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Abstract 

Background. Modern geriatric giants have evolved to encompass four new syndromes of frailty 

(linked to fatigue and physical inactivity), sarcopenia, anorexia of ageing, and cognitive 

impairment. In parallel, loneliness has been established as a risk factor for adverse mental and 

physical health outcomes among older adults. 

Objective. To analyse loneliness as a predictor of the modern geriatric giants in European older 

adults, using a longitudinal design of nationally representative data. 

Design. Longitudinal population-based cohort study. 

Subjects. Data from countries that participated in waves 5 and 6 of the Survey of Health, 

Ageing, and Retirement in Europe project. Subsamples according to reported loneliness were 

17,742 (for physical inactivity) to 24,524 (for anorexia of ageing). 

Methods. Loneliness (measured from wave 5) was the independent variable of interest. The 

dependent variables were incidence of fatigue, physical inactivity, sarcopenia, anorexia of 

ageing, and cognitive impairment from wave 5 (baseline) to wave 6. Poisson regression models 

were used for multivariable analysis, obtaining Relative Risk (RR) and 95% confidence intervals 

(CI). 

Results. The prevalence of loneliness ranged from 9.2% to 12.4% at wave 5. The 2-year 

incidence of fatigue was 16% (95% CI: 15.5-16.5), physical inactivity 9.8% (95% CI: 9.4-10.3), 

sarcopenia 5.6% (95% CI: 5.3-5.9), anorexia of aging was 5.4% (95% CI: 5.1-5.7), and cognitive 

impairment 10.3% (95% CI: 9.9-10.8). The multivariable analysis showed that loneliness was a 

predictive factor for fatigue (30%, CI: 17-45% higher risk), physical inactivity (24%, CI: 7-43% 

higher risk) and cognitive impairment (26%, CI: 9-46% higher risk), adjusted by age, sex, 

number of chronic diseases, education level, region and depression. 

Conclusions. Loneliness is an independent risk factor for fatigue, physical inactivity, and 

cognitive impairment in older adults. The incidence of anorexia of ageing and sarcopenia was 

not associated to loneliness during the 2-year observation period.  
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Key points: 

- Loneliness is an independent risk factor for fatigue, physical inactivity and cognitive 

impairment in European older adults.  

- The incidence of anorexia of ageing and sarcopenia was not associated to loneliness 

during the 2-year observation period.  

- These conclusions should inform the design of interventions to target loneliness if 

fatigue, physical activity and cognitive impairment are to be improved in the older 

adult population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

In 1965, Bernard Isaacs coined the term “Geriatric Giants” to describe the conditions of 

immobility, instability, incontinence, and impaired intellect/memory [1]. Similarly, the Geriatric 

5Ms were proposed in 2017 by Mary Tinetti as a simple construct to define core competencies 

of geriatric medicine, including mind, mobility, medications, multi-complexity and matters 

most (e.g. shared goals of care), although incontinence was excluded from the model [2]. 

Modern geriatric giants have evolved over the past 50 years to encompass four new 

syndromes of frailty, sarcopenia, anorexia of ageing, together with cognitive impairment 

(impaired intellect according to Isaacs) [3]. These syndromes are risk factors of falls, hip 

fractures, affective disorders and delirium, with associated increases in morbidity and 

mortality [3]. Overall, the modern geriatric giants are associated with high costs for health and 

social care systems. Their presence increases the risk for hospitalisation and cost of care during 

hospitalisation [4]. 

 

If we focus on the modern geriatric giants, a person may have a frailty phenotype when three 

or more of the following criteria are present: unintentional weight loss, self-reported 

exhaustion (e.g. fatigue), weakness, slow walking speed, and low levels of physical activity [5]. 

Unintentional weight loss is highly correlated to anorexia of aging, defined as the loss of 

appetite and/or decreased food intake in late life. Similarly, weakness is closely related to 

sarcopenia. In the revised guidelines of the European Working Group on Sarcopenia in Older 

People [6], muscle strength comes to the forefront of the definition of sarcopenia as it is 

recognised that strength is better than muscle mass in predicting loss of ability to perform 

activities of daily living [7,8]. 

 

Many risk factors had been associated with anorexia of ageing, such as physical function 

impairment, social and environmental conditions, as well as acute and chronic diseases [9]. 

