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The COVID-19 pandemic has brought significant challenges, including severe psychological consequences, especially for vulnerable individuals, such as those with substance use disorders. This study investigated the impact of the pandemic on substance use patterns and psychological health in Brazilians, exploring associations with sociodemographic factors to identify groups at higher risk. Data were collected online to assess self-reported substance use through the Alcohol, Smoking and Substance Involvement Screening Test (ASSIST), and psychological state, using the Depression, Anxiety and Stress Scale (DASS-21) and level of social distancing. The research was conducted in three waves: September-October 2020, April-May 2021, and September-November 2022. The ASSIST (alcohol, cannabis, hallucinogens, and cocaine/crack) and DASS-21 (anxiety, depression, and stress) scores decreased over time. Regarding sociodemographic data, being male, single, with less education, lower income and lower social distancing showed associations with alcohol and cannabis scores. All drug scores showed associations with psychological symptoms and time, suggesting a possible adaptation or resilience of the sample to the challenges of the pandemic. These findings highlight the importance of monitoring patterns of substance use and mental health in times of crisis, especially in vulnerable populations. Such knowledge is essential to inform public health strategies and prepare health systems to face future global crises.
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1 Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic is an ongoing global health concern, with 746.41 million clinical cases and 6.93 million deaths worldwide being recorded between its beginning in late December of 2019 and towards the late stage of the epidemic in May of 2023 (1, 2). During this time, social distancing measures have been implemented by the government of several countries with the aim of slowing the spread of the infectious agent and to release the overburden on health systems. In Brazil, a nationwide quarantine law was implemented on March 20, 2020 and lasted for several months (3). After the many hardships related to social isolation, fears of a deadly disease, uncertainties regarding the disease itself, need to help others and doubts as to the efficacy of the different vaccines, by the end of the pandemic there were around 13.6 billion vaccinated individuals worldwide (1).

During this period, news outlets began reporting on how the lockdown and social isolation could affect the mental health of the population (4, 5). Special concern was raised for individuals presenting vulnerabilities such as mental disorders, neurological or physical diseases, or living in a harmful, unsafe or distressing socioeconomic environment. Several studies tried to unveil the relationship between the many factors related to the pandemic and mental health (6–9). It was observed that loneliness, psychological distress and weak social support networks brought direct negative consequences to certain groups. For instance, COVID-19 infected patients, students, financially vulnerable individuals, elderly and pregnant, caretakers, and, including people who misuse drugs and people living with addiction (10–14). At that particular time, questions regarding increase or decrease in use and abuse of several legal and illegal drugs were of notable interest due to concerns of worse outcomes—including death—when this group was infected with COVID-19 (15–17). In fact, a meta-analysis demonstrated increased risk for hospitalization and increased mortality risk after COVID-19 infection in people with any mental disorder and substance use disorder (11).

In this context, the mental health symptoms that are most frequently studied are stress, anxiety and depression, and to lesser extents, sleep disturbances, post-traumatic stress disorder, eating disorders, among others. Given the timely need for research on the impact of the COVID-19 pandemic on drug abuse and dependence, a previous study from our research group reported cross-sectional data from the Brazilian population with the aim of investigating a potential link between social distancing levels and drug use patterns. We found that social distancing level was inversely associated with increased self-perception of drug use (13) and that emotional state presented associations with the Alcohol, Smoking and Substance Involvement Screening Test (ASSIST, version 3.1) scores (18) for almost all drugs. Furthermore, gender, income and education showed associations with a variety of drug classes scores as well (13). Concerning longitudinal studies that reach to 2022, although not a large body of literature, we found evidence suggesting the amelioration of psychological outcomes that were worse in the beginning of the pandemic in different populations (19, 20). Considering the relevance of these findings, the follow up of the individuals evaluated during the pandemic published in Nin et al. (13), is necessary to understand the influence between these two factors: psychological post-pandemic adaptation and drug use changes after that period. This study aimed to investigate the impact of the pandemic on substance use patterns and psychological health of Brazilians.




2 Methods



2.1 Design and participants

This study is a cohort with participants recruited in a cross-sectional survey conducting annual data collections during the pandemic. The first cohort time point (C1) occurred between September 9th and October 16th, 2020. Data for the second time point (C2) was collected between April 29th and May 22th, 2021. The third and final cohort time point (C3) was conducted between September 9th and November 21th, 2022, six months after the revocation of the Brazilian National Public Health Emergency, following the increase in vaccination. For further recruitment details, see the original cross-sectional study (13). We chose these specific timepoints taking local government-issued measures and the rise in vaccinated people into consideration. To be eligible, all participants had to be ≥ 18 years old and residing in Brazil, and each questionnaire had to be completed to the last question. The study was submitted in the National Ethics Committee Platform (“Plataforma Brasil” registry number: 5.376.167) and approved by the Ethics Committee of Research of the Federal University of Health Sciences of Porto Alegre (#4241378).




