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PURPOSE. To examine the relationship between circulating inflammatory markers, hemostatic factors, and age-related maculopathy (ARM).
METHODS. A population-based, cross-sectional case– control
study drawn from the Blue Mountains Eye Study included 159
early and 38 late ARM cases, and 433 controls matched for age,
gender, and smoking. ARM lesions were assessed from retinal
photographs according to the Wisconsin ARM grading system.
Circulating inflammatory markers (high-sensitivity C-reactive
protein [hsCRP], intercellular adhesion molecule [ICAM]-1,
and interleukin [IL]-6), white cell count (WCC), and hemostatic factors (fibrinogen, homocysteine, plasminogen activator
inhibitor [PAI]-1 and von Willebrand factor [vWF]) were assessed. Age, gender, current smoking, body mass index, hypertension, history of stroke, and cardiovascular events were adjusted for. Adjusted mean levels of each marker were
compared between persons with early ARM, those with late
ARM, and control subjects, and are presented as probabilities.
Adjusted associations with ARM were examined continuously
(per SD), and are presented as odds ratios (ORs) and 95%
confidence intervals (CIs). Summarizing z scores for inflammation and hemostatic dysfunction were calculated.
RESULTS. Increased PAI-1 level was associated with both early
(OR 1.2, 95% CI 1.0 –1.4 per SD increase) and late ARM (OR
1.3, 95% CI 0.9 –1.9 per SD increase). Elevated ICAM-1 level
was marginally associated with late ARM (OR 1.3, 95% CI
1.0 –1.7 per SD increase). No other significant associations
were found between the remaining inflammatory or hemostatic markers and either early or late ARM. Summarized z
scores for inflammatory or hemostatic markers also did not
suggest any associations.
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CONCLUSIONS. There was no consistent pattern of association
found between ARM and circulating inflammatory markers
or hemostatic factors in this population-based case– control
study. (Invest Ophthalmol Vis Sci. 2007;48:1983–1988) DOI:
10.1167/iovs.06-0223

A

ge-related maculopathy (ARM) is the leading cause of
blindness among older persons in Western countries,1 and
its prevalence has also been reported to be increasing in some
developing counties.2 Despite this, the pathogenesis of ARM is
poorly understood, and treatment options remain limited. Population studies have identified many risk factors, the most
consistent of which are age, family history, and cigarette smoking.3,4
There has been increasing evidence suggesting a role for
both local and systemic inflammation and aberrant complement activation in the pathogenesis of ARM.5,6 Chronic inflammatory infiltrates have been demonstrated in the choroids of
donor eyes with ARM.7,8 Analyses of drusen composition in
both animal models9,10 and in patients with ARM11–13 have
revealed evidence of inflammatory and immune-mediated processes, including components of the complement cascade.
More recently, a complement factor H (a key inhibitor of the
alternative pathway of complement activation) gene polymorphism has been reported to be a significant predisposing factor
to both early and late ARM in several independent studies (with
odds ratios [ORs] from 2.5 to 7.4),14 –17 providing further
evidence supporting a possible role for systemic inflammation
in the etiology of ARM, as in other degenerative diseases such
as Alzheimer disease18,19 and atherosclerosis.20,21
Defective fibrinolysis22 and increased hemostatic proteins23
are components closely associated with inflammation. Some of
the markers of inflammation and hemostasis/fibrinolysis—
namely, high sensitivity C-reactive protein (hsCRP),24 –29 interleukin (IL)-6,25,29 intercellular adhesion molecule (ICAM)-1,25,29
white cell count (WCC),30 –35 fibrinogen,27,32,36 homocysteine,26,37– 41 and von Willebrand factor (vWF)32— have been
examined in relation to ARM in several epidemiologic studies,
with inconclusive findings.
We performed a systematic investigation of the relationship
of circulating inflammatory markers (hsCRP, ICAM-1, IL-6, and
WCC) and hemostatic factors (fibrinogen, plasminogen activator inhibitor [PAI]-1, vWF, and homocysteine) to ARM in a
cross-sectional case– control sample of the Blue Mountains Eye
Study cohort.

