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Background: Participation in muscle strengthening activities (MSA) is a neglected health behavior that can have
substantive health benefits. Objective: \We evaluated the specific association between MSA and retinopathy
among a national sample of the broader U.S. adult population, which has yet to be investigated in the literature.
Results: Compared to those with no retinopathy, those who engaged in MSA had a 36% (odds ratio [OR] = 0.64;
95% confidence interval [Cl] = 0.49-0.85; P = 0.004) reduced odds of having mild retinopathy. MSA was not
statistically significantly associated with reduced odds of moderate-to-severe retinopathy (OR = 0.85; 95%
Cl = 0.13-5.32; P = 0.85). Conclusion: Promotion of MSA is of major public health interest.
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INTRODUCTION

Previous research has examined associations between acrobic-
based physical activities and their preventive effect on
retinopathy [1-3]. Although the utility of physical activity
as a moderator in the pathogenesis of retinopathy is widely
disputed in the literature [1,3-6]. Evidence has suggested
physical activity may not completely attenuate the deleterious
health outcomes of nonproliferative retinopathy [4]. In contrast,
studies have also demonstrated the efficacy of physical activity
as a valuable prescription in the management of diabetes,
regardless of potential improvements in microvascular
complications [5]. Our recent work, indeed, demonstrates
independent associations of sedentary behavior and physical
activity on retinopathy [3,7,8]. We also demonstrate survival
benefits of physical activity among those with mild retinopathy,
but not more severe retinopathy [2].

Recent work also describes the rationale for physical activity
to play a pivotal role in reducing the progressive severity of
diabetes [9] and diabetic retinopathy [6,8]. Specifically, physical
activity may reduce glycosylated hemoglobin concentration
(HbAlc) and body mass index (BMI) [6] via improved control
of circulating plasma glucose and body composition. In
addition to a reduction in HbAlc, physical activity also aids
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blood pressure regulation by enhancing endothelial function,
namely, vasodilatory capacity [8]. These favorable changes in
blood pressure, BMI, and HbAlc are instrumental prerequisites
for eliminating poor health outcomes and risks linked with the
development of microvascular disease, which ultimately may
influence retinopathy incidence [3,10-12].

Emerging work demonstrates that muscle strengthening
activities (MSA), particularly resistance training, exert an
independently beneficial effect on health; an effect which may
be distinct from aerobic-based physical activity [10,11,13-18].
Resistance training is believed to reduce fat mass, while
increasing lean tissue distribution, more effectively than acrobic
training [10]. Aerobic-based physical activities have been shown
to induce lipolysis [19], with little effect on muscle growth [20].

To our knowledge, no studies have specifically explored the
association between MSA on retinopathy. This association is,
of course, plausible, as MSA, just like acrobic-based physical
activities, could facilitate glucose uptake and clearance via
contraction-mediated glucose uptake pathways [21]. Resistance
training-induced increases in glucose metabolism may regulate
the translocation of glucose transporter 4 (GLUT-4) signaling
proteins and increase glucose delivery to trained skeletal muscles,
independent of associated increases in muscle mass [21]. This
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enhanced glycemic control of MSA engagement may play a
critical role in the prevention of retinopathy incidence [3,11].
The integration of MSA into public health agendas aiming to
prevent or attenuate diabetic complications may be particularly
justifiable for individuals with mobility concerns [22]. Thus,
the objective of this brief report was to explore the relationship
between MSA and retinopathy in a representative sample of the
United States population.

METHODS
Design

Data from the 2005 to 2006 National Health and Nutrition
Examination Survey (NHANES) were used. Study procedures
were approved by the National Center for Health Statistics
cthics review board, with informed consent obtained before
data collection.

The NHANES is an ongoing survey conducted by the centers
for discase control and prevention that uses a representative
sample of non-institutionalized United States civilians selected
by a complex, multistage, stratified, and clustered probability
design. The multistage design consists of four stages, including
the identification of counties, segments (city blocks), random
selection of households within the segments, and random
selection of individuals within the houscholds. Further
information on NHANES methodology and data collection is
available on the NHANES website (http://www.cdc.gov/nchs/

nhanes.htm).

