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Abstract

Objective—Fibrosis has been implicated in a number of pathological, organ-based conditions of
the liver, kidney, heart, and lungs. The objective of this study was to determine whether
biomarkers of fibrosis are associated with vascular disease in the large and/or small vessels.

Methods—We evaluated the associations of two circulating biomarkers of fibrosis, transforming
growth factor-f (TGF-B) and procollagen type I11 N-terminal propeptide (PIIINP), with incident
peripheral artery disease (PAD) and subclinical macrovascular (carotid intima-media thickness,
flow-mediated vasodilation, ankle-brachial index, retinal vein diameter), and microvascular
(retinal artery diameter and retinopathy) disease among older adults in the Cardiovascular Health
Study. We measured TGF-$ and PIHINP from samples collected in 1996 and ascertained clinical
PAD through 2011. Measurements of large and small vessels were collected between 1996-1998.

Results—After adjustment for sociodemographic, clinical, and biochemical risk factors, TGF-$
was associated with incident PAD (hazard ratio [HR]=1.36 per doubling of TGF-$, 95%
confidence interval [CI]= 1.04, 1.78) and retinal venular diameter (1.63 um per doubling of TGF-
B, CI1=0.23, 3.02). PIIINP was not associated with incident PAD, but was associated with carotid
intima-media thickness (0.102 mm per doubling of PIIINP, C1=0.029, 0.174) and impaired
brachial artery reactivity (-0.20 % change per doubling of PIIINP, CI=-0.39, —0.02). Neither
TGF-B nor PIINP were associated with retinal arteriolar diameter or retinopathy.

Conclusions—Serum concentrations of fibrosis-related biomarkers were associated with several
measures of large vessel disease, including incident PAD, but not with small vessel disease.
Fibrosis may contribute to large vessel atherosclerosis in older adults.

Keywords
fibrosis; peripheral artery disease; atherosclerosis

Introduction

Reactive interstitial fibrosis is the pathological accumulation of excess collagen and
extracellular matrix deposition in response to severe or repetitive tissue injury. Over time,
fibrosis can lead to scar formation and organ dysfunction, as seen in end-stage liver disease,
kidney disease, and idiopathic pulmonary fibrosis [1]. In older adults, fibrosis has been
implicated in age-related ventricular stiffening and diastolic dysfunction [2]; for example,
between the third and seventh decade of life, myocardial collagen content increases by
almost 50% [3]. Whether fibrosis plays a role in vascular atherogenesis and function in older
adults remains an attractive but still unproven hypothesis.

Transforming growth factor-f§ (TGF-) is a pleiotropic cytokine and a central mediator of
fibrosis. TGF-f activity promotes collagen biosynthesis and the release of collagen
byproducts, including procollagen type 111 N-terminal propeptide (PIIINP). In addition to its
pro-fibrotic activity, TGF-p has potent anti-inflammatory effects; it has been found to
suppress the expression of pro-inflammatory adhesion molecules by the vascular
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endothelium, prevent leukocyte and macrophage recruitment, and de-activate T-cells
enriched in rupture prone vascular plaques [4]. TGF-B’s dual pro-fibrotic and anti-
inflammatory effects complicate its ultimate relationship with vascular disease, as these
effects are likely to have opposing effects on atherogenesis.

Although fibrosis is a plausible risk factor for vascular disease, evidence to support this
hypothesis has been inconsistent. Previous studies have found an inverse association
between TGF-f expression and the probability of aortic atherosclerosis [5], as well as lower
circulating levels of TGF-p among individuals with advanced atherosclerosis [6]. In
contrast, other studies have shown positive correlations between TGF- expression and
atherogenic stimuli such as shear stress [7], oxidized cholesterol [8], and angiotensin 11 [9],
as well as lower circulating levels of TGF-f among individuals with advanced
atherosclerosis [10]. Though relatively few studies of PIIINP have been conducted, one
cross-sectional study found that serum PIHINP concentrations were higher among
individuals with peripheral arterial disease (PAD) compared to individuals with normal
vasculature [11]. A second study found a borderline association between PIIINP and carotid
atherosclerosis [12]. Most of the previous studies that have been conducted have been small
and cross-sectional. Larger studies, and studies with prospective endpoints, such as clinical
PAD, could begin to address existing inconsistencies.