2.2 Instruments and scales

All follow-ups were collected using the Research Electronic Data Capture (REDCap®, Vanderbilt University, Nashville, TN, USA) online platform. Participants who explicitly agreed to continue their participation for the next phases of the study were recruited to the subsequent stages through an individualized link that was sent to the e-mail address provided on C1. E-mail reminders were sent periodically according to overall response rate. The first page of the survey contained the informed consent with an accept/decline button, followed by the questionnaire on the next pages. It was composed of 56 questions and was divided into four sections (fully disclosed in Supplementary Material): 1) sociodemographic data; 2) social distancing and vaccination during the pandemic (questions originally created by authors); 3) the Brazilian-validated version of the ASSIST instrument (18, 21), chosen for its reliability and validity in measuring the use risks of psychoactive substances; 4) the Depression, Anxiety and Stress Scale (DASS-21), also validated in Portuguese (22). At the end of the survey, a counseling message based on the ASSIST calculated score was presented, with their risk of dependence being classified as low, moderate, or high. For moderate and high risk, participants were recommended to seek help from a health care practitioner.




2.3 Measures

Sociodemographic data were collected in categories, while age was a continuous variable. As determined in the first study published about these data, some sociodemographic strata were collapsed when subgroup samples were too small to be analyzed on their own. Education was collected into eight categories and collapsed into three, “Incomplete Secondary Education”, “Complete Secondary Education” and “Higher Education”. Income was collected in the local currency (Brazilian Real) (USD$ 1.00 ≅ R$ 5.00), and the minimum wage in Brazil during the cohort period ranged from R$ 1,045.00 to R$ 1,212.00. Social distancing perception regarded the level of restriction in social distancing assessed as three categories (Low, Medium and High). All sociodemographic factors were collected in the first survey filled by the subjects.

The Brazilian version of the ASSIST microstructured questionnaire included self-reported frequency of drug use, lifetime use, and use in the three months before the first pandemic wave (C1-September 9th to October 16th, 2020), the second wave (C2-April 29th and May 22nd of 2021), and around the end of the pandemic (C3-September 9th and November 21st of 2022) based on DSM-IV criteria for drug dependence. The score obtained for each substance falls into a “lower” (“occasional use”), “moderate” (“in risk for abuse”), or “high” risk (“dependence”) category which determines the most appropriate intervention for each categorical level of use. Scores from 0 to 3 are considered occasional use (for alcohol: 0 to 10); ≥ 4 to 26 indicates moderate risk for dependence (for alcohol: 11 to 26); ≥ 27 suggests dependence or high risk of dependence for alcohol and all other drugs (18).

The DASS-21 contemplated three subscales (depression, anxiety, and stress) with a Likert format, varying from 0 (did not apply to me at all) to 3 (applied to me very much or most of the time). Cut-offs for levels of subscales are presented as “Normal” - Depression: 0 to 9; Anxiety: 0 to 7; Stress: 0 to 14. “Mild” - Depression: 10 to 13; Anxiety: 8 to 9; Stress: 15 to 18. “Moderate” - Depression: 14 to 20; Anxiety: 10 to 14; Stress: 19 to 25; Severe- Depression: 21 to 27; Anxiety: 15 to 19; Stress: 26 to 33; “Extremely severe” - Depression: >28; Anxiety: >20; Stress: >34 (22).




2.4 Statistical analysis

The inferential analysis investigated the effect of time and sociodemographic factors in the ASSIST scores and DASS-21 scores, as well as the interaction between time and factors through Generalized Linear Models (GLM) or Two Way RM-ANOVA. Post-hoc comparisons were tested using the Bonferroni test or Tukey, respectively. To carry out the GLM, the scores for drug use (ASSIST) were considered the dependent variable. The independent variables were the sample profile (sociodemographic data) and the severity of social distancing. For identifying risks within the social distancing categories, the reference category was “very rigorous”. The covariates defined as controls in the models were listed based on the significant results observed in the bivariate analysis (comparisons of social distancing level with sociodemographic variables and DASS scale).

For GLM analysis, it was considered all the subjects who filled at least one of the surveys (C1 and C2 and/or C3) since this statistical approach allows the use of datasets with missing data, summing n = 2498. For the other statistical approaches, such as ANOVA, Chi-Square and Pearson Correlation, it was considered only the n = 755 who filled all surveys (C1, C2 and C3). Normality and equal variance tests were performed to verify if non-parametric tests were necessary.

The Chi-Square test was performed for dichotomized variables (DASS-21 severity rating prevalence, divided as “Normal” and “Mild or more” and ASSIST Risk Level, divided as Low Risk and Moderate/High Risk). Spearman’s correlation test was used to verify associations between quantitative variables. Descriptive statistics were carried out using Excel®, and all other inferential analyses were run with IBM® SPSS Statistics software (v20) or SigmaStat® 3.1. Differences and associations were considered statistically significant when P ≤.05. F values, t values, z values, as well as the n, confidence interval (CI) are presented next to P values. To assess the potential of false negatives, the model performs a power test according to the hypothesis test used. A β ≤ 0.2 was considered as an adequate value for tests in which the results presented a P value higher than.05. The sample size was calculated before the first study using the most prevalent drugs in the population as targets (alcohol, tobacco and cannabis), comparing the pre-pandemic versus pandemic alcohol use prevalence (main outcome).





