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Objectives: Loneliness has been associated with unhealthy behavior, poorer health, and increased morbidity. However, the costs of loneliness are poorly understood.
Methods: Multiple sources were combined into a dataset containing a nationally representative sample (n = 341,376) of Dutch adults (18+). The association between loneliness and total, general practitioner (GP), specialized, pharmaceutical, and mental healthcare expenditure was tested using Poisson and Zero-inflated negative binomial models, controlling for numerous potential confounders (i.e., demographic, socioeconomic, lifestyle-related factors, self-perceived health, and psychological distress), for four age groups.
Results: Controlling for demographic, socioeconomic, and lifestyle-related factors, loneliness was indirectly (via poorer health) associated with higher expenditure in all categories. In fully adjusted models, it showed a direct association with higher expenditure for GP and mental healthcare (0.5 and 11.1%, respectively). The association with mental healthcare expenditure was stronger in younger than in older adults (for ages 19–40, the contribution of loneliness represented 61.8% of the overall association).
Conclusion: Loneliness contributes to health expenditure both directly and indirectly, particularly in younger age groups. This implies a strong financial imperative to address this issue.
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INTRODUCTION
In recent years, loneliness has become a growing public health issue. Approximately 10% of European citizens (18+) feel left out of society and the problem is greater for unemployed and low-income groups (1). While most modern Western societies perceive loneliness as a problem of old age (2), it is a growing problem in younger age groups (2, 3). Extensive research has related poor health to loneliness (4), and conversely, loneliness to unhealthy behaviors (3, 5), worse physical (6–10) and mental health (3, 10), and increased morbidity and mortality (10). In addition to the social effects of loneliness, it can thus also have a considerable impact on the ever-increasing healthcare costs of most Western countries (11). While it is imperative for well-informed policy decisions, such economic consequences of loneliness remain poorly understood.
Despite the growing awareness of loneliness as a health issue (1) and the increasing pressure on healthcare resources, research on the healthcare costs that could be attributed to loneliness is scarce. A recent review by Mihalopoulos et al. (12) identified 12 relevant studies conducted in the last 10 years. Four of these studies were cost of illness studies, which assessed various combinations of inpatient, outpatient, medical, non-medical (residential care, social services, administrative costs), or indirect costs (informal care) associated with loneliness in older adults (13–16). While most of these found that loneliness was associated with excess healthcare costs, one reported that it is associated with lower inpatient healthcare expenditure, suggesting that loneliness might act as a barrier to accessing healthcare (16). Four economic evaluation studies reported that interventions addressing loneliness may provide good value for money (12). Another five return on investment studies of loneliness interventions studied various non-monetary values, making results difficult to compare and validate (12). While some evidence thus suggests that lonely older people do have higher health care costs, little is known about other population groups (12). Furthermore, most studies focused on a limited amount of expenditure categories (e.g., only inpatient hospital care), control for a limited amount of confounding variables, and utilize relatively small samples (12).
The present study addresses the question “what is the relation between loneliness and healthcare expenditure?” using a large, nationally representative, sample of the general adult (18+) population. We strive to understand the association with health expenditures in the context of a broad range of potential confounding variables that are known to have an association with healthcare expenditure. As the impact of loneliness might differ between age groups and expenditure categories, we investigate the association between loneliness and general practitioner (GP), pharmaceutical, mental healthcare, specialized, and total curative healthcare expenditure in four different age groups (i.e., 19–40, 41–64, 65–80, and 81 years and older). Given the relation between loneliness and worse physical (6–10) and mental health (3, 10), we expect that loneliness is indirectly (i.e., through poorer health) associated with higher expenditure in all expenditure categories (hypothesis 1). Furthermore, we expect loneliness to be directly associated with higher a) mental healthcare and b) pharmaceutical expenditure (hypothesis 2a–b) because individuals could perceive loneliness as a mental health condition in itself, which can be treated by a mental healthcare provider or using pharmaceuticals. Additionally, lonely individuals may visit easily accessible and free-of-charge GP’s more often in search of social interactions (17). Therefore, we expect loneliness to be directly associated with higher GP expenditure (hypothesis 3). Lonely individuals of older age may lack support networks and thus seek relief for their loneliness through increased contacts with their GP’s, as opposed to their younger counterparts. Therefore, we expect differences in the associations between loneliness and GP expenditures between age groups (hypothesis 3a). For other costs categories, no a priori hypothesis was made for directions of differences by age as prior research is scarce. Explorative analyses will be undertaken. Lastly, we expect that the net effect of the previous hypotheses will result in a direct and an indirect increase of total healthcare expenditure (hypothesis 4). The hypothesized relationships in this study are visualized in Figure 1. The results of our work should provide insight to public health policy-makers who seek to understand the impact of loneliness on healthcare expenditure and economic aspects of programs targeting at alleviating loneliness.