A key question that has not yet been investigated is whether fibrosis-related biomarkers are
differentially associated with large vs. small vessel disease. Existing studies of fibrosis-
related biomarkers have focused on large vessel disease in the carotid and brachial arteries
[11, 13, 14]; no studies of microvascular outcomes have been conducted, despite the fact
that these may represent distinct pathophysiologic processes. Large and small vessel disease
have been shown to have different biological etiologies and risk factors [15]. For example,
large vessel disease primarily results from atherosclerosis [16], while small vessel disease is
thought be the result of multiple molecular and cellular mechanisms, including prolonged
hyperglycemia, dysregulation of vascular tone, and oxidative stress [16, 17]. These
differences highlight the possibility that associations between fibrosis-related biomarkers
and vascular parameters may differ in vascular beds of different size.

Herein, we sought to evaluate the associations of TGF-f3 and PIIINP with clinical PAD and a
broad range of measures of vascular structure and function, in both large and small vessels,
among participants in the Cardiovascular Health Study (CHS), a population-based study of
older adults from four U.S. communities. Because these markers of fibrosis have already
been measured in this large, prospective study with both central adjudication of PAD and
detailed subclinical vascular phenotyping, we could address multiple dimensions of their
association with vascular disease, including possible interactions with inflammation that we
observed in studies of other cardiovascular outcomes.

Materials and Methods

Study Design

The design, rationale and examination details of CHS have been published elsewhere [18].
Briefly, 5,201 participants were recruited from Medicare eligibility lists from Forsyth
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County, North Carolina; Sacramento County, California; Washington County, Maryland;
and Pittsburgh, Pennsylvania in 1989-1990. A supplemental cohort of 687 mostly African-
American participants was added in 1992-1993. Individuals were eligible to participate if
they were at least 65 years old, living in the community, and expected to remain in that
community for at least three years after baseline. Individuals under active cancer treatment,
and those not able to provide written informed consent, were excluded. Follow-up
interviews were conducted during annual visits through 1998-1999 and interim 6-month
phone calls that are still ongoing. The present analysis was limited to follow-up through
2011. All participants in our study provided written informed consent, and the institutional
review board at each center approved the study protocol.

Exposure Assessment

Our analysis included 1,384 individuals free from clinical PAD, myocardial infarction (Ml),
and stroke with measured levels of TGF-$ and 2,647 with measured levels of PIIINP. TGF-
and PIHINP were measured in 2011-2012 from stored EDTA plasma samples collected
during the 1996-1997 CHS visit, which is baseline for these analyses. TFG-3 was measured
by ELISA (Quantikine Human TGF-B1 Immunoassay; R&D Systems, Minneapolis, MN).
PIIINP was measured by the UniQ Intact N-terminal Propeptide of Type Ill Procollagen
radioimmunoassay kit manufactured by Orion Diagnostics (Fountain Hills, AZ). Inter- and
intra-assay coefficients of variation (CVs) were between 1.9-2.9% and 6.4-9.3%,
respectively for TFG-p. For PIHINP, corresponding values were both less than 7.2%.

In pilot studies, we identified probable platelet contamination resulting in artificially
elevated levels of TGF-f [19] at two of our four clinic sites. Hence, a priori, we only
measured TGF-f at the two remaining sites. Of the two sites at which TGF-p was not
measured, one site (Washington County, Maryland) did not enroll an African American
cohort in 1992-1993, leading to modest differences in other participant characteristics
across clinic sites (Supplemental Table I).

