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ABSTRACT

Objectives To compare levels of physical activity

and sedentary time in a representative sample of

US adolescents and adults with and without visual
impairment.

Design Cross-sectional analyses were carried out using
data from the National Health and Nutrition Examination
Survey.

Participants The study population consisted of 6001
participants (adolescents n=1766, adults n=4235). The
present analysis aggregated data from 2003 to 2004 and
2005-2006.

Measures Objective physical activity and sedentary
behaviour assessment was conducted over 7 days.
Distance visual acuity was measured for each eye in all
participants 12 years and older. Participants’ vision was
categorised as: normal vision, uncorrected refractive error,
non-refractive visual impairment. We estimated the sex-
specific linear associations between presenting vision
and objectively measured physical activity and sedentary
patterns using adjusted generalised linear models in
adolescents and adults.

Results and conclusions Adolescents with uncorrected
refractive error and non-refractive visual impairment did
not accumulate higher levels of sedentary time or lower
levels of moderate-to-vigorous physical activity (MVPA)
compared with those with normal vision. We observed

no association between vision status and accelerometer
measured MVPA in adults aged 20—49 years. We observed
more time spent sedentary among females 20-49 years
old with non-refractive visual impairment compared with
those presenting normal vision (mean difference 329.8
min/week, 95% Cl: 12.5 to 647.0). Adults 50 years and
older with non-refractive visual impairment appeared to
accumulate less lifestyle physical activity, particularly

in women (mean difference —82.8 min/week, 95% Cl:
—147.8 to —17.8). Adult women with non-refractive visual
impairment have lower levels of lifestyle physical activity
and higher levels of sedentary time than those with normal
vision. Taken together, these findings highlight the need
for interventions to promote physical activity and reduce
sedentary time in adult populations with visual impairment,
specifically adult women.

Strengths and limitations of this study
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» Large, population-based sample of US adolescents
and adults.

» Objective measures of physical activity and seden-
tary time.

» Analyses are of a cross-sectional design and thus
it is not known whether visual impairment leads
to low levels of activity and high levels of sedentary
time or vice versa.

» Risk for developing diabetes and associated compli-
cations such as cataracts and diabetic retinopathy
may be reduced in those with visual impairment by
participating in adequate levels of physical activity
and lower amounts of sedentary behaviour.

INTRODUCTION

Physical activity may be defined as any bodily
movement caused by contraction of skeletal
muscle that results in energy expenditure’
and may include activities such as structured
exercise and sport, active travel (walking and
cycling), occupational activity and household
chores/gardening. Regular and sustained
participation in physical activity is benefi-
cial for almost every facet of health in chil-
dren, adolescents and adults. For example, it
has been associated with lower incidence of
cardiovascular disease, cancer and osteoar-
thritis, and promotes positive mental health
in all ages.” At the other end of the energy
expenditure spectrum, excessive time in
sedentary behaviour has been shown to be
detrimental to both physical and mental
health, and this is independent from physical
activity levels.”

In light of the positive benefits of regular
participation in physical activity and the
detrimental effects of sedentary behaviour,
guidelines have been developed. The WHO
states that to maintain good health, adults
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should achieve at least 30 min of moderate activity (eg,
brisk walking) on five or more days of the week.* More-
over, country-specific guidelines state that sedentary time
should be kept to a minimum.”™ It is advised that chil-
dren and adolescents should achieve 60 min of moderate
activity on each day of the week and keep sedentary time
to a minimum.* However, despite these recommenda-
tions, population levels of physical activity are low, partic-
ularly in Western countries.” Data from the National
Health Nutrition and Examinations Survey (NHANES)
showed that in 2005-2006 fewer than 10% of US adults
met the recommended physical activity guidelines.” Tt is
likely that any increase in energy expenditure is bene-
ficial to health. It has been hypothesised that increases
in physical activity energy expenditure may have health
benefits regardless of how that increase is achieved (ie,
achieved via short periods of moderate activity or long
periods of light-intensity activity that may yield equivalent
levels of energy expenditure).'’ Considering these poten-
tial health benefits, all levels of physical activity should be
promoted in all populations.

