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Aims: To describe trends in cannabis use from 2010 to 2019 among Norwegian adolescents and relate these to individual- and municipal-level variables.

Design: Data from nationwide repeated cross-sectional surveys collected in 2010–2013 (T1), 2014–2016 (T2), and 2017–2019 (T3) were used to describe secular trends in proportions of adolescent cannabis use.

Setting: Cross-sectional surveys in 410 of the total 428 municipalities of Norway.

Participants: A total of 628,678 survey responses from adolescents aged ~13–19 years of age, in which 566,912 survey responses were eligible for analyses, representing data from 340 municipalities.

Measurements: Respondent's past year cannabis use, time, gender, school grade, municipality, geographical location, and municipality population.

Findings: Boys reported overall higher cannabis use, with ~2:1 gender ratio for any past year cannabis use and a 3:1 gender ratio for frequent cannabis use. Adolescents in Eastern Norway reported higher cannabis use compared with other areas in the country, and adolescents from municipalities with a higher population size reported higher rates of cannabis use than smaller municipalities. A gradual increase in cannabis use from T1 to T3 was found in Eastern Norway and in the largest municipalities. More generally, proportions of past year cannabis use showed a marked increase from T2 to T3 across genders, grade/age groups, geographical location, and municipality population, with few exceptions.

Conclusions: Our findings indicate that proportions of past year cannabis use have increased among Norwegian adolescents in recent years. Preventive interventions to hinder initiation of cannabis use, as well as measures to address frequent cannabis use among Norwegian adolescents, are needed.
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INTRODUCTION

Cannabis is the most widely used illicit drug globally (1) with relatively high prevalence rates among adolescents and young adults in several Western countries (2–5). Cannabis use is associated with mental health problems, failing to attend classes, difficulties with concentration, and reductions in motivation (6–11). Adolescents who use cannabis appear to be more vulnerable to potential adverse effects compared with adults (12). Measuring trends in cannabis use are complex and are affected by a number of individual- and community-level variables that are important to consider to understand ongoing changes.

As patterns of use may change, epidemiological studies on time trends are important to monitor the extent and correlates of cannabis use across different settings. There are mixed findings on time trends in current use of cannabis. In some regions (e.g., western Europe, USA, and Australia), cannabis use appears to have stabilized or declined, after a period of increased use throughout the 1990s and early 2000s (1). A study based on the Health Behavior in School-aged Children (HBSC) study, which included 160,606 adolescents aged 15 years from 30 European and North American countries, reported that the frequency of lifetime cannabis use generally decreased from 2002 to 2010 in Europe and North America (13). The decrease occurred after a prolonged period of normalization, whereby the normative acceptance of using these drugs in the adolescent group had now been reduced (13, 14).

On the other hand, findings suggest that cannabis use increased in other countries characterized by a low baseline prevalence, such as Austria, Macedonia, and Latvia—however, only for boys (13). This may suggest a normalization of cannabis use in these areas. As Norway traditionally has had a fairly low adolescent cannabis use compared with many other European countries (15), one could argue that normalization of cannabis use has yet to become evident here. Results from the European School Survey Project on Alcohol and Other Drugs (ESPAD) survey showed that cannabis use among Norwegian 15- to 16-year-olds peaked around 2000, whereby 12% reported past year use, before declining to 6% in the period from 2007 to 2015 (15, 16). Importantly, a marked increase in cannabis use was again observed in the period from 2015 to 2019, with ~9% of the adolescents reporting cannabis use (16). Recent results from the nationally representative Ungdata survey also suggest that cannabis use is on the rise (17), and a significant increase in illicit drug use among Norwegian higher education students from 2014 to 2018 has been reported (18). However, it is unclear whether the general increase of cannabis use indicated by the Ungdata report is generalizable across age groups, genders, and geographical locations within Norway. A more extensive investigation of these data is needed in order to shed light on time trends in cannabis use among Norwegian adolescents.