Ascertainment of Incident PAD

We ascertained incident clinical PAD events from 1996 through 2011 (Figure 1). The
assessment criteria for PAD were defined prospectively and applied uniformly across CHS
sites. During follow-up, PAD outcomes were identified by any of the following methods: 1)
report of a PAD diagnosis by the participant at a clinic visit or during a telephone call; 2) a
PAD diagnosis found during review of medical records for another event; 3) active
surveillance of CMS records for the ICD-9 codes 400.2 (atherosclerosis of the native arteries
of the extremities) and 443.9 (peripheral vascular disease, unspecified). After a potential
diagnosis of clinical PAD was identified, medical records were obtained and the CHS
Clinical Events Subcommittee adjudicated a final decision. Potential diagnoses required
validation by one of the following: 1) ankle-brachial index (ABI) less than 0.90; 2)
exertional leg pain relieved by rest and a physician’s diagnosis of PAD; 3) leg pain with
confirmatory radiological or sonographic evidence (ultrasound showing an obstruction of
>75% of the cross-sectional area of the artery or showing an ulcerated plaque or
angiography showing =50% obstruction of the diameter or >75% of the artery cross-
sectional area or an ulcerated plaque; or absence of a Doppler pulse in any major vessel); 4)
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a positive exercise test for claudication; or 5) bypass surgery, angioplasty, amputation, or
thrombolysis for the indication of PAD.

Vascular Measurements

For robustness, we ascertained a wide variety of structural and functional measurements
from multiple vascular beds. Measurements of vascular structure and function were
collected between 1996-1998 (Figure 1) according to standardized criteria across clinical
sites.

Flow-mediated vasodilation (FMD) was measured at the 1997-1998 visit using images of
the right brachial artery captured with a 10 MhZ Biosound Phase 2 ultrasound system [20].
%FMD was calculated using the formula 100%*[(maximum diameter after cuff inflation-
baseline diameter)/(baseline diameter)] [21].

Retinal photographs were taken during the 1997-1998 visit to determine retinal vessel
caliber and presence or absence of retinopathy. A 45° retinal photograph centered between
the optic disc and the macula was obtained of one randomly selected eye using a non-
mydriatic fundus camera after five minutes of dark adaptation (Canon CR-45UAF; Canon
USA, Inc., Lake Success, NY). Photographs were evaluated according to a standardized
protocol at the Fundus Photograph Reading Center in Madison, WI. Retinal photographs
were evaluated by two certified graders masked to participant characteristics [22].

Retinal arteriolar and venular diameter measurements were summarized as central retinal
artery equivalent (um) and central retinal vein equivalent (um) [23]. Retinopathy was
defined as present if any of the following lesions were graded definite or probable:
microaneurysms, retinal hemorrhages (blot or flame-shaped), soft exudates (cotton wool
spots), hard exudates, or vitreous hemorrhage; these signs are measures of small vessel
disease [24]. Individuals were excluded from all analyses involving retinal variables if they
had prevalent age-related macular degeneration.

Carotid artery intima-media thickness (IMT) was evaluated at the 1998-1999 visit with high
resolution B-mode ultrasonography by readers blinded to all clinical information [25]. A
composite measure of carotid IMT was generated by averaging the maximal common
carotid IMT and internal carotid IMT after standardization (subtraction of the mean and
division by the standard deviation) [26, 27].

ABI was measured during the 1998-1999 visit by trained technicians according to a
standard protocol described in detail previously [28]. The ABI was calculated as the ratio of
the average of two systolic blood pressure measurements of the lower and upper extremities.
Participants were classified according to the lower of the right or left ABI. ABI is usually
=0.9 in normal adults; lower ABI indicates more severe arterial disease. We excluded
individuals with prevalent clinical PAD in 1996-1997 or with ABI > 1.4 from ABI analyses
as clinical studies have indicated that these individuals have arterial rigidity that prevents
arterial occlusion and results in falsely high ABIs [29].

On the basis of vessel size, location, and previous associations, we grouped vascular
structural functions into macrovascular and microvascular categories. Macrovascular
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measurements included carotid IMT, ABI, FMD, and retinal vein diameter; microvascular
measurements included retinal artery diameter and retinopathy. Retinal vein diameter and
retinal artery diameter were categorized differently despite their similar location due to
previous associations with other forms of vascular disease. Previously, smaller retinal
arteriolar diameter has been associated with systemic small vessel disease; in particular,
lacunar stroke [30], MRI-defined cerebral small vessel disease [31-33], and coronary
microvascular disease [34]. In contrast, larger retinal venular equivalent has been associated
with measures of large vessel disease such carotid IMT [35, 36], incident stroke, and
coronary heart disease [22, 37].

