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Objectives: This study aimed to assess the associations between loneliness and the frequency of substance use and problematic Internet use (PIU) in different age groups.
Methods: Data were collected in April 2021 from a sample of 1,293 participants with main characteristics close to a nationally representative sample (mean age = 50.1 ± 15.4 years; 56% male). We measured loneliness with the Three-Item Loneliness Scale (TILS), PIU with the General Problematic Internet Use Scale-2 (GPIUS-2) and the frequency of drugs, alcohol, smoking or caffeine consumption. Spearman’s correlation, the t-test, and one-way and multivariate linear regression models were used to analyze the data.
Results: In our study, 43.8% of respondents reported moderate to severe levels of loneliness. Loneliness was associated with the severity of PIU [F (3, 1,277) = 15.25, p < 0.001], with higher loneliness corresponding to higher PIU. No significant relationship was found between loneliness and drugs, alcohol, smoking or caffeine consumption.
Conclusion: Regardless of age, loneliness is associated with PIU but not with the frequency of substance use. Professional help for lonely people should focus on problematic Internet use in all age groups.
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INTRODUCTION
Due to its severe health consequences, loneliness is considered one of the major public health threats in the 21st century [1, 2]. It is defined as a subjective socioemotional state of missing quality relationships [3], which involves feelings of not belonging and disconnectedness [4]. As the prevalence of loneliness has rapidly increased due to the COVID-19 pandemic [5, 6] and is placing a burden on both the health and the economic systems, researchers are urging governments to put loneliness among the top health policy priorities [7, 8]. Based on the data from 113 countries, Surkalim et al. [9] concluded that loneliness is occurring at problematic levels globally, with the highest rates of loneliness consistently found in Eastern European countries, which include the Czech Republic. A higher risk of loneliness has been linked to the female sex, low socioeconomic status, young and older people and chronic medical conditions [10].
Loneliness has a significant impact on both physical and mental health. So far, it has been associated with depression and anxiety [11], psychotic symptoms [12], cognitive impairment [13], paranoia [14] and even suicidal ideation and behaviors [15]. Regarding physical health, lonely people are more likely to develop coronary heart disease and stroke [16], Alzheimer’s disease [17] and have a higher risk of premature mortality, hospitalization and an emergency department visit [18]. Overall, the mortality risk connected with loneliness and social isolation is similar to obesity, substance use, mental health problems or a lack of access to healthcare [19].
As a painful experience, loneliness can lead to unhealthy behaviors, such as alcohol and drug use [20, 21], smoking, caffeine intake [22] or problematic Internet use [23]. However, some studies have come to different conclusions. For example, the study of [24] found a positive association for non-cannabis drugs only. Similarly, the relationship between the frequency of alcohol consumption and loneliness remains ambiguous, as studies have reported mixed results: loneliness was connected to more frequent or risky alcohol use by [25] or [26], whereas [11] and [27] reported a negative link between these variables. Moreover, some studies, e.g., [28] or [29], found no significant association between these variables. Recent systematic reviews have shown that considerably less research has been paid to the relationship between loneliness and smoking [30] and loneliness and coffee intake [31]. A study by [32] concluded that smokers felt lonelier than non-smokers, whereas [33] yielded the opposite result. A systematic review by Dyal and Valente [30] reported that merely half of the studies conducted found any association between loneliness and smoking, with a negative association in only one of the studies. Regarding the impact of social isolation due to the COVID-19 lockdown on changes in caffeine consumption, results show that for most individuals, caffeine consumption has not changed [31].
There is growing evidence that loneliness is associated with problematic Internet use (PIU), defined as excessive or poorly controlled urges or behavior connected to Internet use, leading to distress and disrupting major areas of life [34]. These associations have been found in various countries in Europe, Asia, and the United States [23, 35]. According to a recent meta-analytic review [36], the relationships between PIU and loneliness were stronger in studies from South Asia and Europe. However, based on current reviews [35, 37], the majority of these studies were focused on adolescents and young adults [38–40] and there is a lack of research targeting middle-aged and older adults, e.g., [41, 42]. Therefore, the aim of this study is to identify sociodemographic determinants of loneliness and to investigate the relationship between loneliness and frequency of substance use and PIU in different age groups in Czech society.