[image: Figure 1]FIGURE 1 | Hypothesized relationships between loneliness and health expenditures. Hypothesis 1: loneliness is indirectly related to higher expenditure through poorer physical and mental health (blue arrows). Hypothesis 2a and b: loneliness is directly related to higher pharmaceutical and mental healthcare expenditure (orange arrows). Hypothesis 3: loneliness is directly related to higher GP expenditure (yellow arrow). Hypothesis 4: net effect of the previous hypothesis will result in a direct and an indirect increase of total healthcare expenditure (green arrows). *Confounding factors considered in this study are age, gender, migration background, marital status, education, income level, and income inadequacy (The Netherlands, 2020).
METHODS
Setting
We use a time-lagged design to study associations between loneliness and healthcare expenditure in the Netherlands in 2016 and 2017. Roughly, 31 billion euros were spent on curative care through compulsory health insurance schemes in the country in 2016 (18). This amounts to approximately €1800 per capita, or 4.3% of the Dutch GDP, ranking the Netherlands 13th of the 32 OECD countries on curative health expenditure (18). Dutch citizens are insured for GP services, specialized care, pharmaceuticals, and mental healthcare amongst others through compulsory basic health insurance (19).
Data Sources and Linkage
Our dataset combines individual-level data from two sources covering the year 2016 and one source covering 2017. Firstly, we used the Health Survey of the Public Health Service 2016. It is a nationwide survey completed every 4 years by adults aged 19 years and older (n = 457,150). It covers various subjects including socioeconomic status (SES), social contacts, lifestyle, and general (physical and mental) health (20). It is completed by either paper and pencil, internet, telephone or face-to-face interviews. Secondly, we used data provided by Statistics Netherlands for 2016. These data included two administrative databases: the Personal Records database (PRB) and the Dutch Tax and Customs Administration data. The PRB is managed by municipalities and provided information about citizen’s age, gender, and migration background. The Dutch Tax and Customs Administration data provided income records for each citizen, for both the personal and household level. Thirdly, we used the 2017 Dutch healthcare claims dataset provided by Vektis, the healthcare information center. It is a national dataset of reimbursed individuals’ claims covered by the basic insurance package in a given year. These data have previously been used to explore associations of neighborhood disadvantage with healthcare expenditure (21). All datasets were linked via pseudonymized personal social security codes in the secured environment of Statistics Netherlands. After data linkage, our sample included 341,376 respondents.
Measures
Dependent Variables
We used five dependent variables. These are 1) GP, 2) mental healthcare, 3) pharmaceutical, 4) specialized healthcare, and 5) total healthcare expenditure for the year 2017. Total healthcare expenditure is the sum of all expenditure individuals incurred under the basic health insurance plan. This includes expenditure for primary care, mental health care, pharmaceutical care, and hospital care (these four accounted for 88% of total expenditure in 2017), as well as several smaller expenditure categories such as dental-, paramedic-, obstetric-, geriatric-, cross-border care, and ambulance costs (19). In the Netherlands, GP expenditure consists of an annual enrollment fee per individual and a fee-for-service component. We use the fee-for-service component as our GP expenditure variable (i.e., expenditure associated with GP consultations). Specialized care expenditure include expenditure for specialized in-patient and outpatient clinics including in-hospital medication and excluding mental health hospitals. Pharmaceutical expenditure includes all prescription pharmaceuticals provided outside the hospital. Mental healthcare expenditure includes expenditure for basic and specialized (long and short-term) mental health services care in ambulatory or hospital settings.