Participants

The analyzed sample included 2047 participants with complete
data on the study variables and who did not have a physician
diagnosis of coronary artery discase, congestive heart failure,
heart attack or stroke; participants were excluded if they had
these conditions as these parameters may confounded our
investigated association between MSA and retinopathy. The
participants ranged in age between 40 and 85 years.

Measurement of MSA

Participants were asked, “Over the past 30 days, did you do any
physical activities specifically designed to strengthen your muscles
such as lifting weights, push-ups or sit-ups?” (response option:
Yes or no). This exact NHANES muscular strength activities
item has provided evidence of convergent validity (e.g. shown to
associate with cardiovascular-related parameters [18] and insulin
sensitivity [23]). Further, we calculated knee extremity strength
(using Kin Com MP dynamometer) among those reporting and
not reporting engagement in MSA (=50 years); those reporting
engagement in MSA (unweighted mean: 296.9 N) had greater
knee extensor strength than those not reporting engagement
in MSA (unweighted mean: 266.0 N) (P < 0.05), providing
some evidence of construct validity for this MSA item. Notably,
these estimates were not from the NHANES cycle in this study
(2005-2006) but rather were from the 1999 to 2002 NHANES
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cycles because 1999-2002 are the only cycles with lower extremity
strength data.

Retinopathy

As we have described elsewhere [3,8], retinal imaging
was performed using the Canon Non-Mydriatic Retinal
Camera CR6-45NM (Canon, Tokyo, Japan). The presence
of nonproliferative retinopathy (mild or moderate/severe
retinopathy) was determined using the early treatment diabetic
retinopathy study grading criteria [24]. Thus, participants were
classified as no retinopathy, mild nonproliferative retinopathy
or moderate-to-severe nonproliferative retinopathy.

Analysis

All statistical analyses, computed in Stata (v. 12), accounted for
the complex survey design employed in NHANES. A weighted
multivariable multinomial model was used, adjusting for age
(years; continuous), gender, race-ethnicity (Mexican American,
non-Hispanic White, non-Hispanic Black, other), self-reported
smoking status (current, former, and never smoker), self-
reported physical activity (continuous; MET-min-month),
measured BMI (continuous; kg/m?), diabetes status (yes/no),
physician-diagnosed hypertension (yes/no), and objectively-
measured visual acuity [25] (normal vision, uncorrected
refractive effort, and vision impairment). With regard to
diabetes status, participants were defined as having diabetes
if they had a physician diagnosis, had a fasting blood glucose
of 126 mg/dL or higher, had an HbAlc of 6.5% or higher or
were taking any diabetes medications. Significance was set at
P < 0.05.

RESULTS

Table 1 displays the weighted characteristics of the measured
variables. Table 2 displays the weighted multinomial regression
results. Compared to those with no retinopathy, those who
engaged in MSA had a 36% (odds ratio [OR] = 0.64; 95%
confidence interval [CI] = 0.49-0.85; P = 0.004) reduced
odds of having mild retinopathy; MSA was not statistically
significantly associated with reduced odds of moderate-to-severe
retinopathy (OR = 0.85;95% CI = 0.13-5.32; P = 0.85). This
latter finding may be due to the few (N = 39) participants
who had moderate-to-severe retinopathy. Thus, we computed
another model that collapsed moderate-to-severe retinopathy
with mild retinopathy. This model showed that those engaging
in MSA had a 33% (OR = 0.67;95% CI = 0.48-0.93; P = 0.02)
reduced odds of having any retinopathy (i.e., mild-to-severe
retinopathy).