Sarcopenia is a progressive and generalised skeletal muscle disorder that is associated with 

increased likelihood of adverse outcomes including falls, fractures, ability to perform activities 

of daily living, physical disability and mortality [10]. Sarcopenia is also associated with cognitive 

impairment [11], and contributes to lowered quality of life and loss of independence [12]. 

 

Mild cognitive impairment (MCI) starts as a syndrome defined as cognitive decline greater than 

expected for an individual's age and education level, but without impairments in the 

individual’s functional abilities. Individuals with MCI are more than twice as prone to develop 

dementia in the future [13]. Available evidence indicates that the prevalence of MCI ranges 



from 7.7% to 42.0% depending on the age group, the country where the study was conducted, 

and the diagnostic criteria used [13]. Increasing age is the strongest risk factor for cognitive 

impairment, along with other chronic conditions (e.g. diabetes, high blood pressure), 

depression, insufficient physical activity, low educational level, and infrequent participation in 

mentally or socially stimulating activities [14]. 

 

Loneliness had been defined as a subjective feeling of limited or lost companionship or social 

support [15]. Loneliness is a condition in which an individual perceives himself or herself to be 

socially isolated even when among other people. Loneliness is present over the lifespan but 

increases with the experience of growing old due to reduced social interactions —particularly 

with family, friends, and community networks— caused by their retirement, physical changes 

(cognitive and physical disabilities), loss of peers —spouse and friends— (shrinking network 

size), and/or living alone or in institutions [15]. 

 

Loneliness has been established as a risk factor for the adverse mental and physical health 

events among older adults [15,16], more prone to leading to depression and dementia [17], a 

higher level of cognitive and physical disability [18], and increased mortality [15]. Loneliness is 

significantly and negatively correlated with cognitive function in several studies [19]. According 

to one meta-analysis [20], adults with adequate or strong social relationships had a 50% 

increased likelihood of survival compared with those with weaker or insufficient relationships. 

A recent study showed that frail older adults were at increased risk of mortality, but this risk 

was even higher for those who were also lonely [21]. Loneliness is emerging as a public health 

issue [22], and is associated with a 26% increase in the risk of premature mortality [23].  

 

Therefore, our main aim was to analyse loneliness as a predictor of the modern geriatric giants 

(frailty —linked to fatigue and physical inactivity—, sarcopenia, anorexia of ageing, and 

cognitive impairment) in European older adults, using longitudinal population-based 

representative data. 

 

Methods 

We present a longitudinal population-based cohort study using data from waves 5 and 6 of the 

Survey of Health, Ageing, and Retirement in Europe (SHARE) project (www.share-project.org). 

The aforementioned study is the largest multidisciplinary, cross-country, longitudinal research 

project conducted in Europe. The SHARE Project respects the Helsinki Declaration, in terms of 

anonymity of the participants and obtaining of written consent. Wave 4 and following waves 

http://www.share-project.org/


have been reviewed and approved by the Ethics Committee of the Max Planck Society. 

Furthermore, individual country implementation of SHARE was reviewed and approved by the 

respective ethics committees or institutional review boards. Further details about data 

collection, sampling procedures and other methodological aspects are available in the project’s 

website (www.share-project.org) [24]. 

 

Data from 16 European countries that participated in waves 5 and 6 were considered: Austria, 

Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Switzerland, Belgium, Israel, 

Czech Republic, Poland, Luxemburg, Slovenia and Estonia. Due to data incompleteness, the 

subsample was reduced to 10 countries (Austria, Germany, Sweden, Spain, Italy, France, 

Denmark, Switzerland, Belgium and Czech Republic) for the analysis of physical inactivity and 

cognitive impairment. Although sampling differed slightly, all countries obtained probability 

samples [25]. The smallest proportion difference found in the outcomes was 3% in anorexia of 

ageing, between the group with and without loneliness. From this difference in proportion, it 

would be possible to estimate a significant relative risk, at a 95% confidence level and a 90% 

test power, with a sample of 1071 individuals in each group (exposed and not exposed to 

loneliness) [26].  

 

The main inclusion criterion was being 65 years and older. Cases with incomplete data on age 

and loneliness were excluded from this study (see figure 1). Individuals that presented the 

outcome (fatigue, physical inactivity, sarcopenia, anorexia of ageing, and cognitive 

impairment) at baseline (wave 5) were also excluded from the analysis. The dependent 

variables were incidence of fatigue, physical inactivity, sarcopenia, anorexia of ageing, and 

cognitive impairment from wave 5 to 6. Loneliness as measured at wave 5 was the 

independent variable of interest. The theoretical model showing the potential causal links 

explored in the analysis is represented in figure 2. 