METHODS
Subjects
The Blue Mountains Eye Study (BMES) is a population-based cohort
study of vision and common eye diseases in an urban population ⱖ49
years of age, residing in two postal code areas of the Blue Mountains
region, west of Sydney, Australia. Details of the baseline survey methods have been described previously.42 In brief, of 4433 eligible persons
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identified via a door-to-door census of the study area, 3654 (82.4%)
participated in the BMES baseline survey in 1992 to 1994 (BMES I). At
the 5-year follow-up, 2335 of the 3654 participants (75.1% of survivors)
were re-examined from 1997 to 1999 (BMES II-a), after those who had
died (14.9%), moved (10.5%), or refused (10.8%) were excluded. A
comparison of baseline characteristics of surviving BMES I participants
examined and not examined in BMES II has been described previously.43 A second door-to-door census was conducted in 1999 and
identified 1378 additional eligible permanent residents who had
moved into the study area or had reached 50 years of age during the
intervening period. Of these newly eligible persons, 1174 (85.2%)
were examined (BMES II-b).
The study was performed in accordance with the tenets of the
Declaration of Helsinki and approved by the Western Sydney Area
Health Service Human Ethics Committee. Signed informed consent was
obtained from all participants.

Study Design
The present case– control study sample was drawn from the BMES II-a
and II-b population (total n ⫽ 3509), including 197 subjects with any
(either early or late) ARM who had blood samples available. We further
selected 433 subjects without ARM who were matched with the cases
for age (within 5 years), gender, and current smoking status.
ARM status was defined from retinal photographs, and all study
factors (e.g., age, body mass index) were defined at the time of the
examinations, which took place from 1997 to 1999 for BMES II-a
participants and from 1999 to 2001 for BMES II-b participants. Fasting
blood samples were drawn within 2 weeks after participants were
examined. An aliquot of each sample was tested for WCC, fibrinogen,
and homocysteine within the same day as the sample collection. The
remaining portions of each sample were stored in cryogenic vials at
⫺80°C.
The present study was undertaken after successful acquisition of an
American Health Assistance Foundation Macular Degeneration Grant in
2003. All ARM cases were defined during retinal photographic grading,
performed by graders who were masked to the participants’ identity,
with adjudication and confirmation provided by a retinal specialist
(PM). Cases and matched control subjects were selected based on the
availability of blood samples, and control subjects were identified
according to matching criteria by two investigators (KHCW, AGT) who
were masked to the previous blood test results (WCC, fibrinogen, and
homocysteine). After cases and controls were selected, aliquots of
previously stored blood samples were tested for hsCRP, sICAM-1, IL-6,
PAI-1, and vWF in 2004 to 2005 by investigators (EJF, AW), who were
masked to all the information.

