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ABSTRACT 

Background: There are currently no studies on visual impairment and sarcopenia. We 

investigated the cross-sectional association between objectively measured far vision 

impairment and sarcopenia in a nationally representative sample of older adults aged 65 years 

and over from six low- and middle-income countries (LMICs). 

Methods: Cross-sectional, community-based data from the Study on Global Ageing and 

Adult Health (SAGE) were analyzed. Far vision acuity was measured using the tumbling E 

LogMAR chart and classified as: no vision impairment (6/12 or better); mild vision 

impairment (6/18 or better but worse than 6/12); moderate vision impairment (6/60 or better 

but worse than 6/18); severe vision impairment (worse than 6/60). Sarcopenia was defined as 

having low skeletal muscle mass and either a slow gait speed or a weak handgrip strength. 

Associations were assessed with multivariable logistic regression. 

Results: 14585 individuals aged ≥65 years were included in the analysis [mean (SD) age 

72.6 (11.5) years; 54.1% females]. After adjustment for multiple potential confounders, 

compared to those with no vision impairment, the OR (95%CI) for sarcopenia in those with 

mild, moderate, and severe vision impairment were 1.10 (0.87-1.40), 1.69 (1.25-2.27), and 

3.38 (1.69-6.77), respectively. The estimates for females and males were similar.  

Conclusions: The odds for sarcopenia increased with increasing severity of far vision 

impairment among older people in LMICs. The mere co-occurrence of these conditions is 

concerning, and it may be prudent to implement interventions to address/prevent sarcopenia 

in those with far vision impairment through the promotion of physical activity and 

appropriate nutrition.   

 

Key words: Sarcopenia; Visual Impairment; Low-and-middle income countries; Older 

adults; Far vision impairment. 
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INTRODUCTION 

Sarcopenia may be categorised as a progressive loss of muscle mass and function and is a 

common physiological change often associated with ageing [1]. A recent review including 35 

articles and 58404 individuals concluded that the overall estimates of global prevalence of 

sarcopenia was 10% (95% Confidence Interval [CI]: 8-12%) in men and 10% (95%CI: 8-

13%) in women [2]. Since sarcopenia is associated with numerous health complications such 

high levels on a global scale is a cause for concern. One umbrella review summarized the 

evidence regarding sarcopenia as a risk factor for unfavourable health outcomes in older 

people, and identified seven conditions that were associated with sarcopenia, and a highly 

suggestive evidence was found for mortality, disability and falls [3]. Moreover, sarcopenia 

has been estimated to represent about 1.5% of total health expenditure in the United States 

[4]. It is clear that interventions to curb the high prevalence of sarcopenia are required.  

 

In order to inform targeted interventions to reduce the prevalence of sarcopenia, correlates of 

this condition need to be identified. Correlates can either be modifiable (e.g., lifestyle 

behaviours) or non-modifiable (e.g., participants demographics). A plethora of literature 

exists on correlates of sarcopenia in older adults, and these include for example clinical 

correlates, nutrition, and physical activity [5-9]. However, one understudied but potential 

correlate of sarcopenia is visual impairment. It is plausible to assume that older adults with 

visual impairment are at higher risk of sarcopenia when compared to normal seeing 

counterparts, owing to several reasons. First, visual impairment is associated with a higher 

risk of overall disability, disease, and mortality per se [10-12]. Next, those with visual 

impairment tend to report lower levels of physical activity [13-15] than those without and 

participation in physical activity is associated with lower levels of sarcopenia [16]. Finally, 
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those with visual impairment are more likely to consume an unhealthy diet [17] and a poor 

diet is also associated with a higher prevalence of sarcopenia [8]. However, to date, there are 

currently no studies on vision impairment and sarcopenia.  

 

Owing to this background, the aim of the present study is to investigate the cross-sectional 

association between objectively measured far vision impairment and objectively measured 

sarcopenia in a large sample of older adults aged 65 years and over from six low-and-middle 

income countries (LMICs). LMICs are an appropriate setting to assess this association as the 

prevalence of visual impairment has been reported to be high [18].  

 

METHODS 

The survey 

Data from the Study on Global Ageing and Adult Health (SAGE) were analyzed. These data 

are publicly available through http://www.who.int/healthinfo/sage/en/. This survey was 

undertaken in China, Ghana, India, Mexico, Russia, and South Africa between 2007 and 

2010. Based on the World Bank classification at the time of the survey, all countries were 

LMICs.  

