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Objectives: This study was designed to explore prevalence and correlates of self-reported loneliness and to investigate whether loneliness predicts mortality among older adults (aged 65 or above) in Latin America, China and India.
Methods: The study investigated population-based cross-sectional (2003–2007) and longitudinal surveys (follow-up 2007–2010) from the 10/66 Dementia Research Group project. Poisson regression and Cox regression analyses were conducted to analyse correlates of loneliness and its association with mortality.
Results: The standardised prevalence of loneliness varied between 25.3 and 32.4% in Latin America and was 18.3% in India. China showed a low prevalence of loneliness (3.8%). In pooled meta-analyses, there was robust evidence to support an association between loneliness and mortality across Latin American countries (HR = 1.13, 95% CI 1.01–1.26, I2 = 10.1%) and China (HR = 1.58, 95% CI 1.03–2.41), but there were no associations in India.
Conclusion: Our findings suggest potential cultural variances may exist in the concept of loneliness in older age. The effect of loneliness upon mortality is consistent across different cultural settings excluding India. Loneliness should therefore be considered as a potential dimension of public health among older populations.
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INTRODUCTION
Loneliness has been described as the “unpleasant phenomenon stemming from the discrepancy between desired and achieved levels of social relations” (1). Evidence suggests loneliness may be a common experience among older people, with estimates ranging from 19.6 to 34.0% among people aged over 65 in Europe (2), and 25–29%, among participants aged 70+ years old in the United States (3). The frequency of loneliness in older age is consistent with the social effects of ageing: the accumulation of life events and processes that have the potential to destabilise social relations. For example, widowhood and onset of disability are more likely in older age (1) and personal and friendship networks decrease throughout adulthood (4). Loneliness is a subjective evaluation of an individual’s context which is made up of perceived deficits in social contacts and unmet social needs, which can be affected by both quantity and quality of personal relationships (5). Social isolation is a related concept which reflects an objective condition of lacking integration into social networks and social contacts, which is commonly associated with loneliness. However, the concepts are not interchangeable: it is not necessary to be socially isolated in order to experience loneliness (6).
Research carried out in high income country (HIC) settings has consistently identified sociodemographic correlates of loneliness: female gender (7, 8), older age (8), low educational level (9), poor income (10), being widowed (11, 12), living alone and low quality of social relationships (8, 11); as well as a number of adverse health outcomes, such as low well-being (12), mobility difficulties (12, 13), chronic diseases (14), cardiovascular ill-health (15, 16), depression and dementia (5). Direction of causality has been difficult to ascertain. This is due to the cross-sectional design of most studies as well as the possibility of reverse causality, which, due to the likely complexity of the relationships between factors such as depression, is often retained, even in the context of longitudinal designs (16). Evidence about the effect of loneliness on mortality in older adults is also mixed (16). Findings from studies carried out in Western Europe, United States and China suggest that loneliness has an independent effect upon mortality, with hazard ratios (HRs) ranging from 1.45 (95% CI 1.11–1.88) in the United States (17) to 1.17 (95% CI 1.02–1.33) in Finland (18).
Many of the factors thought to influence loneliness among older people (age, gender, widowhood, quality of social relationships) have been found to be relevant across different cultural settings (19). Qualitative findings from low- and middle-income countries (LMICs) have revealed similar narratives among older people: with change in family/social relationships like loss of spouses, being separated, reduced decision-making power and autonomy within the family, living alone and reduced social connections identified as the circumstances which shape experiences of loneliness (20–23). However, cultural differences in conceptions of the roles of older people, familial relationships and broader societal differences may potentially result in variation in experience and reporting of loneliness (24). Given the expected roles of culture and context in shaping experience of older age, findings about the effects of loneliness are not necessarily transferable across settings. We did not identify any studies which compared differences in loneliness prevalence and correlates across different cultural settings. Given the possible importance of loneliness as a potentially modifiable predictor of adverse outcomes including mortality (16, 18, 25), there is a need for research which examines loneliness in different cultural settings.
