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Abstract

GlycA, a composite biomarker of systemic inflammation, is associated with cardiovascular disease
(CVD) and mortality but its relationship with peripheral artery disease (PAD) is unknown. We
assessed whether GlycA is associated with ankle-brachial index (ABI), carotid plague (CP) and
incident clinical PAD among 6,466 Multi-Ethnic Study of Atherosclerosis participants without
CVD at baseline. Plasma GlycA, ABI, and CP were measured at baseline. ABI and CP were re-
measured at 10-years. Incident clinical PAD was ascertained from hospital records. We used
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logistic, Cox, and linear mixed models, adjusted for demographic and lifestyle factors. Mean+SD
was 62+10 years for age and 381+61 pmol/L for GlycA; 53% were women. GlycA was associated
with both prevalent low ABI <0.8 (prevalence odds ratio [95% CI] per SD increment in GlycA,
1.65 [1.39-1.97]) and CP (1.19 [1.11-1.27]) at baseline. There were no significant associations of
GlycA with incident low ABI, incident CP, or 10-year change in ABI or CP score. We identified
110 incident cases of PAD after 79,590 person-years. The hazard ratio (95% CI) of incident PAD
per SD increment in GlycA was 1.38 (1.14-1.66). In conclusion, GlycA is associated with
prevalent low ABI, prevalent CP, and with incident PAD after a median of 14-years.
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Introduction

Despite advances in public health interventions and preventive pharmacotherapies for
cardiovascular disease (CVD), such as the use of statins and aspirin, CVD still remains a
leading cause of morbidity and mortality in the United States and around the world.1 A
failure to identify novel predictors of CVD, which may be modifiable and risk stratify
individuals better, may be a contributing factor.2 Inflammation plays an important role in the
development of atherosclerotic disease,3 and several inflammatory markers have been shown
to be associated with CVD.* Additionally, an anti-inflammatory therapy targeting
interleukin-1p was shown to reduce the risk of recurrent CVD events, independent of lipid-
lowering therapy, in the Canakinumab Anti-inflammatory Thrombosis Outcome Study
(CANTOS).

Peripheral artery disease (PAD) is an independent predictor of CVD events and mortality,
even when asymptomatic.5-8 PAD commonly affects the lower extremities and can be
assessed using the ankle-brachial index (ABI).8 Atherosclerosis can also result in plaque
formation in the carotid arteries, which may lead to stenosis or plaque rupture and ultimately
stroke.® Prior studies have shown that both carotid plaque and ABI independently predict
CVD events.5 7: 10. 11 The jdentification of novel biomarkers that predict PAD and/or carotid
plague formation may identify individuals who are at an earlier stage in the disease process,
at a time when preventive therapies could be instituted. Several epidemiological studies have
provided evidence of an association between inflammatory markers, such as high-sensitivity
C-reactive protein (hsCRP) and interleukin-6 (1L-6), with PAD12: 13 byt findings have been
inconsistent for carotid atherosclerosis.14-17

GlycA, a nuclear magnetic resonance (NMR) composite biomarker of systemic
inflammation, reflects serum concentration and glycosylation state of main acute-phase
reactants such as a1l-acid glycoprotein, haptoglobin, al-antitrypsin, al-antichymotrypsin
and transferrin.® This novel biomarker has several advantages compared with hsCRP,
including its composite nature, lower analytic imprecision, and lower intra-individual
variability.18
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In prior work from the Multi-Ethnic Study of Atherosclerosis (MESA), plasma GlycA levels
were associated with poorer cardiovascular health at baselinel® and with increased risk for
incident CVD events and all-cause mortality, even after adjustment for other inflammatory
markers such as hsCRP, d-dimer, and 1L-6.% GlycA has also been shown to be associated
with several measures of subclinical atherosclerosis, including prevalent coronary artery
calcium (CAC)20 as well as prevalent calcification in the thoracic aorta and aortic valve.?!
However, the associations of GlycA with atherosclerotic disease specifically located in the
peripheral arteries and carotid arteries, have not yet been established. Despite many shared
risk factors, risk factors for atherosclerosis across different vascular beds are not necessarily
overlapping?? 23 and warrant further study. We hypothesized that plasma GlycA levels
would be associated with risk of PAD and carotid plaque in a diverse community-based
cohort free of CVD at baseline.

