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Abstract

Purpose

Managing stairs is a challenging aspect of daily activities of living for older people. We

assessed whether older adults with visual impairment (VI) have greater difficulties of man-

aging stairs in daily lives.

Methods

The study was designed as a community-based cross-sectional study based on a Chinese

cohort aged 60 years and older in rural China. Visual acuity (VA) was measured in both

eyes using a retro-illuminated Snellen chart with tumbling-E optotypes. VI (including blind-

ness) was defined as presenting VA of worse than 20/60 in either eye. Having any difficul-

ties in managing stairs was self-reported based on a question drawn from the Barthel Index.

Information on participants’ socioeconomic status, lifestyle-related factors, diseases histo-

ries and medication intake was collected using a questionnaire.

Results

The Barthel Index, Activities of Daily Living questionnaire was completed by 4597 (99.7%)

participants including 2218 men and 2379 women. The age of the participants ranged from

60 to 93 years with a mean of 67.6 ± 6.3 years. In age and gender adjusted models, adults

with VI had a higher likelihood of having difficulties in managing stairs (odds ratio [OR] =

2.7; 95% confidence interval [CI] 2.0, 3.7) compared with those without. The association of

VI with the likelihood of having difficulties in managing stairs was stronger in older adults

who lived alone (OR = 3.2; 95%CI 1.8, 4.5) compared with those who lived with other family

members (OR = 2.0; 95%CI 1.3, 4.3). Compared with hypertension, diabetes, obesity and

cognitive dysfunction, VI had the greatest impact on people's abilities of managing stairs.
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Conclusion

VI was associated with an increased likelihood of having difficulties in managing stairs,

especially in those who lived alone. However, whether the finding could be extrapolated to

other populations warrants further studies as different environmental exposures such as illu-

mination and types of stairs may alter the association observed in this study.

Introduction
Visual impairment (VI) is one of the most devastating disabilities throughout the world. It was
estimated that 285 million people are visually impaired worldwide.[1] The absolute number of
visually impaired people is still increasing, which is driven by population aging, longer life
expectancy and increasing burden of chronic systemic diseases such as diabetes and hyperten-
sion.[2] Although nowadays vision screening outreach and eye care programs have become
increasingly widespread in both developed and developing countries, quite a few people with
VI remain undiagnosed and untreated.[3] VI is intimately associated with functional limita-
tions[4], falls[5], depressive symptoms[6], cognitive dysfunction[7], worse health-related qual-
ity of life[8] and increased risk of mortality[9, 10]. Visual impairment and its consequence are
responsible for consuming a huge share of healthcare costs and impose heavy socioeconomic
burden on the individuals, communities and countries. It was reported that VI costs the world
an estimated 2.3 trillion dollars annually.[3] In mainland of China, the prevalence of VI varies
significantly by geographic regions. The prevalence of VI was estimated to be 3.6% in East
China, 3.6% in Central China and 5.2% in Western China while the prevalence of blindness
was 1.4% in East China, and 1.4% in Central China and 2.5% in Western China.[11]

VI has been linked with restricted daily activities. Managing stairs is a challenging aspect of
daily activities of living among older adults. It was reported that climbing up and down stairs
has been rated as one of the top five tasks which are difficult to perform for older people in
daily lives.[12] Literature from developed countries has shown that older people with chronic
conditions and without partners have greater difficulties in managing stairs.[13] The impact of
VI on people’s ability of managing stairs remains unclear and needs to be assessed.

In this study, we assessed the impact of VI on the likelihood of having difficulties in manag-
ing stairs in a group of older Chinese people living in a rural community. In addition, we also
compared the impact of VI on the ability of managing stairs with that of other common comor-
bidities among the older adults including hypertension, diabetes, obesity and cognitive dys-
function in this cohort.

Materials and Methods

Study population
TheWeitang Geriatric Diseases study was a community-based survey conducted in the Wei-
tang town located in Suzhou in eastern China in 2014. The aim of the study was to estimate the
patterns, predictors and burden of common health outcomes of older people aged 60 years or
older in this area. Based on official records, 6,030 people aged 60 years and older resided in the
town. Before the study, an invitation letter was sent to each family and the nature of the study
was explained in the letter. All the adults aged 60 years or older in the town were invited to par-
ticipate in this study. An adult was considered “ineligible” to participate in this study if he or
she had moved from the residing address, had not been living there for more than 6 months, or
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was deceased. Of the 6,030 names listed in the official records, 5,613 subjects were considered
to be “eligible” to participate in this study. In the end of the study, 4,611 older adults (82.1%)
participated in this study. Compared with non-responders, responders of this study were youn-
ger (P = 0.01) but there were no gender differences (P = 0.52).

