Circulating markers
of arterial
thrombosis and
late-stage
age-related macular
degeneration: a
case—control study

Abstract

Purpose The aim of this study was to
examine the relation of late-stage age-related
macular degeneration (AMD) with markers of
systemic atherothrombosis.

Methods A hospital-based case-control study
of AMD was undertaken in London, UK.
Cases of AMD (n=281) and controls (1 =77)
were group matched for age and sex. Standard
protocols were used for colour fundus
photography and to classify AMD); physical
examination included height, weight, history
of or treatment for vascular-related diseases
and smoking status. Blood samples were taken
for measurement of fibrinogen, factor VIIc
(FVIIc), factor VIIIc, prothrombin fragment
F1.2 (F1.2), tissue plasminogen activator, and
von Willebrand factor. Odds ratios from
logistic regression analyses of each
atherothrombotic marker with AMD were
adjusted for age, sex, and established
cardiovascular disease risk factors, including
smoking, blood pressure, body mass index,
and total cholesterol.

Results After adjustment FVIIc and possibly
F1.2 were inversely associated with the risk of
AMD; per 1 standard deviation increase in
these markers the odds ratio were,
respectively, 0.62 (95% confidence interval 0.40,
0.95) and 0.71 (0.46, 1.09). None of the other
atherothrombotic risk factors appeared to be
related to AMD status. There was weak
evidence that aspirin is associated with a
lower risk of AMD.

Conclusions This study does not provide
strong evidence of associations between AMD
and systematic markers of arterial thrombosis,
but the potential effects of FVIIc, and F1.2 are
worthy of further investigation.
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Introduction

The most common cause for adult blind
registration in many developed countries is
age-related macular degeneration (AMD).'
The prevalence of AMD rises sharply over the
age of 65 years,*® and it has been estimated that
4% over 75 years* and up to 12%> of people over
80 years of age are visually impaired due to
AMD. The natural history of the different types
of AMD is not clearly defined and whether the
two subtypes of AMD (geographic atrophy and
neovascular AMD) are the same disease is
controversial because both can be found in the
same patient.® The most consistently identified
risk factor for AMD is smoking.” ' Studies have
reported associations between AMD and
established cardiovascular risk factors,'*"°
markers of atherosclerotic disease®*?! and
diagnosed cardiovascular disease,'***? but not
universally."”*** Several markers of systemic
inflammation and haemostasis have been
investigated in relation to AMD, including
plasma fibrinogen,'***2° plasminogen activator
inhibitor,* C-reactive protein,®*>* von
Willebrand factor (VWF),?>?° and white blood
cell count,®?+26-2%33 but with inconclusive
findings. Some of these factors of inflammation
are related to markers of arterial thrombosis,
and it is now possible to define a
hypercoagulable state by measuring levels of
certain coagulation factors and molecular
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markers in the blood. Large epidemiological studies have
shown that fibrinogen and markers of coagulation
activity, including factor VII coagulant activity (FVIIc)
and factor VIII coagulant activity (FVIIIc), are
independent risk factors for the development of coronary
heart disease,>>” and meta-analyses of prospective
cohort studies have established that levels of
fibrinogen,*® VWF* and tissue-type plasminogen
activator (t-PA) antigen® are positively related to
incident coronary heart disease. Therefore, there is strong
evidence linking this laboratory-based definition of a
prothrombotic state with clinical thrombosis. Whether
AMD is also related to these markers of systemic
atherothrombotic activity requires clarification. The aim
of this study was to examine the relation of late-stage
AMD with systemic markers of atherothrombosis;
fibrinogen, FVIIc, FVIIIc, prothrombin fragment F1.2
(F1.2; a molecular marker of thrombin generation in vivo),
t-PA activity (a marker of upregulation of fibrinolysis),
and VWF (a glycoprotein secreted by vascular
endothelial cells that enhances haemostasis and
thrombosis).

Materials and methods
Study design

The medical records of patients with appointments at the
Ophthalmology Department, Bart’s and The London
NHS Trust between February 1996 and August 2002 were
examined by the clinic co-ordinator for potentially
eligible cases and controls. The senior ophthalmologist
certified the eligibility of patients for inclusion in the
study. Patients were invited to participate in the study
when they attended for their eye clinic appointment.
Individuals with systematic inflammatory disease were
excluded. Eligible cases and controls were given an
information sheet outlining the purpose of the study and
what it would involve. Informed written consent was
sought from all potential eligible participants before
undertaking venepuncture and additional demographic
data collection. Cases and controls were all resident in
the local clinic area in East London, UK, aged over 45
years and group matched for age and sex. The study
received ethics committee approval from the East
London and City Health Authority and was conducted
within the tenets of the Declaration of Helsinki
Principles.