The MESA cohort included 6,814 men and women aged 45-84 years and free of clinical
CVD at enrollment. Participants were enrolled from 6 field sites in the United States
including Los Angeles County, CA (UCLA); Chicago, IL (Northwestern University);
Baltimore/Baltimore County, MD (Johns Hopkins University); St. Paul, MN (University of
Minnesota); Forsyth County, NC (Wake Forest University); and Northern Manhattan/Bronx,
NY (Columbia University). The MESA study design has been previously published.?*
Briefly, MESA includes 2,622 (38%) non-Hispanic white, 1,892 (28%) African, 1,493
(22%) Hispanic, and 801 (12%) Chinese Americans, who participated in up to 6 in-person
exams occurring approximately every 2 years from 2000 to 2018.

The current study includes 6,466 participants with measured GlycA levels and includes data
from Exams 1, 3, and 5. For each respective analysis (carotid plaque, ABI, and incident
clinical PAD), the sample size varied slightly based on available data. See Figure 1 for
inclusions/exclusions. The study was approved by the Institutional Review Boards at each
research center and informed consent was obtained from all participants.

GlycA and covariate ascertainment

For this analysis, we used laboratory data from blood samples that were collected at the
baseline exam (2000-2002) after a 12-h overnight fast; participants were also recommended
to abstain from smoking for 12 h before the blood draw.

GlycA (umol/L) was measured from NMR LipoProfilé® spectra acquired from EDTA-
plasma samples at LipoScience (Raleigh, NC; now LabCorp) using proprietary
deconvolution software described previously in detail.18 The intra-assay and inter-assay
coefficients of variation (CV) for GlycA measurement were 1.9% and 2.6%, respectively.

Serum levels of hsCRP (mg/L) were measured at baseline using the BNII nephelometer
(Dade Behring, Deerfield, IL) at the Core Lab at the University of Vermont, Burlington,
Vermont. Intra-assay CV of hsCRP ranged from 2.3% to 4.4% and inter-assay CV ranged
from 2.1% to 5.7%.1° Baseline serum levels of IL-6 (pg/mL) were measured using
ultrasensitive ELISA (Quantikine HS Human IL-6 Immunoassay, R&D Systems) with inter-
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assay CV of 6.3% while fibrinogen levels (mg/dL) were measured using the BNII
nephelometer (Dade Behring, Deerfield, IL) with inter-assay CV of 2.6%.25

Interview and questionnaire data from the baseline exam were used for information on age,
sex, race/ethnicity and smoking status. Total MET-minutes/week of moderate and vigorous
physical activity was derived from the Typical Week Physical Activity survey, while
medication use was ascertained by a medication inventory approach. Body mass index
(BMI) was calculated as weight in kg per height in m squared (kg/m?2). Blood pressure was
measured 3 times using a Dinamap automated blood pressure device and determined by
averaging the last 2 measurements. Total cholesterol and high-density lipoprotein cholesterol
(HDL-C) were measured at a central core lab (the Collaborative Studies Clinical Laboratory
at Fairview-University Medical Center, Minneapolis, MN). HDL-C was measured using the
cholesterol oxidase method after precipitation of non-HDL-C with magnesium/dextran.
Diabetes was defined as use of diabetes medication or insulin, self-report or a fasting
glucose 2126 mg/dL. Estimated glomerular filtration rate (eGFR) was calculated with the
CKD-Epi equation.28

Ankle-brachial index

ABI was measured at baseline, at Exam 3 (approximately 5 years later) and at Exam 5
(approximately 10 years later). Methods for the measurement of ABI using a Doppler probe
have been described.® 27 For both legs separately, ABI was calculated as the maximum
systolic blood pressure in the posterior tibial artery and dorsalis pedis for each respective
leg, divided by the average of the left and right brachial pressures. In the event that left and
right brachial pressures differed by 10 mmHg or more, the higher of the brachial pressures
was used. Non-compressible ABIs (i.e. pulse still detected despite cuff inflation to 300 mm
Hg) were excluded from this analysis. Low ABI was diagnosed if either leg had an ABI
<0.8.