 

Figure 2. Theoretical model of potential causal links explored in the analysis. 

 

Loneliness was measured using the short version of the Revised University of California at Los 

Angeles Loneliness scale (R-UCLA) [27], which is a frequently used and validated indicator of 

loneliness [28]. The scale was recently harmonised for use in SHARE [29]. While the UCLA scale 

is among the most internationally applied scales to assess loneliness, few studies have used 

the R-UCLA in a cross-national context [30]. It includes the following three questions: how 

much of the time do you feel a lack of companionship; how much of the time do you feel left 

http://www.share-project.org/


out; and how much of the time do you feel isolated from others. The answers are recorded 

using three categories: often, some of the time, hardly ever/never. These items form a scale 

that ranges from three to nine, whereby three corresponds to not feeling lonely and nine 

indicates the highest level of loneliness. Therefore, we converted it to a binary measure. We 

defined those who fell into the first, second and third quartiles as “not lonely” and those in the 

fourth quartile as “lonely”, similar to the method used by Niedzwiedz (2016) [30]. Our analysis 

used a dichotomous measure of loneliness because we believed each item in the scale better 

represented different ways a person might express loneliness rather than additive components 

of loneliness.  

 

Fatigue was identified from the question on frailty symptoms: “for the past six months at least, 

have you been bothered by any of the health conditions mentioned below?” Among different 

items, the respondent could choose fatigue. Physical inactivity was defined as ‘never or hardly 

ever engaging in’: moderate-intensity activities such as gardening, cleaning the car or going for 

a walk, or vigorous physical activities such as sports, heavy housework or a job that involves 

physical labour [31].  

 

Sarcopenia was measured by grip strength, with cut-offs for the continuous variable  following 

the new revised European Consensus on Sarcopenia, e.g. <27 kg and <16 kg for men and 

women, respectively [6]. Anorexia of ageing/unintentional weight loss was assessed using the 

self-reported question: in the last year, have you lost more than (>) 4.5kg (10 pounds) or at 

least 5% of the previous year’s body weight unintentionally (e.g., not due to dieting or more 

exercising)? Answering ‘yes due to health-related issues’ (e.g. illness) was considered to 

represent anorexia of ageing.  

 

The SHARE protocol included performance-based cognitive tests [32]. Performance on verbal 

fluency is a sensitive measure for discriminating between cognitively healthy individuals and 

those with MCI or dementia [33]. Threshold performance scores for being coded as ‘yes’ 

(indicating impairment) were set in relation to scores previously shown to be indicative of MCI, 

as follows: verbal fluency scores < 15.33. 

 

Other variables included were age (years), sex, educational level and number of chronic 

diseases. Regarding the last of these, the following conditions were considered: heart attack, 

hypertension, high blood cholesterol, stroke or cerebral vascular disease, diabetes, chronic 

lung disease, cancer, Parkinson disease, cataracts, hip fracture, other fractures, dementia, 



affective/emotional disorders (including anxiety, nervous or psychiatric problems) and 

rheumatoid arthritis/osteoarthritis. The educational level categories from the International 

Standard Classification of Educational Degrees (ISCED) of 1997 and 2011 were considered [34].  

 

Initially, a descriptive analysis was performed for each sub-sample (fatigue, physical inactivity, 

sarcopenia, anorexia of ageing and cognitive impairment), indicating absolute and relative 

frequencies and mean and standard deviation for categorical and continuous variables, 

respectively. Incidences of the outcomes for the 2-year period and its confidence intervals (CI) 

were estimated. Poisson regression models were used for multivariable analysis, obtaining 

Relative Risk (RR) [35]. To calculate the CI at 95%, the mean – [1.96 x standard deviation (SD)] 

and the mean + [1.96 x SD] were considered for the lower and higher limits, respectively. 

Multivariaty models were adjusted by age, sex, educational level, number of chronic diseases 

and depression. Statistical analysis was conducted using Stata (Stata Corp. Inc. TX, USA, version 

14). 

 

Results 

Among 68,188 individuals that participated in the SHARE’s wave 5, the subsamples selected for 

each analysis according to reported loneliness were: fatigue 20,237; physical inactivity 17,742; 

sarcopenia 20,098; anorexia of ageing 24,524; and cognitive impairment 18,328. Figure 1 

shows the process for creating the analytical sample and data set used for analyses. The 

percentage of missing values for the confounders ranged from 0% (age, sex, and country) to 

4.6% (depression). 

