Clinical Ophthalmology downloaded from https://www.dovepress.com/

For personal use only.

Clinical Ophthalmology

3

Dove

ORIGINAL RESEARCH

In patients with neovascular age-related
macular degeneration, physical activity
may influence C-reactive protein levels

Yousif Subhi

Amardeep Singh

Mads Kriger Falk
Torben Lykke Sgrensen

Department of Ophthalmology,
Clinical Eye Research Unit,
Copenhagen University Hospital
Roskilde and the University

of Copenhagen, Copenhagen,
Denmark

Correspondence: Torben Lykke
Serensen

Clinical Eye Research Unit, Department
of Ophthalmology, Copenhagen
University Hospital Roskilde,

7-13 Kogevej, Roskilde 4000, Denmark
Tel +45 4732 3900

Fax +45 4636 2645

Email torbenls@dadInet.dk

This article was published in the following Dove Press journal:
Clinical Ophthalmology

6 December 2013

Number of times this article has been viewed

Purpose: Association of neovascular age-related macular degeneration (AMD) with C-reactive
protein (CRP) was previously reported, indicating a relation to systemic low-grade inflammation.
However, visual impairment limits physical activity, and physical activity modulates CRP levels.
Here, we investigated the impact of physical activity on CRP levels in patients with neovascular
AMD and control individuals.

Subjects and methods: We recruited participants from our outpatient AMD program,
and control individuals from non-AMD patients, visitors, and department staff. After initial
screening of 191 individuals, we included 98 patients with neovascular AMD and 77 controls.
All were screened using digital fundus photography and optical coherence tomography, and
interviewed about medical history and physical activity. Venous blood samples were obtained
for high-sensitivity CRP.

Results: Physically active individuals had lower CRP than physically inactive individuals
(P=0.003), and physical activity was associated with lower CRP in patients (P=0.038) and
controls (P=0.031). Patients and controls did not differ in percentage physically active (P=0.807)
or in overall CRP levels (P=0.394). The independent contribution of physical activity on CRP
was confirmed in a multiple regression analysis (P=0.009), in which the presence of neovascular
AMD did not contribute significantly (P=0.913).

Conclusion: Our findings suggest that elevated CRP levels in patients with neovascular AMD
are at least partly explained by physical inactivity. Future studies of systemic inflammation
among the visually impaired should include disease-related implications, such as the impact
of physical activity.
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Introduction
Age-related macular degeneration (AMD) is a major cause of visual impairment and
blindness in the elderly worldwide.! Profound vision loss is most distinct in neovascular
AMD, which is a late stage of the disease.! Neovascular AMD is characterized by the
growth of newly formed choroidal neovascularizations, which protrude through Bruch’s
membrane, typically under the fovea, causing a decrease in vision due to leakage of
fluid and hemorrhaging.? Intravitreal injections of drugs are capable of halting the
neovascularization through a blockade of vascular endothelial growth factor (VEGF);
however, this current treatment regime does not provide a cure, but in most cases a
stabilization of vision at a low level.?

AMD pathogenesis remains incompletely understood, but increasing evidence
indicates a crucial role for inflammatory processes.? One common marker of systemic

submit your manuscript
Dove

http:

Clinical Ophthalmology 2014:8 5-21 I5
© 2014 Subhi et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S55080
mailto:torbenls@dadlnet.dk

Subhi et al

Dove

inflammation is the hepatic secreted acute-phase reactant
C-reactive protein (CRP), which also has been implicated in
AMD:;? however, clinical studies seem inconsistent.* Previous
studies found associations between CRP elevation and such
diseases as depression,’ type 2 diabetes,’ and cardiovascular
diseases.” Although inflammatory processes constitute a part
of the pathogenesis in many diseases, a growing amount
of evidence suggests that interpretation of CRP elevations
should consider the impact of inflammatory comorbidities,
such as aging, weight gain, or physical inactivity.>¢#

Physical inactivity increases baseline CRP by decreased
muscle-secreted hormones and cytokines.*!° Muscular tissue
constitutes around 40% of body weight, and is the largest
endocrine organ in humans, thus its ability to modulate
inflammatory activity is considerable,'' and one particular
interesting aspect is that regular physical activity induces
anti-inflammatory changes in blood, including a lower
baseline CRP.1

Visually impaired patients with AMD are less physically
active than individuals with normal visual capabilities.'*!* In
this study, we evaluated whether the elevated CRP observed
in patients with AMD is associated with the more sedentary
lifestyle of visually impaired patients.