Using data from the 10/66 Dementia Research Group (10/66 DRG) study collected in Latin America, China and India, our analysis addresses three objectives related to gaining a better understanding of loneliness among older people in LMICs: 1) To estimate the prevalence of loneliness; 2) To examine whether correlates of loneliness identified from the literature were associated with the measure of loneliness used in the 10/66 DRG studies across different cultural settings; 3) To test the hypothesis that, after adjustment for sociodemographic and health-related correlates, loneliness was independently associated with mortality.
METHODS
Context and Data Resources
The study is a secondary data analysis using population-based cross-sectional and longitudinal surveys from the 10/66 DRG project. The surveys were conducted among older adults (aged 65 or above) living in 12 geographically defined catchment areas in eight countries, including Cuba (Havana/Matanzas-urban), Dominican Republic (Santo Domingo-urban), Puerto Rico (Bayamon-urban), Venezuela (Caracas-urban), Peru (Lima-urban & Canete Province-rural), Mexico (Mexico City-urban and Morelos state-rural), China (Xicheng-urban and Daxing-rural) and India (Chennai-urban and Vellore-rural). Catchment areas were defined geographic areas selected for accessibility (26, 27). All assessments used in field work have been translated into relevant local languages (Ibero-American Spanish, Tamil and Mandarin). Baseline data were collected between 2003 and 2007, with high response rates for the baseline surveys across sites (72–98%). All participants were interviewed and assessed comprehensively, with interviews lasting around 2–3 h. For those lacking capacity of consent or with communication difficulties caused by dementia, mental or physical illnesses, informants were interviewed about the older person. The follow-up surveys were conducted between 2007 and 2010, which attempted to trace and re-interview all baseline study participants with at least three times visits were considered as untraced. Participants who moved outside the original catchment areas were re-interviewed in follow-up survey as well. Follow-up surveys were carried out in all baseline study sites except for the rural study site in India. The original study ethical approval was obtained from local ethical committees and the King’s College London Research Ethics Committee. A detailed protocol has been published elsewhere (28).
Measures
Exposure
Information on self-reported experience of loneliness was assessed by a single item on the Geriatric Mental State (GMS)-Automated Geriatric Examination for Computer Assisted Taxonomy (AGECAT) package (29): “Do you feel lonely?,” with three response options (“no”/“yes but mild to moderate intensity, infrequent or fleeting”/“yes and severe, frequent or persistent”). The assessment of loneliness was coded as “feeling lonely” if the item was rated positive and recoded into a binary variable (yes/no). Single-item measures of loneliness have been commonly used in population-based studies across different cultural settings (30, 31).
Outcome
Vital status of older participants was ascertained during the initial “door-knocking” process, carried out with all households who participated in baseline surveys, to assess changes to households during the follow-up period. The starting of the risk time was dates of the baseline survey. The date of death, the date of follow-up for re-interviewed participants who moved away from the original catchment areas, or the median date of follow-up for participants who refused the interview was recorded and censored as survival time (28, 32).
Covariates
Socio-demographic information on age, gender, marital status, education, pension and wealth were assessed by a standard socioeconomic demographic questionnaire. Age was measured as a continuous variable, and recoded into four bands (65–69, 70–74, 75–79, 80+) for analyses; marital status categorised into four groups (never married, married/co-habiting, widowed, divorced/separated); level of education was classified as five groups (none, incomplete primary, completed primary, completed secondary (metric), and completed tertiary (college)/further education). Pension was a dichotomous variable, assessed by whether older people received any government or occupational pension; household assets index was recorded by summing up the number of household assets owned (i.e., car, television, refrigerator, telephone, mains electricity, mains water, plumbed toilet) and recoded into four quarters, which used to as an indicator for older people’s wealth. Social network types were operationally assessed and generated into Wenger’s network typology by using the Practitioner Assessment of Network Type (PANT), as a categorical variable including locally integrated, locally self-contained, wider community focused, family dependent and private network types. The locally integrated support network type represents the widest access to social support, whilst the private network type refers to the narrowest network type, which can be described as an absence of local or nearby family and friends and with low levels of community contact or involvement. The details of social network measurement, algorithm and explanation have been described elsewhere (33). Whether participants lived alone was a single item question (yes/no).
