2.57, 95% CI, 1.02, 6.50).

Conclusion—The current study provides additional evidence to the limited prior literature 

suggesting cannabis use may contribute to the development of testicular cancer.
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Cannabis is the most widely used illicit drug worldwide (1). According to 2015 World Drug 

Report (1) approximately 180 million people (3.9% of the global population) consumed 

cannabis in the past year, and it is likely that these numbers are due, in part, to the common 

perception that its use confers minimal health risks (2).

Globally, a range of nations, including countries of the European Union, Australia, and the 

Americas have recently implemented or proposed reforms to the ways in which they control 

cannabis use (3–6), thereby departing from traditional approaches of criminal prohibition 

dominant throughout most of the 20th century (7). In light of the current international 

debates and policy changes regarding cannabis decriminalization/legalization in many 

regions (8–10), as well as its widespread global use, it is critically important to assess the 

impact of cannabis smoking on human health, especially on the development of cancers (11–

13). Almost all research on the potential cannabis-cancer connection has focused on those 

cancers causally related to tobacco smoking (e.g., lung cancer, head and neck cancers) (11, 

12), but a small group of recent studies (14–16) also has found a suggestive link between 

cannabis use and the development of testicular cancers, which are traditionally unassociated 

with tobacco use (17).

Testicular cancer is the most common type of cancer among young men, with a peak 

incidence occurring between the ages 15–40 years (18) – an age range in which cannabis use 

most frequently occurs (1). Rates of testicular cancer appear to be increasing rapidly over 

time in the United States and Europe (16, 19, 20), but the etiology remains unclear. Three 

US-based case-control studies (14–16) have found that cannabis use appears to confer an 

increased risk of developing testicular cancer. A meta-analytic summary of these three 

studies has shown that current, chronic (defined as cannabis use ≥ 10 years), and frequent 

(defined as at least once per week) cannabis use were all significantly associated with 

testicular cancer incidence (21). While a recent review on this topic (11) has called for 

longitudinal studies to address the potential weaknesses of recall and selection biases in the 

available case-control studies, it is important to note that the relatively low incidence of 

testicular cancer creates nearly insurmountable cohort-design challenges, such as enrollment 

of sufficiently large samples and follow-up over long time periods.

Drawing upon a uniquely large, population-based sample (n = 49 343) of Swedish young 

men aged 18–21 years undergoing extensive medical and psychiatric assessments required 

during the process of compulsory conscription into military service in Sweden in 1969–

1970, the current retrospective cohort study aimed to assess the possible link between self-

reported cannabis use, measured at conscription, and the subsequent development of 

testicular cancer over a 42-year follow-up period.
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Method

Study cohort

The study cohort included 49 343 Swedish males born between 1949–1951 who underwent 

extensive medical and psychological assessment for the nationwide conscription for 

compulsory Swedish military service occurring in 1969–1970 (see Table 1 for initial sample 

details). Cohort members’ ages (at conscription assessment) ranged from 18–21 years. Only 

2–3% of all young men were exempted from the conscription process due to severe mental 

or physical conditions.

Data collection: process, sources, and linkage

Conscription assessment—The Swedish conscription process included a large battery 

of evaluations, including physical and psychological assessments, as well as non-anonymous 

self-report questionnaires on familial, social, and behavioral items (22). The 1969–1970 

conscription also collected additional self-reported information about use of alcohol, drugs, 

tobacco, as well as questions on familial, social and behavioral items. All men underwent a 

medical examination, and diagnoses were recorded according to ICD-8. Persons who 

reported or showed signs of mental disorder were referred to a psychiatrist, who recorded a 

diagnosis, if a disorder was identified (23).

Linkage of conscription-assessment data with other Swedish health and 
social registries—All individuals living in Sweden are assigned a unique personal 

number in national Swedish registers, enabling linkage of data across registries (24). The 

Stockholm Regional Ethical Review Board provided permission for data linkage (Dnr 

2016/3:7).

Our cohort study relied on the linkage of 6 data sources: 1) information from Swedish young 

men undergoing conscription assessment in 1969–1970; 2) the Swedish Patient Register, 

1964–2011; 3) the National Cancer Register, 1958–2010; 4) the National Cause of Death 

Register, 1952–2011; 5) the Swedish Total Population Register, 1968–2011 (which captures 

date of emigration out of and immigration into Sweden); and 6) the Swedish 

Multigenerational Register, 1973–2011.