Subjects and methods
Study participants

We included consecutive participants from our outpatient
AMD program, and control individuals from non-AMD
patients, visitors, and department staff. We aimed at age-
matching our control group by including only individuals
of 60 years or older.

This study was approved by the Regional Committee of
Ethics in Research of the Region of Zealand (SJ-142) and
followed the tenets of the Declaration of Helsinki. Informed
written and oral consent was obtained from all participants
after explanation of the nature and possible consequences
of the study.

Inclusion and exclusion

We photographed the macular area of all participants using
Visucam NM/FA digital fundus photography (Carl Zeiss,
Jena, Germany), optical coherence tomography scanning
and fundus autofluorescence imaging using Spectralis
HRA-OCT, SLO (Heidelberg Engineering, Heidelberg,
Germany). Participants suspected of having neovascular
AMD had fluorescein angiography and indocyanine green
angiography to confirm diagnosis and to exclude other
causes of maculopathy. Fluorescein angiography was

done after venous blood sampling to avoid any potential
interference.

We grouped participants as proposed in the Clinical Age-
Related Maculopathy Grading System (CARMS) and by two
independent investigators.'* Our study only included control
participants as CARMS grade 1 (09 small drusen present
in the retina without pigment abnormalities), and cases as
CARMS grade 5 (neovascular AMD, including nondrusenoid
pigment epithelial detachments, serous retinal detachments,
choroidal neovascular membrane with subretinal or sub-
retinal pigment epithelium hemorrhages, or fibrosis).

We collected information about medical history and
current medication use by a combination of interviews and
electronic patient records. If participants or we were unsure
of weight and height, these were measured. We categorized
smoking habits into current smokers, former smokers (having
previously consumed >100 cigarettes), or never smokers. ¢
Participants having quit smoking within the last year were
categorized as current smokers.'® Alcohol consumption
was reported as units (equivalent to 12 g ethanol) per week.
We measured best-corrected visual acuity (BCVA) in both
eyes using the Early Treatment Diabetic Retinopathy Study
(ETDRS) chart."”

We included only participants without any known immu-
nologic disease or cancer. We did not include participants
if they were receiving immunomodulating therapy for any
reason, or had received intravitreal anti-VEGF therapy for
any reason within the last 30 days, or had been feeling unwell
within the last 5 days. To avoid interference with other acute-
phase responses due to infections, or to avoid interference
with potentially undiagnosed cancer, we excluded post hoc
any participant with a CRP above 15 mg-L™'."8

Physical activity

We assessed physical activity by a single question, which
has been validated in a previous study'’: “Do you currently
participate in any regular activity or program (either on your
own or in a formal class) designed to improve or maintain
your physical fitness?” Outcome was patient reported as yes
or no. Translation to Danish was performed by forward and
backward translation.?

CRP analysis

We collected venous blood in 3.5 mL evacuated gel tubes
containing lithium heparin. Plasma high-sensitivity CRP was
measured with latex immunoassay using Architect CI8200
(Abbott Laboratories, Abbott Park, IL, USA) with a detec-
tion limit of 0.2 mg- L', We took all samples between 8 am
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and 10 am, and all measurements were done within 2 hours
of phlebotomy.

Statistical analysis

Results are presented in median and interquartile range
(IQR), since they were not normally distributed. We ana-
lyzed data using SPSS 20 (IBM Corp., Armonk, NY, USA).
Continuous variables were compared using the Mann—
Whitney U test, and categorical variables were compared
using the y? test. The relationship between CRP and various
potentially influencing covariates (age, sex, physical activity,
body mass index, alcohol consumption, smoking [current
and former], and medical history [cardiovascular disease,
hypertension, type 2 diabetes, and hypercholesterolemia])
were investigated in a multiple regression analysis using a
stepwise forward approach. Due to the skewed distribution
of CRP, we logarithmically transformed CRP into normal
distribution to be used as the dependent outcome in the
multiple regression analysis. We considered a P-value below
0.05 as significant.