Across geographical areas and time, adolescent boys tend to report higher cannabis use in general and more often develop cannabis abuse and dependence than girls (19). While a closing gender gap has been observed during the past decades in relation to cannabis use (20), data from a more recent time period suggest an opposite tendency in many Western countries (13). Changes in cannabis use may also differ across subregions of a country, for example, across urban and rural areas (21).


The Present Study

The present study is based on data from a set of large, cross-sectional surveys conducted among adolescents in Norway yearly since 2010 (“Ungdata”). This provides a unique opportunity to study time trends in cannabis use among Norwegian adolescents. Our study sought to:

1. Describe time trends in cannabis use over the period from 2010 to 2019 in a large range of municipalities of Norway among adolescents in eighth to tenth grade elementary school and first to third grade upper secondary school (roughly corresponding to 13–19 years of age).

2. Examine how gender, age groups, municipality, geographical location, and municipality population relate to time trends in cannabis use.




MATERIALS AND METHODS


Study Population and Procedures

Ungdata is a cross-national data collection scheme designed to conduct surveys of adolescents in Norway at the municipality level (for more information, see www.ungdata.no/english/). Ungdata is regarded as the most comprehensive source of information on adolescent health, lifestyle, and well-being in Norway. The municipalities themselves order the Ungdata survey, and around 150 questions are similar across all surveys, while additional questions are available to be chosen by each municipality that participates. Ungdata surveys are mainly conducted from January to May, and the questionnaires are completed at school. The vast majority of Norwegian adolescents attend elementary school, while school non-attendance is somewhat higher at upper secondary school level. Specifically, ~95% of all 16–18-year olds in Norway are enrolled in upper secondary education (22). In the earliest years of the Ungdata survey, relatively few municipalities participated and primarily on the elementary school level. From 2013 to 2019, a majority of the municipalities of Norway have participated, many on several occasions, and the upper secondary school level has been gradually more represented. The surveys are financed by the Norwegian Directorate of Health, and participation is therefore free of charge for participating municipalities. Ungdata surveys target adolescents in secondary schools (grades 8–10; ~13–16 years of age) and upper secondary schools (first to third year; ~16–19 years of age) in Norway. The Ungdata surveys are administered by NOVA (Norwegian Social Research) in cooperation with regional drug and alcohol competence centers (KoRus).

We used data from a large set of Ungdata surveys that has been conducted in almost all Norwegian municipalities in the period from 2010 to 2019. Because most municipalities performed one Ungdata survey every 3 years, the dataset was split into 3 time periods: T1 (2010–2013), T2 (2014–2016), and T3 (2017–2019). The dataset from each period was representative at both the national and regional levels. The total number of survey responses in our data was 628,678 (49.9% girls). The response rates were 82% for elementary school and 63% for upper secondary school in both T1 and T2 and 87% for elementary school and 73% for upper secondary school in T3.

The study followed the Declaration of Helsinki guidelines. Collection of data from elementary school-age adolescents was anonymous and did not need approval by data protection agencies. Collection of data from upper secondary school-age adolescents was approved by the Norwegian data protection authority. The manuscript does not contain clinical studies or patient data.



Instruments
 
Cannabis Use

In the present study, the outcome variable was self-reported past year cannabis use. The item read “How many times during the past 12 months have you tried hashish or marijuana?” and response categories included “never,” “once,” “2–5 times,” “6–10 times,” and “11 times or more.” We used these levels unchanged in an ordinal variable for total past year cannabis use. In addition, we dichotomized the variable to separate between those reporting no past year cannabis use (coded “0”) from those reporting one or more times with any past year cannabis use (coded “1”). Finally, we constructed a variable for frequent past year cannabis use that separated those with “11 times or more” of past year cannabis use (coded “1”) from those with no or less past year cannabis use (coded “0”).