Study outcome: Testicular cancer—Diagnoses of testicular cancer were identified by 

use of the Swedish version of ICD-7/8/9/10 codes appearing in the National Patient Register, 

the Cancer Register, or the Cause of Death Register (see Supplemental Table 1). Incident 

cases of testicular cancer were identified in the main and supplemental diagnoses in the 

National Patient Register and the primary diagnoses in the Cancer Register, as well as in the 

underlying and contributory causes of death diagnoses in the Cause of Death Register. 

Additionally, in the initial sample, no cases of testicular cancer were identified during the 

period before conscription or at the conscription assessment. The current study was not able 

to access histological subtype information on testicular cancer and, as a result, assessment of 

the potential association between cannabis use and specific subtypes was not possible.
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Measurement of cannabis use

Lifetime, ever cannabis use—The variable instantiating lifetime, “ever” use of cannabis 

was created from the following 3 questions in the self-reported, non-anonymous 

conscription-assessment questionnaire: 1) Have you ever tried the following substances? 

(Give an answer yes or no about every drug); 2) What substance did you take first?; and 3) 

What substance have you taken most frequently? If the participant indicated cannabis use in 

response to any of these three questions, the variable of lifetime, ever cannabis use was 

coded as “yes”.

Lifetime frequency of cannabis use—The variable capturing lifetime frequency of 

cannabis use was constructed from the following conscription survey question: “How many 

times have you used drugs?” (response options: 1, 2–4, 5–10, 11–50, more than 50 times). 

For those conscripts indicating “ever” cannabis use, it was assumed that the lifetime drug-

use frequency question applied to their cannabis use, especially as cannabis use was, by far, 

the most frequently used drug in the sample. Of the 5326 persons who indicated ever using 

cannabis (with or without use of other drugs), 4323 (81.2%) indicated cannabis as the drug 

most frequently used. Among the 879 young men who reported use of cannabis more than 

50 times (with or without use of other drugs), 743 (84.5% out of 879) individuals indicated 

cannabis as the drug most frequently used.

Other covariates included in statistical modeling—The selection of covariates for 

the statistical analyses in the current study included, where possible, the variables selected 

for the statistical modeling in the three prior case-control studies (14–16), as well as the 

modeling covariates recommended in a recent systematic review of the cannabis-testicular 

cancer area (11): age, cryptorchidism, family history of testicular cancer, tobacco use, and 

alcohol use.

Cryptorchidism: Cryptorchidism was identified by retrieving individual-level information 

from the National Patient Register [using Swedish ICD-7/8/9/10 codes (see Supplemental 

Table 1)] and from the results of medical examination performed at the conscription 

evaluation.

Paternal history of testicular cancer: Using the Swedish Multigenerational Register, the 

conscripts were linked to their biological fathers. Paternal diagnoses of testicular cancer 

were identified from the National Patient Register, the Cancer Register and the Cause of 

Death Register using the same ICD-7/8/9/10 codes defining the testicular cancer outcome 

(see Supplemental Table 1).

Tobacco smoking: Data on frequency of tobacco smoking reported at the conscription 

assessment were retrieved from individuals’ survey responses and categorized as: never 

smoking tobacco (reference group); 1–5 cig/day; 6–10 cig/day; 11–20 cig/day; more than 20 

cig/day.

Alcohol consumption: Alcohol consumption was calculated by combining data on self-

reported quantity and frequency of consumption of beer, wine, and spirits and expressed as 
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grams of 100% alcohol (ethanol) per week: light drinkers [(0–100 g 100% alc/week); 

reference group]; abstainers (0 g 100% alc/week); moderate drinkers (101–250 g 100% alc/

week); heavy drinkers (more than 250 g 100% alc/week). The Swedish alcohol retail 

monopoly provided information about the alcohol content (ethanol) for all alcohol beverages 

available in Sweden in 1969–1970 (25).

Statistical analyses

We evaluated whether lifetime cannabis use and lifetime frequency of cannabis use were 

related to incidence of testicular cancer. We applied Cox proportional hazards modelling to 

estimate the hazard ratio (HR) and 95% confidence intervals (CI) associated with cannabis 

use and time to diagnosis of testicular cancer. In multivariate analyses, we applied a stepwise 

adjustment strategy, based on the stepwise modeling recommendations of a recent 

systematic review of the cannabis-testicular cancer area (11). In Model 1 we adjusted for the 

conscripts’ birth year and for established risk factors for testicular cancer (i.e., conscripts’ 

cryptorchidism and paternal testicular cancer); in Model 2, we adjusted for the conscripts’ 

birth year and factors associated with cannabis use (i.e., frequency of tobacco smoking and 

alcohol consumption volume); and finally, Model 3 was a fully-adjusted model where all 

abovementioned risk factors were included. The presentation of model results in each 

stepwise strategy gives the reader an important description of the stability of the estimates 

across covariate combinations in each model.