 

Details of the survey methodology have been published elsewhere [19]. Briefly, in order to 

obtain nationally representative samples, a multistage clustered sampling design method was 

used. The sample consisted of adults aged ≥18 years with oversampling of those aged ≥50 

years. Trained interviewers conducted face-to-face interviews using a standard questionnaire. 

Standard translation procedures were undertaken to ensure comparability between countries. 

The survey response rates were: China 93%; Ghana 81%; India 68%; Mexico 53%; Russia 

http://www.who.int/healthinfo/sage/en/
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83%; and South Africa 75%. The response rates were lowest in Mexico. This was partly due 

to the short time available for field work in this country which did not allow sufficient time 

for multiple re-visits in cases where the respondent was not at home. Sampling weights were 

constructed to adjust for the population structure as reported by the United Nations Statistical 

Division. Ethical approval was obtained from the WHO Ethical Review Committee and local 

ethics research review boards. Written informed consent was obtained from all participants. 

 

Sarcopenia 

Following the criteria used in a previous publication using the same dataset [20], sarcopenia 

was defined as having low skeletal muscle mass (SMM) as reflected by lower skeletal mass 

index (SMI) and either a slow gait speed or a weak handgrip strength [21]. Skeletal muscle 

mass (SMM) was calculated as the appendicular skeletal muscle mass (ASM) based on the 

equation proposed by Lee and colleagues: ASM= 0.244*weight + 7.8*height + 6.6*sex–

0.098*age + race–3.3 [where female=0 and male=1; race=0 (White and Hispanic), race=1.9 

(Black) and race=-1.6 (Asian)] [22]. ASM was further divided by BMI based on measured 

weight and height to create a skeletal muscle mass index (SMI) [23]. Low SMM was defined 

as the lowest quintile of the SMI based on sex-stratified values. Gait speed was based on a 

4m timed walk and was measured by asking the participant to walk at a usual pace. The 

interviewer recorded the time to completion of the 4m walk. Slow gait speed referred to the 

lowest quintile of walking speed based on height, age, and sex-stratified values [24,25]. 

Weak handgrip strength was defined as <30kg for men and <20kg for women using the 

average value of the two handgrip measurements of the dominant hand [26].  

 

Visual impairment 
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Visual acuity was measured using the tumbling E LogMAR chart separately for each eye. 

The interviewer was instructed to check that the vision charts are well lit and to make sure 

that the surface did not reflect glare. Furthermore, the respondent was instructed to use 

glasses or contact lenses if they usually wore them. Based on the WHO criteria, we 

categorized far vision into the following levels of severity: no vision impairment (6/12 or 

better); mild vision impairment (6/18 or better but worse than 6/12); moderate vision 

impairment (6/60 or better but worse than 6/18); severe vision impairment (worse than 6/60). 

 

Control variables 

The selection of the control variables included in this study was based on past literature [27-

29] and included sex, age (years), wealth quintiles based on income, highest level of 

education achieved (primary, secondary, tertiary), smoking (never, past, current), physical 

activity, cognition, obesity, and chronic physical conditions (at least one of angina, arthritis, 

diabetes, or stroke). Moderate-to-vigorous physical activity in min/week was assessed by the  

Global Physical Activity Questionnaire [30]. Cognitive function was assessed with two 

questions: Overall in the last 30 days, how much difficulty did you have (a) with 

concentrating or remembering things? and (b) in learning a new task (for example, learning 

how to get to a new place, learning a new game, learning a new recipe)? Each item was 

scored on a five-point scale: none (score=1), mild (score=2), moderate (score=3), severe 

(score=4), and extreme/cannot do (score=5). Since these answer options were an ordered 

categorical scale, as in previous SAGE studies, we conducted factor analysis with polychoric 

correlations to incorporate the covariance structure of the answers provided for individual 

questions measuring a similar construct [31-32]. The principal component method was used 

for factor extraction, while factor scores were obtained using the regression scoring method. 