Results

We screened 191 individuals, of whom 108 were patients
and 83 were control individuals. We excluded post hoc
eight patients and two controls as plasma CRP was above
15 mg-L!, one patient and four controls due to missing
CRP data, and one patient due to missing data on physical
activity. Thus, our analyses include 175 individuals, of whom
98 were patients and 77 were controls.

Table 1 shows characteristics of the study population.
Patients and controls were comparable in sex, physical
activity, body mass index, alcohol consumption, and medical
history in term of comorbidities. Patients were slightly
older than controls (Mann—Whitney U test, P<<0.001), and
more patients than controls were current smokers (” test,
P=0.045). BCVA in the best- and worst-seeing eye were
lower among patients compared with the controls (Mann—
Whitney U test, P=0.001 and P<<0.001, for best- and worst-
seeing eye, respectively).

We found a trend similar to previous studies with fewer
patients being physically active when the BCVA in the best-
seeing eye was affected: we found 38 of 66 (58%) patients
with BCVA above 70 ETDRS letters to be physically active,
while 16 of 30 (53%) patients with moderately affected
BCVA (between 35 and 70 ETDRS letters) in the best-seeing
eye were physically active, and 0 of two (0%) patients with
severely affected BCVA (below 35 ETDRS letters) in the
best-seeing eye were physically active.

Table | Characteristics of study population (n=175)

Patients with  Controls P-value
neovascular (n=77)
AMD (n=98)
Age, years (range) 76 (70-82) 69 (65-76) <0.001*
Female, n (%) 59 (60%) 43 (56%) 0.561°
Best-corrected visual acuity
Best-seeing eye, 76 (65-83) 83 (76-85)¢  <0.001°
ETDRS letters (range)
Worst-seeing eye, 51 (22-70) 76 (63-83)  <0.001°
ETDRS letters (range)
Physically active, n (%) 54 (55%) 41 (53%) 0.807°
Body mass index, 25 (23-28)¢ 26 (24-30)¢  0.055*
kg-m (range)
Alcohol consumption, 4 (0-7) 4 (1-10) 0.322°
units/week (range)
Smoking, n (%)
Current smoker 23 (23%) 9 (12%) 0.045°
Former smoker 39 (40%) 35 (46%) 0.452°
Medical history, n (%)
Cardiovascular disease 38 (39%) 22 (29%) 0.158°
Hypertension 63 (64%) 42 (55%) 0.192°
Type 2 diabetes 10 (10%) 15 (19%) 0.082°
Hypercholesterolemia 27 (28%) 17 (22%) 0.413°

Notes: *Mann—Whitney U test; °? test; “missing data for four patients; missing data
for one control.

Abbreviations: AMD, age-related macular degeneration; ETDRS, Early Treatment
Diabetic Retinopathy Study.

In general, CRP was lower in physically active participants
(1.6 mg-L', IQR 0.7-3.1 mg- L") compared with physically
inactive participants (2.1 mg-L™!, IQR 1.3-4.8 mg-L™)
(Mann—Whitney U'test, P=0.003) (Figure 1). Physically active
patients had lower CRP (1.7 mg-L™!, IQR 0.7-3.3 mg- L")
than the physically inactive patients (2.1 mg-L™', IQR
1.4-4.5 mg- L") (Mann—Whitney U test, P=0.038). Simi-
larly, physically active controls had lower CRP (1.4 mg- L™,
IQR 0.7-2.5 mg- L) than the physically inactive controls
(2.1 mg-L7", IQR 1.2-4.9 mg- L") (Mann—Whitney U test,
P=0.031) (Figure 1). Physically active patients (1.7 mg- L™,
IQR 0.7-3.3 mg-L™") and physically active controls
(1.4mg-L", IQR 0.7-2.5 mg- L") did not differ significantly
(Mann—Whitney U'test, P=0.443). Similarly, physically inac-
tive patients (2.1 mg-L!, IQR 1.4—4.5 mg-L™!) and physi-
cally inactive controls (2.1 mg-L™, IQR 1.2-4.9 mg-L™)
did not differ significantly (Mann—Whitney U test, P=0.625)
(Figure 1). We found no significant difference in CRP
between all patients (1.9 mg-L™', IQR 1.1-3.7 mg-L™)
and all controls (1.7 mg- L', IQR 1.0-3.4 mg- L") (Mann—
Whitney U test, P=0.394) (Figure 1).