Sociodemographic Variables

The respondents were asked to indicate their gender and school grade (i.e., a marker of age group). School grade included the last 3 years of Norwegian secondary school (i.e., eighth, ninth, and tenth grade, corresponding to age groups of 13–14, 14–15, and 15–16 years of age by the time of the survey), as well as the first 3 years of upper secondary school (i.e., first, second, and third year, corresponding to age groups of 16–17, 17–18, and 18–19 years of age by the time of the survey).



Municipal-Level Variables
 
Municipality

Data on each of the respondent's municipality were available in the dataset. Specifically, this refers to the municipality of the school that the adolescent attends. For elementary school-age adolescents, the municipality of the school is primarily the same as their municipality of living. For upper secondary school-age adolescents, the municipality of the school may not be the same as the municipality of living, as many adolescents attend school in a different (often neighboring) municipality. To be able to compare municipalities that were rearranged during the time period from 2010 to 2019, these municipalities were recoded into the new organization of the municipalities of interest. This recoding was done for three municipalities that were recoded into one municipality (n = 4,787).



Geographical location

We divided all participants into their municipalities' geographical location based on the county code that was available through the municipality variable (see Appendix 1 in Supplementary Material for details). The following values were assigned to the geographical location variable: “Eastern Norway,” “Southern Norway,” “Western Norway,” “Central Norway,” and “Northern Norway.” According to national statistics, 82% of the Norwegian population live in urban settlements, with the highest density of inhabitants living in urban vs. rural settlements in Oslo (99.4%) and the lowest in Oppland (59.3%) (23).



Municipality population

One variable for municipality population was constructed using official data from Statistics Norway on population sizes in each of the municipalities of Norway per 2019 (24). In the case that no population size was available per 2019, we used the latest available statistics on population size. We coded this variable into the five population size ranges (25): “Below 5,000,” “5,000 to 9,999,” “10,000 to 19,999,” “20,000 to 49,999,” and “above 50,000.” Survey responses with invalid municipality codes were coded as missing in this variable (see Appendix 1 in Supplementary Material for details).




Missing Data

We excluded all survey responses with either missing data on gender, age groups/school grade, and/or cannabis use from all analyses (n = 61,766). Thus, 566,912 survey responses were eligible for our analyses, representing 90.2% of the available survey responses in the Ungdata dataset. The excluded survey responses were significantly different from the included survey responses on gender, age, geographical location, municipality size, and cannabis use (all ps < 0.001). Effect sizes for these differences were, however, small (Cohen's d ranging from 0.17 to 0.20), except for a moderate effect size for municipality size (d = 0.43) and a very small effect size for cannabis use (d = 0.04). See Appendix 2 in Supplementary Material for details on distribution of missing responses in our sample. Also, survey responses with missing data on the variable of municipality size (n = 1,604; 0.3% of total) was omitted from analyses where the municipality size variable was part of the specific analysis.



Statistical Analysis

The following statistical analyses were conducted. First, to assess the overall characteristics of the Ungdata survey, we described the number of Norwegian municipalities that have participated in the survey, as well as rates of repeated participation in the survey. Second, to describe the sample, we provided descriptive characteristics of gender, age groups, time periods, geographical location, municipality population, and participation across survey years, while missing data on relevant variables were also described. Third, to analyze trends in cannabis use, proportions of total past year cannabis use were calculated across time periods for each gender and adjusted for age group, geographical location, and municipality size. Similarly, proportions of any and frequent past year cannabis use were calculated across survey time points (T1–T3) for each age group stratified by gender and adjusted for geographical location and municipality size. Also, proportions of any and frequent past year cannabis use were calculated by geographical location and municipality size adjusted for age group and gender. Finally, to control for sampling characteristics, we also performed sensitivity analyses investigating rates of any and frequent past year cannabis use across time periods, where we compared the total sample with subsamples consisting of municipalities that had participated in every time period (i.e., in T1, T2, and T3).