Persons with disabilities have been shown to have low
levels of physical activity and high levels of sedentary
behaviour and understanding differences versus the
general population isimportant.'' The disability of reduced
eyesight may be a key barrier to an active lifestyle in adults
and adolescents. It has been suggested that in people with
visual impairment, there is a lack of access to recreational
and athletic programmes, and help or encouragement in
developing suitable and safe physical recreation skills and
habits.'” Moreover, this population experiences activity
limitations in walking, and environmental barriers such
as transport and lack of accessible exercise equipment
can hamper a person’s ability to be physically active.'* "
The authors of the present paper have shown in a sample
of 6634 UK participants (mean age 65.0+9.2 years) those
with poor vision were twice as likely to be physically inac-
tive than those with good eyesight. Similar findings were
found for the variable ‘recognition of friends across street’
and ‘reading ordinary newspaper’.'* The present authors
have also found similar associations in young people.'”
These findings are of importance owing to a high preva-
lence of reduced eyesight. For example, in the USA, it has
been estimated that approximately 14million individuals
aged 12 years or older have visual impairment (defined
as distance visual acuity of 20/50 or worse).16 However,
key limitations to previously discussed analyses were that
crude self-reported measures of vision were used (not
allowing one to distinguish between types of eye condi-
tions, refractive and non-refractive) and physical activity
was self-reported. Self-reported physical activity is subject
to bias owing to participants not being able to accurately
recall physical activity and reporting higher levels of
physical activity than the actual truth. Further research is
needed using objective measures of vision and objective
measures of physical activity behaviour such as accelerom-
eters, which are a more accurate measure of free living
physical activity."”

One previous study has looked at visual impairment and
objective physical activity using the NHANES cohort. This
study found that in those older than 20 years, individuals
with normal sight took an average of 9964 steps per day
and engaged in an average of 23.5min per day of moder-
ate-to-vigorous physical activity (MVPA), as compared
with 9742 steps per day and 23.1 min per day of MVPA in
individuals with uncorrected refractive error (p>0.50 for
both) and 5992 steps per day and 9.3 min/day of MVPA in
individuals with visual impairment (p<0.01 for both). In
multivariable models, individuals with visual impairment
took 26% fewer steps per day (p<0.01; 95% CI, 18% to
34%) and spent 48% less time in MVPA (p<0.01; 95% CI,
37% to 57%) than individuals with normal sight. However,
this study did not look at associations between sedentary
time, light physical activity and visual impairment, and
did not explore levels of activity in adolescence or older
adults.'® Moreover, although this study controlled for the
important covariates age, sex, race, obesity, education and
systemic disease, it did not control for health behaviours
such as smoking which has also previously been shown
to be associated with both physical activity19 and visual
impairment.20

The present paper therefore aimed to compare levels
of physical activity (light, MVPA, lifestyle) and seden-
tary time in a representative sample of US adolescents,
adults and older adults using objective measures of phys-
ical activity and visual impairment controlling for a wide
range of demographic and behavioural covariates.

METHODS

Study population

The NHANES was designed to provide cross-sectional esti-
mates of the prevalence of health, nutrition and poten-
tial risk factors among the civilian non-institutionalised
US population up to 85 years of age.”' In brief, NHANES
surveys a nationally representative complex, stratified,
multistage, probability clustered sample of around 5000
participants each year in 15 counties across the country.
Survey participants are asked to attend a physical exam-
ination either in a mobile examination centre (MEC) or
in the participants’ home. The present analysis aggre-
gated data from 2003 to 2004 and 2005-2006. During
these waves, objective physical activity and sedentary
behaviour assessment was implemented in the NHANES
participants by fitting them with a hip-worn accelerom-
eter (ActiGraph AM-7164) for 7 days.