 

Figure 1. Flow chart of the study sampling process. 

 

The prevalence of loneliness at each subsample ranged from 9.2% (cognitive impairment) to 

12.4% (anorexia of ageing) at wave 5, with 9.5% in the subsample who were physically 

inactive, 9.6% in the subsample with fatigue, and 10.9% in the subsample with sarcopenia. The 

incidence of fatigue after the 2-year observation period was 16% (95% CI: 15.5-16.5), physical 

inactivity was 9.8% (95% CI: 9.4-10.3), sarcopenia was 5.6% (95% CI: 5.3-5.9), anorexia of 

ageing was 5.4% (95% CI: 5.1-5.7), and cognitive impairment was 10.3% (95% CI: 9.9-10.8) 

(figure 3).  

 

Figure 3. Incidence of fatigue, physical inactivity, sarcopenia, anorexia of ageing, and cognitive 

impairment among older adults during the 2-year period. 



 

Table 1 describes the sample characteristics for each outcome by dependent variable. Subjects 

that presented with fatigue, physical inactivity, anorexia of ageing, and cognitive impairment 

during the period were older, had lower educational level and reported a higher number of 

chronic diseases. The proportion of women, loneliness and depression was higher among 

individuals that reported these four outcomes. The same pattern was observed for sarcopenia, 

except that the proportion of men was slightly higher than for women. 

 

Table 1. Descriptive analysis of the subsamples (according to reported loneliness) for the 

outcomes fatigue, physical inactivity, sarcopenia, anorexia of ageing, and cognitive impairment 

in older adults. 

 

The indicators were selected in the multivariable model for each outcome after collinearity 

tests were carried out and resulted negative. The results of the bivariate and multivariable 

analysis are shown in Table 2. Loneliness, age, number of chronic diseases, education level and 

depression were significant predictive factors of fatigue, physical inactivity, sarcopenia, 

anorexia of ageing, and cognitive impairment in the bivariate analysis. Sex resulted not 

significant for the prediction of sarcopenia, anorexia of ageing and cognitive impairment, while 

women presented significantly higher risk of fatigue and physical inactivity. Regarding the 

multivariable analysis, loneliness was a predictive factor for fatigue (30%, CI: 17-45% higher 

risk), physical inactivity (24%, CI: 7-43% higher risk) and cognitive impairment (26%, CI: 9-46% 

higher risk), adjusted by age, sex, number of chronic diseases, education level, region and 

depression. Loneliness was not included in the models for anorexia of ageing and sarcopenia 

as it was not significant when tested in the multivariable analysis and did not adjust the final 

models. Older age, higher number of chronic conditions, lower education level and depression 

were significant risk factors of all outcomes. Sex was not significant for the incidence of 

anorexia of ageing and cognitive impairment, while women were at lower risk of developing 

sarcopenia and at higher risk of fatigue and physical inactivity.  

 

Compared to the Northern European region, the risk of anorexia of ageing was significantly 

higher at the Eastern region and lower at the Southern. The risk of fatigue was more than two 

times higher at the Eastern region and Israel while the risk of sarcopenia was significantly 

higher at the Eastern and Southern regions as well as Israel. The Northern region presented 

lower risk of being insufficiently active and having cognitive impairment when compared with 



the rest of European regions that presented a higher risk (approximately three times higher in 

the Southern European countries).  

 

The indicators were selected in the multivariable model for each outcome after collinearity 

tests were carried out and resulted negative. The bivariate and multivariable analysis (Table 2) 

shows that loneliness was a predictive factor for fatigue, physical inactivity and cognitive 

impairment. Figure 4 summarizes the multivariable analysis results based on our theoretical 

model. The predictive factors for anorexia of ageing were age, chronic diseases, education and 

depression, adjusted by sex. The predictive factors for fatigue were age, sex, chronic diseases, 

depression and loneliness, independent of education. Predictive factors for sarcopenia were 

age, sex, education, chronic diseases and depression. For physical inactivity, the predictive 

factors were age, sex, education, chronic diseases, depression and loneliness. The predictive 

factors for cognitive decline were age, sex, education, chronic diseases, depression and 

loneliness. 

 

Table 2. Final multivariable models of loneliness as a predictor of the outcomes fatigue, 

physical inactivity, sarcopenia, anorexia of ageing and cognitive impairment in older adults. 