3 Results

The survey reached a total of 95,184 Facebook® users (link clicks: 1,613), along with individuals reached through email and WhatsApp®. A total of 3,348 participants started the questionnaire in the C1 phase (13). For this study, the total number of participants with valid answers in C1 corresponds to 2498. After email follow-ups, the number of respondents in C2 was 1045, and in C3, there were 969 responses; in total, the number of individuals who answered all three phases corresponds to 755 respondents. Not surprisingly, significant reductions in the absolute number of respondents were observed, precluding the analysis of some drug classes (such as opioids) and specific sociodemographic categories (Incomplete Secondary Education), except for alcohol, tobacco and cannabis, and low social distancing for cocaine), meaning there were not enough participants for the GLM analysis for some subgroups (sociodemographics). Observing the sociodemographic factors, detailed in Table 1, similarities appear between the original sample (13) and this cohort. For example, the prevalence of women was higher than men. Regarding marital status, the number of ‘Single’ respondents was the highest, followed by ‘Married’ or ‘in Stable union’. The most prevalent category for education was Complete Higher Education, followed by Incomplete Higher Education. Income was more evenly distributed, with half of the respondents reporting two or more minimum wages. As for the social distancing, High social distancing was informed by around 55% of the respondents during the C1 evaluation.


Table 1 | Sociodemographic data of respondents which followed through with all three phases of data collection from 2020 to 2022.



The most prevalent drug used, considering the information of the absolute number of responses in the last three months of responding to the survey in all time points, is alcohol (around 90%), followed by tobacco and cannabis (approximately 40%), while the other drugs were all under 17% prevalence (Figure 1). For all drug classes, there was no significant difference between C1, C2 and C3, when analyzing the use prevalence. The graph at the top right in Figure 1 represents the waves of cases caused by COVID-19 from June 2020 to November 2022 in Brazil and the C1, C2, and C3 data collection time points.




Figure 1 | Prevalence of recent drug use according to ASSIST responses by time points (C1, C2 and C3) (n = 755). Top-right figure represents the number of cases associated with COVID-19 in Brazil monthly, and the colored shadow represents the data collection periods. Recent drug use in ASSIST refers to the use during the previous 3 months. The Chi-Square Test with the residual analysis when appropriate found no significant difference between time points (C1, C2 and C3). Amphet.”: amphetamines; “ecst.”: ecstasy; “Coc.”: cocaine; “Hypn.”: hypnotics; “sedat.”: sedatives.





3.1 Assist score

The ASSIST mean scores are presented by time points, and the threshold between “Low Risk Level” and “Moderate Risk Level” is also shown in Figure 2. The “High Risk Level” is not shown in this figure because none of the mean scores were near its threshold. The highest scores besides alcohol, as we can see in Figure 2, are tobacco and cannabis, followed by hypnotics/sedatives and cocaine/crack. Overall, differences were observed between time points for some drugs, like alcohol, cannabis, hallucinogens and cocaine, when observing mean scores from the ASSIST scale. Differences were found between C1 and C2 and C1 and C3 for alcohol (P < 0.001), cannabis (P = 0.005), hallucinogens (P < 0.001) and cocaine (P < 0.05).




Figure 2 | ASSIST average scores by time points. ASSIST scores (mean ± SEM) for each drug according to C1, C2 and C3 (n = 2498). Risk levels are represented in dashed lines according to ASSIST protocol. *: C2 lower than C1, P < 0.005; **: C3 lower than C1, P < 0.05, in the GLM. Amphet.”: amphetamines; “ecst.”: ecstasy; “Coc.”: cocaine; “Hypn.”: hypnotics; “sedat.”: sedatives.



When assessed separately, the effect of time on mean scores for each drug class shows some interesting results. Alcohol mean scores demonstrated a progressive decrease over time, with C2 and C3 being lower than C1 (P < 0.005). Tobacco did not show statistically significant differences between time points, remaining at approximately the same level. Cannabis also presents differences and, although C3 has a slightly higher score than C2, both are lower than C1 (P < 0.05). Even though hypnotics/sedatives showed some greater scores in C1 and C2, it did not show statistically significant differences with C3, which almost fell to low risk level due to the high variability of the use during periods. Hallucinogens and Cocaine/crack presented only one difference between C1 and C2 (P = 0.035), as C3 showed a substantial decrease of score (Figure 2).

Regarding the ASSIST score risk level represented in dashed lines in Figure 2, it is observed that the mean scores for alcohol, tobacco, hypnotics/sedatives, and cocaine all reach the moderate risk level, with the exception of alcohol’s C2 (10.4 ± 0.6; CI95%: 9.7 – 10.9) and C3 (10.0 ± 0.6; CI95%: 9.3 – 10.5) frequencies and cocaine’s C2 frequency (4.8 ± 1.6; CI95%: 3.0 - 6.2), considering these CIs include the lower threshold of the moderate risk level, which is 11 for alcohol and 4 for the other drugs. The drug users’ risk level prevalence is presented in Figure 3. ASSIST risk levels showed higher prevalences in the low risk category. Moderate risk was mostly around 30%, and high risk was majorly lower than 10%. When comparing the low and moderate or more prevalences using the Chi-Square test, no statistically significant differences were found between groups.




Figure 3 | Drug users percentage and their respective ASSIST Risk Level (C1, C2 and C3). Drug user’s risk level is separated as low (blue columns), moderate (yellow stacked columns) and high (dark pink stacked columns). Time points are represented as different patterns: C1 - plain columns; C2 - stripped columns; C3 - dotted columns. The Chi-square test did not show differences between low and moderate/high risk level.