Covariate assessment

When possible, covariate measurements were taken from the 1996-1997 visit. If 1996-1997
data were unavailable, we used data from the 1997-1998 or 1995-1996 visits (or earlier,
depending on data availability). A uniform set of assessment criteria were used across all
clinical sites. Participants self-reported age, sex, race, smoking history, alcohol intake,
leisure time physical activity, and use of anti-hypertensive medications (including ACE
inhibitors, angiotensin receptor blockers, or aldosterone receptor inhibitors), and use of oral
hypoglycemic agents, insulin, and statins using a validated medication inventory [38]. We
used technician-measured height and weight to calculate body mass index (BMI, the weight
in kilograms divided by the square of the height in meters). Trained study personnel
measured systolic blood pressure (SBP). Blood and urine samples were obtained from
participants for measurement of total cholesterol, albumin, high sensitivity C-reactive
protein (CRP), fasting glucose, 2-hour glucose (measured two hours after 75 g of oral
glucose administration), urine albumin/creatinine ratio, N-terminal type B pro-brain
natriuretic peptide (NT-proBNP), and cystatin-C based estimated glomerular filtration rate
(eGFR). We defined diabetes as fasting glucose = 126 mg/dL (fasting), 2-hour glucose =200
mg/dL, or use of insulin or oral hypoglycemic medications.

Statistical analysis

We examined the distribution of TGF-p and PIIINP by the above listed covariates and
calculated bivariate associations using the Kruskal-Wallis test, categorizing categorical
variables according to clinically-relevant cutpoints. We used Cox proportional hazards
models to examine associations of TGF-f3 and PIIINP with incident PAD, using follow-up
time since the 1996-1997 visit as the time scale. We used multivariable linear or logistic
regression to evaluate the cross-sectional associations of TGF-$ and PIHIINP with carotid
IMT, ABI, FMD, retinal vein diameter, retinal artery diameter, and retinopathy. The
distributions of TGF-f and PIIINP displayed right skew. We transformed TGF-§ and PIIINP
(log base 2) and observed no departures from linearity on this scale. Estimates on the log
base 2 scale can be interpreted as per doubling of TGF- or PIIINP. For Cox models, we
checked the proportional hazards assumption in fully-adjusted models using Schoenfeld
residuals and found no violations.

We created sequential models. Where necessary, we categorized covariates according to
clinically-relevant cutpoints. Our minimally-adjusted model adjusted for age, sex, race, and
clinic site. Multivariable-adjusted model 1 additionally adjusted for BMI, smoking (never,
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former, current), In(pack years+1), alcohol consumption (none, <l/week, >1 to <7/week, >7
to <14/week and >14/week), physical activity (In(kilocalories/week+1)), SBP, total
cholesterol, albumin, In(CRP), In(fasting glucose), and use of medications for hypertension,
diabetes, and hypercholesterolemia. In sensitivity analysis (multivariable-adjusted model 2),
we adjusted for variables not available in the full cohort, specifically replacing fasting
glucose with 2-hr glucose, and additionally adjusting for urinary albumin/creatinine ratio,
In(NT-proBNP), and In(eGFR). No individuals with diabetes were included in
multivariable-adjusted model 2, as those individuals did not undergo oral glucose tolerance
testing, so diabetes medication use was dropped as a covariate in model 2.

Using our fully-adjusted model 1, we assessed multiplicative interaction between TGF-§ and
PIIINP and by age, sex, race, CRP, and diabetes status in 1996-1997. Where we found
evidence of an interaction, we conducted stratified analyses accordingly. For CRP, we
created categories according to clinically-relevant cutpoints (1, 3, 10 mg/L). We found no
evidence of interaction by age, sex, race, or diabetes status, and therefore did not pursue
stratified analyses for these variables.

All analyses were conducted in STATA, version 12 (College Station, TX). P-values < 0.05
were considered statistically significant for all analyses, including interaction terms.