Procedures and ARM Grading Definitions
Similar procedures used at each visit have been described previously.36,43 Briefly, a detailed ocular and medical history was obtained
using an interviewer-administered questionnaire, including history of
cardiovascular events, cardiovascular risk factors, and medication use.
Systolic and diastolic blood pressures, height, and weight were measured at the study site by a trained observer. Comprehensive eye
examinations were conducted after pupil dilation, and stereoscopic
retinal photographs were taken. Fasting blood samples were drawn
from participants within 4 weeks after the study visit and transported
to the laboratory on ice with minimal delay.
Retinal photographs were graded by using the Wisconsin AgeRelated Maculopathy Grading System,44 as reported previously.43 ARM
lesions were defined according to the international classification of
ARM.45 Late ARM included either geographic atrophy (GA) or neovascular lesions. Early ARM was defined as the absence of late ARM and
the presence of large (⬎125 m in diameter), indistinct, soft/reticular
drusen or of both large, distinct, soft drusen and retinal pigmentary
abnormalities (hyperpigmentation or hypopigmentation) within the
macular area.
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Laboratory Methods
On arrival at the laboratory, blood specimens were centrifuged into
serum and plasma components, and an aliquot of samples was immediately taken for basic blood tests, including WCC, fibrinogen, and
homocysteine. Remaining serum and plasma were stored separately in
cryogenic vials at ⫺80°C. For the present study, aliquots of serum and
plasma were taken for hsCRP, sICAM-1, IL-6, PAI-1, and vWF, and
shipped on ice to the collaborating laboratories with minimal delay. All
samples were handled in an identical and masked fashion.
Inflammatory Markers. Serum hsCRP was measured by rate
nephelometry on an automated nephelometer (Immage; Beckman
Coulter, Fullerton, CA). Details of assay methods have been reported
previously.46 This hsCRP assay, with a functional sensitivity of 0.15
mg/L and an interassay coefficient of variation (CV) of 7.9% at 0.81
mg/L, has been shown to correlate well with that of other commonly
used assays.47 Assessment of serum ICAM-1 levels was performed with
a commercial ELISA (Chemicon International, Inc., Temecula, CA),
with a sensitivity of 3.3 ng/mL, detection range of 25 to 100 ng/mL,
and interassay CV of 7.7%. Serum IL-6 was measured by a high-sensitivity assay (Quantikine; R&D Systems, Minneapolis, MN), with a sensitivity of 0.156 pg/mL and an interassay CV of 9% at 16 pg/mL. Levels
of WCC were measured with an autoanalyzer (Advir 120; Bayer, Leverkeusen, Germany).
Hemostatic Factors. Plasma fibrinogen was measured by the
Von Clauss assay with a coagulometer (ACL 300; IL-Coulter, Sydney,
Australia), with a sensitivity of 50 mg/dL and an interassay CV of 10%
at 200 mg/dL. Plasma homocysteine was assayed by fluorescence
polarization immunoassay (IMX analyser; Abbott Laboratories, Abbott
Park, IL), with a sensitivity of ⬍0.5 M and an interassay CV of 3.7% at
22 M. Plasma PAI-1 assays were performed with a commercial kit
(TintElize; Trinity Biotech, Bray, Ireland), with an interassay CV of 3.3%
at 40 ng/mL and a detection range of 0.5 to 120 ng/mL. Assays of vWF
antigen were performed by ELISA using established commercial reagents (DakoCytomation, Sydney, Australia), as described previously,48
with an interassay CV of 12% and a detection range of 0% to 400%.

Statistical Analysis
Comparisons were made for the means (with SD) of each marker
between early ARM, late ARM and control subjects, after adjusting for
variables (continuous unless otherwise specified) including age, gender, body mass index, current smoking (versus current nonsmoking),
hypertension (defined as blood pressure ⱖ160/95 or current use of any
antihypertensive medications), history of stroke, and cardiovascular
events (yes/no based on self-report), in general linear models. In
addition, each marker was assessed continuously (per SD) for associations with early and late ARM, with adjustment for age, gender, and
current smoking in logistic regression models, presented as ORs with
95% confidence intervals (CIs).
Although our samples were matched for age, gender, and smoking
between cases and control subjects, further adjustments for these
variables were made in the multivariate analyses when comparison was
made between three groups— control subjects, and early and late ARM
cases—as the original matching during sample selection was undertaken between control subjects and cases with combined early and late
ARM.
Finally, to assess the robustness of the study findings, we constructed summarizing z scores for inflammatory markers and for hemostatic factors, respectively, using a published method.49 Briefly, the
individual z score for each marker was obtained for each subject by
using the formula: (individual value ⫺ the mean value for the study
population)/SD. The summarized inflammatory z score was then calculated as the sum of all z scores from inflammatory markers divided by
the number of markers: (z score for hsCRP ⫹ z score for ICAM-1 ⫹ z
score for IL-6 ⫹ z score for WCC)/4. Similarly, the summarized hemostatic z score was calculated from individual z scores for fibrinogen,
homocysteine, PAI-1, and vWF. The associations between ARM and the
summarized inflammatory or hemostatic z scores were examined (per
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TABLE 1. Participant Characteristics