Ocular examination and AMD grading

Both eyes of cases and controls underwent measurement
of refractive error, best-corrected visual acuity, intra-ocular
pressure, fundus photography (Kowa RCXV camera,
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30 degree field, KOWA, Japan). Retinal photographs
were read independently and in a blind manner
according to the International ARM Epidemiological
Study Group criteria.*!

Diagnostic criteria for AMD were based on late-stage
age-related maculopathy, that is atrophic or neovascular
macular degeneration together with a visual acuity
worse than 6/6 or distortion on the Amsler grid. In brief,
the characterising features included drusen (any type) in
either eye and

(1) geographic atrophy: well-demarcated atrophic area
of retinal pigment epithelium (RPE) (a sharply
defined area of hypopigmentation or
depigmentation) with apparent absence of RPE and
increased visibility of underlying choroidal vessels or

(2) neovascular AMD: RPE detachment or serous
detachment of the sensory retina, and/or subretinal
or sub-RPE haemorrhage and/or subretinal fibrous
scars

Patients with diseases other than AMD associated with
choroidal neovascularisation, such as presumed ocular
histoplasmosis syndrome, angoid streaks, choroidal
rupture, diabetic retinopathy, chorioretinitis, high
myopia, congenital diseases, or trauma, were excluded
from study. Controls were attending for a range of other
ocular conditions, including vitreous floaters, posterior
vitreous detachment, nasolacrimal duct obstruction, lid
disorders, primary open angle glaucoma, cataract,
conjunctivitis and did not show any signs of neovascular-
associated or geographic atrophy-associated AMD.

Laboratory methods

Venepuncture was performed between 0830 and 1200
hours with the subjects sitting and 25ml of non-fasting
venous blood samples were taken into Vacutainer tubes
containing no anticoagulant (for serum) or 0.105 M citrate
(9:1 vol/vol) and kept on ice or at room temperature as
appropriate until centrifugation. Samples for t-PA
activity were collected into acidified citrate (pH 4) and
kept on ice until centrifugation. Samples were
centrifuged at room temperature for 10 min at 1500 g and
the resulting plasma and serum were stored in aliquots at
—80°C. Fibrinogen was determined by the Clauss
method* (MDA 180 coagulometer; Biomerieux,
Basingstoke, UK). Plasma factor VlIc activity (FVIIc) was
assayed by the Northwick Park method.** Factor VIlc
activity (FVIIIc) was measured in a one-stage assay using
FVIII-deficient plasma (DiaGen, East Rutherford, UK).
Plasma F1.2 was measured by ELISA (Behringwerke AG,
Marburg, Germany). The activity of t-PA was assayed
using Coatest PAI-1 kits (52403; Chromogenix, Molndal,
Sweden). Laurell electroimmunoassay using antibodies



supplied by Dako Ltd, Ely, UK, was used to measure
VWEF antigen. All biochemical analyses were performed
at the MRC Epidemiology and Medical Care Unit,
Wolfson Institute of Preventive Medicine and monitored
for internal quality control using Levey-Jennings plots.

A second blood sample was taken on average 6 weeks
later. The average of the two readings for each analyte
was used in the analyses throughout. As samples were
stored both samples from each patient were measured at
the same time to minimise inter-assay variability.

Demographic data collection

The clinic nurse took measures of blood pressure, height,
and weight at one visit and completed standardised
interviewer-administered questionnaire, including history
of cardiovascular events, cardiovascular risk factors and
medication use (doctor prescribed and over the counter),
ethnic origin, current occupational status, smoking history,
alcohol consumption, presence of major chronic disease.
Use of antiplatelet therapy was defined as any dose of
aspirin, dipyridamole, or clopidogrel. Doctor-prescribed
medications taken by patients were identified and coded
using standard procedures (British National Formulae).
From the medical records data on the presence of
concurrent, we extracted ophthalmic disorders.