Participant characteristics

Among 1,384 individuals free from PAD, MI, and stroke, TGF-f3 and PIIINP levels were
higher among blacks, individuals with diabetes, and those with higher BMI, higher CRP, or
worse Kidney function (Table 1). TGF-p was weakly positively correlated with PITINP
(Spearman r=.07, P=.007).

Incident PAD

There were 63 incident PAD events over a median follow-up time of 10.4 years (range 0.06—
15.5) among the 1,384 individuals with measured TGF-f. Among the 2,646 individuals
without PAD who had measured PIIINP there were 109 incident PAD events over a median
follow-up of 10.5 years (range 0.06-15.6). Individuals with higher levels of TGF-8 were
more likely to develop incident PAD (hazard ratio=1.36 per doubling of TGF-$3, 95%
confidence interval=1.04, 1.78). The magnitude of the association between TGF-§ and
incident PAD was changed by approximately 10% and remained statistically significant
after additional adjustment for sensitivity analysis variables in the limited subset of
individuals for whom measurements were available (Table 2). We did not observe a
significant association between PIHINP and risk of incident PAD.

Macrovascular parameters

TGF-B was not associated with carotid IMT, ABI, or brachial artery reactivity. However,
TGF-B was positively associated with larger retinal venular equivalent, which we considered
a measure of macrovascular disease because of its previous correlation with several forms of
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large vessel disease including carotid IMT [35, 36], incident stroke, and coronary heart
disease [22, 37].

Higher PIIINP was associated with greater carotid IMT and impaired brachial artery
reactivity (Table 2). We detected several modestly significant interactions between CRP and
PIIINP and subsequently conducted stratified analyses accordingly (Table 3). For the
relationship between PIIINP and carotid IMT, the magnitude of the association and the
degree of statistical significance was greater among individuals with higher CRP.
Interactions with CRP were robust to excluding individuals with CRP > 50mg/L or using
untransformed (linear) CRP as the interacting variable.

Microvascular parameters

We considered smaller retinal arteriolar diameter and the presence of retinopathy as
indicators of microvascular disease. There were 43 cases of retinopathy among individuals
with measured TGF-f, and 82 cases among individuals with measured PIIINP. Neither TGF-
B nor PIIINP were associated with retinal arteriolar equivalent or retinopathy in the full
cohort (Table 2), but we observed an association between PIIINP and smaller retinal
arteriolar equivalent among individuals with elevated CRP (Table 3).

Discussion

TGF-p

In this study of older adults, TGF-§ was associated with a higher risk of incident PAD over a
median of 10.4 years of follow-up, and both TGF- and PIIINP were associated with
multiple measures of macrovascular structure and function, including retinal venular
diameter, a novel marker of large vessel disease. In contrast, TGF-$ and PI1INP were not
associated with measures of microvascular disease, specifically retinal arteriolar diameter
and retinopathy. Our study provides preliminary evidence that serum concentrations of
biomarkers of fibrosis, measured late in life, are directly associated with atherosclerosis and
impaired vascular reactivity in large, but not small, vessels.

At this time, no definitive pathophysiological data is available to explain the differential
association of these fibrosis markers with large vs. small vessel disease; however, previous
studies have demonstrated important differences in the biological etiologies and risk factors
of large and small vessel disease [15]. For example, while atherosclerosis is thought to be
the primary driver of large vessel disease [16], small vessel disease is more strongly related
to risk factors such as prolonged hyperglycemia, dysregulation of vascular tone, and
oxidative stress [16, 17]. In the case of diabetes, for example, tight glycemic control reduces
microvascular complications, but its effect on macrovascular disease is less clear. These
differences corroborate our finding that associations between fibrosis-related biomarkers and
vascular parameters may differ in different vascular beds.