All analyses relied on list-wise deletion of individuals missing data on any variables 

included in the analyses. A flowchart (Figure 1) describes the initial sample and final cohort 

based on list-wise deletion, along with the linkage of the conscription-assessment 

information with other population-based health registries used in the study. Person-time was 

counted from January 1, 1970 until the date of diagnosis, date of death due to other reasons, 

date of emigration or until end of follow-up on December 31, 2011, whichever occurred 

first. Person-time comprised 1 803 490.9 person-years for the analyses associated with 

lifetime “ever” use of cannabis and 1 799 273.2 person-years for those analyses associated 

with lifetime frequency of cannabis use. The proportional hazard assumption was checked 

by the log-rank test for equality of survival function and the log-survival plots and was met 

in all models. All reported p-values were two-sided, with p < 0.05 considered as statistically 

significant. Statistical analyses were performed using STATA version 13.1.

Results

Testicular cancer cases

Figure 2 depicts the 135 testicular cancer cases identified in the initial sample (n = 49 343) 

during the follow-up between 1970 and 2011. Over 50% of the cases occurred among men 

aged 25–40 years.

Cohort description

Table 1 provides a description of the baseline characteristics of cohort members in the initial 

study sample. More than half of the cohort members indicated that they were current 

smokers, and approximately 20% reported moderate-to-heavy alcohol consumption. 
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Approximately 11% of the baseline sample reported lifetime “ever” cannabis, and among 

these “ever” cannabis users, approximately 16.5% (n = 879) indicated cannabis usage of 

more than 50 times in lifetime.

Cox modeling results

In Table 2, the fully adjusted model (Model 3) demonstrated no evidence of a significant 

relation between “ever” cannabis use and development of testicular cancer [Adjusted hazard 

ratio (AHR) 1.42, 95% CI, 0.83, 2.45]. In the fully adjusted model, cryptorchidism was the 

only variable significantly associated with development of testicular cancer (AHR 6.26, 95% 

CI, 2.30, 17.01).

In Table 3, “heavy” cannabis use (AHR 2.57, 95% CI, 1.02, 6.50) and cryptorchidism (AHR 

6.24, 95% CI, 2.30, 16.97) were significantly related to testicular cancer, whereas tobacco 

use and alcohol consumption showed no evidence of significant associations with the 

outcome.

Discussion

Our large Swedish data-linkage project found that self-reported “heavy” cannabis use – 

defined as self-reported use of more than 50 times in lifetime at the conscription assessment 

period – was significantly associated with a 2.5-fold increased hazard of subsequent 

testicular cancer. The study found no evidence of a significant relation between “ever” 

cannabis use and the development of testicular cancer. This null finding may be due to 

heterogeneity of cannabis use in the “ever” group, as this category contained only a minority 

who reported “heavy” cannabis use and a majority of individuals indicating minimal lifetime 

cannabis exposure (e.g., 1–4 times in lifetime). In addition to the current study finding a 

significant relation between cannabis use and testicular cancer, our prior work drawing upon 

the same Swedish conscript cohort found that cannabis use was significantly associated with 

the development of lung cancer (12).

The available three prior case-control studies in the area have shown a significant pooled 

association between testicular cancer and current, frequent (i.e., ≥ weekly use) and lengthy 

cannabis use (i.e., ≥ 10 years), as well as a much stronger relation between cannabis use and 

the development of nonseminomatous germ cell tumors rather than seminomatous germ cell 

tumors (21). The Daling et al. (14) and Lacson et al. (15) case-control studies found a 

modest but statistically significant association between “ever” cannabis use and testicular 

cancer, whereas Trabert et al. (16) found no evidence of a relation between “ever” cannabis 

use and testicular cancer. Meta-analytic estimates have shown no evidence of a statistically 

significant pooled relation between “ever” use and testicular cancer, when these three case-

control studies were aggregated (11, 21). While the current study and the three previous 

studies have shown a relation between frequency and duration of cannabis use and the 

development of testicular cancer, the field still lacks evidence of a clear dose-response curve 

– a prerequisite for establishing a persuasive argument for the causal link. The current study 

showed no evidence of a gradient of risk across cannabis-use frequency variables, and the 

three prior case-controls studies relied on dichotomized cannabis-use frequency variables, 
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such as “≥ weekly use: yes/no”– a design structure which does not allow for the assessment 

of a dose-response relation.