Data on sociodemographic information, measures of
adiposity, smoking history, vision examination and objec-
tive physical activity were extracted and combined into a
single dataset for each data collection wave, 2003-2004
and 2005-2006. Further, participants who were pregnant
or had physical functional impairments that limited their
ability to crawl, walk, run or play (age 12-19 years) or
limited them from walking for a quarter mile, or walking
up 10 steps (20 years and above) were excluded.

2

Smith L, et al. BMJ Open 2019;9:€027267. doi:10.1136/bmjopen-2018-027267

"1ybuAdoo Aq paroalold 1sanb Aq 6102 |Udy 2T uo jwod fwqg-uadolwg//:dny woly papeojumod ‘6102 Udy T U0 /92/20-8T0z-uadolwa/9cTT 0T Sk paysiignd 1si1y :uado CING


http://bmjopen.bmj.com/

Presenting visual acuity

NHANES participants undertook the vision examination
atthe MEC. The procedure of vision examination has been
detailed elsewhere.'® In brief, distance visual acuity was
measured for all participants 12 years and older for each
eye. An autorefractor (ARK0760, Nidek, Tokyo, Japan)
was used which contains built-in visual acuity charts with
20/20, 20/25, 20/30, 20/40, 20/50, 20/60, 20/80 and
20/200 lines. Presenting visual acuity was defined using
the better eyes with participants’ usual distance version
correction, if any. The 20/50 line was presented first, with
at least four of the five characters to be read correctly to
advance to the next line, otherwise the 20/200 line was
presented. For eyes with presenting visual acuity of 20/30
or worse, visual acuity were measured after incorporating
information from the objective refraction measurement.
Participants with better seeing eyes with distance visual
acuity of 20/30 or better were categorised as having
normal vision. Participants with better-seeing eyes of
presenting visual impairment that improved, aided by
automated refraction result to 20/40 or better were cate-
gorised as having uncorrected refractive error, otherwise
non-refractive visual impairment.16

Accelerometer measured activity pattern

NHANES participants were asked during their physical
examinations at the MEC to wear an accelerometer (Acti-
Graph AM-7164, 1 min epochs) on the right hip for seven
consecutive days to objectively measure free-living phys-
ical activity. The ActiGraph AM-7164 is a validated, small
lightweight device that provides detailed information
about the intensity, frequency and duration of physical
activity.”” The epoch length was set at 1 min, and the Acti-
graph recorded data for physical activity in the form of
counts per minute (cpm). Non-wear time was defined as
60 min of consecutive zero counts. A recording of at least
10hours of data was defined as a valid day, and four or
more valid days were required to be included in the anal-
ysis. The total minutes of valid data were recorded as the
accelerometer wear time. Based on standard cpm cut-off
methods,” four raw activity outcomes were derived:
sedentary behaviour (<100cpm), light intensity physical
activity (100-759 cpm), lifestyle activity or ambulatory
(760-2109) and at least 10 min of MVPA (>2020 cpm). We
further computed wear time adjusted activity by dividing
each raw activity minutes by total wear time and multi-
plying the resulting fraction by the average wear time of
all participants. We summarised the adjusted total weekly
minutes of sedentary behaviour, light intensity phys-
ical activity, lifestyle physical activity and MVPA for each
participant.

Sociodemographic characteristics

Sociodemographic characteristics including age, sex, race
and ethnicity, household income, employment status and
smoking status were extracted. Based on self-reported
race and ethnicity, participants were classified into one of
the three racial groups: non-Hispanic white, non-Hispanic

black and Hispanic and others. Annual household income
was grouped into <US$20000, US$20000-US$74 999
and 2US$75000. Employment status was dichotomised
to employed versus unemployed. We classified partici-
pants into three groups: never smokers (did not smoke
100 cigarettes and do not smoke now), former smokers
(smoked 100 cigarettes in life and do not smoke now)
and current smokers (smoked 100 cigarettes in life and
smoke now).