Independent Variable
The main factor of interest in this study is loneliness, a self-reported measure based on the 11-item de Jong Gierveld scale (22), taken from the Health Survey. Work by Van Tilburg and De Jong Gierveld (23) based cutoff scores on individual’s self-assessed level on loneliness in order to keep cutoff scores more in line with individuals own perception rather than arbitrary cutoff scores. Loneliness is subsequently categorized as follows: “not lonely” (scores between 0 and 2, reference group), “somewhat lonely” (scores between three and 8), “severe loneliness” (scores of nine or 10), and “very severe loneliness” (score of 11).
Potential Confounders
Potential confounders included demographic, SES, lifestyle-related factors and general health measures. The demographic factors were age (19–40 as the reference group, 41–64, 65–80, and 81 years and older), gender (binary variable with male as the reference group), migration background (Dutch-born as the reference group, western migration background, and non-western migration background), and marital status (self-reported as “living together or married” as the reference group, “single,” “widowed,” or “divorced”). The three former variables were taken from the BRP, while the latter was taken from the Health Survey. The SES-variables were individuals’ highest level of completed education (higher vocational education or university degree as the reference group, secondary or middle vocational education, lower vocational education, and primary education), self-reported income adequacy (“adequate, no concerns” as the reference group, “adequate, minor concerns,” “inadequate, some concerns,” and “inadequate, major concerns”), and standardized household income based on the number of members in the household (divided it into quartiles based on the entire Dutch population, with highest quartile as reference group). The two former measures were taken from the Health Survey and the latter from the Dutch Tax Authority.
The lifestyle-related factors include body mass index (BMI), alcohol consumption, smoking behavior, and physical activity level. These were all taken from the Health Survey and are self-reported measures. BMI was categorized in “normal” (between 18.5 and 25, reference group), “underweight” (less than 18.5), “overweight” (between 25 and 30), and “obese” (over 30) (24). Alcohol consumption consists of three mutually exclusive categories; “never consuming alcohol” (reference group), “regular alcohol consumption,” or “excessive alcohol consumption” (more than 21 alcoholic beverages a week for men and more than 14 for women). The norms for alcohol consumption are based on the guidelines by the Dutch Health Council. Smoking habits were categorized as “never smoked before” (reference group), “former smoker,” and “current smoker.” Physical activity was dichotomized as being sufficient [at least 30 min of reasonably intensive activity (like walking) per day for at least 5 days a week, or a minimum of 20 min intense activity (like running) per day for at least 3 days a week, reference group] or insufficient based on the Dutch Health Council’s guidelines for sufficient physical activity (25).
General health indicators were also self-reported measures from the Health Survey: self-reported health, chronic disease, and psychological distress. Self-rated health was based on the following question; “In general, would you say your health is … .” Answer categories include “excellent,” “very good,” “good,” “fair,” and “poor.” The measure was dichotomized as either “excellent [very] good” health (reference group) or “fair or poor” health (26). Having at least one chronic disease was based on the question “Do you have one or more long-term diseases (expected duration 6 months or longer).” Answers were either no (i.e., no chronic disease) (reference group) or yes (i.e., at least one chronic disease). Psychological distress was measured with the Kessler psychological distress scale (K10) (27). The scores for these 10 questions were categorized as “none or low” (scores between 10 and 15, reference group), “moderate” (scores between 16 and 29), or “high” (scores between 30 and 50) psychological distress.
Lastly, as mode of completing the survey (internet, paper and pencil, telephone or face-to-face interviews) can impact the answers (28), it was adjusted for in each model.
Statistical Analyses
The survey sample was weighted to represent the overall Dutch population, based on age, gender, ethnicity and urbanization levels. The regression analyses accounted for survey design.