 

Figure 4. Theoretical model summarizing the multivariable analysis results. 

 

Discussion 

This study aimed to assess the associations between loneliness and the modern geriatric giants 

of frailty (linked to fatigue and physical inactivity) [5], sarcopenia, anorexia of ageing, and 

cognitive impairment. The results indicate that loneliness is associated to fatigue/ self-

reported exhaustion, insufficient physical activity, and cognitive impairment, including age, 

sex, number of chronic conditions, educational background and depression as confounder 

variables. However, loneliness was not associated with incident anorexia of ageing/ 

unintentional weight loss and sarcopenia/ weakness. 

 

Fatigue showed the highest incidence rate in the 2 years follow-up, among the different 

outcomes taken into account, followed by cognitive impairment, physical inactivity, sarcopenia 

and anorexia of ageing.  

 

Loneliness is highly prevalent in the population, with 80% of those under 18 years of age and 

40% of adults over 65 years of age reporting being lonely at least sometimes [36,37]. For as 



many as 15–30% of the general population, however, loneliness can be a transient or a chronic 

state, the latter being the most problematic [38]. The prevalence of loneliness in the present 

study ranged from 9.2% to 12.4%. Several authors have posited that loneliness is the social 

equivalent of physical pain, hunger, and thirst; the pain of social disconnection and the hunger 

and thirst for social connection [39].  

 

In our study, loneliness was found to be a predictor for fatigue/ self-reported exhaustion, 

insufficient physical activity, and cognitive impairment. Being physically active requires a 

positive attitude towards voluntary participation, which is enhanced or reduced depending on 

social and cultural determinants. Compromised regulation of emotion in lonely individuals 

might explain their diminished likelihood of performing any physical activity, and loneliness 

has been associated to a decrease in physical activity over time [40]. Likewise, an individual 

with more social connections, thus more prone to a lower perception of loneliness, may have 

more occasions to be physically active. Physical activity is a well-known protective factor for 

physical health, mental health, and cognitive functioning [41], suggesting that poorer self-

regulation may contribute to the greater health risk associated with loneliness, via diminished 

likelihood of engaging in health-promoting behaviors. In clinical populations, lower levels of 

physical activity have been shown to be related to general feelings of fatigue [42]. In an 

attempt to avoid excessive fatigue, individuals may reduce their physical activity, which could 

yield a weak association.  

 

Loneliness has been shown to have a strong association with depression in multiple studies 

[39,43]. Evidence has shown that higher levels of loneliness are consistently associated with 

higher incidence of depression and elevated depressive symptoms across different age groups 

[44], even after controlling for socio-demographic factors and other relevant covariates 

[45]. Findings of prior research among older adults have indicated that loneliness is more 

hazardous to depression than social isolation [46]. Furthermore, compared to social isolation, 

loneliness has a much stronger association with depressive symptoms in adults aged 21 and 

above [47]. Loneliness predicts increases in depressive symptoms over 1-year intervals, but 

depressive symptoms do not predict increases in loneliness over those same intervals [48]. 

One of the social and emotional-related symptoms of depression is the feeling of self-

exhaustion and perceived fatigue in carrying out usual activities of daily living [49]. Studies 

highlight the negative impact of self-perceived fatigue on mental and physical health, 

functional disability and performance restriction in activities of daily living in the older adult 

population [49], which is in line with our findings. 



 

The impact of loneliness on cognition was assessed in a recent review of the literature [50]. 

Loneliness has been associated with impaired cognitive performance and cognitive decline 

over time [51]. Other studies, however, have indicated that loneliness is a precursor to 

cognitive impairment. For instance, the cognitive functioning of 75–85-year-olds (as assessed 

by the Mini-Mental State Examination) did not differ as a function of loneliness at baseline but 

diminished to a greater extent among those with high rather than low reported loneliness over 

a 10-year follow-up [52]. 

 

As mentioned, fatigue, insufficient physical activity, and cognitive impairment have strong 

social and emotional components, and so has loneliness. We tend to analyze these outcomes 

independently yet their interconnections should also be acknowledged. Loneliness had a weak 

association with anorexia of ageing/ unintentional weight loss and sarcopenia/ weakness, 

which are physical and functional-related components of frailty [5]. Even though the 

aforementioned socially-focused outcomes are strongly associated with the functional-related 

components of frailty, we only analyzed the data over a two-year period, and therefore could 

have missed changes that require a longer period of time to become evident [53]. These two 

variables showed the lowest incidence rate in wave 6, suggesting that they not only were not 

present at baseline (wave 5) but that we would need more time to show a higher incidence, as 

they both worsen with age [53].  