Age

Gender
Smoking status
History*

Oral anti-inflammatory drug use (current)†
Body mass index, kg/m2, mean (SD)
Blood pressure
Serum cholesterol

Mean (SD), years
⬍60
60–69
70–79
⬎80
Female
Current smoker
Angina
Acute myocardial infarction
Stroke
Hypertension
Hypercholesterolemia
Diabetes
Arthritis
Systolic, mmHg, mean (SD)
Diastolic, mmHg, mean (SD)
Total, mmol/L, mean (SD)
HDL, mmol/L, mean (SD)

Controls
(n ⴝ 433) %

Early ARM
(n ⴝ 159) %

Late ARM
(n ⴝ 38) %

72.8 (8.1)
5.3 (n ⫽ 23)
24.3 (n ⫽ 105)
50.1 (n ⫽ 217)
20.3 (n ⫽ 88)
58.2
11.8
13.2
8.8
8.1
60.0
52.2
11.1
49.3
36.3
27.3 (4.7)
150.0 (22.8)
84.2 (10.4)
5.8 (1.1)
1.5 (0.4)

74.0 (8.3)
5.7 (n ⫽ 9)
20.1 (n ⫽ 32)
45.9 (n ⫽ 73)
28.3 (n ⫽ 45)‡
59.1
10.1
18.4
10.1
3.8
60.4
50.9
12
49.4
34.2
26.6 (4.1)
150.9 (23.4)
84.6 (10.3)
5.8 (1.0)
1.54 (0.37)

78.1 (8.0)‡
5.3 (n ⫽ 2)
7.9 (n ⫽ 3)‡
39.5 (n ⫽ 15)
47.4 (n ⫽ 18)‡
60.5
21.1
7.9
10.5
13.2
55.3
55.3
15.8
50
34
25.6 (3.8)‡
150.1 (17.5)
83.2 (7.6)
6.0 (0.9)
1.49 (0.40)

* Participant report of physician-diagnosed condition. Based on participant-report and/or a total cholesterol level of ⬎6 mM.
† Include both steroids and nonsteroidal anti-inflammatory drugs.
‡ Statistically significant versus controls. Probabilities obtained by 2 test for categorical variables and Student’s t-test for continuous variables.

SD increase), after adjustment for age, gender, and smoking. Commercial software (SAS Institute, Cary, NC) was used for all analyses, with P
⬍0.05 considered statistically significant.

RESULTS
There were 159 early ARM (128 from BMES II-a and 31 from
BMES II-b cohorts) and 38 late ARM (35 from BMES II-a and 3
from BMES II-b) cases, as well as 433 control subjects (261 and
172 from BMES II-a and II-b, respectively). Table 1 presents the
clinical characteristics of the study participants. Compared
with control subjects, subjects with late ARM had a significantly older mean age (78.1 ⫾ 8.0 vs. 72.8 ⫾ 8.1 years, P ⫽
0.0001) and lower mean body mass index (25.6 ⫾ 3.8 vs.
27.3 ⫾ 4.7 kg/m2, P ⫽ 0.04). No other significant differences
were noted in characteristics between control subjects and
early and late ARM cases.
The relationships between mean levels of each marker and
age (Table 2), gender, or smoking (data not shown) were
examined. Of note, within the control subjects, several markers were found to increase with increasing age: ICAM-1, IL-6,
homocysteine, and vWF (P ⬍ 0.03, Table 2). Men had higher
levels of homocysteine than did women (P ⫽ 0.01, data not
shown) and smoking was associated with a higher WCC level
(P ⫽ 0.004, data not shown).