The Weitang Geriatric Diseases study was conducted following the tenets of the Helsinki
Declaration and was approved by the Institutional Review Board of Soochow University. All
participants gave written informed consent at the recruitment stage of the study.

Measurement of difficulties in managing stairs
Having any difficulties in managing stairs was self-reported based on a question in the Barthel
Index, Activities of Daily Living (ADL)[14, 15] which asked “do you need help in climbing
stairs”. Responses for this question included “unable”, “need help” or “independent”. Adults
whose answer was “unable” or “need help” were categorized as “having difficulties in managing
stairs” while those whose answer was “independent” were defined as “having no difficulties in
managing stairs”.

Measurement of visual impairment
Participants underwent comprehensive eye examinations including auto-refraction, slit-lamp
examination and fundus photography. Visual acuity (VA) was measured in both eyes by
trained research optometrists using a retro-illuminated Snellen chart with tumbling-E opto-
types (Precision Vision, La Salle, IL, USA) at a distance of 4 m. A line was regarded as com-
pleted with at least 4 out of 5 optotypes were identified clearly. The presenting visual acuity
(PVA) was recorded with the participant wearing his or her habitual optical correction such as
spectacles or contact lenses, if any. Best-corrected visual acuity was measured after correcting
any refractive errors. If no number on the chart could be read at 4 m, the participant was
moved to 3, 2, or 1 m, consecutively. If no number could be read at all, VA was examined as
counting fingers, hand movements, perception of light, or no perception of light. VI (including
blindness) was defined as PVA of worse than 20/60 in either eye. This definition was different
from the World Health Organization definition.

Assessment of covariates
A risk factor questionnaire collecting information regarding study participants’ socioeconomic
status (e.g. education, occupation, monthly income), lifestyle-related factors (e.g. smoking,
alcohol intake, tea consumption, sleeping hours), diseases histories and medication intake was
administered by trained research assistants. Each participant’s height was measured in centi-
meters using a wall-mounted measuring tape, after removing shoes while weight was measured
in kilograms using a digital scale, after removing heavy clothing. Systolic, diastolic blood pres-
sure and pulse rate were measured using an automated blood pressure monitor, following the
protocol used in the Multi-Ethnic Study of Atherosclerosis.[16] Body mass index (BMI) was
calculated as the weight in kilograms divided by the square of the height in meters and obesity
was defined as BMI of�28 kg/m2 (Chinese adult population standard).[17] Diabetes mellitus
was defined as fasting glucose levels of more than 7.0 mmol/L or physician diagnosis of diabe-
tes and use of diabetic medications.[18] Hypertension was defined as systolic blood pressure of
140mmHg or more or diastolic blood pressure of 90mmHg or more, physician diagnosis of
hypertension, or use of antihypertensive medications.[19] The Abbreviated Mental Test
(AMT) was used to assess participants’ general cognitive function including orientation,
semantic knowledge, episodic memory, delayed recall, picture naming, and attention. The pres-
ence of cognitive dysfunction was defined as an AMT score of 6 or less out of 10 for those with
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0 to 6 years of formal education and an AMT score of 8 or less out of 10 for those with more
than 6 years of formal education.[20]

Statistical analysis
Binary logistic regression models were established to estimate the associations between VI
including both unilateral and bilateral VI and the presence of having any difficulties in manag-
ing stairs. The effect estimate of odds ratio (OR) and its relative 95% confidence interval (CI)
were calculated. For multivariate analysis, three models were constructed. Model 1 was the ref-
erence model which adjusted for age and gender only. Model 2 and 3 additionally adjusted for
other potential confounders and were grouped as follows: Model 2: age, gender and socioeco-
nomic status (education, income, and living alone or not); Model 3: variables in Model 2 plus
lifestyle-related exposures (smoking, alcohol intake, tea consumption, and sleeping hours per
day). Interaction effects (different combination of the variables) between VI and other risk fac-
tors on the likelihood of having any difficulties in managing stairs were determined using a
likelihood ratio test. The effect of other comorbidities such as hypertension, diabetes, obesity
and cognitive dysfunction were analyzed in the same way and the effect estimates of these
comorbidities were compared with that of VI. All probabilities quoted were considered statisti-
cally significant if a P value was less than 0.05 and all data analyses were performed using SPSS
(PASW Statistics 18, SPSS Inc, Chicago, IL).