These factor scores were later converted to scores ranging from 0-100 to create a cognitive 
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function scale with higher values representing worse cognitive function. A stadiometer and a 

routinely calibrated electronic weighting scale were used to measure height and weight, 

respectively. Obesity was defined as body mass index ≥30kg/m2. Arthritis, diabetes, and 

stroke were based on self-reported lifetime diagnosis. For angina, in addition to a self-

reported diagnosis, a symptom-based diagnosis based on the Rose questionnaire was also 

used [33].  

 

Statistical analysis 

The statistical analysis was performed with Stata 14.1 (Stata Corp LP, College station, 

Texas). The analysis was restricted to those aged ≥65 years as sarcopenia is an age-related 

condition. The difference in sample characteristics by severity of far vision impairment was 

tested by Chi-squared tests and Kruskall Wallis tests for categorical and continuous variables, 

respectively. We conducted multivariable binary logistic regression with far vision 

impairment as the exposure variable and sarcopenia as the outcome. The analysis was 

conducted using the overall sample and sex-stratified samples. We also conducted sex-

stratified analysis as it is indeed possible that the association between sarcopenia and 

objective vision will differ by sex, owing to sex differences within exposure and outcome 

variables. For example, certain eye conditions such as cataract that cause vision impairment 

have been found to be more common in women than men [34]. Furthermore, the prevalance 

of sarcopenia has been reported to be higher in men than women [35]. The regression 

analysis was adjusted for sex, age, wealth, education, smoking, physical activity, cognition, 

obesity, chronic conditions and country with the exception of the sex-stratified analysis 

which was not adjusted for sex. Adjustment for country was done by including dummy 

variables for each country in the model as in previous SAGE publications [36,37]. We also 

conducted sensitivity analysis to assess the robustness of our findings when employing a 



9 

 

different definition of sarcopenia. Specifically, following the definitions based on the 

European Working Group on Sarcopenia in Older People (EWGSOP) 2 [38], we defined 

sarcopenia in three different ways: (a) low handgrip strength only; (b) low handgrip strength 

and low SMM; (c) low handgrip strength, low SMM, and slow gait.  

All variables were included in the models as categorical variables with the exception of age, 

physical activity, and cognition (continuous variables). The sample weighting and the 

complex study design were taken into account in the analyses to generate nationally 

representative estimates. Results from the regression analyses are presented as odds ratios 

(ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at 

P<0.05.  

 

RESULTS 

A total of 14585 individuals aged ≥65 years were included in the analysis (China 5360; 

Ghana 1975; India 2441; Mexico 1375; Russia 1950; South Africa 1484). The sample 

characteristics are provided in Table 1. The mean (SD) age was 72.6 (11.5) years and 54.1% 

were females. The prevalence of sarcopenia was 16.2%, while the prevalence of mild, 

moderate, and severe far vision impairment was 51.8%, 23.1%, 24.3%, and 0.8%, 

respectively. The prevalence of sarcopenia increased with increasing severity of far vision 

impairment in the overall sample and also in sex-stratified samples (Figure 1). For example, 

in the overall sample, while the prevalence of sarcopenia was only 11.8% among those with 

no vision impairment, this figure increased to 47.5% among those with severe vision 

impairment. The association between far vision impairment and sarcopenia estimated by 

multivariable logistic regression is shown in Table 2. In the overall sample, compared to 

those with no vision impairment, the OR (95%CI) for sarcopenia in those with mild, 
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moderate, and severe vision impairment were 1.10 (0.87-1.40), 1.69 (1.25-2.27), and 3.38 

(1.69-6.77), respectively. The estimates for females and males were similar. The results of 

the sensitivity analysis using different definitions for sarcopenia were similar (Table S1 of 

supplementary material). 

 

DISCUSSION 

In this large sample of older adults from six LMICs, after adjustment for multiple potential 

confounders, we found that the odds for sarcopenia increased with increasing severity of far 

vision impairment for the overall sample and for males and females separately. Specifically, 

in the overall sample, the odds for sarcopenia was substantially increased (OR=3.38) in those 

with severe visual impairment (vs. no vision impairment). To the authors knowledge, this is 

the first study to investigate the association between vision impairment and sarcopenia.  