DISCUSSION

Despite carly contention, emerging work on this topic has
demonstrated that regular engagement in aerobic-based physical
activity and minimizing sedentary behavior is associated
with reduced odds of retinopathy [3,8]. The purpose of our
brief report was to extend recent findings by evaluating the
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Table 1: Weighted characteristics of the study variables across retinopathy status (N=2,047)

Variable

Point estimate (SE)

No retinopathy

Mild retinopathy Moderate or greater retinopathy

N 1830

Age, mean (years) 54.8 (0.6)
BMI, mean (kg/m?) 29.0 (0.2)
Gender, % female 54.3
Race-ethnicity, %

Non-Hispanic white 79.4
Current smoker, %

MVPA, mean MET-min-month 4042 (184)
Diabetic, % 9.1
Hypertension, % 36.6
Vision impairment, % 0.7
Smoker, % 21.1
Engaging in MSA, % 28.5

178 39
56.8 (1.6) 57.1(1.4)
28.8 (0.5) 32.7 (2.5)

44.0 36.7

67.8 54.1
4207 (884) 2581 (906)

25.3 86.9

41.6 54.1

2.1 2.6

29.8 7.5

19.0 21.6

MSA: Muscle strengthening activities, MVPA: Moderate-to-vigorous physical activity, SE: Standard error

Table 2: Weighted multinomial regression is examining the
association between MSA and retinopathy (N=2,047)
OR (95% CI)

No Mild retinopathy Moderate or greater
retinopathy retinopathy

0.85(0.13-5.32)

Variable

Engaging in MSA Referent  0.64 (0.49-0.85)

versus not

MSA: Muscle strengthening activities, CI: Confidence interval,

BMI: Body mass index, OR: Odds ratio. TAdjusted for age (years;
continuous), gender, race-ethnicity (Mexican American, non-Hispanic
White, non-Hispanic Black, other), self-reported smoking status (current,
former, and never smoker), self-reported physical activity (continuous;
MET-min-month), measured body mass index (continuous; kg/m?),
diabetes status (yes/no), hypertension (yes/no), and objectively-measured
visual acuity (normal vision, uncorrected refractive effort and vision
impairment)

plausibility for MSA to exert an independently beneficial
effect on the degree of retinopathy in a representative cohort
of Americans. The main finding was that among individuals
susceptible to mild and moderate-to-severe retinopathy, those
who engaged in MSA reduced their risk of being diagnosed with
nonproliferative retinopathy by one-third.

MSA may provide individuals with an alternative mode of
exercise as individuals with retinopathy may be disinclined to
engage in acrobic-based activity. This disinclination may stem
from the mobility limitations often associated with retinopathy.
For example, those with retinopathy often have worse visual
acuity, which is associated with reduced balance and increase
the risk of injurious falls. Further, the advantageous impact of
MSA on proteins associated with GLUT-4 expression, principally
protein kinase B, mitogen-activated protein kinase, and glycogen
synthase, may be achievable with modest training loads [21,26].
This suggests that even individuals with substantive barriers to
acrobic physical activity may benefit from low-volume MSA.
In addition, enhanced glucose delivery to trained skeletal
muscle has been shown to improve blood flow [21]. Increases
in circulation may promote angiogenesis or direct flow to
under-perfused capillaries; however more work in needed in this
area [21]. Therefore, the results of this brief report should forerun
subsequent longitudinal work investigating the novelty of MSA
with respect to ocular health; perhaps with special attention given
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to training-mediated alterations in perfusion pressure and retinal
blood flow, which have been shown to increase with exercise [27].

The retina is a vascularized, neural structure heavily reliant
on glycolysis. Impaired glucose metabolism, in diabetes or
prediabetic conditions, initiates an attack on the neural tissue
of the retina. This process of retinal degradation occurs similar
to disrupted insulin signaling in peripheral tissues and presents
before vascular lesions characteristic of retinopathy [28].
Physical activity may be protective against the development of
motor and sensory neuropathy [1]. Future research is needed
to illustrate the effects of MSA alone on neuropathy.

In conclusion, this paper emphasizes the independent association
between MSA and retinopathy among aging individuals within
the broader United States population. Our novel findings
extend the previous research exploring the relation between
physical activity and retinopathy through an examination of
the plausibility for resistance training applications to promote
the quality of life among those with existing nonproliferative
retinopathy. Future work should overcome the limitations of
our study, which include the cross-sectional study design and
relatively crude, subjective measure of MSA.
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