Results
Of the 4,611 older adults who participated in this study, the Barthel Index, Activities of Daily
Living questionnaire was completed by 4,597 (99.7%) participants. Among the 4,597 partici-
pants, 4,351 (95.0%) reported that they could manage stairs independently, 205 (4.5%)
reported that they need help when managing stairs while only 23 (0.5%) responded that they
could not manage stairs. Therefore, 228 adults were categorized as “having difficulties in man-
aging stairs” and the other 4,351 were categorized as “having no difficulties in managing stairs”.
Table 1 summarized the characteristics of the study participants with and without any difficul-
ties in managing stairs. In this study, older adults with any difficulties in managing stairs were
more likely to be older (P<0.001), female (P = 0.001), have lower AMT scores (P<0.001), live
alone (P<0.001) and have higher prevalence of hypertension (P = 0.001) and diabetes
(P = 0.06) compared with those without. Meanwhile, they had less monthly income (P<0.001),
were less educated (P<0.001), were less likely to smoke (P<0.001), drink alcohol (P<0.001) or
tea (P<0.001), and slept for more hours per day (P<0.001).

Table 2 demonstrates the association of VI with the likelihood of having any difficulties in
managing stairs in this cohort. In age and gender adjusted models, adults with VI had a higher
likelihood of having difficulties in managing stairs (OR = 2.7; 95% CI 2.0, 3.7) compared with
those without (Model 1). The magnitude of association reduced when other potential con-
founders including socioeconomic status and lifestyle-related exposures were additionally
adjusted but remained statistically significant (Model 2 and 3). The associations were also sig-
nificant when bilateral VI (VI in both eyes) and unilateral VI (VI only in one eye) was analyzed
separately. Although people with bilateral VI seem to have greater difficulties in managing
stairs compared those with unilateral VI, the difference did not reach statistical significance
(P>0.05).

A significant joint effect of living arrangement with VI on the likelihood of having any diffi-
culties in managing chairs was detected using a likelihood ratio test (P for interaction = 0.04).
Further stratified analysis indicated the association of VI with the likelihood of having difficul-
ties in managing stairs was stronger in older adults who lived alone (OR = 3.2; 95%CI 1.8, 4.5)
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compared with those who lived with other family members such as partners or kids (OR = 2.0;
95%CI 1.3, 4.3) in multivariate analysis.

We also compared the effect estimates of five common comorbidities including VI, hyper-
tension, diabetes, obesity and cognitive dysfunction on the likelihood of having difficulties in
managing stairs in this cohort. To facilitate comparison, we adjusted age and gender only in all
the models. The OR was 1.5 (95% CI 1.1, 2.5) for hypertension, 1.1 (95% CI 0.95, 2.9) for diabe-
tes, 1.2 (95% 0.85, 3.3) for obesity, and 2.2 (95% CI 1.2, 4.6) for cognitive dysfunction, respec-
tively. Thus, VI had the greatest impact on people’s abilities of managing stairs among the five
common comorbidities in older adults.

Discussion
In this community-based survey of older Chinese aged 60 year or older, we reported that VI
was associated with an increased likelihood of having difficulties in managing stairs and this
association was independent of age, gender, socioeconomic status and lifestyle-related

Table 1. Characteristics of people with and without difficulties in managing stairs.

With difficulties in managing stairs
(n = 228)

Without difficulties in managing stairs
(n = 4351)

P
value*

Age (years) 74.0 (7.6) 67.3 (6.1) <0.001

Female gender 144 (63.2) 2235 (51.4) 0.001

Individual monthly income less than 1000
Yuan

185 (81.1) 2437 (56.0) <0.001

No formal education 151 (66.2) 2035 (46.8) <0.001

Living alone 41 (18.0) 378 (8.7) <0.001

Obesity 23 (10.1) 594 (13.7) 0.02

Hypertension 157 (68.9) 2618 (60.2) 0.001

Diabetes 24 (10.5) 313 (7.2) 0.06

Abbreviated Mental Test scores 7.8 (1.9) 8.7 (1.6) <0.001

Ever smoked 48 (21.1) 1524 (35.0) <0.001

Alcohol intake within the past 3 month 25 (11.0) 1010 (23.2) <0.001

Drinking tea for at least one year 53 (23.2) 1518 (34.9) <0.001

Sleeping hours per day (hours) 9.5 (1.6) 8.7 (1.4) <0.001

Data presented are means (standard deviations) or number (%), as appropriate for variable.