All proportions were calculated using a multiple logistic regression model for associations between time periods and cannabis use, after which the “margins” command in STATA was used to calculate rates of cannabis use per survey year (26). As we were interested in adjusted rates, we added relevant control variables in these analyses (i.e., gender, age groups, geographical location, and municipality population) and were thus able to establish adjusted rates of cannabis use with 95% confidence intervals. Statistical significance of change was reported separately for each time period compared with each previous time period using an alpha of p < 0.01 to determine a significant increase/decrease. Trend plots were visualized using the R-package “Ggplot2.” All other analyses were performed using STATA version 16 (27).



RESULTS



The Sample

A total of 61,766 survey responses were excluded from the analyses due to missing gender (n = 17,442), missing age group (n = 20,063), missing cannabis use (n = 20,174), or missing on several of these variables (n = 4,087). The excluded subjects were more often boys (59.6 vs. 49.4% in the full sample) and comprised relatively more adolescents from higher age groups and municipalities with a small population compared with the included individuals (Appendix 2 in Supplementary Material). Among the excluded individuals, 5.5% reported any past year cannabis use compared with 6.6% among the included individuals.

As shown in Table 1, ~96% of the municipalities of Norway (410 out of 428) were registered with any participation in the Ungdata surveys from T1 to T3. In the included sample, ~80% of the municipalities of Norway were represented. Of these, 99.0% of the survey responses were from municipalities that had participated at least twice in the Ungdata surveys. In the included sample (n = 566,912), 55.0% (n = 311,774) had participated in all time periods (i.e., T1, T2, and T3; see Table 1 for details).


Table 1. Frequency of participation by unique municipalities in Ungdata surveys.
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As outlined in Table 2, the number of survey responses rose from 121,767 at T1 (representing 175 unique municipalities) to 272,268 at T3 (representing 310 unique municipalities). The gender composition was fairly equal across the time periods. While the earliest surveys had relatively few respondents from second and third year at upper secondary school (i.e., 17–19-year olds), the composition of age group evened out during the most recent time period. Adolescents from Eastern Norway comprised ~half of the eligible responses in the Ungdata surveys. Composition of municipality size was fairly equal across T1–T3.


Table 2. Descriptive characteristics of the included individuals (n = 566,912).
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Trends of Cannabis Use
 
Trends in Total Cannabis Use by Gender and Age Group

The results presented in Table 3 show that no change in rates of past year cannabis use was observed from T1 to T2, while rates of cannabis use increased significantly for both boys and girls from T2 to T3 (all ps < 0.001). Also, boys had higher proportions of past year cannabis use than girls, and this difference was most pronounced by T3 for both any cannabis use (gender ratio 1.7:1) and frequent cannabis use (gender ratio 3.2:1).


Table 3. Trends in proportions of past year cannabis use (n = 566,912).
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As shown in Figures 1, 2 the most robust change in cannabis use was seen from T2 to T3, where the rates of any and frequent cannabis use increased across age groups for both genders. An important exception was that no change was observed for girls in third upper secondary school. Also, any cannabis use gradually increased from T1 to T3 for eighth grade elementary school-age girls only, and frequent cannabis use gradually increased from T1 to T3 for eighth and tenth grade elementary school-age boys only. All changes described above refer to ps ≤ 0.01. Generally, rates of any and frequent past year cannabis use were relatively higher among adolescents with higher age for both genders. The highest proportion of past year cannabis use was among youth in third grade upper secondary school (i.e., 18–19-year olds), with a 1.9:1 gender ratio for any past year cannabis use (boys: 25.5%; girls: 13.6%) and 4.3:1 for frequent past year cannabis use (boys: 6.9%, girls: 1.6%). For details, see Table 4.


[image: Figure 1]
FIGURE 1. Trends in any past year cannabis use by age group/grade across genders (n = 566,912). T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Rates are adjusted for geographical location and municipality population. Individuals with missing data on municipality population (n = 1,604) are excluded from the analysis.
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FIGURE 2. Trends in frequent past year cannabis use by age group/grade across genders (n = 566,912). T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Rates are adjusted for geographical location and municipality population. Individuals with missing data on municipality population (n = 1,604) are excluded from the analysis.