Statistical analysis and sample size

The sample size calculation was based on logistic
regression analysis designed to detect a difference
between cases and controls of 0.5 standard deviations in
continuous outcome measures of fibrinogen and factor
VII with a power of 90% and 5% statistical significance
(n=85 in each group). This expected amplitude of
change was based on reported associations between age-
related maculopathy and haemostatic markers.” This
sample size was also considered consistent with numbers
of patients expected in practice over a 3-year period.
Demographic characteristics were examined in cases
and controls to ensure that the groups were broadly
similar with respect to age and sex. y>-Tests were
performed to examine univariate associations between
risk of AMD and sex, diagnosis of cataract, diagnosis of
glaucoma, medical history or treatment for
cardiovascular disease, hypertension (defined as blood
pressure of 160/95 or use of any antihypertensive
medication), smoking status (never, ex-smoker, current
smoker), and consumption of alcohol (drinker vs non-
drinker). Taking the average of two independent
measures of each biochemical marker minimised the
influence of regression dilution bias, which is the
phenomenon of associations being biased towards the
null when only single measurements of a risk factor are
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made.* Fibrinogen, t-PA activity, and VWF were log
transformed to normalise their distributions. Mean levels
of the thrombotic risk factors with 95% confidence
intervals (CI) were determined for cases and controls
with adjustment for age, sex, and smoking status.
Logistic regression analysis adjusting for age, sex,
smoking status, and then additionally for established
cardiovascular risk factors (body mass index, total
cholesterol, and systolic blood pressure) was used to
examine the association between the risk of AMD and
levels of fibrinogen, FVIIc, FVIIIc, F1.2, t-PA, and VWE.
Odds ratios and 95% CIs are presented per 1 standard
deviation (SD) increase in each risk factor.

Results

Table 1 shows that cases were on average 4 years older
than controls (median age 78 vs 74 years) and 37% of

Table 1 Characteristics of study population

Cases of AMD Controls
N=381 N=77
Mean (SD) Mean (SD)
Age (years) 77.1 (8.9) 73.6 (7.2)
Blood pressure
Systolic (mm Hg) 147.1 (23.4) 140.6 (23.2)
Diastolic (mm Hg) 78.7 (11.2) 78.8 (10.7)
Serum total
Cholesterol (mmol/1) 5.8 (1.5) 6.1 (1.4)
Body mass index (kg/m?) 26.0 (4.1) 25.6 (3.9)
Percentages
Male 37 53*
Cataract 36 29
Glaucoma 7.4 10.4
Medical history®
Myocardial infarction 12.4 13.0
Cerebrovascular event 7.4 10.4
Hypertension 53 51
Angina 124 195
Medications
ACE inhibitors 13.6 19.4
Nitrates + 22 26
Aspirin 23 35
Antiplatelets 21 32
Alcohol drinker 37 34
Ex-smokers 47 45
Current smokers 16 17

Nitrates + includes other vasodilators and calcium channel blockers.
P-values statistically significant at 5% level: from a y*-test for categorical
variables and t-test for continuous variables.

Defined as self-reported doctor diagnosis or treatment for this condition.
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cases and 53% of controls were men. The final case—
control status was confirmed by the consultant
ophthalmologist examining the medical notes and
photographs. A few cases were excluded because they
could not be classified as a definite case or definitive
control resulting in more men in the control group. Of
patients approached, 79% of cases and 67% of controls
agreed to participate in the study. The majority of
participants were white (92%) and this negates any
potential to examine ethnic differences. Crude analyses
did not reveal any difference between cases and controls
in the prevalence of glaucoma, cataract, history of
cardiovascular diseases, smoking, alcohol consumption,
or self-reported usage of the medications listed in Table 1
except for possibly aspirin (23% of cases vs 35% of
controls) and anti-platelet therapy (21% of cases vs 32%
of controls).

Table 2 shows that on average levels of fibrinogen and
VWF were marginally higher in cases than in controls

Table 2 Adjusted mean levels of atherothrombotic risk factors
(95% ClIs) in cases of AMD and controls

Risk factor Adjusted means® (95% CI)
Cases Controls
Fibrinogen 358.3 (345.1, 372.1) 357.8 (344.3, 371.9)

(mg per 100 ml)®

Factor VIIc (% standard)
Factor VIIIc (% standard)®
Prothrombin fragment
F1.2 (nM)®

Tissue plasminogen
activator (IU/ml)®
Plasminogen activator
inhibitor type 1 (IU/ml)°®
von Willebrand factor

(% standard)

131 (122, 139)
145 (135, 157)
1.88 (1.66, 2.13)

145 (137, 154)
153 (142, 165)
2.29 (2.02, 2.60)

2.23 (1.91, 2.61) 2.23 (1.90, 2.61)

9.67 (8.36, 11.18)  10.50 (7.18, 15.35)

118 (111, 126) 115 (107, 123)

“Means (95% CI) adjusted for age in years, sex, and smoking status.
PVariables that were log transformed for linear regression analyses;
mean adjusted values were exponentiated to give geometric means
with 95% ClIs.

after controlling for age, sex, and smoking status. Levels
of all the other risk factors (except t-PA) were marginally
lower in cases compared with controls.