Physical impairments were assessed through a self-reported list of 11 common physical impairments (i.e., arthritis or rheumatism; eyesight problems; hearing difficulties or deafness; persistent cough; breathlessness, difficulty breathing or asthma; high blood pressure; heart trouble or angina; stomach or intestine problems; faints or blackouts; paralysis, weakness or loss of one leg or arm; skin disorders) and recoded and categorised as “no impairments,” “one to two impairments,” and “three or more impairments” (32). Care dependence was assessed by asking open-ended questions to the key informant about participant’s needs for care and then coded by interviewers and categorised as “required no care” or “care some” or “need much care”, which was used here to define “dependence” at both baseline and follow-up surveys (26). Depression was measured by structured clinical interview (the GMS), and derived from its computerised algorithm AGECAT, which provided International Classification of Diseases-10 (ICD-10) depressive episode diagnoses (mild/moderate/severe) (29, 34). Dementia was ascertained by either the cross-culturally validated 10/66 dementia diagnosis algorithm or DSM-IV (Diagnostic and Statistical Manual of Mental Disorders) dementia diagnostic criterion (35–37).
Statistical Analysis
All analyses were conducted using STATA version 15 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC.). Initial analyses were presented on the prevalence and correlates of self-reported loneliness in the baseline dataset. 346 participants who did not respond to the loneliness question were excluded from our analyses (Cuba n = 47; Dominican Republic n = 11; Peru n = 49; Venezuela n = 21; Mexico n = 11; Puerto Rico n = 95; China n = 61; India n = 51). No follow-up survey was conducted in the rural site of India hence participants from this site were excluded in the mortality analyses. A weighting variable was provided by the 10/66 DRG baseline dataset for each country for direct standardisation, with the whole sample as the standard population. The crude and direct standardised prevalence of loneliness adjusted for age, gender and education with robust 95% confidence intervals (CI) was estimated by accounting for household clustering across the whole sample as well as within each country. We used Poisson regression models to examine all hypothesised and theory-driven correlates of loneliness in each country, by adjusting for age, gender, education, household assets, pension, marital status, social network, living alone, physical impairments, care dependence, depression and dementia. The adjusted prevalence ratios (PRs) (with robust 95% CI) for loneliness were reported separately for each country, and then pooled with fixed effect meta-analysis across all study sites combined and Latin American countries.
Kaplan-Meier curves were generated to compare crude mortality between participants with and without loneliness. The differences between the survival curves were tested using Log-rank tests. Univariate and Multivariable Cox proportional hazards regression models were conducted to examine the association between loneliness and mortality, while the Schoenfeld residuals test was used to test the proportional hazard assumptions. Multivariable Cox models were built based on a combination of literature review, results from bivariate analysis and consideration of distribution of characteristics. Variables were gradually added in blocks. Blocks were determined from background literature, based on knowledge of factors associated with loneliness (sociodemographic, social isolation, physical health, mental health). Variables were selected for inclusion in blocks if considered as potential confounders on the basis of being correlated with loneliness in bivariate analyses. Three sets of models were built: for Latin American countries, India and for China. Across six Latin American countries and India, models were ultimately adjusted for (Model I) baseline socio-demographic factors (age, gender, education and household assets), then (Model II) adding social network, followed by (Model III) adding dependence; finally (Final Model) depression and dementia were included. Considering building the model for China, previous 10/66 DRG studies based on the same samples showed that there was no association between social network and mortality in the adjusted model for China. As only family dependent social network type showed an association in the unadjusted model in for the Chinese 10/66 baseline dataset (33), and living alone played a role in reflecting family connections and marital status, we decided to include living alone instead of social network in Multivariable Cox model building for China in this study. Finally, we introduced time-varying interactions for age and education for fitting our Cox models for China. The likelihood ratio test was used to test the fit of each model. The adjusted HRs for loneliness were reported and fitted in each site separately and then combined with fixed effect meta-analysis to generate pooled HRs across Latin American countries. Higgins I2 was measured to estimate the level of heterogeneity across the estimates in different settings. Lower than 40% heterogeneity was considered as negligible, and 40–60% was regarded as moderate heterogeneity (38).