Healthcare expenditure data are often skewed and/or contain excessive zeros, requiring specific analytical approaches (29). Vuong and Zero-Inflated Poisson likelihood-ratio tests guided the choice of final model (30). We consequently performed our analyses using Poisson (for total expenditure) and zero-inflated negative binomial (ZINB) regressions (for GP, specialized, pharmaceutical, and mental healthcare expenditure). In ZINB regressions, the output is twofold. The first part provides the Incidence Rate Ratio (IRR) for non-zero expenditure, assuming a Poisson distribution. Second, the inflated part of the output represents the odds of incurring zero expenditure (vs. any expenditure). For this study, the IRR represents the expected expenditure incurred for a lonely person (somewhat, severe or very severely lonely), divided by the expected expenditure incurred for a non-lonely person, accounting for covariates.
For each expenditure category, 6 models were computed by adding new covariates at each step. That is, expenditure were first modeled with loneliness as the only predictor in model 1. Next, demographic variables were added in model 2, SES variables were added in model 3, lifestyle variables were added in model 4, self-perceived health variables (self-rated health and chronic disease) were added in model 5, and the psychological distress variable was added in model 6, which represents the fully adjusted model. The mode of completing the survey was included in all models 1–6. To determine the need for subgroup analyses, we tested for interaction effects between loneliness and age in the different expenditure categories. Lastly, to estimate expenditure of loneliness, marginal expenditure estimates were obtained from the models with all covariates held constant at their average value. These were than extrapolated to the entire Dutch population for the year 2017. The significance level was set at alpha = 5%. All analyses were performed in Stata 15 (31).
RESULTS
Descriptive Statistics
Table 1 reports the descriptive statistics. The mean (SD) age was 59.3 (16.9) years and 52.7% of the sample was female. The prevalence of loneliness was 41.8%, with 33.5% of the respondents experiencing some loneliness, 5.4% severe, and 2.9% very severe loneliness. Chronic diseases were reported at least once for 39.3% of the sample, and 26.1% reported their health as (very) bad or fair. Over half of the population reported none or low psychological distress (60.7%), 34.8% reported moderate, and 4.5% high psychological distress. Loneliness was prevalent in all age groups, however more common in older age groups. The prevalence of loneliness was 34.8% in 19–40 year-olds, 39.7% in 41–64 year-olds, 43.7% in 65–80 year-olds and 57.4% for respondents of 81 years and older, see Table 2.
TABLE 1 | Sample characteristics (n = 341,376) (The Netherlands, 2020).
[image: Table 1]TABLE 2 | Prevalence loneliness across age groups N (%) (The Netherlands, 2020).
[image: Table 2]Assoiations between loneliness and expenditure categories
Table 3 reports the associations of loneliness with different categories of healthcare expenditure. In models 1 to 4, loneliness is associated with higher expenditures, albeit with smaller (and in specialized care some non-significant) IRRs in models 4, partially confirming hypothesis 4. After controlling for all potential confounders (model 6, Table 3), loneliness was still directly associated with increased mental healthcare expenditure, confirming hypothesis 2a. That is, the IRR for loneliness categories ranged between 1.17 (1.04–1.33) and 1.31 (1.08; 1.58), indicating higher expenditure in mental healthcare for lonely people compared to non-lonely people. Model 6 also indicates a small direct increase of GP expenditure for individuals reporting higher levels of loneliness [1.08 (1.04–1.13)], in line with hypothesis 3. However, the association of very severe loneliness with pharmaceutical expenditure was no longer statistically significant [1.00 (0.85–1.18)] in model 6, rejecting hypothesis 2b. The association between very severe loneliness and specialized care expenditure was negative in model 6 [i.e., IRR of 0.88 (0.80–0.97)].
TABLE 3 | Associations of loneliness with total healthcare, GP, specialized, pharmaceutical, and mental healthcare expenditure (The Netherlands, 2020).