The gender covariable has shown some statistically significant differences for several drug classes. Alcohol (P = 0.004), tobacco (P = 0.047), cannabis (P < 0.001), and hypnotics (P = 0.030) presented a gender effect, where men reported higher drug use than women. Only amphetamines/ecstasy demonstrated an interaction between the effect of the covariable and time (P = 0.011). Interestingly, for amphetamines/ecstasy, there were no statistically significant differences in the pairwise comparisons, only limitrophe non significance (Men’s C1 > Men’s C2; P = 0.053). This must be related to the pattern observed in their mean scores, since men showed a fall in C2 score, returning to a similar baseline score in C3, while women showed a rise in C2, and returned to a similar score to C1 in C3.

Another factor that showed an interaction between time and itself was “education”, again for amphetamines/ecstasy and also for hypnotics (P < 0.001). Although the majority of drug classes presented differences for covariable effects (all P < 0.001, except for hypnotics), alcohol, tobacco and cannabis were the only ones which did not present small sample sizes in C1 for Incomplete Secondary Education (ISE), while in C2 and C3, all drug classes presented small sample sizes for the mentioned category, hindering their analyses. Considering the most prevalent drug classes, Higher Education (HE) usually had lower scores than Secondary Education (SE). Amphetamines/ecstasy presented differences between SE and HE (SE in C1 > HE in all time points; SE in C2 > HE in C2; SE in C3 > HE in all time points). Tobacco, cannabis, hallucinogens, and cocaine users had higher scores for SE when compared to HE (P < 0.005), when considering only the covariable. Opioids only showed differences between ISE > SE, and ISE > HE (Figure 4, represented as lower education presenting a higher ASSIST score than higher education).




Figure 4 | ASSIST score and sociodemographics by time points (C1, C2 and C3). GLM analysis of all three main variables. The “X” axis contains icons representing the drug classes, relative to the sociodemographic factors and their categories (“Y” axis) which showed statistical significant differences, meaning the sociodemographic factors presented under a drug class showed higher scores for that drug than the one it is compared to. “Y” Axis, from up to bottom: Time (C1 - C3): C1 had higher mean scores than the other time points for alcohol, hallucinogens, and cannabis. Gender (Men x Women): Men had higher mean scores for alcohol and tobacco; Women had higher mean scores for hypnotics/sedatives. Marital Status (Married/Stable union x Single/Divorced/Widowed): Single/Divorced/Widowed had higher mean scores for alcohol, hallucinogens, and cocaine. Income (Higher incomes x Lower incomes): Lower incomes showed higher mean scores for alcohol, hallucinogens, tobacco, and cannabis. Education (ISE x HE): almost all, except for hypnotics/sedatives and amphetamines/ecstasy. Social Distancing (Lower social distancing x Higher social distancing): almost all, except for tobacco. Icons in the “Y” axis: gender symbols for male and female. Married or stable union: rings; single/divorced/widowed: a person with a “no” symbol on top of rings. Income: higher than R$ 3,000.00, three dollar signs; lower than R$ 3,000.00, one dollar sign. Education: incomplete secondary education, a “no” symbol in front of a school; higher education, a trencher. Social distancing: lower social distancing, three people close together; higher social distancing, a person inside a house with a lock.



Income showed some statistical significant differences as well. An interaction effect was seen for alcohol users (P = 0.012) and hypnotics (P = 0.024), but also a time effect was seen for alcohol, hallucinogens (P < 0.001) and cocaine (P = 0.014) and a covariable effect for tobacco, cannabis (P < 0.001), hypnotics (P = 0.009), hallucinogens (P = 0.028). When we look at alcohol use and time points, we see that moderate to low incomes show higher scores than higher incomes (R$ 751.00 to 1,500.00 in C1 and C2, R$ 1,500.00 to 3,000.00 C1 > R$ 9,000.00 or more, C1 to C3; R$ 1,500.00 to 3,000.00, C1 > R$ 6,000.00 to 9,000.00, C1 and C2; R$ 1,500.00 to 3,000.00, all time points > R$ 6,000.00 to 9,000.00, C3). Hypnotics also showed an interaction between the covariable and time, and the comparisons by pairwise method showed differences between R$ 751.00 to 1,500.00 in C1 > R$ 6,000.00 to 9,000.00 in C2; R$ 3,001.00 to 6,000.00, C1 and C2 > R$ 6,000.00 to 9,000.00 C2; R$ 1,500.00 to 3,000.00, C1 and C2 > R$ 6,000.00 to 9,000.00, C2 (Figure 4, represented as lower income presenting a higher ASSIST score than higher income).

Social distancing showed some effects of the covariable and time. Alcohol use showed a covariable effect (P < 0.001) and a Time effect (P < 0.001). Cannabis use showed a covariable effect (P = 0.001) and a very close to significance time effect (P = 0.052). Amphetamines/ecstasy use also presented a covariable effect (P < 0.001). Hallucinogens presented a covariable and time effect (P < 0.001 and P = 0.001, respectively). Alcohol, cannabis, cocaine and hallucinogens showed differences as follows: lower social distancing greater than median social distancing and Lower social distancing greater than higher social distancing. Amphetamines/ecstasy had different patterns, with amphetamines/ecstasy showing one more difference (lower social distancing > median social distancing; lower > higher; median > higher, P < 0.05). Opioids only showed a difference between Low and Median (P < 0.05) (Figure 4, represented as lower social distancing presenting a higher ASSIST score than higher social distancing).