Although several studies have been published on TGF-$ and cross-sectional measures of
subclinical vascular disease, no studies have examined prospective associations with
incident PAD outcomes. In our study, we observed an approximately 40% higher risk of
incident PAD per doubling of TGF-B. There are a number of potential biological
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mechanisms whereby TGF-f could increase the risk of PAD. For example, TGF-§ is known
to stimulate vascular smooth muscle proliferation and extracellular matrix production, which
may contribute to atherosclerotic plaque formation in the peripheral arteries [39]. Although
we observed higher levels of TGF-3 among individuals with black race, obesity, diabetes,
inflammation, and poor renal function in bivariate analyses, our results were robust to
multivariable adjustment for these variables. Simultaneously, TGF-f was not associated with
subclinical vascular measurements such as carotid IMT, ABI, or brachial artery reactivity.
Carotid IMT, ABI, and other measures of vascular structure and function are ultimately
imperfect measures of the spectrum of clinical PAD. The association between TGF-f and
clinical PAD may instead reflect biological mechanisms beyond those captured by these
subclinical phenotypes, such as arterial stiffness or angiogenic potential. Our results should
stimulate further studies that clarify this discrepancy. Among the multiple forms of retinal
vascular disease that we investigated, TGF- was positively associated with wider retinal
venular diameter, but not narrower retinal arteriolar diameter. Wider retinal venular diameter
is now recognized as a marker of large vessel disease, [22, 35-37], while retinal arteriolar
narrowing and retinopathy signs are considered markers of microvascular disease [24, 31—
33]. Few studies have investigated the associations between fibrosis and retinal vascular
disease, but extracellular matrix expansion and basement membrane thickening are
quintessential histological features of diabetic retinopathy [40]. In diabetic rats, inhibition of
protein kinase C (an upstream regulator of TGF-f transcription) improves retinal blood flow,
a marker for retinal vascular integrity. Protein kinase C inhibition also improves visual
acuity among individuals with diabetes [41], in whom levels of TGF-p are often elevated
[42]. Our findings build on this previous research and indicate a need for further
investigation of the relationship between TGF-B and retinal vascular disease as well as
ongoing work on small-molecule inhibitors of TGF-$ and other fibrogenic agents [43-47].

Although PITINP was not associated with the risk of incident PAD in our study, higher
PIIINP was associated with several other measures of macrovascular disease, including
carotid IMT and FMD. Of note, the association between PIIINP and carotid IMT was larger
in magnitude among individuals with elevated CRP, similar to our previous findings on
PIIINP and mortality risk in this cohort [48]. Because CRP stimulates multiple genes
involved in collagen deposition [49], pro-fibrotic pathways may have synergistic and more
pronounced effects on the vasculature in the context of inflammation. Overall, the observed
associations between PIIINP, carotid IMT, and FMD suggest that excess collagen type 111
deposition may affect both vascular structure and function in the larger vessels.

Although we were unable to find an association between PIHIINP and retinal venular
equivalent in our study, this was not unexpected as collagen type 11 is not highly expressed
in the retinal vessels compared to expression in other vessels [50]. Future studies with
markers of other collagen subtypes in addition to collagen type 111 may shed further light on
this issue.
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Strengths and Limitations

Strengths of our study include a large, well-characterized, community-based population and
the availability of a diverse range of adjustment variables to minimize confounding in
multivariable-adjusted models. We examined several different measurements to assess
vascular disease, including clinical and subclinical outcomes, from both large and small
vessels. Finally, we had access to two biomarkers of fibrosis, which together provide
complementary snapshots of the process of collagen biosynthesis and accumulation.

Several limitations also merit consideration. First, we measured TGF-B on a smaller sample
of participants, and thus had more limited statistical power to detect small associations of
TGF-B with vascular outcomes. We also had limited statistical power to detect associations
with retinopathy due to the relatively small number of cases. We have presented results for a
number of outcomes in this analysis without correction for multiple comparisons given their
high degree of interdependence. Additionally, serial measurements of TGF- and PIIINP
could not be performed and therefore the relationships of the longitudinal trajectory of
change in these measures over time with vascular outcomes remains uncertain. We are also
unable to infer temporality from our cross-sectional studies. Finally, associations in this
study may be biased towards the null because of measurement error resulting from the long
hiatus between sample collection in 1996-1997 and biomarker measurement in 2011-2012,
although we have previously been able to detect associations of these biomarkers with other
outcomes, including mortality.