Table 4. Trends in past year cannabis use by gender/age (n = 566,912).
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Trends in Cannabis Use by Geographical Location

As shown in Figures 3, 4 adolescents from Eastern Norway had consistently higher rates of any and frequent past year cannabis use compared with other geographical locations across all time periods. At T3, rates in Eastern Norway were 8.8% for any cannabis use and 2.2% for frequent cannabis use compared with 5.6–6.5% in other regions for any use and 1.3 to 1.6% for frequent use. In Eastern Norway, rates for both any and frequent cannabis use gradually increased from T1 to T3. A decreased rate from T1 to T2 was observed for Western Norway for any cannabis use. For all geographical areas, rates for both any and frequent cannabis use increased from T2 to T3. All changes described above refer to ps ≤ 0.01. See Table 5 for details.


[image: Figure 3]
FIGURE 3. Trends in any past year cannabis use by geographical location (n = 566,912). T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Rates are adjusted for gender and age group/grade. Any = any past year cannabis use.
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FIGURE 4. Trends in frequent past year cannabis use by geographical location (n = 566,912). T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Rates are adjusted for gender and age group/grade. Frequent = frequent past year cannabis use.



Table 5. Trends in any and frequent past year cannabis use by geographical location (n = 566,912).
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Trends in Cannabis Use by Municipality Population

Figures 5, 6 show that rates of any and frequent past year cannabis use among Norwegian adolescents were overall higher in municipalities with a larger population. There was a graded difference between the largest municipalities (i.e., +50,000 inhabitants), medium-sized municipalities (i.e., 10,000–49,999 inhabitants), and small municipalities (i.e., <10,000 inhabitants). In the largest municipalities, rates were 9.9% for any and 2.5% for frequent cannabis use compared with 3.9–4.5% for any and 0.9% for frequent cannabis use in the small municipalities. A gradual increase in any and frequent cannabis use was observed from T1 to T3 in the largest municipalities. An increase from T2 to T3 was observed in the medium-sized municipalities for both any and frequent cannabis use and for any past year cannabis use in the smallest municipalities. All changes described above refer to ps ≤ 0.01. See Table 6 for details.


[image: Figure 5]
FIGURE 5. Trends in any past year cannabis use by municipality population (n = 566,912). T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Proportions are adjusted for gender and age group/grade. Individuals with missing data on municipality population (n = 1,604) are excluded from the analysis. Any = any past year cannabis use.
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FIGURE 6. Trends in frequent past year cannabis use by municipality population (n = 566,912). T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Proportions are adjusted for gender and age group/grade. Individuals with missing data on municipality population (n = 1,604) are excluded from the analysis. Frequent = frequent past year cannabis use.



Table 6. Trends in any and frequent past year cannabis use by municipality population (n = 566,912).
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Sensitivity Analyses

Sensitivity analyses were conducted with two subsamples composed of survey responses from municipalities that had participated in all time periods of T1, T2, and T3. The first of these subsamples had any participation in all these time periods (i.e., subsample I; survey responses: n = 311,774; unique municipalities: n = 144). The second of these subsamples had only one occurrence of participation per time period (i.e., subsample II; n = 176,579; unique municipalities: n = 85). Trend slopes for past year cannabis use from T1 to T3 was described for these subsamples in comparison with the full included sample (n = 566,912). Rates were adjusted for geographical location and municipality population. These analyses showed very similar trend slopes across the three samples for both any and frequent past year cannabis use (Figure 7). Specifically, no significant changes from T1 to T2 were observed, but a considerable increase from T2 to T3 (all ps < 0.001) on both any and frequent past year cannabis use for both genders was confirmed in both subsamples.