3.2 DASS-21

Mean scores for depression, anxiety and stress traits mean scores are displayed in Figure 5 and showed differences in all time points. For depression, mean scores were 14.70 (SEM: ± 0.27), 12.76 (SEM: ± 0.38) and 10.23 (SE: ± 0.36), for C1, C2 and C3, respectively. For anxiety, means were, also respectively, 8.68 (SEM: ± 0.21), 6.99 (SE: ± 0.28), 5.46 (SE: ± 0.24). And for stress, 16.24 (SEM: ± 0.24), 13.82 (SEM: ± 0.33), 11.22 (SEM: ± 0.32), also respectively. Considering the DASS-21 scale cutoffs, it can be observed that the C1 mean score for depression is in the moderate rating, while the others are in the mild rating. C2 mean scores are in the borderline between mild and normal ratings, and lastly, C3 mean scores are in the Normal range, except for the depression mean score.




Figure 5 | DASS-21 scores by time points (C1, C2 and C3). DASS-21 score (mean ± SEM) for all respondents in all time points (N = 755). Dashed lines represent DASS-21 severity rating for “mild” and dotted lines represent the severity rating for “moderate” of depression, anxiety and stress subscales. The generalized linear model showed differences between all time points for all three subscales. *: C2 lower than C1, P < 0.001; **: C3 lower than C1, P < 0.001; #: C3 lower than C2, P < 0.001.



DASS-21 prevalences from the DASS-21 scale are presented in Figure 6. In view of the prevalences observed for each time point, a few interesting considerations can be taken. The most extreme categories (“normal” and “extremely severe”) were the ones which changed the most from C1 to C3. The depression scale suffered increases in the “normal” category (44.51% to 61.19%), while the “extremely severe” suffered reductions (17.99% to 10.61%). “mild” and “moderate” reduced slightly (approximately -2% for each time point), and “severe” barely reduced percentages. Anxiety scale also suffered similar changes in percentages, although “normal” was the only one showing increases (66.07% to 74.17%). “mild” category showed an increase in C2, but reduced again in C3. “moderate”, “severe”, and “extremely severe” changed approximately -3% for each time point, suggesting a normalization of symptoms. Stress scale exhibited similar changes to anxiety. The only category with raises in percentages was “normal”, the rest decreased around 3 to 4% (“moderate” to “extremely severe” falling almost in half in C3). A chi-square test was run for DASS-21 ratings prevalences, comparing normal and mild to extremely severe ratings, showing statistically significant differences for all three subscales, indicating C1 had lower frequency than expected and C3 had more than expected.




Figure 6 | DASS-21 severity ratings in percentages (%) by time points (C1, C2 and C3). Percentage of the sample distributed in the subscale ratings. (A) Depression subscale, in order of time points. (B) Anxiety subscale, in order of time points. (C) Stress subscale, in order of time points. The severity ratings are colored as “Normal”: blue; “Mild”: dark green; “Moderate”: yellow; “Severe”: dotted orange; “Extremely severe”: dotted dark pink. The Chi-Square Test was performed comparing “Normal” and “Mild or more” categories. *: P < 0.0001, “Normal” in C3 higher than in C1.



All three traits in C1 exhibited higher mean scores than C2 and C3, while C2 was higher than C3 (P < 0.001) (Figure 7, represented as dichotomous variables). As for the sociodemographic factors, when analyzed through the Two-Way RMAnova, marital status exhibited an interaction with time for all subscales (Two-Way RMAnova; P < 0.05). Single/divorced/widowed presented greater scores for depression, anxiety and stress than married/stable union (P < 0.001). Gender demonstrated a covariable effect for anxiety and stress subscales (P < 0.001) and the scores were greater for women. Education level presented associations with depression, anxiety and stress. HE showed lower scores of depression (P = 0.002) and stress (P = 0.027). For income, stress and anxiety showed higher scores for the R$ 1,501 to 3,000 and R$ 3,001 to 6,000 ranges than higher incomes (more than R$ 6,001), especially in C2 and C3. Also, social distancing presented higher scores of anxiety and stress for lower social distancing when compared to medium and high social distancing (P < 0.05).




Figure 7 | DASS-21 score and sociodemographic factors. GLM analysis for DASS-21 scores and Sociodemographic factors. Depression, Stress and Anxiety subscales were separated for a better visualization. The icons positioned around each subscale are relative to the sociodemographic factors and their categories which showed statistical significant differences, meaning the sociodemographic factors presented showed higher scores for that subscale than the one it is compared to. Gender (Men x Women): Women had higher mean scores for anxiety and stress (P < 0.001). Marital Status (Married/Stable union x Single/Divorced/Widowed): Single/Divorced/Widowed had higher mean scores for all three subscales (Depression, interaction: P < 0.05; Anxiety, interaction: P = 0.002; Stress, interaction: P < 0.001). Income (Higher than R$ 3,000.00 incomes x Lower than R$ 3,000.00 incomes): Lower incomes showed higher mean scores for all three subscales (Depression: P < 0.001; Anxiety: P < 0.001; Stress: P < 0.001). Education (ISE x HE): ISE showed higher mean scores for all three subscales (Depression: P = 0.002; Anxiety: P = 0.002; Stress: (P < 0.05). Social Distancing (Lower social distancing x Higher social distancing): Lower social distancing showed higher mean scores for stress (P = 0.015) and anxiety (P = 0.027). The icons used are the same as used in Figure 4. Icons in the “Y” axis: gender symbols for male and female. Married or stable union: rings; single/divorced/widowed: a person with a “no” symbol on top of rings. Income: higher than R$ 3,000.00, three dollar signs; lower than R$ 3,000.00, one dollar sign. Education: incomplete secondary education, a “no” symbol in front of a school; higher education, a trencher. Social distancing: lower social distancing, three people close together; higher social distancing, a person inside a house with a lock.