 

Although it is not possible to compare directly our findings with previous literature, as the 

specific association between visual impairment and sarcopenia has not been investigated to 

date, our study results are in line with previous studies which have investigated the 

association between visual impairment and conditions that are related to sarcopenia such as 

low handgrip strength and frailty. For example, in one study carried out in a sample of the US 

population with visual impairment, it was found that those with visual impairment were more 

likely to be prefrail and frail than those without visual impairment [28]. Another study found 

that older adults in England with poor self-rated eyesight have lower levels of physical 

function compared with those with good eyesight [29].  
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The observed association between far vision impairment and sarcopenia may be explained by 

several plausible pathways. As previously mentioned, those with visual impairment tend to 

engage in lower levels of physical activity and have a poorer diet (specifically, low fruit and 

vegetable consumption and low protein intake) than their normal seeing counter parts and 

both physical activity and poor diet are associated with the onset of sarcopenia. Although the 

current study adjusted for physical activity, this variable was only on current levels of 

physical activity and may not reflect physical activity levels during the life course which is 

more likely to be correlated with risk for sarcopenia. Next, it has recently been suggested that 

oxidative stress, chronic inflammation, and mitochondrial dysfunction play important roles in 

age-related muscle atrophy including sarcopenia [39]. Importantly, those with visual 

impairment have higher levels of oxidative stress, particularly older adults [40,41], and some 

visual impairments share common antecedents with chronic inflammation [42]. Moreover, 

mitochondrial dysfunction and mitochondrial disorders have been implicated in the onset of 

visual impairment [43,44]. It is important to highlight the finding that the more severe the 

visual impairment the greater the risk of sarcopenia, demonstrating biological gradient. It is 

likely that more severe visual impairment results in a higher exposure to the above discussed 

risk factors and thus greater risk of sarcopenia. For example, literature has shown that those 

with the severest forms of vision impairment exhibit the lowest levels of physical activity 

[45]. 

 

The present study has clear strengths that include the use of large nationally representative 

datasets. However, it is important to highlight the limitations of the present work. First, this 

study is cross-sectional in nature. Therefore, causality of temporal associations cannot be 

established. Second, six LMICs with large populations were included, however, the present 

work is not representative of all LMICs. Third, ASM was based on a population equation that 
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has been validated against gold standard methods such as magnetic resonance imaging and 

dual-energy X-ray absorptiometry in diverse populations, and concordance rates have been 

reported to be good [22,46]. As these gold standard methods are costly, they would be 

impractical for population-based surveys, especially from LMICs. Nevertheless, direct 

estimates would had yielded results that are more accurate. In addition, the measurement of 

visual acuity was conducted at the participant’s home. Although the interviewer was 

instructed to check that the vision charts are well lit, it is possible that the level of 

illumination differed by household and this could have led to some level of misclassification. 

Next, our measure on physical activity was based on self-report and only reflected current 

levels of physical activity and this may have introduced bias in the analysis. Future studies 

should consider use of data on past patterns of physical activity and objectively measured 

levels of physical activity. Furthermore, we did not have data on nutritional status and/or 

food intake, and thus, the influence of these factors on the association between vision 

impairment and sarcopenia could not be assessed. Finally, participants in nursing homes or 

other institutions, who may be at higher risk for sarcopenia and visual impairment, were not 

included in our study. Thus, our study results may not be generalizable to the entire 

population. 

 

In conclusion, in this large sample of older adults from six LMICs, it was found that the odds 

for sarcopenia increased with increasing severity of far vision impairment for the overall 

sample, and for males and females separately. Before concrete recommendations can be 

made for policy and practice, future longitudinal and intervention studies are needed to 

understand the mechanism that underlies the association between vision impairment and 

sarcopenia, and to assess whether addressing visual impairment can lead to lower risk of 

future development of sarcopenia. However, the mere co-occurrence of these conditions 
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observed in our study is concerning as both of these conditions are associated with a myriad 

of adverse health outcomes. Thus, it may be prudent to implement interventions to 

address/prevent sarcopenia in those with visual impairment possibly through the promotion 

of physical activity and appropriate nutrition.   

REFERENCES 

1. Rosenberg IH (1997) Sarcopenia: origins and clinical relevance. J Nutr 127(5):990S-

991S. 

2. Shafiee G, Keshtkar A, Soltani A, Ahadi Z, Larijani B, Heshmat R (2017) Prevalence 

of sarcopenia in the world: a systematic review and meta-analysis of general 

population studies. J Diabetes Metab Disord 16(1):21.  