Table 3 shows odds ratios adjusted for age, sex, and
smoking status and additionally for body mass index,
systolic blood pressure, and total serum cholesterol. In
the fully adjusted model, a standardised increase in FVIIc
reduced the risk of AMD by 38% (95% CI 5-60%
decrease). There is some evidence of an inverse
association with F1.2 in the basic adjustment model (29%
reduction in risk; 95% CI from 52% reduction to 4%
increase) but this association is attenuated in the fully
adjusted model. None of the other atherogenic/
haemostatic makers appeared to be related to the
prevalence of AMD.

With adjustment for age, sex, and smoking status,
aspirin reduced the risk of AMD by 53% (OR =0.47; 95%
CI 0.20-1.08, P =0.07) but after full adjustment the odds
ratio was attenuated towards the null (OR=0.61; 95% CI
0.23-1.57, P=0.21). Use of anti-platelet therapy more
generally yielded, not surprisingly, very similar results
(data not presented).

Conclusion

To the authors’ knowledge, this is the first study that
examines the association of t-PA activity, F1.2, FVIIc, and
FVIIIc with AMD. Cases of AMD had lower levels of
FVIlc, marginally lower levels of F1.2, and were less
likely to be using aspirin (or antiplatelet therapy) when
compared to controls without AMD. These associations
were attenuated after adjustment for age, sex, and
smoking status but remained statistically significant for
FVIIc and borderline for F1.2 and aspirin use (or
antiplatelet therapy). With additional adjustment for
established cardiovascular risk factors, the association
with FVIIc remained stable but for F1.2 and aspirin the
evidence for an association was weakened further.

The potential mechanism for the inverse association of
FVIIc with AMD is not clear. The main established
function of FVII is initiation of the process of coagulation

Table 3 Adjusted odds ratios for AMD per 1 SD increase in each atherothrombotic risk factor with corresponding 95% CI and

P-values

Risk factor Adjusted odds ratios* (95% CI) P-value Adjusted odds ratios® (95% CI) P-value
Fibrinogen® 0.98 (0.70, 1.38) 0.92 0.87 (0.58, 1.31) 0.49
Factor VIIc 0.62 (0.41, 0.92) 0.02 0.62 (0.40, 0.95) 0.03
Factor VIIIc® 0.81 (0.56, 1.16) 0.24 0.88 (0.60, 1.30) 0.52
Prothrombin fragment F1.2¢ 0.71 (0.48, 1.04) 0.08 0.71 (0.46, 1.09) 0.11
Tissue plasminogen activator® 0.96 (0.67, 1.37) 0.81 0.85 (0.56, 1.28) 0.43
von Willebrand factor 1.13 (0.80, 1.60) 0.47 1.23 (0.84, 1.79) 0.29

?Odds ratios are per 1 standard deviation increase in risk factor with 95% Cls in parenthesis adjusted for age in years, sex, and smoking status.
Odds ratios are per 1 standard deviation increase in risk factor with 95% Cls in parenthesis additionally adjusted for history of cardiovascular disease,
body mass index, systolic blood pressure, and total cholesterol as continuous variables.

“Variables that were log transformed for logistic regression analyses.
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on binding to tissue factor; thereby, leading to thrombin
generation. F1.2 is a molecular marker of thrombin

generation i1 vivo and is positively correlated with FVI
(correlation coefficient 0.44, P <0.0001 in this study). It is
possible that patients with AMD may express increased
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tissue factor as a consequence of more extensive vascular
disease and this could bind FVII, resulting in lower
circulating FVIIc levels. However, if that were the case,
levels of F1.2 might be higher reflecting increased
thrombin generation in vivo whereas the reverse was seen.
Alternatively, FVII synthesis might be depressed in AMD,
or FVIIc might be inactivated by increases in leukocyte
elastase®® resulting from an inflammatory process in
patients with AMD. However, the evidence for an
inflammatory process in AMD is inconclusive.?*2%3347
The US Physicians study*® suggested a potential beneficial
effect of low-dose aspirin that agrees with our findings
adjusting for age, sex, and smoking status. However, in
the fully adjusted model, there does not appear to be any
association with aspirin as found by others.*

Our findings agree with other larger studies that have
found no association between age-related maculopathy
and fibrinogen'*?***° and VWE**" but others reported
a positive association between fibrinogen and AMD™
and exudative macular degeneration® after adjustment
for key confounders. Case—control studies have reported
higher levels of fibrinogen®*** and VWF levels in AMD
cases,”*>® but these analyses were not adjusted for
potential confounding from age, sex, and smoking. The
body evidence suggests that any associations of
fibrinogen and VWF with AMD are likely to be weak and
confounding by age, sex, and particularly smoking status
needs to be taken into account. There does not appear to
be any evidence to suggest that FVIIIc or t-PA activity is
related to AMD.