Overweight and obesity criteria

Weight and height were measured during the phys-
ical examination in MEC or in the participant’s home
for those whose travel was limited. The measurements
followed standard procedures and were carried out by
trained technicians with standardised equipment. Body
mass index (BMI) was calculated as weight in kg/height
in metres.” The standard definition for overweight and
obesity classification was used to divide the BMI values
into three categories: underweight or normal weight
(<25.0), overweight (25.0-29.9) and obese (=30.0).

Chronic illness

We included four chronic conditions: cardiovascular
diseases, diabetes, cancer and arthritis. Participants were
considered as having chronic illness if they self-reported
being told by a physician that they have the following
conditions: congestive heart failure, coronary heart
disease, heart attack, a stroke (cardiovascular diseases),
diabetes, cancer or arthritis.

Patient and public involvement
Patients and the public were not involved in the design of
the present study.

Statistical analysis
Survey analysis procedures were used to account for
the sample weights, stratification and clustering of the
complex sampling design to ensure nationally represen-
tative estimates. Descriptive statistics for participant char-
acteristics were calculated by presenting vision. Sample
size and weighted proportions were summarised.
Sex-specific linear associations between presenting
vision (normalvision, uncorrected refractive error, non-re-
fractive visual impairment) and objectively measured
physical activity and sedentary patterns were estimated
using generalised linear models in children and adoles-
cents aged between 12 and 19 years, adults aged 20-49
years and older adults aged 50+ years, respectively. Gener-
alised linear models were adjusted for age, race, BMI and
household income among those between 12 and 19 years
of age, and additionally adjusted for employment status,
smoking and chronic illness among adults (2049 years,
and 50 years and older). Due to the small amount of light
intensity physical activity and lifestyle physical activity in
the younger population, we only included sedentary time
and MVPA in models for population aged 12-19 years.
Finally, marginal means were estimated in multivariate
adjusted generalised linear models for each modelled
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outcomes of accelerometer measured activity pattern. All
statistical significance was set at p<0.05. All statistical anal-
yses were performed using Stata V.14.0.

RESULTS

The study population consisted of 6001 participants
who had data on presenting refractive error and accel-
erometer measured activity pattern. The majority of the

participants were 20 years and older (n=4235). Overall,
60.8%

presenting normal vision, 33.8% and 5.4% had uncor-

(weighted proportion) of participants had

rected refractive error or non-refractive visual impair-
ment. Participants who were older, female, unemployed,
with education high school or lower and had a chronic
condition were more likely to have non-refractive visual
impairment compared with younger, male, employed,

Table 1 Sociodemographic characteristics and objectively measured physical activity levels of the US population aged 12
years and older from the NHANES (2003-2006) by visual impairment

Uncorrected refractive

Normal vision error Visual impairment
N Weighted % N Weighted % N Weighted % P value
Overall 3350 60.8 2225 33.8 426 5.4
Weighted N 70 084 202 38 937 983 6184 612
Age group, years 0.001
12-19 999 11.2 689 124 78 6.8
20-49 1394 57.0 620 421 58 21.9
>50 937 31.8 916 445 290 71.3
Sex 0.004
Men 1837 535 1114 47.0 223 49.9
Women 1513 46.5 1111 53.0 203 50.1
Race/ethnicity 0.257
Non-Hispanic white 1555 74.5 950 71.3 229 77.0
Non-Hispanic black 802 9.6 543 10.7 86 9.5
Hispanic 993 15.9 732 18.0 111 185
Other 133 4.8 91 5.7 8 3.8
Household income <0.001
<20000 964 17.5 806 24.7 209 38.6
20000-74 999 1740 52.2 1162 53.5 218 56.8
>75000 976 36.5 511 31.6 56 18.0
Weight status* 0.649
Normal 1416 371 989 394 171 37.5
Overweight 1009 324 655 32.3 141 32.0
Obesity 911  30.0 571 279 112 30.1
Employment statust
Unemployed 664 23.0 724 359 242 59.0
Employed 1604 77.0 780 64.1 98 41.0
Smoking statust 0.079
Never smoker 1243 46.0 780 45.0 167 44.6
Former smoker 611 227 450 24.2 130 33.3
Current smoker 496 20.0 306 18.4 51 15.3
Chronic conditiont <0.001
Yes 649 231 616 30.3 180 44.4