METHODS
Participants and Procedure
We designed an online questionnaire to gather the necessary data. This survey was distributed by a professional agency (The Czech National Panel, Prague, Czech Republic) through its network of regular respondents. To achieve a balanced sample close to national characteristics regarding age and gender, the respondents were selected randomly using socio-demographic quotas of the Czech population. The data were obtained on the Czech adult population in April 2021 during a partial COVID-19 lockdown, when social distancing measures were in place [43]. Given the online nature of the questionnaire, to ensure high data quality, the following exclusion criteria were introduced: 1. completing the survey too quickly (under 15 min for a survey which normally lasted about 45 min); 2. inconsistent responses for repeated questions on age, height and weight (i.e., a difference of two or more units of the measure); 3. missing answers on our variables of interest). In total, 1,662 participants finished the survey, and 369 were excluded due to the criteria mentioned above. Therefore, the final sample comprised 1,293 participants aged 18–92 years (mean age = 50.1 years, SD = 15.4; 56% male).
At the beginning of the survey, participants were informed in writing about the purpose of the study, anonymization and the confidential treatment of the data. Participation in the research was fully voluntary. Respondents were required to express explicit agreement with each key point of the informed consent before starting the survey. While filling in the survey, participants could continue to the next question only after finishing the current one. However, they had the option to withdraw at any time without giving a reason. Prior to the main study, a pilot study was conducted among volunteers at Palacky University Olomouc. The study design was approved by the Ethics Committee of Palacky University Olomouc (No. 2020/06).
Measures
Loneliness
The Three-Item Loneliness Scale (TILS) [4] was used to measure perceived loneliness. It was designed for large surveys by selecting items from the UCLA Loneliness Scale [44]. The responses are coded on a three-point Likert scale: 1 = Hardly ever, 2 = Some of the time, 3 = Often. Individual scores were summed up, with the total score ranging from 3 to 9. A higher score corresponds to greater feelings of loneliness. For statistical analyses and the graphical representation, the summary score of loneliness was categorized according to [45]: none (3), mild (4–5), moderate (6–7) and severe (8–9). In the present study, the reliability of the scale was satisfactory, with Cronbach’s alpha = 0.72.
Substance Use
To assess the frequency of drug use, alcohol use, smoking and caffeine consumption, participants were asked the questions: “How often in the past month have you: a) used illegal drugs? b) drunk alcohol? c) smoked? d) drunk coffee?” with response possibilities: 1 = Never, 2 = About once or twice, 3 = About every week, 4 = More than once a week, 5 = Everyday, 6 = Many times a day.
To capture the tendency of individuals to use addictive substances, we introduced the All-substance use score, which was calculated by summing the scores for each substance, such as drugs, alcohol, smoking and caffeine. We are aware that the health consequences of frequent use of caffeine, cigarettes, alcohol and drugs are not identical. However, we included caffeine in the study because it has negative health consequences when exceeding a daily dose that is equivalent to 400 mg/day for healthy adults and is significantly lower for groups with health limitations [46]and because of its addictive character, which produces behavioral and physiological effects similar to other addictive substances [47]. Thus, in our study, we reasoned similarly as Bruno et al. [22], who added a point for each increase in consumption of alcohol, cigarettes, coffee, hypnotics, and comfort foods on a scale characterizing unhealthy lifestyle change. Scores ranged from 4 to 24, with higher scores corresponding to more frequent substance use. Since the substance use scale is not a homogeneous scale, Cronbach’s alpha was not reported.