[image: Figure 7]
FIGURE 7. Trends in past year cannabis use by gender across the full included sample and two subsamples with participation in all time periods of T1, T2, and T3. T1 = 2010–2013. T2 = 2014–2016. T3 = 2017–2019. Full sample = the included sample in the present study (Boys: n = 280,243; Girls: n = 286,669; Total: n = 566,912). Subsample I = the sample with exclusively survey responses from municipalities that have participated in T1, T2, and T3 (Boys: n = 153,830; Girls: n = 157,944; Total: n = 311,774). Subsample II = the sample with exclusively survey responses from municipalities that have participated in T1, T2, and T3 and with only one occurrence of participation per time period (Boys: n = 86,792; Girls: n = 89,787; Total: n = 176,579). Any = any past year cannabis use. Frequent = frequent past year cannabis use. Proportions are adjusted for age group, geographical location, and municipality population. Individuals with missing data on municipality population are excluded from this analysis (n = 1,604). All changes from T1/T2 to T3 are significant at p < 0.001.






DISCUSSION

The present study indicates that the prevalence of cannabis use has increased from 2014–2016 (T2) to 2017–2019 (T3), but not from T1 to T2, among Norwegian adolescents. With few exceptions, this increase was evident across genders, age groups, geographical locations, and municipality populations. In several of the analyses, a more gradual increase in cannabis use was also observed from T1 (2010–2013) to T3. This was the case for Eastern Norway, the largest municipalities, and to some extent in elementary school-age adolescents. Although fluctuations in rates were observed from T1 to T2 for a specific geographical region (i.e., Western Norway), our findings suggest that cannabis use has become more widespread and normalized among Norwegian adolescents in recent years.

Consistent with previous research (19), boys had a clearly higher cannabis use compared with girls. This pattern was consistent across frequencies of cannabis use (i.e., from only using cannabis once to frequent use) and across age groups. While the boys:girls gender ratio for any past year cannabis use was close to 2:1, it was even larger for frequent cannabis use at ~3:1. Older adolescents had consistently higher past year cannabis use than younger adolescents. This finding is also in line with previous research that suggests a gradual increase in the initiation of cannabis use throughout adolescence, with its peak by early adulthood (18, 28). Importantly, past year cannabis use increased from T2 to T3 for both genders and all age groups. The most notable exception was girls in third upper secondary school, where no distinct pattern of change was observed for either any or frequent use. However, low participation rates in the first Ungdata surveys among upper secondary school-age adolescents limit the validity of the estimates on cannabis use at T1 for this age group. This should be taken into account when interpreting the results.

Adolescents in Eastern Norway reported significantly higher past year cannabis use compared with the rest of the country. This finding is in accordance with the results from recent studies on both adolescents and higher education students, where the Oslo region (the capital of Norway, located in Eastern Norway) had the highest illicit drug use (16, 18). It is difficult to provide a firm conclusion on potential explanations for these geographical differences in cannabis use. There are no formal differences across Norwegian geographical areas in regard to legislation of cannabis use, but it is likely that attitudes toward cannabis use may be more liberal in urban areas (16), which might explain this finding. The present study however did not investigate potential mechanisms for these geographical differences in cannabis use rates, and these are therefore mere speculations. Apart from Eastern Norway, the present study found only very modest differences in past year cannabis use between regions in Norway regarding both any and frequent use. While fluctuation of rates of any past year cannabis use was observed in Western Norway, proportions of past year cannabis use increased across all geographical locations from T2 to T3. Larger municipality population was further associated with higher past year cannabis use, a pattern that was consistent throughout the time periods and across any and frequent use. Interestingly, these differences were graded, indicating that small municipalities had the lowest cannabis use, medium-sized municipalities had higher cannabis use, and the largest municipalities had the highest cannabis use among Norwegian adolescents. These findings support previous studies that indicate higher substance use in urban vs. rural areas (29, 30).