*P value, comparing the differences between people with and without difficulties in managing stairs, based on chi-square test or t test, as appropriate.

doi:10.1371/journal.pone.0142516.t001

Table 2. Relationship of visual impairment (VI) with the likelihood of having difficulties in managing stairs.

Model 1 Model 2 Model 3

OR 95%CI P OR 95%CI P OR 95%CI P

With VI vs. without VI 2.7 2.0,3.7 <0.001 2.3 1.5,3.2 <0.001 2.2 1.4,3.3 <0.001

With unilateral VI vs. without VI 2.4 1.6,3.4 <0.001 1.9 1.2, 3.0 0.003 1.9 1.2, 3.2 0.01

With bilateral VI vs. without VI 3.5 2.3,5.3 <0.001 3.2 2.0, 5.2 <0.001 2.9 1.7, 5.0 <0.001

With bilateral VI vs. with unilateral VI 1.5 0.9,2.5 0.11 1.3 0.8, 2.4 0.35 1.2 0.7, 2.6 0.38

OR = odds ratio; CI = confidence interval. Factors adjusted for in each model: Model 1: age and gender; Model 2: age, gender, educational level; monthly

income, and living alone or not; Model 3: age, gender, educational level; monthly income, living alone or not, smoking, alcohol intake, tea consumption,

and sleeping hours per day

doi:10.1371/journal.pone.0142516.t002
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parameters. The magnitude of association was even stronger in those who lived alone com-
pared with those who lived with family members. Compared with other common chronic
comorbidities, VI had a greater impact on people’s ability of managing stairs. Our study indi-
cated that proper treatment on VI and counselling on visual rehabilitation should be integrated
into health care services for older adults.

Managing stairs is a common activity in daily lives, especially in rural areas where electronic
elevators are not always available. Compared with mobility on level surface, managing stairs is
much more challenging for older people. Fall on stairs is a common cause of injuries and death
among older adults. Previous studies have shown that VI could significantly increase the risk of
falls[5, 21–23] and was positively associated with the risk fracture[23, 24] among older adults.
Although there is clear evidence suggesting that older adults with VI have a higher risk of fall,
only a limited number of studies have investigated the difficulties of managing stairs in elder
adults associated with visual impairment. To the best of our knowledge, only one study con-
ducted in Malaysia have focused on this topic (n = 907).[25] Our study had a much larger sam-
ple size and highlighted the importance of vision when managing stairs among older adults
living alone and those living with others. Dysfunction in vision could have a directly impact on
the ability of managing stairs among older adults. This is simply because persons with VI could
not see clearly when climbing up and down stairs. On the other way, vision-threatening eye
diseases such as cataract may reflect systemic health and ageing of the whole body[10], which
may be associated with a greater likelihood of reporting mobility difficulty and greater risk of
developing mobility disability. In the stratified analysis, the influence of VI on visual
impairment varied with living arrangements. More specifically, the detrimental effect of VI was
stronger in people living alone. A possible explanation for this interaction effect may be that
individuals who live alone had experienced greater difficulties and economic pressure that kept
them away from general health and eye care services, and ultimately they were more vulnerable
to VI compared with the ones living with other family members.

Some important public health implications of our study should be noted. Disability of man-
aging stairs among older adults may result in fracture and increase the risk of mortality. With
rapid progress of urbanization in China during the past few decades, many younger people
migrated from rural countries to unban cities to make a living, leaving their parents alone at
home. Our study now showed that many of these visually impaired older people who live alone
were unable to manage stairs on their own. Efforts and resources could be channeled towards
the correction of VI such as cataract surgery and vision rehabilitation such as counselling and
low vision clinical services. Low-cost, safe, and easy-to-operate approaches targeting the pre-
vention of VI are also needed. In addition, VI results from age-related eye diseases such as
aged-related cataract, age-related macular degeneration, diabetic retinopathy and glaucoma.
[26–33] Considering that these vision-threatening eye diseases are closely linked with system-
atic chronic diseases such as hypertension and diabetes, controlling blood pressure and glucose
in older people living alone should not be neglected.