Relationship between Circulating Inflammatory
Markers and ARM
Age- and gender-adjusted mean ICAM-1 level was higher in
subjects with late ARM versus control subjects (447.1 ng/mL
vs. 390.8 ng/mL; P ⫽ 0.02; data not shown). However, the
association between ICAM-1 and late ARM became borderline
significant after further adjustment for body mass index, current smoking, hypertension, history of stroke, and history of
cardiovascular events (437.0 vs. 388.8 ng/mL, P ⫽ 0.05; Table
3). In addition, the odds of late ARM increased marginally for
each SD increase in ICAM-1 (OR 1.3, 95% CI 1.0 –1.7) after
adjustment for age, gender, and current smoking. No other
significant associations were found between the other inflam-
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matory markers studied, in particular hsCRP, and either early
or late ARM.
There was no significant association between inflammatory
z score (per SD increase) and either early or late ARM, after
adjustment for age, gender, and smoking (data not shown).

Relationship between Hemostatic Factors
and ARM
After multivariate adjustment, a significantly higher mean PAI-1
level was noted in subjects with either early (86.8 ng/mL, P ⫽
0.04) or late (91.3 ng/mL, P ⫽ 0.02) ARM, compared with
control subjects (82.7 ng/mL, P for trend ⫽ 0.004; Table 3). In
addition, for each SD increase in PAI-1, the odds were marginally significant for early (OR 1.2, 95% CI 1.0 –1.4) but not late
(OR 1.3, 95% CI 0.9 –to 1.9) ARM. There were no significant
associations found between either early or late ARM and the
other hemostatic factors analyzed, including fibrinogen, homocysteine, and vWF.
No significant associations were noted between hemostatic
z score (per SD increase) and either early or late ARM, after
adjustment for age, gender, and smoking (data not shown).
Additional analyses, including the use of 90th and 66th
percentile cutoffs, were made for each inflammatory and hemostatic marker in relation to ARM associations with adjustment for age, gender, and current smoking. These revealed no
significant findings (data not shown).

DISCUSSION
The concept that ARM may represent an ocular manifestation
of vasculopathy50,51 has been the topic of considerable debate,
due to inconsistent findings reported between cardiovascular
diseases/risk factors and ARM.3,52 Despite increasing evidence
implicating aberrant inflammation and complement factor activation in the pathogenesis of ARM,5,6 several epidemiologic
studies to date have failed to report consistent findings on the
relationship between systemic inflammatory markers or markers of thromboembolism and ARM.24 –29,32,36 – 40 In the present
study, we investigated the relationship between ARM and a

1986

Wu et al.

IOVS, May 2007, Vol. 48, No. 5

TABLE 2. Levels of Serum Markers Stratified by Age in Subjects with or without (ARM)
Age (y)

Inflammatory markers
hsC-reactive proteins (mg/L)
Controls
Early ARM
Late ARM
Intercellular adhesion
molecule-1 (ng/mL)
Controls
Early ARM
Late ARM
Interleukin-6 (pg/mL)
Controls
Early ARM
LateARM
White cell count (⫻109/L)
Controls
Early ARM
Late ARM
Hemostatic factors
Fibrinogen (mg/dL)
Controls
Early ARM
Late ARM
Homocysteine (M)
Controls
Early ARM
Late ARM
Plasminogen activator
inhibitor-1 (ng/mL)
Controls
Early ARM
Late ARM
von Willebrand factor (IU/dL)
Controls
Early ARM
Late ARM

<60

60–69

70–79

>80

P for Trend*

2.9 (3.5)
3.3 (2.3)
0.8 (0.8)

3.6 (5.5)
4.3 (5.9)
8.5 (8.1)

4.0 (6.6)
3.9 (5.1)
3.4 (1.9)

4.6 (9.8)
4.9 (7.5)
2.4 (1.6)

377.9 (158.7)
344.4 (127.0)
321.5 (147.6)

346.1 (123.4)
376.4 (119.9)
517.4 (329.1)

397.4 (144.3)
390.9 (116.3)
507.8 (220.8)

422.5 (141.5)
433.9 (125.7)
426.4 (147.3)

2.1 (3.3)
1.6 (0.9)
1.0 (0.4)

2.1 (1.7)
2.9 (3.1)
6.4 (6.2)