RESULTS
Baseline Characteristics of Study Samples and Vital Status at Follow Up
A total of 16,685 older adults (65 years and above) were included in the baseline sample across eight LMICs. Sample numbers were around 2000 (ranging from 2,897 to 1,884) in each study country except Cuba which had a slightly larger sample (n = 2,897). The mean age of participants was 74.1 (6.9) years and evenly distributed across the five bands, except that in three sites (Venezuela, China and India), there were proportionately fewer in the oldest age category. Overall, 62.4% of samples were female. Across countries the female proportion exceeded the male but was distributed evenly (Supplementary File S1). 13,673 (86.9%) of 15,733 participants interviewed at baseline participated in follow-up (re-interviewed or vital status ascertained). There were some differences in the loss to follow-up rates by baseline loneliness status in study countries (14.6% for loneliness vs. 12.6% without loneliness), especially for Cuba, Venezuela and China (p < 0.05). 2,439 participants were recorded dead, which accounted for 17.8% of those successfully traced. Overall, median follow-up years was 4.0 years (3.0–4.9), equivalent to a total of 53,139.4 person years of follow-up. The proportion of baseline participants where vital status was ascertained was evenly distributed across countries. Mortality was highest in Dominican Republic (27.1%), followed by China, Cuba and India, which were higher than other countries. Differences in timing of data collection in each country led to a variance on follow-up years, with median follow-up years shorter in India, Mexico and Peru (Table 1).
TABLE 1 | Characteristics of vital status at follow up for those whose vital status was known (The 10/66 Dementia Research Group study 2003–2010).
[image: Table 1]Prevalence of Loneliness and Its Correlates
The standardised prevalence of loneliness varied between 25.3 and 32.4% by Latin American countries. The highest standardised prevalence of loneliness was 32.4% (95%CI 29.9–34.8%) in Mexico, followed by Puerto Rico 32.2% (95% CI 29.0–35.4%). The standardised prevalence of loneliness was lower in India (18.3%, 95% CI 16.0–20.6%) compared to Latin American countries, whilst China showed an extremely low prevalence (3.8%, 95% CI 2.6–4.9%) (Table 2). According to the results of Multivariable Poisson regression, pooled adjusted PR for loneliness showed that, across all countries, loneliness was significantly associated with female gender, lower education level, lower household assets index, being widowed (pooled PR = 1.31, 95% CI 1.17–1.46, I2 = 36.5%) or divorced/separated (pooled PR = 1.27, 95% CI 1.13–1.43, I2 = 0%), with a narrower social network type, living alone (pooled PR = 1.42, 95% CI 1.32–1.52, I2 = 51.5%), with more physical impairments, with care dependence, depression and dementia. Compared to people with locally integrated social network, participants with private social network had a significant association with loneliness (pooled PR = 1.14, 95% CI 1.03–1.27, I2 = 43.4% all countries combined; pooled PR = 1.20, 95% CI 1.07–1.35, I2 = 38.2%, Latin American countries combined). Pooled PR for more physical impairments was 1.32 (95% CI 1.27–1.37, I2 = 32.8%, all countries combined). Older people with care dependence were correlated with feeling lonely (pooled PR = 1.14, 95% CI 1.02–1.27, I2 = 0% all countries combined; pooled PR = 1.13, 95% CI 1.0–1.26, I2 = 16.0%, Latin American countries combined). Depression showed a significant pooled effect on loneliness (pooled PR = 1.95, 95% CI 1.83–2.07, I2 = 73.2% across all countries; pooled PR = 1.92, 95% CI 1.79–2.06, I2 = 0%, Latin American countries combined) (Table 3). The adjusted PRs for loneliness were reported separately for study site in Supplementary File S2.