The Spearman’s correlation demonstrated positive correlations between ASSIST scores and DASS-21 scores for all subscales and drugs (Supplementary Table S1). However, r coefficients hardly surpassed the 0.20 mark, which indicates rather weak associations, taking in account that the P-values were statistically significant. The strongest correlations were found for opioids and hypnotics (around 0.30-0.40), especially in C1 and C2. Amphetamines/ecstasy showed somewhat stronger correlations in C2 (around 0.30) as well, but not in other time points. Only the correlation between Cocaine/crack versus stress was not significant (P = 0.116). This means both scores are somehow linked, although not very strongly, and might be influencing one another, as both scores suffered reductions through time.





4 Discussion

This study aimed to investigate the impact of the pandemic on substance use patterns and psychological health of Brazilians. To address this, we assessed how the three years of pandemic could affect drug use habits in a Brazilian population and if changes could be associated with mood state symptoms and/or sociodemographic factors. Despite no changes were observed in the prevalence of use of all drugs, during the three time points investigated, ASSIST scores did not show the same pattern. Alcohol, cannabis, hallucinogens and cocaine/crack users reported a decrease in ASSIST scores in C2 (during a pandemic peak) compared to the C1 (during the beginning of pandemic), which was maintained during C3 (already decreed the end of national health emergency of the pandemic in Brazil), except for cocaine/crack. This might be explained by the emotional state of this sample, possibly related to fear of the pandemic. This aligns with the fact that C2 data were collected shortly after a significant surge COVID-19 cases and deaths, accompanied by stricter contingency measures, such as curfews, restrictions on non essential activities restrictions and circulation of people, among other measures implemented nationwide (23). In contrast, by the time of C3, approximately 84% of the Brazilian population had received at least one dose of the COVID-19 vaccine (C2: 23%, C1: 0%) (24), which may have alleviated pandemic-related fear and contributed to changes in the observed patterns. These findings suggest that pandemic policies, including vaccination and social distancing measures, may have directly influenced behavioral trends over time.

This could also be related to resilience to the pandemic after nearly two years. Studies (11, 25) have shown that participants who reported functional social support exhibited fewer symptoms of anxiety or depression and lower drug use (11, 25). A range of psychobiological mechanisms may underlie the relationship between resilience to stress and drug use. For instance, stress or adversity can alter certain functions of the mesolimbic pathway, increasing vulnerability to drug use (26–28). Social determinants, such as positive social interactions and social support, also play a critical role in fostering resilience. Positive social interactions can encourage adaptive coping strategies (29, 30), whereas insufficient or “negative” social support can contribute to maladaptive coping mechanisms, including risk-taking behaviors and drug use (26, 31).

Another factor potentially contributing to a sense of security during the pandemic was the implementation of vaccination programs (32, 33), which began in Brazil in 2021. With relatively low vaccine hesitancy among Brazilians (34), the reduction in COVID-19 cases and deaths led to the relaxation of contingency measures. Reduced isolation may have influenced the relationship between substance use and mental health, possibly mediated by vaccination rates. For instance, as observed in our previous study (13), higher levels of social distancing were associated with a lower percentage of drug use, suggesting that limited exposure to substances and heightened concern over the consequences of seeking or using drugs may have played a role.

However, different results are observed in other countries, like in Australia and the US (25, 35). The National Wastewater Drug Monitoring Program of Australia found that alcohol, cocaine and heroin levels in water had a decrease between April and August of 2022, while cannabis, oxycodone, fentanyl and MDMA levels showed an increase (25). The 2022 National Survey on Drug Use and Health reported a very slight increase from 2021 to 2022 of the following drugs: alcohol, cannabis, cocaine, meth, tranquilizers or sedatives and opioids. Tobacco showed a decrease, and hallucinogens did not change (35). In the present study we did not find the same chronological pattern compared to those ones, but the mitigation and timelapse of this sanitary phenomenon was not completely comparable.

Conversely, ASSIST also presents an intervention by the end of the questionnaire, showing which risk level the respondent is included in, which might have introduced a bias regarding reduced drug use scores. Although the brief intervention was tested and validated using a randomized controlled trial in four different countries (Brazil, India, Australia and USA) (36), their results showed that even the controls, who did not receive an intervention, had reductions in scores. Thus, the plain application of a questionnaire could present an effect in drug use score, which could happen in other studies as well, considering that the exposure to a survey on drug use could bring awareness to drug use and make respondents rethink their habits.