One potential disadvantage of this study is the use of
hospital controls that may have resulted in selection bias.
However, funding and feasibility of the study negated
the use of randomly selected controls (by age and sex)
from the community. Controls in this study were
attending the hospital for a variety of other ocular
complaints and did not show any signs of age-related
maculopathy. In agreement with another hospital-based
case—control study, we were unable to confirm the
association between smoking and AMD.>* The hospital
in this study serves a local community in East London
that is relatively socially deprived and may have resulted
in more closely matched cases and controls with respect
to confounders associated with geographical location
such as smoking status. However, this allowed the
influence of other risk factors to be assessed over and
above any confounding by, for example smoking.
Another potential limitation of this study is the pooling
of two forms of AMD that may have a different
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epidemiological aetiology, but this is difficult to reconcile
when examining systemic risk factors and because both
types of AMD can exist in the same patient. Although the
sample size in this study was relatively small,
associations with established cardiovascular risk factors
agreed with the published literature and provide some
evidence of study validity. In agreement with other larger
studies of early or late age-related maculopathy, after
adjustment for age, sex, and smoking, we found
overweight or obese individuals to have double the risk
of AMD;”'*'7 a weak inverse association with total
serum cholesterol and AMD (OR =0.77 per 1mmol/I
increase in cholesterol; 95% CI 0.57-1.05);14192451.55 o
association with blood pressure;'¢'*?%31% diagnosis or

treatment for hypertension in crude®**®

14,16,19,49,51,55,56

or adjusted
analyses
medications.*

The response rate was reasonable for a study in the
elderly population. Misclassification of cases and
controls was addressed by having a standardised
protocol to separate study groups clearly. This resulted in
a small number of individuals having to be excluded
because they could not be classified as a definite case or
definitive control. Also imbalances in age and sex were
taken into account in all analyses. Observer bias was
minimised because the nurse recruiting the patients was

nor with a range or cardiovascular

trained to collect the data from patients using a
standardised procedure and the clinician categorising the
patients into cases and controls from fundus
photographs was blinded to data collected on other
potential risk factors recorded on the questionnaire and
biochemical measurements. The repeated measures of
the analytes (which is rarely undertaken) allowed more
precise estimates of the associations to be made than with
single measures that tend to underestimate effects
because of regression to the mean.

The association of AMD with FVII (and possibly with
F1.2 and aspirin) may be a chance finding. The lack of an
association with other thrombotic markers could be due
to selective survival, in that individuals with less
favourable atherothrombotic risk factor profiles died
younger and so are not included in the study, leading to
potentially biased estimates. It is possible that the study
was not powered sufficiently to detect small but
important associations between AMD and systemic
makers of thrombosis or AMD may be related to local
rather than systemic thrombotic activity.

In summary, this hospital-based case—control study
found an inverse association between AMD and FVIIc
and weaker evidence for F1.2. The results from this study
do not provide strong evidence of systemic markers of
arterial thrombosis as a mechanism in AMD, but the
potential effects of FVIIc and F1.2, possibly through
angiogenic pathways, are worthy of further investigation.
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Summary

What was known before

® Previous studies have shown associations between AMD
and established cardiovascular disease risk factors, such
smoking status, obesity, and markers of atherosclerotic
disease. Studies reported associations between markers of
systemic inflammation, including fibrinogen, tissue
plasminogen activator, and von Willebrand factor. These
same factors are related thrombogenesis in
cardiovascular disease, but there is limited evidence
examining the association between AMD and systemic
markers of arterial thrombosis.

What this study adds

® We examined six markers of systemic atherothrombosis,
including fibrinogen, factor VII, factor VIII, prothrombin
fragment F1.2, tissue plasminogen activator antigen
activity, and von Willebrand factor. Results suggest that
the coagulation marker factor VIIc in particular, and to a
lesser extent prothrombin fragment F1.2 (a molecular
marker of thrombin generation in vivo) are inversely
related to the risk of AMD.
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