Although this study had several strengths, including a large and representative sample and
the using of a standardized protocol to measure VA, there were still some limitations, which
need to be acknowledged. The determination of whether people had difficulties in managing
chairs relied on a simple question drawn from the Barthel Index. Polite studies were not per-
formed and its validity in evaluating managing stairs using one single question from the Barthel
Index remains uncertain. In practice, stairs may differ in their designs and are present in differ-
ent environments. Such detailed information was not captured in our studies. In addition,
although we had adjusted for a wide range of confounders including socioeconomic variables
and lifestyle-related factors in multivariate analyses, residual confounding may still exist,
which might have biased the results. For example, some important risk factors related to
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managing stairs including mobility and history of stroke were not captured in this study and
thus were not included in the analysis. Furthermore, we only assessed the impact of VI on the
difficulties in managing stairs. Other visual dysfunctions such as contrast sensitivity, glare, and
visual field defect were not considered as these functions were not measured in this study.
Finally, we cannot determine whether VI predates the occurrence of having difficulties in man-
aging stairs or to what extent self-reported difficulties in managing stairs may affect VI diagno-
sis as measured subjectively considering the cross-sectional nature of the study.

In summary, this community-based study of people aged 60 years or older indicated that
visually impaired people had greater difficulties in managing stairs compared with those with-
out VI. Our study would be helpful for planning an appropriate and effective vision rehabilita-
tion program for older people aiming at reducing their risk of falling on stairs and increasing
their independence level in daily lives. However, whether the finding could be extrapolated to
other population warrants further studies as other environmental exposures such as illumina-
tion and types of stairs many alter the association observed in this study.

Author Contributions
Conceived and designed the experiments: CWP YX. Performed the experiments: CWP HL YX.
Analyzed the data: HPS. Contributed reagents/materials/analysis tools: HL. Wrote the paper:
CWP HL YX.

References
1. Bourne R, Price H, Stevens G, Group GBDVLE. Global burden of visual impairment and blindness.

Arch Ophthalmol. 2012; 130(5):645–7.

2. Frick KD, Foster A. The magnitude and cost of global blindness: an increasing problem that can be alle-
viated. Am J Ophthalmol. 2003; 135(4):471–6. PMID: 12654362.

3. Wong TY, Loon SC, Saw SM. The epidemiology of age related eye diseases in Asia. Br J Ophthalmol.
2006; 90(4):506–11. Epub 2006/03/21. doi: 90/4/506 [pii] doi: 10.1136/bjo.2005.083733 PMID:
16547337; PubMed Central PMCID: PMC1856989.

4. Swenor BK, Simonsick EM, Ferrucci L, Newman AB, Rubin S, Wilson V, et al. Visual impairment and
incident mobility limitations: the health, aging and body composition study. J Am Geriatr Soc. 2015; 63
(1):46–54. doi: 10.1111/jgs.13183 PMID: 25536849; PubMed Central PMCID: PMC4300238.

5. Lamoureux EL, Chong E, Wang JJ, Saw SM, Aung T, Mitchell P, et al. Visual impairment, causes of
vision loss, and falls: the singapore malay eye study. Invest Ophthalmol Vis Sci. 2008; 49(2):528–33.
Epub 2008/02/01. doi: 49/2/528 [pii] doi: 10.1167/iovs.07-1036 PMID: 18234995.

6. Zheng DD, Bokman CL, Lam BL, Christ SL, Swenor BK, West SK, et al. Longitudinal relationships
between visual acuity and severe depressive symptoms in older adults: the Salisbury Eye Evaluation
study. Aging Ment Health. 2015:1–8. doi: 10.1080/13607863.2015.1008985 PMID: 25673222.

7. Ong SY, Cheung CY, Li X, Lamoureux EL, IkramMK, Ding J, et al. Visual impairment, age-related eye
diseases, and cognitive function: the Singapore Malay Eye study. Arch Ophthalmol. 2012; 130(7):895–
900. doi: 10.1001/archophthalmol.2012.152 PMID: 22410630.