It is relevant to note that our sample seems to differ somewhat from other studies performed at the national level in Brazil. The most recent studies that report heavy episodic drinking and tobacco use reported in the last month (meaning between September of 2021 and February of 2022, and between December of 2022 and April of 2023) show an increasing trend of heavy episodic drinking and smoking (37, 38). Among heavy episodic drinkers and smokers, men were more prevalent than women, and both had an increase from one year to the other. Education years were different for alcohol and tobacco users. Drinkers had a higher number of education years than smokers, which is opposite from our results (37, 38). In our sample, higher education is more prevalent in alcohol and tobacco users. This may be related to the emotional state of young adults who are pursuing undergraduate degrees, as they have high levels of stress and depression symptoms, loneliness and worry feelings, as we can observe in studies with this population (10). Another aspect is that marital status has shown a relationship with the ASSIST scores for some drugs. A Japanese study found results that come in line with this, showing single people were more likely to perceive alcohol consumption and unhealthy lifestyle (39).

A study in a Canadian sample of people who use drugs (data collected between the second half of 2020 and the beginning of 2021) found that around 39% of their sample reported a decrease in income since the onset of the pandemic, and they also reported an overall drug use increase for drinking, use of cigarettes, e-cigarettes and cannabis (40). This comes in agreement with our results regarding income. Another study (32) from the USA reported that loss of income was among reasons for a decrease in drug use, as well as other stressful factors, such as social isolation and staying home. It must be highlighted that in the present research - and also one those ones presented, it is not clear if the reduction in income could be the cause or consequence of drug use and/or with, for instance, the limited social interaction due to the pandemic.

The DASS-21 severity ratings demonstrate a reduction of scores from C1 to C3. One hypothesis that could explain this phenomenon is that the population became gradually more accustomed to the context of the pandemic, which somewhat subsided symptoms related to their emotional state. Another hypothesis could be due to the relaxation of contingency measures. The increase in prevalence of people reporting more normal ratings for the three subscales further supports these inferences. A few cohort studies showed that anxiety levels were associated with higher risk of drug misuse (41), while depressive symptoms and loneliness were associated with binge drinking and functional social support was inversely associated with recreational drug use (11). If we compare these findings to our sample, for which a decrease in ASSIST for some drugs and DASS-21 scores was observed through time, we might infer that their emotional state has influenced their use, although we cannot pinpoint the cause to more resilience or more social support.

If we compare these findings to our sample, where a decrease in ASSIST scores for some drugs and DASS-21 scores was observed over time, we might infer that their emotional state influenced their substance use. However, it is difficult to attribute this to increased resilience or enhanced social support without deeper insights. Incorporating qualitative data, such as interviews or open-ended surveys, could provide a richer understanding of individual coping mechanisms and the role of community support systems in shaping these trends. Such data could help clarify how participants navigated stressors and whether specific protective factors contributed to the observed changes.

In our study, depression, anxiety and stress were associated with younger age, single/divorced/widowed, lower income, and lower education, moreover, women and lower social distancing with anxiety and stress. For this population, education and income had an effect mainly on anxiety and stress scores. In general terms, the greater the education and income levels, the lower the stress, anxiety and depressive symptoms, indicating a protective role of higher degrees of education and income. The results are similar to a study by Calegaro’s et al. (42), where the authors report an association between symptoms of anxiety and low levels of education. A discrepancy was found in another study (43) that discussed the probable presence of health anxiety, as higher education levels were related to the psychological symptoms. Another similar result is the gender effect, in which Calegaro et al. (42) reported higher levels of all subscales whereas we report higher levels of anxiety and stress in women (42). On this note, the literature shows that women have some psychological and socioeconomic traits which make them more prone to internalizing mental health disorders (44). A study investigating the risk factors for depression and distress (45) found that being single or widowed and living alone were linked to both symptoms, which comes in line with our data.

An interesting approach is that the most stressful and anxiogenic period of the pandemic (between March and May of 2020) (46) was not included in our first time point, as data collection was performed in September-October of 2020. Nevertheless, it is also perceived in the literature that stressful or harmful events may lead to depression later on (22, 47). With the first report, we might have seen a subchronic effect of the worst period of the pandemic, with moderate levels of depressive symptoms, while stress and anxiety were already waning.

The Spearman’s correlation could be a useful tool to confirm the relationship of the ASSIST scores and DASS-21 scores as both were progressively reduced through time points, which suggests the amelioration of symptoms. Though coefficients were not very strong, alcohol, tobacco, hypnotics, and opioids showed a few stronger coefficients through C1 to C3, indicating these users might be more vulnerable to stressful events. A cross-sectional study that was also conducted in Brazil (42) used a different approach, in which its focus was directed to the DASS-21 scale and PTSD symptoms. They also assessed the results of the DASS-21 and the link with the presence of drug use, for which alcohol, tobacco, cocaine, ecstasy or LSD, benzodiazepines and opioids users prevalence was much lower than in our sample. They reported an association between depression and PTSD symptoms with alcohol consumption, use of tobacco, cannabis and benzodiazepines, and stress with alcohol consumption and use of benzodiazepines.