*BMI was calculated as weight in kilograms divided by height in metres squared. Weight status was defined using BMI-to-age
percentile in those aged 12-19years, and WHO standard cut-off for adults 20years and older.

TData are only available on adults aged 20years and older.

1If participants have one of the following conditions: cardiovascular disease, diabetes, arthritis and cancer.
BMI, body mass index; NHANES, National Health Nutrition and Examinations Survey.
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well-educated participants and those with no chronic
condition (table 1).

Tables 2-4 summarise both the non-adjusted and
adjusted associations between presenting vision status
and accelerometer measured activity pattern in younger
(12-19 years old) participants and adults aged 20-49
years and =50 years, respectively. Children and adoles-
cents aged between 12 and 19 years with uncorrected
refractive error and non-refractive visual impairment did
not accumulate higher levels of sedentary time or lower
levels of MVPA compared with those with normal vision.
The null association was seen in both males and females.
After adjusting for age, BMI, race and household income,
the estimated marginal mean of sedentary time in those
with non-refractive visual impairment were 3982.7min
per week (equivalent 9.5hours a day) and 3722.9 min per
week (equivalent 8.8hours a day) in males and females,
respectively. The estimated marginal mean of MVPA in
those with non-refractive visual impairment were 156 min
per week in males and 55 min per week in females.

Similarly, no association was observed between
presenting vision status and accelerometer measured
MVPA in adults aged 20-49 years or those aged =50
years, although the multivariate marginal mean of
MVPA among those aged =50 years with non-refractive
visual impairment (48.1 min per week in male, 30.3 min
per week in females) appeared lower than that in the
young adult population (62.6min per week in male,
49.8 min per week in females). With respect to sedentary
behaviour, higher levels of sedentary time were observed
among women 20-49 years with non-refractive visual
impairment compared to those with presenting normal
vision (mean difference min/week 329.8, 95% CI: 12.5 to
647.0). No association was observed between presenting
vision and light intensity physical activity in either gender.
However, adults 50 years and older with non-refractive
visual impairment appeared to accumulate lower lifestyle
physical activity, particularly in women (mean difference
min/week -82.8, 95% CI: -147.8 to -17.8).

DISCUSSION

In the present study of a large population based sample
of the USA, we found that those aged 12-19 years with
uncorrected refractive error and non-refractive visual
impairment had similar levels of activity and sedentary
time to those presenting with normal vision. Among
adults aged 20-49 years, we found higher levels of seden-
tary time among women with non-refractive visual impair-
ment compared to those with normal vision. Moreover,
adults aged 50 years and older with non-refractive visual
impairment appeared to accumulate lower lifestyle phys-
ical activity, particularly in women.