[image: Table 3]Marginal Expenditure of Loneliness
Table 4 reports the point estimate of marginal spending of loneliness (in million €) for the different healthcare categories in 2016, with the corresponding 95% confidence interval, and the percentage of overall annual spending in each category. In the fully adjusted model (model 6), loneliness was associated with higher expenditure for mental and GP care (confirming hypothesis 2a and 3) but not for other expenditure categories. For GP expenditure, loneliness was associated with 5.8 million euros (4.5–7.1), or 0.8% of the total annual GP spending (Table 4). For mental healthcare, loneliness was associated with 340.2 million euros (314.7–365.8), or 10.3% of the annual mental healthcare spending. For total healthcare and specialized care expenditure, loneliness was associated with 1.0% [435.4 million euros (−494.8 to −376.1)], and 2.0% [449.8 million (−474.3 to −425.2)] fewer spending, rejecting hypothesis 4.
TABLE 4 | Marginal effects of loneliness for healthcare expenditure, extrapolated to entire Dutch 18+ population (The Netherlands, 2020).
[image: Table 4]Subgroup Analyses
The interaction effects between age and loneliness were significant for total, pharmaceutical and mental healthcare, indicating a different association between loneliness and expenditure across age groups for these categories. Figure 2 (Supplementary Appendix) visualizes the spending patterns incurred per expenditure category for non-lonely, somewhat lonely, severely lonely, and very severely lonely individuals in the entire sample as well as in each age group (i.e., 19–40, 41–64, 65–80, and 81+). The corresponding IRR’s and CI’s of loneliness are reported in the Supplementary Appendix Table A1. Figure 2 and Supplementary Appendix Table A1 show that in the fully adjusted model (model 6) expenditure for adults over 40 (total and pharmaceutical) tend to be lower with increasing loneliness. Furthermore, age and loneliness do not have a significant interaction effect for GP expenditure, rejecting hypothesis 3a. Conversely, for the youngest age group (19–40), total expenditure is higher for severely lonely respondents compared to those who do not report loneliness. For mental healthcare, expenditure were even higher with very severe loneliness (IRR of 1.83 [1.34; 2.50]). In percentages, 6.3% of mental healthcare expenditure can be attributed to loneliness for age group 19–40, 3.1% in 41–64 year-olds, 0.7% in 65–80 year-olds, and 0.1% fewer healthcare spending in 81+ year-olds, in fully adjusted models. This represents 61.8, 30.0, 6.9, and 1.3% of the overall contribution of loneliness and increased mental healthcare expenditure, per age group, respectively.
[image: Figure 2]FIGURE 2 | Marginal effects of loneliness on healthcare expenditures based on model 6 (fully adjusted) and 2 (basic), in age categories. (A) Based on model 6: fully adjusted model. (B) Based on model 2: basic model. GP, general practitioner. A) model 6 is fully adjusted model, which includes loneliness, demographic, SES, lifestyle, self-perceived health, and psychological distress. B) model 2 is the basic model, which includes loneliness and demographic factors (The Netherlands, 2020).
DISCUSSION
This study assessed the impact of loneliness on different types of healthcare expenditure, controlling for a range of individual demographic factors, socio-economic, lifestyle, and health indicators. The study is based on a linked, large dataset resulting in a nationally representative sample of the Dutch adult population (n = 341,376). Firstly, our results reveal that loneliness is associated with higher indirect spending in all expenditure categories (i.e., models 1–4), in line with hypothesis 1. However, as the model was further adjusted for self-perceived health and psychological distress, the positive association between loneliness and expenditure reversed. The pattern of higher spending for lonely individuals namely only holds for mental healthcare and GP expenditure, confirming hypothesis 2a and 3. Contrarily, the association is non-significant for pharmaceutical and total expenditure (hypotheses 2b and 4) and is even reversed (i.e., lonely individuals incur fewer expenditure) for specialized healthcare expenditure.
The reduction (and in some cases reversing) of the association between loneliness and expenditure across the models suggests that the relationship between loneliness and expenditure might be mediated by self-perceived health and psychological distress. While this finding is in line with an extensive body of research that relates loneliness to worse physical (6–10) and mental health (3, 10), it complicates determining the total amount of (healthcare related) expenditure associated with loneliness, and hence rejecting or confirming hypothesis 4. As our results indicate, loneliness may be associated with an indirect increase of 3.5 billion euros (8.1%) of total healthcare expenditure in the simplest estimation, or a direct decrease of 435.4 million euros (1.0%) of total healthcare expenditure in the fully adjusted model. Lower expenditure associated with more loneliness are particularly apparent in specialized care. This could be explained by avoidance of care by lonely people compared to non-lonely people (16). Since specialized care represents a large part of total healthcare expenditure, the net results of all hypotheses result in lower total healthcare expenditure (hypothesis 4).