In view of some populations strata presenting some changes in different drug classes, such information is important so the governmental organs can plan in a more adequate manner to mitigate the impact of drug use, as it is advocated by the National Plan of Policies on Drugs, previewed in the Law n° 13,840/2019 (48). This National Plan recognizes the importance of preventing drug use and implementing measures and programs to reduce the hazardous consequences of drug use and abuse, as much as enhancing healthcare, social assistance and promoting better access to public services. Therefore, there might emerge a need to pursue other routes not explored by this study, e.g., when considering the complexities of polydrug use and novel psychoactive substances (NPS) use screening and therapies, which could have a range of implications and challenges (14), which are relevant in the current context. NPS detain a whole level of complications for its detection and consequences to the organism, in view of their rapid evolution, variability in composition, and limited availability of reliable detection methods, complicating both screening and law enforcement efforts (49, 50).

Additionally, they can be much stronger or unpredictable in its effects (51), and even more, be used in conjunction with other drugs, raising the fatality risk, such as the case of fentanyl analogues, which are able to provoke a strong respiratory depression and deaths (52). Polydrug use amplifies risks by increasing the likelihood of adverse drug interactions, complicating clinical management, and contributing to worse mental health outcomes (53). Many overdose deaths are caused by the adulteration of street drugs with other drugs or psychoactive substances, such is the case with cocaine or methamphetamine and lacing with substances like fentanyl, ketamine, levamisole, and others (54–56). Adulterants further exacerbate these risks, as their presence in illicit drugs can lead to severe health consequences and pose significant hurdles for public health initiatives. And not only that, therapy strategies can be strongly impaired if polydrug use is not even considered or known, as metabolites can remain on the body for some time and likely affect recovery/relapse (57).

Evidence-based guidelines addressing these issues, as seen in countries with advanced drug monitoring systems, highlight the need for more robust surveillance, public education campaigns, and targeted interventions (58–60). Strengthening the capacity to detect and respond to these emerging threats should be a priority within national strategies, including this National Plan, to ensure the development of effective and adaptive measures for drug use prevention and harm reduction.



4.1 Limitations

One important thing to note is that the sample was obtained from an online survey, disclosed and spread through social media (Facebook® and Instagram®), message apps and emails. This might introduce a selection bias, as this constitutes a convenience sample, which may lead to impaired internal validity.

As could be seen from the sample size we obtained from this 3-year cohort, there was an unsurprisingly significant participant dropout rate (41). It is important to note that prospective studies are always prone to loss of follow up from participants (61), as they may not feel as engaged or motivated to participate in the study as they were in the beginning. This is especially true when taking into account how diverse were the COVID-19 waves and prospects during 2022 when compared to 2020. Nonetheless, this shortage in sample size did not hinder statistical analyses completely, as the model used still had enough power to perform several comparisons between various subgroups. There is a loss of follow-up rate for all drug classes when we observe absolute numbers. However, they maintain proportional numbers when percentages are calculated from the total number of each time point. This indicates no biased loss for one or more drug classes or in one group. Although use of inhalants was excluded from our results, we believe this had little impact in our findings due to the remarkably low prevalence of abuse for this particular class of substances in Brazil.

An aspect of the GLM is that it makes analyses of data in a manner that enables the comparison of time points. Some participants have answered all 3 segments of the cohort, while some only answered the first and the second sequels, or the first and the third ones. The model is designed to handle varying types of error distributions and varying sample sizes along remitted measures.

Drug-specific questions from the ASSIST questionnaire required information about their drug use in the last three months. This introduces a memory bias (61) because, even if this period of time is not considered to be that extensive, some people might have more difficulty in remembering their past drug use pattern than others. Importantly, C2 and C3 participants were asked to make this assessment years later. However, they were most likely motivated to pay attention to their own habits due to media’s constant disclosure of mental health issues emerging during the pandemic, as well as to the fact that they were being “observed” by researchers from this study, making them less prone to forget their drug use and mood state symptoms. Nevertheless, this study highlights the dynamic nature of drug use and emotional well-being during prolonged periods of social disruption, emphasizing the need for targeted public health strategies to support at-risk populations during such crises.




4.2 Conclusions

Through this cohort, it was possible to address a great mental health issue very much enlivened in the pandemic, which was the extension of the impact of the pandemic on drug use and emotional state, in the first year of the pandemic when very strict physical distancing measures took place and how it might have changed in subsequent years (more or less flexible physical distancing measures).

In conclusion, drug use for several drugs presented a reduction in scores when comparing the time points soon after the end of the pandemic with its beginning, and the same happened to the emotional state symptoms, implying a development of resilience or an accommodation to the context. An important aspect to note is that sociodemographic strata showed different drug use patterns and emotional states. Men, single/divorced/widowed, lower education, income and social distancing respondents perceived more drug use score, which comes in line with the literature. Finally, women, younger age, single/divorced/widowed, lower education, income and social distancing showed higher scores for the emotional/mood state.

Altogether, these insights are important for comprehending what steps can be taken for future research in drug use and abuse/mental health of similar populations. Even though the general Brazilian population might be much more diverse than our sample, our findings still provide a valid source of insights for a great part of the population. By acknowledging the dynamic relationship between drug use and emotional well-being, policymakers and healthcare providers can develop targeted interventions that address the unique challenges faced by at-risk populations, ultimately promoting resilience and improving overall well-being during times of crisis.
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