Clinical PAD events

After the baseline exam, participants were contacted every 9-12 months by telephone to
inquire about interim hospital admissions and outpatient cardiovascular diagnoses and
procedures. If the study participant was deceased, family members were contacted. Medical
records were requested for those who reported a hospitalization or a new outpatient
cardiovascular diagnosis. From these medical records, PAD was classified as definite or
probable and included symptomatic disease such as lower extremity claudication,
atherosclerosis of the lower extremity, arterial embolism and/or thrombosis of the lower
extremity and abdominal aortic aneurysm.28 Probable PAD required only a documented
physician diagnosis of a PAD condition with symptoms. Definite PAD required one or more
other criteria, such as ultrasound evidence of obstruction; an exercise test positive for
claudication; revascularization for PAD; amputation for ischemia; ABI <0.8 (low ABI);
imaging of an aortic aneurysm; or a vascular procedure for abdominal aortic aneurysm.
Follow-up information regarding clinical PAD events was obtained from Exam 1 (2000-
2002) until a study endpoint, death or December 31, 2015.
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Carotid plaque

Carotid plaque was assessed at baseline and approximately 10-years later at Exam 5. A full
description of the methods for ascertaining carotid plague score has been reported.29 Briefly,
B-mode ultrasound images of the right and left common, bifurcation, and internal carotid
artery segments were imaged with a Logiqg 700 ultrasound system using the M12L
transducer (General Electric Medical Systems; frequency, 13 MHz). Ultrasound images were
reviewed and interpreted by the MESA Carotid Ultrasound Reading Center at the University
of Wisconsin Atherosclerosis Imaging Research Program. Images were imported into Syngo
Ultrasound Workplace reading stations and interpreted with Arterial Health Package
software (Siemens Medical, Malvern, PA) for plaque scoring. Carotid ultrasound images
from Exam 1 and Exam 5 were matched side by side on a video monitor and measured
concurrently.2®

Carotid plaque presence was defined as a discrete, focal abnormal intima-medial wall
thickness >1.5 mm or a focal thickening of >50% of the surrounding intima-media
thickness. Carotid plaque score (CPS), which ranged from 0-12, was defined as the number
of carotid plaques in the internal, bifurcation, and common segments of both carotid arteries.
A total plaque score was calculated to describe carotid plaque burden as follows: 1 point per
plaque for the near and far walls of each segment (common carotid artery, bulb, and internal
carotid artery) for the right and left carotid arteries. For example, if a participant had a
plaque on the near and far wall of the bulb and the far wall of the left internal carotid artery,
the total plaque score would be calculated as 3.2°

Statistical analyses

We presented the baseline characteristics by GlycA quartiles. Continuous variables were
presented as means (standard deviations, SD) and categorical variables as frequencies (%).
Skewed variables were presented as median (25th - 75th percentile).

We used adjusted logistic regression models to estimate the prevalence odds ratios (OR) and
their 95% confidence intervals (CI) for low ABI and carotid plaque presence (CPS >0) at
baseline using the lowest quartile of GlycA as the reference group, as well as per 1 SD
increment in GlycA (continuous). Similar models were used to assess associations with
incident low ABI (after excluding participants with baseline prevalent low ABI) and incident
carotid plaque (after excluding participants with baseline prevalent plaque) at Exam 5
(2010-2012). Linear mixed effect models were used to assess the associations between
GlycA and ABI (natural log-transformed [ABI]) and carotid plaque score (natural log-
transformed [CPS+1]) at baseline and for the 10-year change in these outcomes. These
models leverage all available data (i.e. up to 3 measurements for ABI and up to 2
measurements for CPS) using continuous measures, while accounting for baseline
differences.