 

Studies show that once social and emotional-related health problems appear, it takes some 

time for effects to show on physical-related conditions, such as a decline in functional 

performance [53]. Being physically active might act as a mediator which requires a voluntarily 

action to being able to have an impact (if practiced with sufficient dose, intensity and 

frequency) on physical function in the longer term [54]. 

 

The present study has some limitations; most of the outcomes of the SHARE survey are self-

reported, which could have biased our results. It is worth commenting that gait speed, which is 

also an indicator of physical frailty [5], could not be included in the analysis due to >80% 

missing values in the included waves. The same limitation was also found in cognitive variables 

such as the self-reported memory item and the memory performance task (e.g. assesses ability 

to immediately recall as many words as possible) in wave 6. There seems likely to be other 

relevant potential confounders that have not been included in the present model (e.g.  



income). There is no single best indicator of socio economic status suitable for all study aims 

and applicable at all time points in all settings. Education is comparatively easy to measure in 

self-administered questionnaires, garners a high response rate, and is relevant to people 

regardless of age, unlike many other socio economic indicators [55]. In contrast, this study has 

strength in the high-quality data set and sample size with sufficient precision of estimates. 

 

It can be concluded that loneliness is an independent risk factor for fatigue, physical inactivity, 

and cognitive impairment in older adults. Anorexia of ageing/ unintentional weight loss and 

sarcopenia/ weakness were not associated to loneliness during the 2-year observation period. 

However, future longitudinal studies with longer periods are warranted to further analyze the 

association of loneliness with these physical health-related issues. As far as we know, this is 

the first study to underline the relevance of loneliness as a predictor of the modern geriatric 

giants in European older adults by using a longitudinal design of nationally representative data. 

These conclusions should inform the design of interventions to target loneliness if fatigue, 

physical activity, and cognitive impairment are to be improved in the older adult population. 

Relevant confounders that are not commonly reported should also be taken into account 

when designing interventions to improve loneliness, such as relationship status along with 

other markers of socio-economic status. 
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Table 1. Descriptive analysis of the subsamples (according to reported loneliness) for the 
outcomes fatigue, physical inactivity, sarcopenia, anorexia of ageing, and cognitive impairment 
in older adults. 
Characteristics   
Fatigue (n=20237) Yes No 
Sex, n (%)   
   Men 1289 (13.6) 8188 (86.4) 
   Women 1950 (18.1) 8810 (81.9) 
Age, M (DE) 75.35 (6.97) 73.12 (6.44) 
Chronic diseases, M (DE) 2.34 (1.60) 1.75 (1.42) 
Education, M (DE) 2.70 (1.43) 2.92 (1.43) 
Region, n (%)   

Northern 230 (7.2) 2964 (92.8) 
Central 1184 (15.6) 6418 (84.4) 
Eastern 1096 (23.1) 3656 (76.9) 
Southern 3239 (16.0) 16998 (84.0) 
Israel 122 (19.9) 490 (80.1) 

Depression, n (%)   
   No 2022 (12.8) 13782 (87,2) 
   Yes 1099 (27.7) 2865 (72.3) 
Loneliness, n (%)   
   No 2633 (14.6) 15370 (85.4) 
   Yes 527 (27.4) 1394 (72.6) 
Physical inactivity (n=17742) Yes No 
Sex, n (%)   
   Men 693 (8.3) 7656 (91.7) 
   Women 1060 (11.3) 8333 (88.7) 
Age 77.2 (7.3) 72.8 (6.1) 
Chronic diseases 2.6 (1.7) 1.9 (1.5) 
Education 2.3 (1.3) 2.9 (1.5) 
Region, n (%)   

Northern 163 (4.5) 3450 (95.5) 
Central 688 (8.6) 7298 (91.4) 
Eastern 200 (9.2) 1975 (90.8) 
Southern 702 (17.7) 3266 (82.3) 
Depression, n (%)   