3. Veronese N, Demurtas J, Soysal P et al (2019) Sarcopenia and health-related 

outcomes: An umbrella review of observational studies. Eur Geriatr Med 10:853–862. 

4. Beaudart C, Rizzoli R, Bruyère O, Reginster JY, Biver E (2014) Sarcopenia: burden 

and challenges for public health. Arch Public Health 72(1):45. 

5. Volpato S, Bianchi L, Cherubini A et al (2014) Prevalence and clinical correlates of 

sarcopenia in community-dwelling older people: application of the EWGSOP 

definition and diagnostic algorithm. J Gerontol A Biol Sci Med Sci 69(4):438-446. 

6. Lima DP, de Almeida SB, Bonfadini JDC et al (2020) Clinical correlates of 

sarcopenia and falls in Parkinson’s disease. Plos one 15(3):e0227238. 

7. Trajanoska K, Schoufour JD, Darweesh SK et al (2018) Sarcopenia and its clinical 

correlates in the general population: the Rotterdam study. J Bone Miner Res 

33(7):1209-1218. 

8. Granic A, Sayer AA, Robinson SM (2019) Dietary patterns, skeletal muscle health, 

and sarcopenia in older adults. Nutrients 11(4):745. 



14 

 

9. Mijnarends DM, Koster A, Schols JM et al (2016) Physical activity and incidence of 

sarcopenia: the population-based AGES—Reykjavik Study. Age Ageing 45(5):614-

620. 

10. Rubin GS, Roche KB, Prasada-Rao P, Fried LP (1994) Visual impairment and 

disability in older adults. Optometry Vision Sci. 71(12):750-760. 

11. Rudberg MA, Furner SE, Dunn JE, Cassel CK (1993) The relationship of visual and 

hearing impairments to disability: an analysis using the longitudinal study of aging. J. 

Gerontol. 48(6):M261-M265. 

12. Siersma V, Køster-Rasmussen R, Bruun C, de Fine Olivarius N, Brunes A (2019) 

Visual impairment and mortality in patients with type 2 diabetes. BMJ Open Diabetes 

Res. Care 7(1):e000638. 

13. López-Sánchez GF, Grabovac I, Pizzol D, Yang L, Smith, L (2019) The association 

between difficulty seeing and physical activity among 17,777 adults residing in 

Spain. Int. J. Environ. Res. Public Health 16(21):4267. 

14. Smith L, Timmis MA, Pardhan S, Latham K, Johnstone J, Hamer M (2016) Physical 

inactivity in relation to self-rated eyesight: cross-sectional analysis from the English 

Longitudinal Study of Ageing. BMJ open ophthalmology 1:e000046. 

15. Smith L, Jackson SE, Pardhan S et al (2019) Visual impairment and objectively 

measured physical activity and sedentary behaviour in US adolescents and adults: a 

cross-sectional study. BMJ open 9(4):e027267. 

16. Steffl M, Bohannon RW, Sontakova L, Tufano JJ, Shiells K, Holmerova I (2017) 

Relationship between sarcopenia and physical activity in older people: a systematic 

review and meta-analysis. Clin Interv Aging 12:835-845. 



15 

 

17. Hong T, Flood V, Rochtchina E, Mitchell P, Russell J, Wang JJ (2014) Adherence to 

dietary guidelines and the 10-year cumulative incidence of visual impairment: the 

Blue Mountains Eye Study. Am. J. Ophthalmol. 158(2):302-308. 

18. Freeman EE, Roy-Gagnon MH, Samson E, Haddad S, Aubin MJ, Vela C, Zunzunegui 

MV (2013) The global burden of visual difficulty in low, middle, and high income 

countries. PloS one 8(5):e63315. 

19. Kowal P, Chatterji S, Naidoo N et al (2012) Data resource profile: the World Health 

Organization Study on global AGEing and adult health (SAGE). Int. J. Epidemiol. 

41(6):1639-1649. 

20. Tyrovolas S, Koyanagi A, Olaya B et al (2016) Factors associated with skeletal 

muscle mass, sarcopenia, and sarcopenic obesity in older adults: a multi-continent 

study. J Cachexia Sarcopenia Muscle 7(3):312-321.  

21. Dam TT, Peters KW, Fragala M et al (2014) An evidence-based comparison of 

operational criteria for the presence of sarcopenia. J Gerontol A Biol Sci Med Sci 

69(5):584-590.  