The most pronounced increase in past year cannabis use was observed from T2 to T3, while changes before this time period were more modest in most analyses. These findings may suggest that the observed increase in cannabis use to a large extent represents a very recent change. These findings support very similar results in other studies of Norwegian adolescents and young adults (16, 18). However, several exceptions to this generalization were observed. Importantly, a relatively steep gradual increase in cannabis use was seen from T1 to T3 in Eastern Norway as well as in the largest municipalities (i.e., 50,000 inhabitants or more). In previous research, increased rates of cannabis use is suggested to indicate normalization (14), which is characterized by cannabis being perceived by young people as a substance that is part of the range of drugs typical for nightlife (13), something that is likely to be part of the explanation for our results. This is particularly interesting in relation to the areas with the most gradual increase over time, where the trends are more likely to represent substantial changes in relation to cannabis use. Changes that were only evident from T2 to T3 should, on the other hand, be interpreted with caution. These may either represent temporary fluctuations or be indicating early tendencies toward normalization of cannabis use among Norwegian adolescents. Future follow-up studies of continued trends are needed to disentangle this issue further.

We cannot provide any firm conclusions on the reasons for the observed increase in cannabis use in our study. Several potential mechanisms for changing trends in cannabis use have been proposed, such as increased availability, decreased harm perception, and more liberal attitudes toward use (31). Other individual-level correlates of cannabis use include low self-esteem, conduct problems, and family adversity such as parental mental illness and negative life events (19, 32). Changes within all these domains could potentially contribute to increased rates of cannabis use. Aggregate media coverage is also associated with increased cannabis use (33) and could thus be another factor related to the changing trend among Norwegian adolescents. Potential mechanisms involved in the observed increase of cannabis use should be explored in future research. In this respect, follow-up studies may also be needed to further validate that the observed increase is not related to sampling issues, resulting from different characteristics across the time periods. Although this possibility in part was addressed in the present study, with the comparison of trends between the included sample and the subsamples consisting of only municipalities that participated in all three time periods, further investigation of this issue is encouraged.

Finally, the present study found similar trend slopes for any and frequent cannabis use, suggesting that the observed change in cannabis use in our sample also included an increase in regular cannabis use. This trend is troubling for several reasons. Epidemiological, clinical, and laboratory studies have established associations between regular cannabis use and a range of adverse outcomes (6–11). Regular use is associated with concentration problems and missing classes (9), lower initiative and persistence (7), and adverse effects on psychosocial development and mental health (11). Thus, cannabis use during the adolescent years is an important public health concern that needs to be given attention (11, 34).


Strengths and Limitations

A considerable strength of the present study is the very large dataset that included over 600,000 responses from Norwegian adolescents, as well as the repeated measures over three time periods spanning over 10 years with comparable data on cannabis use. The Ungdata survey is carried out at school and is generally considered representative of the Norwegian adolescent population. This is highlighted by the large proportion of municipalities in Norway that have participated in Ungdata. Specifically, 410 out of the 428 municipalities in Norway (comprising ~95% of the total number of municipalities) have participated at least once in the Ungdata survey, and 340 municipalities were eligible for analyses in the present study.


The Sample

The main limitation of the present study is that the Ungdata survey was not conducted on regular intervals across the municipalities, meaning that prevalence rates for T1, T2, and T3 are not composed of direct comparable municipalities. In our sample, 340 municipalities had participated in T1, T2, or T3, but only 144 out of these eligible municipalities had participated in all of these time periods. In addition, some municipalities have participated more than once within any given time period. This may potentially have led to some bias in the overall proportions of cannabis use per time period due to overrepresentation of some municipalities. However, sensitivity analyses using a subsample with municipalities that participated in all the time periods of T1, T2, and T3—including a subsample with only one participation per time period—provided support of the validity of our findings. These analyses showed no change in past year cannabis use from T1 to T2, as well as a significant increase in both any and frequent cannabis use from T2 to T3 for both genders with a similar magnitude as in the main sample. In addition, a range of measures was undertaken to limit potential bias caused by sampling issues. We summed each of the 10 survey years into 3-year periods, therefore increasing the number of municipalities represented at each time period. All analyses were adjusted by important variables that varied across time periods. We also provided several stratifications by which we assessed trends in cannabis use (e.g., gender, age groups, geographical location, and municipality population), and these different perspectives suggested to a large degree similarity in trends. Thus, our evaluation is that the Ungdata dataset provides a good basis for estimating overall trends in the population.