   No 1063 (7.8) 12615 (92.2) 
   Yes 631 (16.7) 3156 (83.3) 
Loneliness, n (%)   
   No 1401 (8.8) 14495 (91.2) 
   Yes 301 (18.1) 1366 (81.9) 
Sarcopenia (n=20098) Yes No 
Gender, n (%)   
   Men 541 (5.8) 8739 (94.2) 
   Women 592 (5.5) 10226 (94.5) 
Age, M (DE) 78.2 (7.0) 75.6 (5.9) 
Chronic diseases, M (DE) 2.4 (1.7) 1.9 (1.5) 
Education, M (DE) 2.5 (1.4) 3.0 (1.4) 
Region, n (%)   

Northern 139 (4.0) 3319 (96.0) 



Central 346 (4.4) 7573 (95.6) 
Eastern 255 (5.1) 4778 (94.9) 
Southern 331 (10.5) 2810 (89.5) 
Israel 62 (11.3) 485 (88.7) 

Depression, n (%)   
   No 729 (4.7) 14684 (95.3) 
   Yes 380 (8.5) 4090 (91.5) 
Loneliness, n (%)   
   No 943 (5.2) 17096 (94.8) 
   Yes 182 (9.2) 1804 (90.8) 
Anorexia of ageing (n=24524) Yes No 
Gender, n (%)   
   Men 562 (5.1) 10413 (94.9) 
   Women 759(5.6) 12790 (94.4) 
Age, M (DE) 75.5 (7.1) 73.7 (6.7) 
Chronic diseases, M (DE) 2.6 (1.8) 2.0 (1.5) 
Education, M (DE) 1.2 (2.6) 2.9 (1.4) 
Region, n (%)   

Northern 159 (4.3) 3503 (95.7) 
Central 498 (5.5) 8548 (94.5) 
Eastern 379 (6.3) 5676 (93.7) 
Southern 232(4.8) 4566 (95.2) 

   Israel 53 (5.5) 910 (94.5) 
Depression, n (%)   
   No  454 (4.5)  16935 (95.5) 
   Yes 792 (7.4) 5664 (92.6) 
Loneliness, n (%)   
   No 1051 (4.5) 20046 (95.5) 
   Yes 214 (7.4) 2745 (92.6) 
Cognitive impairment (n=18328) Yes No 
Gender, n (%)   
   Men 862 (10.0) 7792 (90.0) 
   Women 1038 (10.7) 8636 (89.3) 
Age 75.2 (6.8) 72.6 (6.2) 
Chronic diseases 2.3 (1.7) 2.0 (1.6) 
Education 2.4 (1.4) 3.1 (1.4) 
Region, n (%)   

Northern 239 (5.8) 3867 (94.2) 
Central 835 (9.2) 8252 (90.8) 
Eastern 213 (8.4) 2327 (91.6) 
Southern 613 (23.6) 1982 (76.4) 

Depression, n (%)   
   No 1329 (9.3) 13019 (90.7) 
   Yes 551 (14.4) 3281 (85.6) 
Loneliness, n (%)   
   No 1640 (9.9) 14954 (90.1) 
   Yes 255 (15.1) 1429 (84.9) 
 
 
 
  



Table 2. Final multivariate models of loneliness as a predictor of the outcomes fatigue, physical 
inactivity, sarcopenia, anorexia of ageing and cognitive impairment in older adults. 
 RR (95% CI) p value Adjusted RR (95% CI) p value 
Fatigue     
Age 1.04 (1.04-1.05) <0.001 1.03 (1.02-1.04) <0.001 
Gender     
   Men 1  1  
   Women 1.33 (1.24-1.43) <0.001 1.12 (1.04-1.21) 0.004 
Chronic diseases 1.22 (1.19-1.24) <0.001 1.15 (1.13-1.18) <0.001 
Education 0.92 (0.89-0.94) <0.001 0.95 (0.92-0.98) <0.001 
Region     

Northern 1    
Central 2.16 (1.88-2.49) <0.001 1.96 (1.70-2.26) <0.001 
Eastern 3.20 (2.78-3.69) <0.001 2.70 (2.33-3.12) <0.001 
Southern 2.07 (1.78-2.41) <0.001 1.42 (1.20-1.68) <0.001 
Israel 2.77 (2.22-3.45) <0.001 2.24 (1.75-2.87) <0.001 

Depression     
   No 1  1  
   Yes 2.17 (2.01-2.33) <0.001 1.67 (1.53-1.81) <0.001 
Loneliness     
   No 1  1  
   Yes 1.88 (1.71-2.06) <0.001 1.30 (1.17-1.45) <0.001 
Physical inactivity     
Age 1.09 (1.08-1.09) <0.001 1.08 (1.07-1.09) <0.001 
Gender     
   Men 1  1  
   Women 1.36 (1.24-1.50) <0.001 1.18 (1.06-1.32) 0.003 
Chronic diseases 1.25 (1.22-1.28) <0.001 1.17 (1.13-1.21) <0.001 
Education 0.73 (0.71-0.76) <0.001 0.86 (0.83-0.90) <0.001 
Region     