The exact mechanisms underlying the differential associations with large vs. small vessel
disease remain uncertain, though the observed associations with large vessel disease are
likely mediated by atherogenesis. In previous studies, other circulating factors such as
matrix metalloproteinases and cathepsins have been implicated in the process of
atherosclerosis [12]. These factors regulate extracellular matrix turnover and have a number
of substrates, including type 111 collagen, from which PIIINP is liberated. Our study
provides further support for the link between extracellular matrix turnover and
atherosclerosis.

Given the relatively modest observed hazard ratios for TGF- and PIHINP and the fact that
assays for these biomarkers are not routinely available or easy to measure in clinical
practice, neither biomarker is likely to be immediately useful for prognosis of vascular
disease in clinical care. Circulating TGF- and PIIINP are imperfect measures of underlying
tissue fibrosis. Other methods of detecting fibrosis, such as tissue biopsy and histological
analysis or gadolinium-based imaging, can detect tissue-specific fibrosis with higher
sensitivity and specificity. These methods have not been widely used in longitudinal human
studies, however, due to cost and technical difficulty. In comparison to these methods,
plasma biomarkers such as TGF-$ and PIINP provide readily-available and non-invasive
estimates of vascular fibrosis. Because TGF-f3 and PIIINP only imperfectly reflect
underlying fibrosis, the potential benefits of targeting fibrosis itself may be larger than the
observed associations for these biomarkers might suggest. Given that several anti-fibrotic
agents are already in development or testing [43—47], clinical trials to specifically target
fibrosis and determine its effects on clinical and subclinical vascular disease may be feasible
in the near future.
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In conclusion, TGF-p is associated with a higher risk of incident PAD and both TGF-$ and
PIIINP are positively associated with several measures of large vessel disease among
community-living older adults. Our findings strongly support ongoing and future research
efforts to understand and intervene on fibrosis and evaluate its potential impacts on
atherosclerosis and vascular disease.
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ABI ankle-brachial index

CHS Cardiovascular Health Study

FMD flow-mediated vasodilation

IMT intima-media thickness

PAD peripheral artery disease

PIIINP procollagen type I11 N-terminal propeptide

TGF-p transforming growth factor-f
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Figure 1.

Timeline of exposure and outcome measurements, Cardiovascular Health Study, 1996-2011
ABI=ankle-brachial index, FMD=flow-mediated vasodilation, IMT=carotid artery intima-
media thickness, PAD=peripheral artery disease, PIIINP= procollagen type 111 N-terminal
propeptide, Retina=retinal findings (vascular caliber and retinopathy), TGF-p= transforming
growth factor-p
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Stratified analyses of the association between log,(PIIINP) and vascular measurements by level of C-reactive
protein (mg/L), Cardiovascular Health Study, 1996-1997

log,(PI1INP)
N Estimate P

Carotid intima-media thickness (mm)

CRP<1 500 0.034(-0.111,0.179) .65

1<CRP<3 723 0.045(-0.077,0.167) .47

3<CRP<10 658 0.117(-0.008,0.242) .07

CRP>10 169  0.369(0.160,0.579)  .001
Retinal arteriolar equivalent, trunk (um)

CRP<1 312 1.39 (-2.84,5.62) .52

1<CRP<3 445 2.71 (-0.78, 6.20) 13

3<CRP<10 405 -4.54(-8.28,-0.80) .02

CRP>10 108 -2.30 (-8.04, 3.44) 43
Retinal venous equivalent, (um)

CRP<1 312 1.78 (-2.44, 6.00) 41

1<CRP<3 445 1.81 (-1.68, 5.30) 31

3<CRP<10 405 -3.46 (-7.20, 0.28) .07

CRP>10 108  -4.40(-10.1,1.34) .13

Eqg=equivalent, CRP=C-reactive protein, PIIINP= procollagen type IIl1 N-terminal propeptide

*
P-interaction for PIIINP and CRP

Entries in table are regression coefficients per unit change in log2(PI1INP)
Adjusted for age, sex, race, clinic, body mass index, smoking status, pack years, alcohol consumption, physical activity, systolic blood pressure,

total cholesterol, albumin, C-reactive protein, fasting glucose, use of medications for hypertension, diabetes, or hypercholesterolemia.
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