The finding that visually impaired adolescents (uncor-
rected refractive error and non-refractive visual impair-
ment) exhibit little difference in their level of activity
and sedentary behaviour compared with adolescents with
‘normal’ vision is interesting. To our knowledge, just one
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previous study has compared levels of activity in visually
impaired adolescents (a combination of uncorrected
refractive error and non-refractive visual impairment)
to those with normal vision, and it reported similar find-
ings. In a sample of 53 adolescents completing the Inter-
national Physical Activity Questionnaire—Short Form,
physical activity levels of visually impaired adolescents
and sighted adolescents were similar (p>0.05).** Findings
from the present study add to this work through using
a large, population-based sample and objective measures
of physical activity. Moreover, the present study is the
first to compare differences in sedentary time between
adolescents with impaired vision and normal sight.
One plausible reason for these findings is that adoles-
cents with normal vision have very low levels of phys-
ical activity™’; therefore minimising any difference in a
reduction of physical activity owing to a disability (eg,
reduced eyesight). Another reason for the lack of asso-
ciation could be owing to physical education. Indeed, all
adolescents regardless of visual impairment are required
to partake in physical education and thus acquire similar
levels of physical activity during the school day. The
present study found that the estimated marginal mean
of MVPA in those with non-refractive visual impairment
was low, 156 min per week in males and 55 min per week
in females, and sedentary time high. Interventions are
needed to promote physical activity in adolescents with
visual impairments.

The present finding that adults aged 50 years and
older with non-refractive visual impairment accumulated
lower lifestyle physical activity than those with normal
vision, specifically in women, supports that of previous
research and adds to it through the use of objective phys-
ical activity measures. For example, in a recent study of
6634 older English adults those with fair-poor and good
eyesight were significantly more likely to be inactive, cate-
gorised by self-report, than those who reported excellent
eyesight."* Further research is needed to understand why
older adults with reduced eyesight have lower levels of
physical activity. One plausible explanation may be fear
of going outside, owing to falling or suffering other acci-
dents. This low level of physical activity is of concern as
this population may be at an increased risk of chronic
illness, such as higher risk of cancer** and also have associ-
ated risk factors such as higher smoking rates,” indepen-
dent of physical activity. Moreover, those who are visually
impaired often report having a low quality of life.*®

A high prevalence of sedentary time in those aged
20-49 years with non-refractive visual impairment should
be noted. Indeed, the present study has shown higher
levels of sedentary time among women with non-refrac-
tive visual impairment compared with those with normal
vision. Refractory visual problems can normally be
corrected and are likely to be less disabling than non-re-
fractive visual impairment. Moreover, non-refractive visual
impairment are likely to be comorbid. Therefore, those
with non-refractive visual impairment may be a popula-
tion with greater barriers to physical activity participation.

The lack of association between sedentary time and vision
status in older adults is interesting. A plausible explana-
tion is that as adults age, sedentary time is likely to increase
regardless of disability status. Therefore, when those with
and without visual impairment reach older adulthood
the difference in time spent sedentary is negligible. A
rationale for stronger associations with higher levels of
sedentary behaviour in women but not men with visual
impairment is elusive and further qualitative research to
explain this finding is required.

Clear strengths of this study are the large popula-
tion-based sample of US adolescents and adults and
objective measurement of physical activity and sedentary
time. Moreover, our statistical models controlled for a
wide range of demographic and behavioural covariates.
However, the data must be interpreted in light of its
limitations. Analyses are of a cross-sectional design and
thus it is not known whether visual impairment leads to
low levels of activity and high levels of sedentary time or
vice versa. Indeed, adequate levels of physical activity and
lower sedentary time may decrease risk for visual impair-
ment by reducing risk for diabetes and associated compli-
cations such as cataracts and diabetic retinopathy. The
limited collected information on visual impairment (eg,
lack of information on eye disease such as cataracts or
macular degeneration) and the length of time one has
been visually impaired may have introduced bias into
the analyses. Future research should consider collecting
data on specific eye conditions and length of time visual
impairment has been present.

In conclusion, findings from the present study suggest
generally low levels of physical activity and high levels of
sedentary time in adolescents. However, activity patterns
are similar between adolescents with visual impairment
and those with normal vision. Adult women with non-re-
fractive visual impairment have lower levels of lifestyle
physical activity (aged 50+years) and higher levels of
sedentary time (aged 20—-49 years) than those with normal
vision. Taken together, these findings highlight the need
for interventions to promote physical activity and reduce
sedentary time in adult populations with visual impair-
ment, specifically adult women.
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