TABLE 2 | Crude and standardised prevalence of self-reported loneliness in Latin America, China, and India (The 10/66 Dementia Research Group study 2003–2007).
[image: Table 2]TABLE 3 | Correlates of loneliness with adjusted prevalence ratios (robust 95% confidence interval) in Latin America, China, and India (The 10/66 Dementia Research Group study 2003–2007).
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Crude Kaplan-Meier curves showed that participants with loneliness at baseline had lower 5-year survival rates (Figure 1), and with no difference between both gender and age strata (Supplementary File S3). Kaplan-Meier curves were plotted for the original three responses measure of loneliness, which showed a potential dose-response effect of increasing loneliness status (Supplementary File S4). Log-rank test gave p < 0.05 in all curves. Results of multivariable Cox models for Latin American countries, China and India showed that when restricted to Latin American countries pooled, the crude HR for loneliness was 1.25 (95% CI 1.14–1.38), with a moderate level of heterogeneity (I2 = 43.9%). In the final pooled analysis, after adjustment for all potential confounders, there was evidence for an association between loneliness and mortality (pooled adjusted HR = 1.13, 95% CI 1.01–1.26, I2 = 10.1%). In India, there was no association between loneliness and mortality across all models. However, in China, the effect of loneliness on mortality risk remained strong in the final model after adjusting for all confounders (adjusted HR = 1.58, 95% CI 1.03–2.41) (Table 4). Schoenfeld residuals test, p > 0.05 for all Cox models in Table 4.
[image: Figure 1]FIGURE 1 | Kaplan-Meier survival curve for 5-year all-cause mortality, stratified by self-reported loneliness (The 10/66 Dementia Research Group study 2003-2010).
TABLE 4 | Meta-analysed pooled effect sizes for the association between loneliness and mortality in Latin America, China, and India (The 10/66 Dementia Research Group study 2003–2010).
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The study found that the age, gender and education- standardised prevalence of loneliness ranged from 25.3% to 32.4% across Latin American countries, consistent with findings from the European Social Survey (2006–2007), which reported similar prevalence estimates of loneliness using a single-item measure with prevalence estimates ranging between 19.6% and 34.0% for older people aged 60 years old and above (2). In our study, we found a much lower standardised prevalence of loneliness in China of 3.8% compared to the 29.6% prevalence among older adults identified by a Chinese national ageing survey in 2000 (39). Although it is possible that the difference between our results and the nationally representative survey may reflect a real difference in levels of loneliness in the 10/66 DRG catchments, this result may be an artefact of our single item approach to measurement, a limitation which we discuss in more detail below. Our study showed that the direct standardised prevalence of loneliness was 18.3% in India, but there was scant previous evidence about the prevalence of loneliness among Indian elderly. The prevalence estimates of loneliness in this study showed a more similar pattern across Latin American countries, whereas lower prevalence was observed in China and India. Similar differences on prevalence of anxiety (40) and amnestic mild cognitive impairment (41) were observed in previous 10/66 DRG findings, where both studies reported a low prevalence in China. As applying a cross-cultural approach through using the same study design, sampling and measurements in this study, the inconsistence of prevalence estimates on the subjective feeling of loneliness across study countries is likely due to the measure of self-reported loneliness itself, as cultural variances may influence the conception of loneliness and stigma (41).