Problematic Internet Use
The General Problematic Internet Use Scale-2 (GPIUS-2) [48] was used to measure PIU. The GPIUS-2 consists of 15 items divided into five subscales: Preference for Online Social Interaction, Mood Regulation, Cognitive Preoccupation, Compulsive Internet Use and Negative Outcomes. Items were rated on a seven-point Likert scale ranging from 1 = Definitely disagree to 7 = Definitely agree. The total score (ranging from 15 to 105) was obtained by adding up all items, with higher scores indicating greater severity of PIU. Although the GPIUS2 scale has been adapted and validated in adult populations, e.g., in the United States [48], Portugal [49], the older population has been underrepresented. Caplan [48] notes that studies on PIU include individuals who are likely to use the Internet frequently. Therefore, caution is needed in generalising the results, especially to older populations where frequent Internet use may not be as prevalent. In the present study, the reliability of the scale was high, with Cronbach’s alpha = 0.92.
Sociodemographic characteristics, such as gender (male-female), age, family status, employment status and education level, were obtained by the questionnaire. The questionnaires used can be found in Supplementary File S1.
Statistical Analysis
In the first step, we described the sociodemographic characteristics of the study sample and perceived loneliness in each group. To compare the differences in loneliness among the sociodemographic groups, we used the t-test for gender and one-way ANOVA for the rest of the variables with more than two categories. To evaluate the relationship between loneliness and substance use, non-parametric Spearman’s correlation coefficients were used for each age group, since loneliness was coded as an ordinal variable. Next, the effect of loneliness and sociodemographic groups (predictors) on substance use and PIU (dependent variables) were assessed with multivariate linear regression models. In order to assess the interaction effect of loneliness and age in the final regression models, the two predictor variables were employed in their original continuous version. All analyses were performed using the statistical software IBM SPSS version 21 (IBM Corp., Armonk, NY, United States).
RESULTS
Table 1 describes the sociodemographic characteristics of the study sample. Of all the respondents, 229 (17.7%) reported that they were not lonely, 497 (38.4%) reported mild loneliness, 471 (36.4%) reported moderate loneliness and 96 (7.4%) reported severe loneliness. There were significant differences (p < 0.001) in the level of loneliness found between the sociodemographic groups in gender, age, marital status, employment status, as well as education level. The highest levels of perceived loneliness were associated with young people, female gender, having no partner, no paid employment and elementary education. The levels of PIU between the sociodemographic groups were differed significantly (p < 0.05) in age, employment status and education level. The highest PIU rates were associated with young age, no paid employment and elementary education. In terms of all-substance use, significant differences were found between sociodemographic groups in age and education, with the highest values for the late-middle age and secondary vocational education level.
TABLE 1 | Descriptive characteristics of the sample (Czechia, 2021).
[image: Table 1]The associations between loneliness and substance use are shown in Table 2. No significant relationship was found between loneliness and drugs, alcohol, smoking or caffeine consumption. The analysis revealed a significant positive correlation between loneliness and PIU for all age groups, with a medium effect size for young adults and a small effect size for other age groups. The age groups differed the most in all-substance use, with only the young group having a significant positive relationship, with a small effect size.
TABLE 2 | Spearman’s correlation coefficients between loneliness and substance use, and loneliness and problematic Internet use stratified by the age groups (Czechia, 2021).
[image: Table 2]The effect of loneliness and the sociodemographic variables on PIU and all-substance use is presented in Supplementary Files S2, S3. The only significant predictors of PIU were loneliness and age. The sole significant predictor of all-substance use was age. Therefore, only loneliness and age were considered for further analyses.
Descriptive statistics (Table 3) showed that the severity of PIU increased with increasing levels of loneliness. There was a significant difference between loneliness groups in PIU. Post-hoc comparisons show the largest difference between the non–severe loneliness group, with a large effect size (MD = −8.562, pbonf < 0.001; d = 0.685). There was no significant difference between loneliness groups in all-substance use.
TABLE 3 | Descriptive table of problematic internet use and all-substance use, stratified by loneliness groups and age groups (Czechia, 2021).
[image: Table 3]Descriptive statistics (Table 3) showed that PIU decreased with age regardless of loneliness, with the highest level found in the young group and the lowest in the elderly group. According to the post hoc analysis, the largest difference was found between the young and the elderly group, with a medium effect size (MD = −5.306, pbonf < 0.001, d = 0.424). Regarding all-substance use, the highest frequency was found in the late middle-aged and the lowest in the young group. The post hoc analysis revealed no significant difference between age groups in all-substance use.