3.7 (6.3)
4.0 (13.3)
2.4 (1.1)

3.5 (4.0)
5.7 (12.7)
5.6 (6.7)

0.02
0.02
0.21

6.4 (0.8)
6.5 (1.2)
5.9 (1.5)

6.4 (1.6)
7.4 (3.4)
7.8 (2.3)

6.3 (1.5)
6.1 (1.4)
7.1 (1.1)

6.6 (1.8)
7.3 (6.8)
6.5 (1.7)

0.68
0.79
0.59

363.0 (77.1)
348.9 (106.6)
279.5 (6.4)

384.0 (98.8)
365.6 (105.5)
379.7 (186.2)

381.8 (89.4)
379.0 (99.4)
369.7 (83.0)

382.2 (102.4)
383.4 (92.8)
384.1 (101.1)

0.69
0.27
0.27

9.9 (3.3)
10.6 (2.2)
9.5 (0.7)

10.8 (3.6)
11.3 (2.9)
13.3 (2.3)

12.9 (6.4)
12.8 (3.9)
14.3 (3.6)

14.9 (6.2)
15.1 (6.8)
14.1 (2.8)

0.0001
0.0002
0.15

83.3 (21.2)
88.0 (19.3)
60.2 (11.2)

82.9 (16.9)
91.7 (20.7)
102.6 (6.1)

84.7 (17.7)
82.6 (29.0)
85.5 (12.7)

80.0 (19.6)
89.7 (35.8)
89.2 (26.0)

0.41
0.88
0.37

85.4 (55.5)
66.2 (28.1)
61.0 (15.6)

75.4 (43.1)
77.8 (49.5)
75.3 (25.1)

98.0 (55.3)
84.3 (39.4)
84.5 (33.2)

95.9 (53.0)
94.7 (45.1)
103.3 (57.2)

0.22
0.45
0.2
0.0006
0.01
0.82

0.007
0.03
0.1

Data are the mean ⫾ SD.
* Probabilities values obtained by 2 test. Statistically significant values are presented in bold.

spectrum of circulating markers of inflammation (hsCRP,
ICAM-1, IL-6, WCC) or hemostasis (fibrinogen, PAI-1, vWF, and
homocysteine). Our results showed a marginally significant,
positive association between ARM and one hemostatic factor
(PAI-1). Whereas the combined hemostatic or inflammatory z
scores showed no associations with ARM.

Apart from the distinct possibility of chance findings, our
data on the association between ARM and PAI-1 may also
suggest a role of impaired fibrinolysis and hemostasis in ARM.
PAI-1 is a principal inhibitor of fibrinolysis and is reported to
increase with increasing age, as well as in a variety of agerelated processes, including atherosclerosis, dyslipidemia, and

TABLE 3. Adjusted Mean Levels* of Inflammatory Markers and Hemostatic Factors in Controls and Cases with Early or Late ARM

Inflammatory markers
hs C-reactive protein (mg/L)
Intercellular adhesion molecule-1 (ng/mL)
Interleukin-6 (pg/mL)
White cell count (⫻109/L)
Hemostatic factors
Fibrinogen (mg/dL)
Homocysteine (M)
Plasminogen-activator inhibitor-1 (ng/mL)
von Willebrand factor (IU/dL)

Controls

Early ARM

Late ARM

P for Trend

4.0 (3.3–4.6)
388.8 (375.7–401.8)
3.2 (2.5–3.9)
6.4 (6.2–6.6)

4.0 (3.0–5.1)
397.7 (375.7–419.6)
4.0 (2.8–5.2)
6.8 (6.4–7.2)

3.4 (1.1–5.6)
437.0 (389.8–484.1)‡
4.1 (1.6–6.6)
6.9 (6.1–7.8)

0.8
0.08
0.24
0.08

380.9 (372.0–389.9)
12.8 (12.2–13.3)
82.7 (80.7–84.7)
91.5 (86.8–96.3)