Further research, preferably with longitudinal designs, is required to clarify the underlying causal or complex mechanisms of loneliness and increased or decreased expenditure in all categories as well as between potential confounders. Longitudinal study designs could provide insight into effects of chronic loneliness over time on health care consumption. Furthermore, longitudinal designs could unravel underlying reverse causal mechanisms between poor health and loneliness. We hypothesized that loneliness leads to poorer mental and physical health. Alternatively however, poorer health may also lead to increased loneliness (4). In particular, reversed causality between poor mental health and increased loneliness may arise due to decreasing social support and resources of mentally ill individuals (4). In contrast, further research might find poorer physical health (i.e., accidents or severe illnesses) associated with less loneliness if treatments and social support are intensified. These potentially alternative pathways cannot be disentangled in a cross-sectional study, warranting further longitudinal research.
Nevertheless, our results do show a robust association between loneliness and higher mental healthcare expenditure. Even in the fully adjusted model, loneliness is associated with 10% (i.e., 340 million euros) additional mental healthcare expenditure annually (hypothesis 2a). This implies that (new) policies or societal programs targeted at combatting loneliness may have the potential to significantly reduce healthcare expenditure, particularly in mental healthcare. As shown in models one to six, loneliness may affect healthcare expenditure through different pathways (i.e., via worsened self-perceived health and psychological distress). Both economic and health aspects of loneliness should be considered in the development of new public health policies and societal programs in practice. Policies and programs combatting loneliness may even become more relevant in times of pandemic outbreaks and social restrictions as seen in the recent COVID-19 outbreak.
Secondly, our study is the first to reveal distinct associations of loneliness and healthcare expenditure across various age groups. While most policies and research associates loneliness with older age (2) and we expected healthcare expenditure to be higher for older age groups, our findings clearly indicate that severe loneliness is associated with relatively higher expenditure in younger adults (i.e., in aged 19–40) compared to older age groups, particularly for mental healthcare. This is consistent with researchers reporting that younger generations perceive higher levels of stress in today’s more individualistic, high-performance society (32). Programs to address loneliness should target beyond older aged populations, and potential savings in (mental) healthcare expenditure should be considered in economic evaluations of programs.
LIMITATIONS
This study is not without limitations. First, some subgroups of the general population are under-represented in the Health Survey dataset. Examples include people of lower SES, with poorer health (33), or institutionalized citizens. However, survey design has taken this into account by oversampling low SES groups and the data were weighted for underrepresentation to mitigate these effects. Nevertheless, the associations for mental healthcare may still be underestimated as institutionalized citizens were not included. Second, this study produced cost estimates for the hypothesized relationships in the conceptual model. In view of the alternative mechanisms mentioned above, these estimates should only be interpreted very cautiously as an estimate of the healthcare related cost of loneliness. Simultaneously, we hope, the estimates indicate that loneliness not only comes with socioemotional costs, but also with financial costs. Third, more research is needed to further validate the cutoff points suggested by van Tilburg and de Jong-Gierveld (23).
CONCLUSION
Loneliness is associated with higher healthcare expenditure in all types of curative healthcare services independent of demographic-, socioeconomic- and lifestyle factors. For mental healthcare and GP spending, loneliness was associated with higher expenditure independent of demographic-, socioeconomic-, lifestyle factors, self-perceived health, and psychological distress. In the other categories, the association of loneliness and increased expenditure may be indirect (i.e., mediated in particular by self-perceived health and psychological distress). Furthermore, contrary to common perceptions of loneliness as an old-age problem, our results show that it plays a larger role in explaining healthcare expenditure in younger adults than it does in older adults. Societal programs targeting at loneliness thus have the potential to generate significant savings in healthcare expenditure, especially in mental healthcare and for younger people.
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