Missing Data

~10% of the total sample had missing data on cannabis use, gender, or age group and were excluded from the analyses. Missing data could potentially lead to some degree of selection bias. Unfortunately, municipalities with very small populations (i.e., <2,000 inhabitants) were overrepresented among survey responses with missing data. This could be explained by the fact that grade levels were often not asked for at the elementary school level in municipalities with few respondents in order to ensure the confidentiality of the respondents. Thus, the results in regard to the smallest municipalities should be interpreted with some caution. Boys were also somewhat overrepresented among the adolescents with missing data, particularly on missing responses related to cannabis use, something that potentially may have resulted in a slight underestimation of cannabis use among boys. Although it is unlikely that missing data would have seriously affected the findings of the present study, these aspects should be taken into account when interpreting the results.



Other Potential Limitations

The Ungdata surveys were administered at school level, and our study lacks data on cannabis use among school non-attending individuals. Thus, although the vast majority of Norwegian adolescents attend school (22), the point prevalence rates of cannabis use in the present study may not be fully generalizable to the total adolescent population. On the other hand, the comparability of prevalence rates across survey years is not affected by this limitation. Cannabis use could potentially be underreported in studies based on self-report due to the stigmatized and undesirable behavior in question. However, convergent validity of self-reported cannabis use and urine tests appears to be satisfactory (35, 36), and self-reported measures are often necessary in large-scale community-based studies. Multiple testing is another potential limitation. Due to a relatively strict criteria for significance (i.e., p ≤ 0.01), the likelihood is, however, reduced for detecting false-positive changes across survey years related to multiple testing. On the other hand, we may have underreported some minor fluctuations in proportions of cannabis use across survey years. Finally, we operationalized frequent cannabis use as “11 times or more” during the past year. It may be argued that a higher cutoff would better capture frequent use. However, this cutoff was the highest available in our data.





CONCLUSIONS

Rates of past year cannabis use among Norwegian adolescents appear to have increased significantly from 2014 to 2016 to 2017 to 2019, and for subgroups of adolescents, a gradual increase from 2010 to 2013 was also observed. These changes were to a large extent evident across genders, age groups, geographical locations, and municipality populations, with some exceptions. Our findings may thus suggest that cannabis use has been more widespread and normalized among adolescents in Norway during the most recent years. Preventive interventions to hinder initiation of cannabis use as well as measures to address regular cannabis use among Norwegian adolescents are warranted.
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Total sample, N = 628,678

Included sample, N = 566,912

Survey responses Municipalities Survey responses. Municipalities Participation in

N (%) N (%) N (%) N (%) T1,7T2,and T3
N

Once 7,109 (1.1) 41(9.6) 5,834 (1.0) 26(6.1) 0

Twice 122,640 (19.6) 151 (35.3) 109,497 (19.4) 116 (27.1) 0

Three times 332,908 (53.1) 151 (35.3) 303,523 (53.7) 133 (31.1) 176,579

Four times 153,512 (24.5) 64 (15.0) 136,543 (24.1) 62(14.5) 125,284

Five times 10,687 (1.7) 300.7) 9911 (1.8) 3(0.7) 9,011

Total 626,856 410 (95.8) 565,308 (100.0° 340 (79.4) 311,740

(100.0P

aThe percentage is relative to the total number of municipalties in Norway (ie., n = 428).

bOmitting eight municipality codes that only included county code and could therefore not be identified as a specific municipality, representing n = 1,822 of the survey responses (0.3%

of total). See Appendix 1 in Supplementary Material.

°Omitting seven municipality codes that only included county code and could therefore not be identified as a specific municipality, representing n = 1,604 of the survey responses (0.3%

of total).

9These survey responses (n = 176,579) are used in sensitiity analyses as subsample Il (Figure 7).
®These survey responses (n = 311,774) are used in sensitivity analyses as subsample | (Figure 7).
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