22. Lee RC, Wang Z, Heo M, Ross R, Janssen I, Heymsfield SB (2000) Total-body 

skeletal muscle mass: development and cross-validation of anthropometric prediction 

models. Am J Clin Nutr 72(3):796-803.  

23. Studenski SA, Peters KW, Alley DE et al (2014) The FNIH sarcopenia project: 

rationale, study description, conference recommendations, and final estimates. J 

Gerontol A Biol Sci Med Sci 69(5):547-558.  

24. Tyrovolas S, Koyanagi A, Olaya B et al (2015) The role of muscle mass and body fat 

on disability among older adults: A cross-national analysis. Exp. Gerontol 69:27-35.  



16 

 

25. Capistrant BD, Glymour MM, Berkman LF (2014) Assessing mobility difficulties for 

cross-national comparisons: results from the world health organization study on 

global ageing and adult health. J Am Geriatr Soc 62(2):329-335.  

26. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010) Sarcopenia: European consensus 

on definition and diagnosis: Report of the European Working Group on Sarcopenia in 

Older People. Age Ageing 39(4):412-423.  

27. Varadaraj V, Lee MJ, Tian J, Ramulu PY, Bandeen-Roche K, Swenor BK (2019) 

Near Vision Impairment and Frailty: Evidence of an Association. Am J Ophthalmol 

208:234-241.  

28. Swenor BK, Lee MJ, Tian J, Varadaraj V, Bandeen-Roche K (2020) Visual 

Impairment and Frailty: Examining an Understudied Relationship. J Gerontol A Biol 

Sci Med Sci 75(3):596-602.  

29. Smith L, Allen P, Pardhan S et al (2020) Self-rated eyesight and handgrip strength in 

older adults. Wien Klin Wochenschr 132(5-6):132-138.  

30. Bull FC, Maslin TS, Armstrong T (2009) Global physical activity questionnaire 

(GPAQ): nine country reliability and validity study. J Phys Activ Health 6(6):790-

804.  

31. Vancampfort D, Stubbs B, Herring MP, Hallgren M, Koyanagi A (2018) Sedentary 

behavior and anxiety: association and influential factors among 42,469 community-

dwelling adults in six low-and middle-income countries. Gen Hosp Psychiatry 50:26-

32. 

32. Stubbs B, Vancampfort D, Firth J, et al (2018) Relationship between sedentary 

behavior and depression: A mediation analysis of influential factors across the 

lifespan among 42,469 people in low-and middle-income countries. J Affect Disord 

229:231-238. 



17 

 

33. Rose GA (1962) The diagnosis of ischaemic heart pain and intermittent claudication 

in field surveys. Bull World Health Organ 27:645-658.  

34. Zetterberg M, Celojevic D (2015) Gender and cataract--the role of estrogen. Curr Eye 

Res 40(2):176-190.  

35. Du Y, Wang X, Xie H, et al (2019) Sex differences in the prevalence and adverse 

outcomes of sarcopenia and sarcopenic obesity in community dwelling elderly in East 

China using the AWGS criteria. BMC Endocr Disord 19:109.  

36. Koyanagi A, Oh H, Vancampfort D et al (2019) Perceived Stress and Mild Cognitive 

Impairment among 32,715 Community-Dwelling Older Adults across Six Low- and 

Middle-Income Countries. Gerontology 65(2):155–163. 

37. Koyanagi A, Lara E, Stubbs B et al (2018) Chronic Physical Conditions, 

Multimorbidity, and Mild Cognitive Impairment in Low- and Middle-Income 

Countries. J Am Geriatr Soc 66(4):721-727.  

38. Cruz-Jentoft AJ, Bahat G, Bauer J, et al (2019) Sarcopenia: revised European 

consensus on definition and diagnosis. Age Ageing 48(1):16-31.  

39. Carter CS, Hofer T, Seo AY, Leeuwenburgh C (2007) Molecular mechanisms of life-

and health-span extension: role of calorie restriction and exercise intervention. Appl 

Physiol Nutr Metab 32(5):954-966. 

40. Masuda T, Shimazawa M, Hara H (2017) Retinal diseases associated with oxidative 

stress and the effects of a free radical scavenger (Edaravone). Oxid Med Cell Longev 

9208489. 