We used a multiple regression analysis to adjust for
potential confounding factors on CRP. CRP values were
logarithmically transformed into normal distribution
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Figure | (A-F) Comparison of C-reactive protein (CRP) levels between patients
with neovascular age-related macular degeneration (nAMD) and control individuals,
and between physically active and physically inactive individuals. Bars represent
median values and whiskerlimits represent interquartile range. P-values are based
on the Mann—Whitney U test. CRP did not differ between patients with nAMD and
control individuals (A), CRP was significantly lower among the physically active when
compared with the physically inactive (B), and this pattern was also found within
the group of patients with nAMD (C), and control individuals (D), Physically active
patients with nAMD and controls did not differ in CRP (E), and physically inactive
patients and controls did not differ in CRP (F).

(Kolmogorov—Smirnov Test, P=0.877), and were included in
the multiple regression analysis as the dependent outcome.
Five cases were excluded due to missing data (missing data on
body mass index for four patients and one control). We found
CRP to be independently influenced by physical activity

(P=0.017) (adjusted R*=0.260). Our model did not include
other covariates in the analysis, as they did not contribute
significantly. Adding the presence of neovascular AMD into
the analysis as a covariate did not improve the model, as the
analysis did not include the covariate due to nonsignificant
contribution (P=0.913) to the model.

Discussion

We found physical activity to influence CRP levels in patients
with neovascular AMD. We did not find elevated CRP levels
in patients with neovascular AMD. This suggests that CRP
levels in neovascular AMD may reflect lifestyle, rather than
being disease-specific.

Physical activity and body mass index are two well-studied
lifestyle factors, which modulate baseline CRP levels. Regu-
lar physical activity has anti-inflammatory effects mediated
by muscle-secreted cytokines.!! An acute bout of exercise
temporarily increases interleukin (IL)-6 manyfold," which
then inhibits tumor necrosis factor (TNF)-o production.?!
Exercising regularly leads to sustained lower baseline levels
of TNF-o..22% Exercise-induced IL-6 peaks increase muscular
and adipose fatty acid oxidation, which lead to a decrease in
adipose tissue mass.”** The decrease in adipose tissue mass
is also partly explained by the energy expenditure from being
physically active and by the energy spent on maintenance of
the muscle mass.?® As adipose tissue is a major contributor to
baseline IL-6,% less adipose tissue leads to less total adipose
IL-6.% In conclusion, regular physical activity lowers baseline
levels of IL-6 and TNF-0,, and as the secretion of CRP is pri-
marily dependent on IL-6 and TNF-0,% regular physical activ-
ity leads to lower CRP levels.'? Conversely, physical inactivity
and sedentary lifestyle are associated with elevated CRP* In
our study, we found physically active individuals to have lower
CRP, and physically inactive individuals to have higher CRP (a
0.5 mg-L! difference in medians in our study sample).

Patients with neovascular AMD are more likely to have
mobility limitations and to be physically inactive due to
visual impairment.’>'* One study demonstrated this by
using accelerometers to measure physical activity among
the visually impaired, and found that visual impairment
leads to a lower number of steps taken per day and less time
spent on moderate or vigorous physical activity, and that
this relationship is particularly distinct when patients have
moderate or severe visual impairment in their better eye.'
Interestingly, we also found a small difference in physical
activity between patients with unilateral visual impairment
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and patients with moderate visual impairment in their better
eye, while no patients with severe visual impairment were
physically active. One should note, however, that we only
had a few cases in the latter group, which may explain why
our patient and control groups did not differ significantly in
the overall prevalence of physical activity. The difference
in physical activity between patients with unilateral visual
impairment and patients with moderate visual impairment
being small (58% and 53%, respectively) may explain why
we did not find a significant difference in CRP between these
groups (data not shown).