Northern 1  1  
Central 1.91 (1.61-2.27) <0.001 1.86 (1.56-2.23) <0.001 
Eastern 2.04 (1.66-2.51) <0.001 2.04 (1.65-2.54) <0.001 
Southern 3.92 (3.31-4.65) <0.001 3.04 (2.51-3.67) <0.001 

Depression     
   No 1    
   Yes 2.14 (1.94-2.37) <0.001 1.39 (1.23-1.56) <0.001 
Loneliness     
   No 1  1  
   Yes 2.05 (1.81-2.32) <0.001 1.24 (1.07-1.43) 0.004 
Sarcopenia     
Age 1.12 (1.11-1.13) <0.001 1.12 (1.11-1.13) <0.001 
Gender     
   Men 1    
   Women 0.94 (0.84-1.05) 0.287 0.86 (0.75-0.98) 0.023 
Chronic diseases 1.20 (1.16-1.24) <0.001 1.11 (1.07-1.16) <0.001 
Education 0.80 (0.76-0.84) <0.001 0.92 (0.88-0.97) 0.001 
Region     

Northern 1  1  
Central 1.09 (0.89-1.32) 0.406 1.06 (0.86-1.30) 0.573 
Eastern 1.26 (1.03-1.55) 0.028 1.28 (1.03-1.59) 0.024 



Southern 2.62 (2.15-3.20) <0.001 2.38 (1.91-2.98) <0.001 
Israel 2.82 (2.09-3.80) <0.001 3.13 (2.24-4.39) <0.001 

Depression     
   No 1    
   Yes 1.80 (1.59-2.03) <0.001 1.40 (1.22-1.61) <0.001 
Loneliness     
   No 1  - - 
   Yes 1.75 (1.50-2.05) <0.001 - - 
Anorexia of ageing     
Age 1.03 (1.02-1.04) <0.001 1.02 (1.01-1.03) <0.001 
Gender     
   Men 1  1  
   Women 1.09 (0.98-1.22) 0.107 0.97 (0.86-1.10) 0.645 
Chronic diseases 1.22 (1.19-1.26) <0.001 1.16 (1.12-1.20) <0.001 
Education 0.90 (0.86-0.94) <0.001 0.91 (0.87-0.95) <0.001 
Region     

Northern 1  1  
Central 1.27 (1.06-1.52) 0.009 1.17 (0.97-1.40) 0.104 
Eastern 1.44 (1.20-1.73) <0.001 1.27 (1.05-1.54) 0.015 
Southern 1.11 (0.91-1.36) 0.296 0.75 (0.59-0.95) 0.017 
Israel 1.27 (0.93-1.73) 0.135 0.93 (0.65-1.35) 0.721 

Depression     
   No 1  1  
   Yes 1.66 (1.48-1.86) <0.001 1.41 (1.23-1.60) <0.001 
Loneliness     
   No 1  - - 
   Yes 1.45 (1.25-1.68) <0.001 - - 
Cognitive impairment     
Age 1.05 (1.04-1.06) <0.001 1.05 (1.05-1.06) <0.001 
Gender     
   Men 1  1  
   Women 1.05 (0.96-1.15) 0.268 0.94 (0.85-1.04) 0.247 
Chronic diseases 1.10 (1.07-1.13) <0.001 1.05 (1.02-1.08) 0.003 
Education 0.73 (0.70-0.75) <0.001 0.80 (0.77-0.84) <0.001 
Region     

Northern 1  1  
Central 1.58 (1.37-1.82) <0.001 1.61 (1.39-1.87) <0.001 
Eastern 1.44 (1.20-1.73) <0.001 1.36 (1.12-1.65) 0.002 
Southern 4.06 (3.49-4.71) <0.001 3.18 (2.70-3.75) <0.001 

Depression     
   No 1  1  
   Yes 1.55 (1.41-1.71) <0.001 1.31 (1.16-1.47) <0.001 
Loneliness     
   No 1  1  
   Yes 1.53 (1.34-1.75) <0.001 1.26 (1.09-1.46) 0.002 
 
 
 