41. Pinazo-Durán MD, Gallego-Pinazo R, García-Medina JJ et al (2014) Oxidative stress 

and its downstream signaling in aging eyes. Clin Interv Aging 9:637-652. 



18 

 

42. Cugati S, Cumming RG, Smith W, Burlutsky G, Mitchell P, Wang JJ (2007) Visual 

impairment, age-related macular degeneration, cataract, and long-term mortality: the 

Blue Mountains Eye Study. Arch Ophthalmol 125(7):917-924. 

43. Kong GY, Van Bergen NJ, Trounce IA, Crowston JG (2009) Mitochondrial 

dysfunction and glaucoma. J Glaucoma 18(2):93-100. 

44. Schrier SA, Falk MJ (2011) Mitochondrial disorders and the eye. Curr Opin 

Ophthalmol 22(5):325-331. 

45. Jones GC, Crews JE, Danielson ML (2010) Health risk profile for older adults with 

blindness: an application of the International Classification of Functioning, Disability, 

and Health framework. Ophthalmic Epidemiol 17(6):400-410.  

46. Rech CR, Dellagrana RA, Marucci MDFN, Petroski EL (2012) Validity of 

anthropometric equations for the estimation of muscle mass in elderly. Rev. Bras. de 

Cineantropometria e Desempenho Hum 14(1):23-31. 

 

TABLES AND FIGURES



19 

 

Table 1 Sample characteristics (overall and by severity of far vision impairment) 

      Far vision impairment  

Characteristic   Overall None Mild Moderate Severe P-valuea 

Sarcopenia No 83.8 88.2 84.6 74.9 52.5 <0.001 

 Yes 16.2 11.8 15.4 25.1 47.5  

Sex Male 45.9 49.0 44.2 41.3 38.6 0.001 

 Female 54.1 51.0 55.8 58.7 61.4  

Age (years) Mean (SD) 72.6 (11.5) 71.1 (10.6) 72.8 (11.6) 74.1 (11.7) 77.0 (11.8) <0.001 

Wealth Poorest 22.1 19.6 22.0 26.5 50.0 <0.001 

 Poorer 21.4 21.6 20.8 21.5 23.5  

 Middle 20.0 18.5 19.1 24.1 9.7  

 Richer 17.6 18.7 19.2 14.2 6.9  

 Richest 18.9 21.6 18.9 13.7 9.9  

Education Primary 66.3 62.4 68.1 71.5 98.2 0.004 

 Secondary 28.3 30.7 26.6 25.8 1.5  

 Tertiary 5.4 6.8 5.3 2.7 0.3  

Smoking Never 61.2 60.3 62.7 61.4 68.6 0.090 
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 Current 30.7 30.7 29.4 32.1 17.8  

 Past 8.2 8.9 7.9 6.6 13.7  

Physical activityb Median (IQR) 390 (40-1080) 420 (70-1200) 360 (30-980) 315 (0-960) 90 (0-630) <0.001 

Cognitionc Median (IQR) 41 (20-60) 41 (0-58) 41 (20-60) 50 (31-60) 50 (41-60) <0.001 

Obesity No 90.6 90.2 89.4 92.2 98.8 0.046 

 Yes 9.4 9.8 10.6 7.8 1.2  

Chronic condition No 53.5 55.6 53.4 48.8 62.2 0.049 

  Yes 46.5 44.4 46.6 51.2 37.8  

Abbreviation: SD Standard deviation; IQR Interquartile range 

Data are % unless otherwise stated. 

a P-value was calculated by Chi-squared test and Kruskal Wallis tests for categorical and continuous variables, respectively. 

b Physical activity referred to moderate-to-vigorous physical activity in min/week. 

c Cognition was a score ranging from 0-100 with higher scores corresponding to worse cognitive function. 
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Table 2 Association of far vision impairment and covariates with sarcopenia estimated by multivariable logistic regression 

    Overall   Female   Male   

Characteristic   OR 95%CI OR 95%CI OR 95%CI 

Visual impairment None 1.00  1.00  1.00  

 Mild 1.10 [0.87,1.40] 1.04 [0.72,1.49] 1.27 [0.90,1.79] 

 Moderate 1.69*** [1.25,2.27] 1.75* [1.09,2.82] 1.74* [1.12,2.70] 