Several cofactors were associated with higher CRP in our
study (history of hypertension or hyperlipidemia, current or
former smoking habits, and high body mass index), which
are in agreement with findings in previous studies of CRP in
patients with AMD.* In addition, we also found physical activ-
ity to be associated with lower CRP in patients with AMD.
A case-control study of patients with late AMD and control
individuals found AMD to be associated with high CRP levels
(>6.5-117.0 mg- L") (odds ratio 1.65 [1.07-2.55]).3! Two
studies linked an association between AMD and CRP to a
higher prevalence of cardiovascular disease among patients
with AMD.*>* CRP levels of 1-3 mg-L™' and >3 mg-L™!
are considered moderate risk and high risk, respectively, for
development of future cardiovascular diseases.* In our study,
physically inactive patients with neovascular AMD had a
median CRP of 2.1 mg-L"!, which suggests that more than
half of our physically inactive patients were at moderate-
to-high risk of developing future cardiovascular diseases.
It is therefore not unlikely that an association between neo-
vascular AMD, CRP, and cardiovascular diseases is at least
partly mediated by physical inactivity. Future studies may
investigate this potential relationship.

The importance of lifestyle factors on CRP is also reflected
by differences in previous studies, which may play a role in the
inconsistent conclusions on whether or not elevated CRP is
associated with AMD. For example, adjustment of influencing
factors, such as diseases and lifestyle factors that influence
CRP levels, differs among the previous studies.* A number of
other issues may play a role in CRP levels: severity of AMD
in the study population (conclusions from some previous
studies are based on patients with AMD before the introduc-
tion of anti-VEGF treatment, and the patients may thus have
been more visually impaired and physically inactive), differ-
ences in the prevalence of comorbidities in the study popula-
tion that affect physical activity, or differences in cultural
or environmental factors (for example, cycling is common
among the elderly in Denmark, but this may not be the case in
other countries). Therefore, using a study sample with a low

prevalence of bilaterally visually impaired and physically inac-

tive individuals, we may not find that patients have elevated
CRP compared with controls. Other study populations may find
elevated CRP in patients using a study sample with a higher
prevalence of bilaterally visually impaired and physically inac-
tive individuals. Future studies should consider the impact of
AMD-associated lifestyle when investigating associations with
CRP. The impact of physical activity was more attenuated in
the AMD group compared to the control group; however, this
difference should be interpreted with caution, as this study
was not designed to show an interventional effect of physical
activity on baseline CRP levels, since this would require an
interventional longitudinal study. A possible explanation of this
observed difference could be a potential difference in physical
activity intensity between the two groups.

Our study has several strengths. We had a comprehensive
retinal imaging protocol for disease grading. Potential par-
ticipants feeling unwell were not included, and we excluded
cases with CRP above 15 mg- L™ to avoid interference with
an acute-phase response from infections.'®* We included con-
secutively to minimize any selection bias. Information about
disease and medication use is patient-based, and there is a
potential possibility of patients not giving all information,
and we addressed this bias by checking electronic patient
records for relevant information. However, this approach does
not adjust for undiagnosed conditions, which may influence
the measured CRP levels. Without using accelerometers, the
validity of physical activity questionnaires to determine the
extent and characteristics of physical activity is very low.%
Although accelerometers may be more valid in general, when
used on the elderly, only studies with small samples and
multiple (two biaxial) accelerometers have been able to yield
very accurate results.* We used a validated single question for
physical activity assessment,'” and this approach is valid and
preferred for screening purposes of general physical activity
level,”” but does not provide an in-depth picture of physical
activity characteristics. Our cases and controls were different
with regard to age and current smoking, which potentially
may overshadow an actual difference between controls and
patients with AMD. We did not find age to be associated
with CRP levels, but current smoking was associated with
a higher CRP. Rerunning the analysis without including the
current smokers gave us similar results (data not shown) and
did not change our conclusions.

Conclusion

We show that in patients with neovascular AMD, physical
activity may influence CRP levels. Our findings suggest that
an association between CRP and neovascular AMD should
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be interpreted with caution, as physical inactivity may inter-
fere. We encourage future studies to consider the impact of
visual impairment on confounding lifestyle factors, such
as physical activity, when investigating levels of low-grade
inflammation in the visually impaired. In this way, we may
obtain a clearer picture of the pathogenesis and possible
targets for treatment.
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