To explore the effect of loneliness and age together with their interaction on PIU and all-substance use, further multivariate linear regression models were employed (see Table 4). Loneliness was positively associated with PIU, i.e., higher level of loneliness corresponded to higher level of PIU. Age was not a significant predictor of PIU, neither was the interaction of age and loneliness. In case of all-substance use, age was a positive significant predictor while loneliness and the interaction term were not significant at the confidence level of 95%.
TABLE 4 | Results of multivariate linear regression models assessing the effect of loneliness and age (predictors) on PIU and all-substance use (dependent variables) (Czechia, 2021).
[image: Table 4]To better understand the relationship between loneliness, PIU and all-substance according to age, group means were graphically compared (see Figures 1, 2). Figure 1 illustrates the association between loneliness and PIU stratified by age groups. It suggests that the young and late middle-age groups show an increasing trend, i.e., the level of PIU increases with higher loneliness. In the young group, however, the line segments show greater slopes, and the PIU score is higher for all loneliness levels. Therefore, the young group seems more affected by loneliness than the late middle-age group. The curve for the early middle-age group shows an increase in PIU connected to a moderate level of loneliness, followed by a decrease in PIU in the severe loneliness group. The curve for the elderly is U-shaped, with the highest PIU values in the severe loneliness group. In the mild, moderate and severe levels of loneliness, the young group scores the highest on the PIU scale compared to the other age groups.
[image: Figure 1]FIGURE 1 | Loneliness and problematic internet use across age groups, group means and 95% confidence interval values are depicted (Czechia, 2021).
[image: Figure 2]FIGURE 2 | Loneliness and all-substance use across the age groups, group means, and 95% confidence interval values are depicted (Czechia, 2021).
Figure 2 shows the associations between loneliness and all-substance use, stratified by age groups. There is no clear downward or upward trend for any age group. For the young group, there is a large difference in all-substance use at the severe level of loneliness compared to lower levels. The figure shows that the early middle-age and elderly groups are not greatly affected by loneliness, as their curve does not differ by more than one point in the all-substance use scale. The curve for late middle-age has an inverted U-shaped, with the highest values in the mild loneliness group and the lowest in the severe loneliness group.
DISCUSSION
This study aimed to assess the associations between loneliness and the frequency of substance use—such as alcohol and drug use, caffeine intake, smoking—and PIU in different age groups. Nearly half of the respondents reported moderate to severe loneliness. The highest levels of perceived loneliness were associated with young people, female gender, having no partner, no paid employment and with elementary education. The results showed no significant effect of loneliness on all-substance use. Specifically, there was no significant relationship between loneliness and the frequency of alcohol or drug use, caffeine intake or smoking. Loneliness affected the rates of PIU for each age group, with higher loneliness corresponding to higher PIU.
In our study, nearly half of the respondents reported moderate to severe levels of loneliness during a partial COVID-19 lockdown. Compared to data measured prior to the COVID-19 pandemic [50], there has been a noticeable increase in loneliness of 20% in the Czech Republic. According to a systematic review [5], there was a small increase in loneliness during COVID-19 in most countries studied in Europe and the United States. However, the results are heterogeneous due to the time and intensity of the restrictions, the population studied and the instruments used to measure loneliness. The significant increase in loneliness in the Czech Republic at the time of the COVID-19 pandemic may have been due to strict restrictions that lasted intermittently for about 7 months [43] and were loosened only at the time of our data collection.
In line with previous studies [10, 11], higher loneliness in the Czech Republic was associated with female gender, low socioeconomic status and not having a partner. However, women’s more frequent feelings of loneliness may be explained by the fact that men are more reluctant than women to express negative feelings such as loneliness [51]. This is consistent with our results, though using an online questionnaire may, according to [52], provide a safer environment for respondents to express negative feelings. Women also tend to live longer than men, so they are more likely to experience the loss of a spouse, which can be a significant factor in loneliness [52].