The mechanism by which cannabis affects the development of testicular cancer is not well 

elucidated. It is known, however, that active compounds in phytocannabinoids, such as 

tetrahydrocannabinol (THC) and cannabidiol (CBD), bind to cannabinoid receptors (CB1 

and CB2) in many human organs, including the testes (26, 27). Experimental animal studies 

have shown that by binding to CB1 and CB2 in Leydig cells and Sertoli cells of the testes, 

levels of testosterone, follicle-stimulating hormone and luteinizing hormone are affected, as 

is the survival of Sertoli cells (28–31). Aberration in both steroid hormone levels and 

gonadotropin levels suggests that cannabinoids may cause a general perturbation to the 

hypothalamic-pituitary-gonadal axis which could result in tumorigenesis (32). Much more 

research in this area, including timing of exposure, is required, however.

Our results should be interpreted with caution, given a number of important study 

limitations. The key variable instantiating conscripts’ lifetime frequency of cannabis use 

relied on an indirect assessment of cannabis use. It was assumed that for those conscripts 

indicating “ever” cannabis use, the conscription survey question eliciting information about 

lifetime drug-use frequency (i.e., “How many times have you used drugs?”) applied to 

individuals’ cannabis use. This appears to be a reasonable assumption, given that cannabis 

users in the sample typically indicated cannabis as their most frequently used drug. For 

example, approximately 81% of “ever” cannabis users and 84% of “heavy” cannabis users 

indicated cannabis as their most frequently used drug. In addition, the current study did not 

have information about cannabis use after the conscription-assessment period, but European 

studies have demonstrated that adolescent cannabis use, especially those patterns associated 

with regular use, abuse, or dependence, tend to persist and remain relatively stable 

throughout the developmental years of the 20s and early 30s (33, 34). Even though 

unmeasured post-conscription changes in cannabis use may have affected our results, such 

misclassification biases would tend to attenuate our hazard ratio estimates and push our 

findings toward the null. For example, if “heavy” cannabis users (at baseline) later became 

nonusers of cannabis, this pattern would lead to a diminished hazard of testicular cancer 

associated with the cannabis-use variable; if nonusers of cannabis (at baseline) became 

cannabis users during the follow-up, this pattern would lead to an underestimate of the 

testicular-cancer risk in the initial cannabis-exposed groups, as this pattern would create an 

inflated risk in the non-using reference group (defined at baseline). An additional limitation 

was that the study had no information on the histology of the testicular cancers. While meta-

analytic pooled estimates of the three existing case control studies have shown a relation 

between cannabis-use frequency and testicular cancer, especially the non-seminoma subtype, 

the current study was not able to estimate the hazards of cannabis use and the subsequent 

development of seminoma or non-seminoma subtypes.

While the current study does have limitations, it is important also to acknowledge the 

project’s strengths. The study included a very large population-based sample of young men, 

who underwent an extensive conscription assessment. This individual-level conscription 

information was also linked to population-based health registries, including the Swedish 

cancer registry. This data-linking procedure allowed the study to incorporate a very lengthy 
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42-year follow-up for members of the initial cohort. As a result, the project is the first cohort 

study assessing the potential relation between cannabis use and the development of testicular 

cancer, and it makes an important contribution to the small literature finding a potential 

association between cannabis use and the incidence of testicular cancer. Given current 

international developments to decriminalize or legalize cannabis use in a number of 

countries worldwide, it is critically important for legislation initiatives to consider the 

possible health consequences of cannabis use in the cost-benefit analysis underpinning 

rational drug-policy development.
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Figure 1. 
Cohort profile and flow-chart for final analytic sample and 42-year follow-up
aExposure variables: “ever” use of cannabis before conscription and lifetime frequency of 

cannabis use; b Covariates: conscript’s birth year, history of cryptorchidism, parental 

testicular cancer, frequency of tobacco smoking and volume of alcohol drinking
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Figure 2. 
Number of incident cases (n = 135) of testicular cancer diagnosed during follow-up time 

(1970–2011) among original sample of conscripts born in 1949–1951 (n = 49 343) by age at 

diagnosis across levels of cannabis use.

* Information on drug use is unclear, missing or use of other drugs, but not cannabis 

indicated

** Defined as use of cannabis (with or without use of any other illicit drugs) ever before 

conscription more than 50+ times.
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