374.2 (359.1–389.3)
13.0 (12.2–13.9)
86.8 (83.5–90.2)†
84.6 (76.6–92.6)

380.2 (347.8–412.6)
13.1 (11.3–14.9)
91.3 (84.1–98.4)†
85.6 (68.5–102.7)

0.61
0.58
0.004
0.17

* Means (95% CI) adjusted for age, gender, current smoking, hypertension, stroke, cardiovascular events and body mass index. Statistically
significant data are presented in bold.
† P ⬍ 0.05 vs. controls.
‡ P ⫽ 0.0541 vs. controls.
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obesity, as reviewed by Yamamoto et al.53 In addition, PAI-1 is
associated with angiogenesis54 in a dose-dependent fashion.
Low levels of PAI-1 have been shown to be proangiogenic,
whereas high levels have been shown to be antiangiogenic,
and hence PAI-1 has been suggested as a potential therapeutic
agent for ARM.55,56 Our data suggest an association between
higher mean PAI-1 levels and either early or late ARM compared with control subjects, and to date there has been no
other comparative study examining the relationship between
systemic PAI-1 level and ARM.
We found no significant associations for most hemostatic
factors (fibrinogen, homocysteine and vWF) or inflammatory
markers (hsCRP, ICAM-1, IL-6, and WCC) with either early
or late ARM in this study sample. Overall, our findings add
to previously reported conflicting data of either no association between ARM and hsCRP,25,27,28 ICAM-1,25,29 IL-6,25
WCC,31,32,34,57 fibrinogen,27 and homocysteine37 or positive
associations between ARM and hsCRP,24,26,29 IL-6,29
WCC,30,33,35 fibrinogen,32,36 homocysteine,26,38 – 41 and
vWF.32 Of note, our previous studies reported a positive
cross-sectional association between fibrinogen and late ARM
in the BMES I population,36 a positive cross-sectional association between homocysteine and late ARM in the BMES II
population,41 and a positive association between baseline
WCC and the 10-year incidence of early ARM.35 Two independent longitudinal studies with different follow-up periods (10
vs. 4.6 years) investigating the relationship between inflammatory markers and ARM progression, reported widely disparate
ARM progression rates (14.2% vs. 38.2%) and conflicting findings for the associations with CRP and IL-6.25,29 It should be
noted that in addition to different study designs, factors such as
different baseline ARM composition, could all account for the
disparate findings. Thus, the results from these studies are not
directly comparable. Given that variants in several complement
pathway-associated genes—namely, complement factor H
(CFH),14 –17 factor B (BF), and complement component 2
(C2)58— have consistently been associated with ARM, the hypothetical role of inflammation in the pathogenesis of ARM
deserves further study.
Certain limitations should be considered when interpreting
our findings. First, the significant associations found between
ARM and PAI-1 could be due to chance alone, given the large
number of analyses made. Second, the lack of association
between ARM and the other markers studied could be due to
bias from selective survival. Subjects with ARM who had higher
levels of these markers could have died earlier and thus were
not included in the study. Indeed, advanced ARM has been
shown to be associated with a significantly higher all-cause and
cardiovascular disease–related mortality, after adjustment for
relevant confounders.59 Third, our study was relatively underpowered to detect meaningful associations between the studied serum markers and late ARM. Furthermore, as we assessed
only systemic factors, it is also possible that ARM involves only
a local but not a systemic response. Finally, the cross-sectional
nature of this study design limited our ability to detect an
association of antecedent inflammatory events and the subsequent onset of ARM, when the inflammatory initiator(s) may no
longer exist.
In summary, in this population-based, case– control, crosssectional sample we found a significant association between
ARM and higher levels of PAI-1. However, no significant ARM
associations were found with any of the other hemostatic
factors or inflammatory markers assessed. Given the study
limitations mentioned earlier, our data do not provide strong
evidence to support the hypothesis that impaired fibrinolysis
and aberrant inflammatory and immune-mediated processes
are involved in the pathogenesis of ARM.
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