In line with Hansen and Slagsvold [50], loneliness was lower in groups with higher education, which may be due to their better social competence and higher economic status. In terms of age, the research to date is not entirely consistent; for example, a meta-analysis by [9] found the highest rates of loneliness in older age groups, whereas a meta-synthesis by [10] found the highest loneliness in the young and older people. Our results are in agreement with [10], where the relationship between age and loneliness was U-shaped, with high values for young and elderly compared to middle age. A likely explanation is that middle-aged people tend to be more socially involved in work and family life than the younger and older age groups.
The results did not show an effect of loneliness on substance use. Our results are consistent with [28] and [29], who found no relationship between loneliness and alcohol consumption, and with [31], who found no change in coffee consumption during the COVID-19 lockdown for most people. In contrast to our findings, a study by [22] concluded that social isolation leads to a tendency towards unhealthy habits, which included the increased frequency of alcohol, tobacco and coffee use. A possible explanation for the different results is offered by [24], who found different results between within-person and between-person effects of loneliness on alcohol, implying that loneliness increases solitary consumption but decreases social consumption. As with alcohol, we can assume that drug use, smoking and coffee drinking may represent solitary consumption or, conversely, a means of social interaction.
Our study showed the effect of loneliness on problematic Internet use, with PIU increasing with higher levels of loneliness, which is consistent with previous literature [35]. Based on this finding, we hypothesize that nowadays, the Internet represents a quicker and easier way for most people to cope with the feeling of loneliness than substance use. Internet use itself can exacerbate or reduce loneliness [37] and represents a valuable tool for deepening relationships and establishing new ones [53]. However, PIU leads to increased loneliness and, according to our results, represents a means of escape from the social world rather than a way to connect with others.
Given the lack of research examining the role of age in the relationship between PIU and loneliness, Moretta and Buodo [37] suggest exploring it more closely. In our data, no interaction effect of loneliness and age group was found for PIU. We discovered that PIU rates increased with increasing loneliness regardless of age; however, age groups differ in the strength of this relationship. Therefore, PIU appears to be a more common maladaptive method of coping with loneliness than substance use in every age group.
Strengths and Limitations
The strength of the study was the use of a large sample close to the characteristics of a nationally representative sample regarding age and gender distribution. To the best of our knowledge, this study provides the most up-to-date information on loneliness in one of the countries with the highest loneliness rates, which is the Czech Republic [9]. It is also the first to use the TILS scale in the Czech society. A limitation of our data is that the continuous variables used in the analyses do not meet the assumption of normality. Nevertheless, violation of normality of the error terms should not bias the results, as the linear regression is a robust method by the law of large numbers and the central limit theorem [54]. Further, we have used self-rating scales that may be biased by social desirability and impression management. These are particularly sensitive issues related to substance use, where people may tend not to admit the frequency of substance use. Given the online environment and the assurance of anonymity, bias could be reduced. The data were collected during the COVID-19 pandemic, which may bias the results, especially in terms of the observed prevalence of loneliness. The last limitation is the use of a cross-sectional design from which causal inferences cannot be drawn.
Implications
Our findings highlight the large degree of loneliness experienced by almost half of the Czech population in the context of the COVID-19 pandemic. Higher rates of loneliness were linked to higher rates of PIU. Therefore, professional help for lonely people should focus not only on substance use but turn its attention to PIU in all age groups. Professionals can help people find ways to use the Internet to build and deepen relationships. This may include helping clients in finding friends who share their interests, communicate online with those close to them and look for interest groups and leisure time activities to join.
For future research, we recommend distinguishing between social and lonely substance use [55], mainly smoking, coffee and alcohol drinking, which could offer deeper insight into this area. Future research could also provide information on the current state of loneliness after the end of the COVID-19 pandemic and causal inferences to confirm our claims.
Conclusion
Our results show that almost half of the people in the Czech Republic experienced problematic levels of loneliness during the COVID-19 pandemic. Higher loneliness was associated with greater severity of PIU. This trend occurs regardless of age. The result adds further evidence for addressing the problem of loneliness, which is becoming a health policy priority in the 21st century.
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