 Severe 3.38*** [1.69,6.77] 3.87** [1.70,8.84] 3.17* [1.26,7.97] 

Sex Male 1.00      

 Female 0.86 [0.68,1.08]     

Age (years) 1.12*** [1.10,1.14] 1.14*** [1.11,1.17] 1.09*** [1.07,1.12] 

Wealth Poorest 1.00  1.00  1.00  

 Poorer 0.68** [0.51,0.90] 0.63 [0.38,1.02] 0.84 [0.54,1.29] 

 Middle 0.62** [0.44,0.89] 0.68 [0.42,1.11] 0.67 [0.43,1.05] 

 Richer 0.59** [0.43,0.82] 0.51** [0.33,0.81] 0.78 [0.48,1.26] 

 Richest 0.43*** [0.29,0.62] 0.39** [0.20,0.75] 0.53** [0.33,0.85] 

Education Primary or less 1.00  1.00  1.00  

 Secondary 0.86 [0.64,1.17] 0.94 [0.58,1.51] 0.70* [0.50,0.98] 

 Tertiary 0.70 [0.43,1.14] 0.57 [0.21,1.53] 0.56 [0.31,1.01] 
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Smoking Never 1.00  1.00  1.00  

 Current 0.92 [0.69,1.21] 1.20 [0.73,1.97] 0.76 [0.54,1.05] 

 Past 1.19 [0.83,1.72] 0.77 [0.38,1.59] 1.20 [0.79,1.81] 

Moderate-to-vigorous physical activity (min/week) 1.00 [1.00,1.00] 1.00 [1.00,1.00] 1.00 [1.00,1.00] 

Cognitiona  1.01** [1.00,1.01] 1.01*** [1.01,1.02] 1.00 [0.99,1.01] 

Obesity None 1.00  1.00  1.00  

 Yes 2.75*** [1.90,4.00] 1.44 [0.85,2.42] 10.89*** [5.51,21.53] 

Chronic conditions None 1.00  1.00  1.00  

  Yes 1.10 [0.87,1.38] 1.01 [0.75,1.36] 1.23 [0.92,1.66] 

Abbreviation: OR Odds ratio: CI Confidence interval 

Models are mutually adjusted for all variables in the respective columns and country. 

a Cognition was a score ranging from 0-100 with higher scores corresponding to worse cognitive function. 

* p<0.05, ** p<0.01, *** p<0.001 
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Figure 1 Prevalence of sarcopenia by severity of far vision impairment 
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APPENDIX 

 Table S1 Association of far vision impairment with different definitions of sarcopenia estimated by multivariable logistic regression 

    Overall   Female   Male   

Sarcopenia Visual impairment OR 95%CI OR 95%CI OR 95%CI 

Weak handgrip None 1.00  1.00  1.00  

 Mild 1.25* [1.04,1.51] 1.13 [0.88,1.47] 1.44** [1.14,1.82] 

 Moderate 1.70*** [1.28,2.25] 1.51** [1.12,2.04] 2.05** [1.28,3.27] 

 Severe 3.98*** [1.75,9.02] 6.33*** [2.14,18.71] 2.42 [0.83,7.03] 

Weak handgrip+low SMM None 1.00  1.00  1.00  

 Mild 1.17 [0.91,1.50] 1.11 [0.76,1.61] 1.31 [0.91,1.88] 

 Moderate 1.62*** [1.22,2.14] 1.59* [1.03,2.46] 1.76* [1.13,2.75] 

 Severe 3.81*** [1.88,7.73] 3.98** [1.65,9.62] 3.87** [1.56,9.60] 

Weak handgrip+low SMM+slow gait None 1.00  1.00  1.00  

 Mild 1.85** [1.25,2.73] 1.66 [0.87,3.18] 2.13* [1.18,3.86] 

 Moderate 3.26*** [1.78,5.99] 2.79* [1.27,6.15] 3.85*** [1.93,7.68] 

  Severe 7.11** [2.14,23.64] 2.51 [0.61,10.30] 22.61*** [4.42,115.51] 
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Abbreviation: OR Odds ratio: CI Confidence interval; SMM Skeletal muscle mass 

Models are adjusted for age, wealth, education, smoking, physical activity, obesity, chronic conditions, and country. Overall analysis is additionally adjusted for sex. 

* p<0.05, ** p<0.01, *** p<0.001 
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