8. Wang X, Lamoureux E, Zheng Y, Ang M, Wong TY, Luo N. Health burden associated with visual
impairment in Singapore: the Singapore epidemiology of eye disease study. Ophthalmology. 2014; 121
(9):1837–42. doi: 10.1016/j.ophtha.2014.03.017 PMID: 24768238.

9. Cugati S, Cumming RG, Smith W, Burlutsky G, Mitchell P, Wang JJ. Visual impairment, age-related
macular degeneration, cataract, and long-termmortality: the Blue Mountains Eye Study. Arch Ophthal-
mol. 2007; 125(7):917–24. Epub 2007/07/11. doi: 125/7/917 [pii] doi: 10.1001/archopht.125.7.917
PMID: 17620571.

10. Song E, Sun H, Xu Y, Ma Y, Zhu H, Pan CW. Age-related cataract, cataract surgery and subsequent
mortality: a systematic review and meta-analysis. PLoS One. 2014; 9(11):e112054. Epub 2014/11/05.
doi: 10.1371/journal.pone.0112054 PONE-D-14-26070 [pii]. PMID: 25369040; PubMed Central
PMCID: PMC4219834.

11. Cheng JW, Cheng SW, Cai JP, Li Y, Wei RL. The prevalence of visual impairment in older adults in
mainland China: a systematic review and meta-analysis. Ophthalmic Res. 2013; 49(1):1–10. doi: 10.
1159/000327144 PMID: 22965304.

Visual Impairment and Managing Stairs

PLOS ONE | DOI:10.1371/journal.pone.0142516 November 6, 2015 7 / 9

http://www.ncbi.nlm.nih.gov/pubmed/12654362
http://dx.doi.org/10.1136/bjo.2005.083733
http://www.ncbi.nlm.nih.gov/pubmed/16547337
http://dx.doi.org/10.1111/jgs.13183
http://www.ncbi.nlm.nih.gov/pubmed/25536849
http://dx.doi.org/10.1167/iovs.07-1036
http://www.ncbi.nlm.nih.gov/pubmed/18234995
http://dx.doi.org/10.1080/13607863.2015.1008985
http://www.ncbi.nlm.nih.gov/pubmed/25673222
http://dx.doi.org/10.1001/archophthalmol.2012.152
http://www.ncbi.nlm.nih.gov/pubmed/22410630
http://dx.doi.org/10.1016/j.ophtha.2014.03.017
http://www.ncbi.nlm.nih.gov/pubmed/24768238
http://dx.doi.org/10.1001/archopht.125.7.917
http://www.ncbi.nlm.nih.gov/pubmed/17620571
http://dx.doi.org/10.1371/journal.pone.0112054
http://www.ncbi.nlm.nih.gov/pubmed/25369040
http://dx.doi.org/10.1159/000327144
http://dx.doi.org/10.1159/000327144
http://www.ncbi.nlm.nih.gov/pubmed/22965304


12. Oh-Park M, Wang C, Verghese J. Stair negotiation time in community-dwelling older adults: normative
values and association with functional decline. Arch Phys Med Rehabil. 2011; 92(12):2006–11. doi: 10.
1016/j.apmr.2011.07.193 PMID: 22133249; PubMed Central PMCID: PMC3229719.

13. McLaughlin D, Leung J, Byles J, Dobson A. Living with stairs: functioning in a large cohort of older Aus-
tralian adults. J Am Geriatr Soc. 2011; 59(8):1560–2. doi: 10.1111/j.1532-5415.2011.03530.x PMID:
21848828.

14. Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: a reliability study. International disability
studies. 1988; 10(2):61–3. PMID: 3403500.

15. Wade DT, Collin C. The Barthel ADL Index: a standard measure of physical disability? International dis-
ability studies. 1988; 10(2):64–7. PMID: 3042746.

16. Wong TY, Klein R, Islam A, Frances M, Folsom AR, Klein BE, et al. Diabetic retinopathy in a multi-eth-
nic cohort in the United States. American Journal of Ophthalmology. 2006; 141(3):446–55. doi: 10.
1016/j.ajo.2005.08.063 ISI:000236057900003. PMID: 16490489

17. Zou Y, Zhang R, Zhou B, Huang L, Chen J, Gu F, et al. A comparison study on the prevalence of obesity
and its associated factors among city, township and rural area adults in China. BMJ Open. 2015; 5(7):
e008417. doi: 10.1136/bmjopen-2015-008417 PMID: 26179650.

18. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2010; 33 Suppl 1:S62–9. Epub 2010/
01/29. doi: 33/Supplement_1/S62 [pii] doi: 10.2337/dc10-S062 PMID: 20042775; PubMed Central
PMCID: PMC2797383.

19. Kramer H, Han C, Post W, Goff D, Diez-Roux A, Cooper R, et al. Racial/ethnic differences in hyperten-
sion and hypertension treatment and control in the multi-ethnic study of atherosclerosis (MESA). Am J
Hypertens. 2004; 17(10):963–70. doi: 10.1016/j.amjhyper.2004.06.001 PMID: 15485761.

20. Ong SY, IkramMK, Haaland BA, Cheng CY, Saw SM, Wong TY, et al. Myopia and cognitive dysfunc-
tion: the singapore malay eye study. Invest Ophthalmol Vis Sci. 2013; 54(1):799–803. Epub 2013/01/
12. doi: iovs.12-10460 [pii] doi: 10.1167/iovs.12-10460 PMID: 23307956.

21. Kuang TM, Tsai SY, HsuWM, Cheng CY, Liu JH, Chou P. Visual impairment and falls in the elderly: the
Shihpai Eye Study. J Chin Med Assoc. 2008; 71(9):467–72. Epub 2008/09/27. doi: S1726-4901(08)
70150-3 [pii] doi: 10.1016/S1726-4901(08)70150-3 PMID: 18818140.

22. Brundle C, Waterman HA, Ballinger C, Olleveant N, Skelton DA, Stanford P, et al. The causes of falls:
views of older people with visual impairment. Health expectations: an international journal of public par-
ticipation in health care and health policy. 2015. doi: 10.1111/hex.12355 PMID: 25736829.

23. Hong T, Mitchell P, Burlutsky G, Samarawickrama C, Wang JJ. Visual impairment and the incidence of
falls and fractures among older people: longitudinal findings from the Blue Mountains Eye Study. Invest
Ophthalmol Vis Sci. 2014; 55(11):7589–93. doi: 10.1167/iovs.14-14262 PMID: 25370514.

24. Loriaut P, Loriaut P, Boyer P, Massin P, Cochereau I. Visual impairment and hip fractures: a case-con-
trol study in elderly patients. Ophthalmic Res. 2014; 52(4):212–6. doi: 10.1159/000362881 PMID:
25378036.

25. Hairi NN, Bulgiba A, Peramalah D, Mudla I. Do older people with visual impairment and living alone in a
rural developing country report greater difficulty in managing stairs? Prev Med. 2013; 56(1):8–11. doi:
10.1016/j.ypmed.2012.10.016 PMID: 23103916.

26. Duerksen R, Limburg H, Carron JE, Foster A. Cataract blindness in Paraguay—results of a national
survey. Ophthalmic Epidemiol. 2003; 10(5):349–57. Epub 2003/10/21. doi: 10.1076/opep.10.5.349.
17326 PMID: 14566636.

27. Dunzhu S, Wang FS, Courtright P, Liu L, Tenzing C, Noertjojo K, et al. Blindness and eye diseases in
Tibet: findings from a randomised, population based survey. Br J Ophthalmol. 2003; 87(12):1443–8.
Epub 2003/12/09. PMID: 14660448; PubMed Central PMCID: PMC1920571.

28. Zheng Y, Lavanya R, Wu R, WongWL, Wang JJ, Mitchell P, et al. Prevalence and causes of visual
impairment and blindness in an urban Indian population: the singapore Indian eye study. Ophthalmol-
ogy. 2011; 118(9):1798–804. Epub 2011/05/31. doi: S0161-6420(11)00173-4 [pii] doi: 10.1016/j.
ophtha.2011.02.014 PMID: 21621261.

29. Thulasiraj RD, Nirmalan PK, Ramakrishnan R, Krishnadas R, Manimekalai TK, Baburajan NP, et al.
Blindness and vision impairment in a rural south Indian population: The aravind comprehensive eye
survey. Ophthalmology. 2003; 110(8):1491–8. doi: 10.1016/S0161-6420(03)00565-7
ISI:000184703400006. PMID: 12917162

30. Murthy GV, Gupta S, Ellwein LB, Munoz SR, Bachani D, Dada VK. A population-based eye survey of
older adults in a rural district of Rajasthan: I. Central vision impairment, blindness, and cataract surgery.
Ophthalmology. 2001; 108(4):679–85. Epub 2001/04/12. doi: S0161-6420(00)00579-0 [pii]. PMID:
11297483.