The hypothesis that loneliness increased mortality was supported by our results and was consistent across all countries except India. In Latin American countries, we found that after adjustment for all the sociodemographic and health-related confounders, pooled estimates still suggested robust evidence on an association between loneliness and mortality, consistent with the results of previous meta-analyses (42, 43). Whilst depression is undoubtedly associated with loneliness and vice versa (44), there is evidence to suggest that both depression and loneliness have independent effects on mortality despite common co-existence. In our study, adding depression and dementia to the model made very little difference to our results, thereby suggesting an independent association of loneliness to mortality. Despite a low prevalence, we found a strong association between loneliness and mortality in China, which was retained after adjustment for the same sets of characteristics. This might reveal the possibility that our measurement captured more intense cases of loneliness, but this remains untested. Both direct and indirect pathways have been posited as explanations for associations between loneliness and mortality in previous research. Indirect mechanisms include circular relationships between loneliness and behaviours (smoking, physical inactivity, poorer sleep) (44, 45) associated with poor health and their subsequent effects upon physiological outcomes; whilst direct mechanisms include emerging evidence to suggest that levels of social support may be linked to immune-mediated inflammatory processes (46).
Our findings regarding correlates were generally consistent with the literature from studies carried out in HIC settings. Older people, being female, living without a spouse, living alone, and those with lower socioeconomic status were more likely to be lonely. These factors often cluster together within individuals, are interrelated (e.g., form a “vicious cycle”) and are associated with low mood, a sense of meaninglessness or hopelessness as well as loneliness (20, 47). Locally integrated networks were most protective in terms of loneliness, whilst being dependent on others, having physical impairments, dementia and depression were all associated with loneliness. The results of qualitative work carried out in 10/66 sites and elsewhere offer further insight into the context in which loneliness in older age might emerge. Consistent with our current findings, a recent systematic review of qualitative studies from LMICs showed that loneliness was often characterised by older people as loss: of physical functioning, independence, close confidantes, social participation and sense of belonging within families and societies (20, 22, 23). Results from the 10/66 DRG INDEP study and a recent study in Ghana carried out among dependent older people suggest that changing societal expectations (greater female participation in paid employment, longer periods of education for young people) were putting a strain on social norms of intergenerational reciprocity (48, 49).
A key potential limitation of our study was that the measure of loneliness in this study was based on self-report of a single item. Although single-item measures of loneliness are commonly used, the validity of this approach has been questioned (3, 50). Compared to multi-item scales which capture variations in frequency and intensity of loneliness across different dimensions of the phenomenon, single-item measures risk under-reporting through simplification of the construct. This limitation might perhaps be considered particularly salient in cultural settings where loneliness might be associated with stigma and shame (22). In addition, a single item is unlikely to detect culturally mediated expressions of loneliness which may be conceptually linked but not recognised or labelled as “loneliness” by study participants. Nonetheless, the broad consistency of our findings with the literature regarding demographic, social and health factors associated with loneliness is reassuring, providing evidence to support concurrent validity of the measure. The reason for a single item measure detecting such a low prevalence of loneliness among our China sample remains unexplained and warrants further investigation. Given the low attrition overall, whilst we acknowledge the presence of differential loss to follow-up, we estimate the overall impact on our final results to be minimal. Our modelling strategy was guided by evidence developed from review of the literature. Constrained by secondary data analysis and available data, we cannot rule out the possibility that the association between mortality and loneliness was explained by unmeasured confounders. Although marital status, living alone and social network (to represent social relationships) were included in the analysis, it is unclear to what extent these variables capture the social reality of participants. Finally, in this cross cultural and population-based study, it is hard to eliminate missing data and loss to follow up, which might also lead to some limited selection bias as well as limiting the generalisability of the results to some extent.
The results of our study suggest that as is now the case in HICs, loneliness in LMICs among older populations should be considered a potential public health concern. We have demonstrated a significant minority of older people experience loneliness across diverse settings and that this construct has the expected associations with other demographic, social and health-related characteristics. We have shown that loneliness has a consistent effect upon mortality, independent of the effects of sociodemographic background, social network and mental health. Further research will be needed to understand the relationship between loneliness and health among older people in LMICs. Our results highlight the importance of considering social reality in the design of interventions designed to improve the health of older people. Although instrumental support and policies designed to facilitate this are undoubtedly needed, interventions targeting health outcomes will be missing opportunities to improve the lives of older people if they don’t consider the social dimensions of ageing, such as loneliness (24, 51).
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