Visual Impairment and Managing Stairs

PLOS ONE | DOI:10.1371/journal.pone.0142516 November 6, 2015 8 / 9

http://dx.doi.org/10.1016/j.apmr.2011.07.193
http://dx.doi.org/10.1016/j.apmr.2011.07.193
http://www.ncbi.nlm.nih.gov/pubmed/22133249
http://dx.doi.org/10.1111/j.1532-5415.2011.03530.x
http://www.ncbi.nlm.nih.gov/pubmed/21848828
http://www.ncbi.nlm.nih.gov/pubmed/3403500
http://www.ncbi.nlm.nih.gov/pubmed/3042746
http://dx.doi.org/10.1016/j.ajo.2005.08.063
http://dx.doi.org/10.1016/j.ajo.2005.08.063
http://www.ncbi.nlm.nih.gov/pubmed/16490489
http://dx.doi.org/10.1136/bmjopen-2015-008417
http://www.ncbi.nlm.nih.gov/pubmed/26179650
http://dx.doi.org/10.2337/dc10-S062
http://www.ncbi.nlm.nih.gov/pubmed/20042775
http://dx.doi.org/10.1016/j.amjhyper.2004.06.001
http://www.ncbi.nlm.nih.gov/pubmed/15485761
http://dx.doi.org/10.1167/iovs.12-10460
http://www.ncbi.nlm.nih.gov/pubmed/23307956
http://dx.doi.org/10.1016/S1726-4901(08)70150-3
http://www.ncbi.nlm.nih.gov/pubmed/18818140
http://dx.doi.org/10.1111/hex.12355
http://www.ncbi.nlm.nih.gov/pubmed/25736829
http://dx.doi.org/10.1167/iovs.14-14262
http://www.ncbi.nlm.nih.gov/pubmed/25370514
http://dx.doi.org/10.1159/000362881
http://www.ncbi.nlm.nih.gov/pubmed/25378036
http://dx.doi.org/10.1016/j.ypmed.2012.10.016
http://www.ncbi.nlm.nih.gov/pubmed/23103916
http://dx.doi.org/10.1076/opep.10.5.349.17326
http://dx.doi.org/10.1076/opep.10.5.349.17326
http://www.ncbi.nlm.nih.gov/pubmed/14566636
http://www.ncbi.nlm.nih.gov/pubmed/14660448
http://dx.doi.org/10.1016/j.ophtha.2011.02.014
http://dx.doi.org/10.1016/j.ophtha.2011.02.014
http://www.ncbi.nlm.nih.gov/pubmed/21621261
http://dx.doi.org/10.1016/S0161-6420(03)00565-7
http://www.ncbi.nlm.nih.gov/pubmed/12917162
http://www.ncbi.nlm.nih.gov/pubmed/11297483


31. Zhao J, Ellwein LB, Cui H, Ge J, Guan H, Lv J, et al. Prevalence of vision impairment in older adults in
rural China: the China Nine-Province Survey. Ophthalmology. 2010; 117(3):409–16, 16 e1. Epub 2010/
01/19. doi: S0161-6420(09)01337-2 [pii] doi: 10.1016/j.ophtha.2009.11.023 PMID: 20079923.

32. Hyman L, Wu SY, Connell AM, Schachat A, Nemesure B, Hennis A, et al. Prevalence and causes of
visual impairment in The Barbados Eye Study. Ophthalmology. 2001; 108(10):1751–6. Epub 2001/10/
03. PMID: 11581045.

33. Varma R, Ying-Lai M, Klein R, Azen SP. Prevalence and risk indicators of visual impairment and blind-
ness in Latinos: the Los Angeles Latino Eye Study. Ophthalmology. 2004; 111(6):1132–40. Epub 2004/
06/05. PMID: 15177963.

Visual Impairment and Managing Stairs

PLOS ONE | DOI:10.1371/journal.pone.0142516 November 6, 2015 9 / 9

http://dx.doi.org/10.1016/j.ophtha.2009.11.023
http://www.ncbi.nlm.nih.gov/pubmed/20079923
http://www.ncbi.nlm.nih.gov/pubmed/11581045
http://www.ncbi.nlm.nih.gov/pubmed/15177963