Multivariable Cox proportional hazards regression models were used to estimate the
adjusted hazard ratios (HR) and 95% CI for the association between GlycA quartiles and
incident clinical PAD events, as well as per 1 SD increment in GlycA (continuous). We
assessed the proportional hazards assumption using Schoenfeld residuals; and the

Angiology. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fashanu et al.

Results

Page 6

proportional hazards assumption was met. Additionally, we performed restricted cubic
splines with knots placed at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles to allow a
more flexible distribution in characterizing the association between GlycA (continuous) and
incident clinical PAD.

In a secondary aim of our study, we determined if individuals with high GlycA and high
hsCRP have a higher risk compared to each marker alone, for clinical PAD. In this analysis,
we used Cox regression models to assess the joint association of hsCRP (=2 mg/L) and
GlycA (= population median; 374.9 pmol/L) with PAD. We categorized participants based
on their hsCRP and GlycA levels into Low GlycA/ High hsCRP, High GlycA/ Low hsCRP,
High GlycA/ High hsCRP and compared them with Low GlycA/ Low hsCRP. We also
examined the association of hsCRP alone with risk of incident PAD, for comparison
purposes with GlycA. In another sensitivity analysis for incident clinical PAD, we excluded
participants with a low ABI at baseline.

In all of our analyses, models were progressively adjusted as follows. In model 1, we
adjusted for the demographic variables of age, sex, and race/ethnicity. In model 2, our main
analytic model, we additionally adjusted for the socioeconomic and behavioral risk factors
of education (<high school; high school or vocational school; college, graduate or
professional school), BMI (as a continuous variable), cigarette smoking (current; former;
never), pack years of smoking (natural log transformed), and physical activity level (MET-
minutes/week of moderate or vigorous activity; natural log transformed).

Additionally we performed 2 supplemental models. Model 3 further adjusted for CVD risk
factors that may be intermediate variables in the relationship between inflammation and
atherosclerosis; these included systolic blood pressure (continuous), use of anti-hypertensive
medications (yes, no), diabetes (yes, no), eGFR (continuous), total cholesterol and HDL-
cholesterol (continuous), and use of lipid-lowering therapy (yes, no). In model 4 we further
adjusted for other inflammatory markers which may be correlated with both GlycA and PAD
-- hsCRP, IL-6, and fibrinogen (all natural log transformed).

We tested for linear trends across GlycA quartiles by using an ordinal variable for each
category and modeling this as a continuous variable for each of our outcomes. Analyses
were performed using STATA Version 15, and we considered p-values <0.05 to be
significant.

Baseline characteristics

Among the 6,466 participants eligible for this analysis, the mean (SD) age was 62 (10)
years, 53% of participants were women, 39% were white, 27% black, 22% Hispanic, and
12% Chinese. As shown in Table 1, higher plasma GlycA levels were associated with a
higher mean systolic blood pressure, BMI, and total cholesterol and lower mean HDL-C and
eGFR. Higher plasma GlycA levels were also associated with higher median smoking pack-
years, and lower median physical activity. Compared to the lower plasma GlycA quartiles,
the higher GlycA quartiles had higher proportions of women, current smokers, participants
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who were Hispanic, participants with less than high school, high school or vocational school
education, and participants on anti-hypertensive and lipid-lowering medications, and
participants with diabetes.

The mean (SD) GlycA in this study was 381 (61) umol/L. Participants in the higher GlycA
quartiles had higher median hsCRP, IL-6, and fibrinogen compared with participants in the
lower GlycA quartiles (Table 1). GlycA was moderately correlated with the other
inflammatory markers. The Spearman’s correlation of GlycA with hsCRP, I1L-6, and
fibrinogen was of 0.54, 0.35, and 0.46 respectively (all p<0.001).

Of the 6,394 participants with ABI measures at baseline, 122 (1.9%) had a low ABI <0.8.
Participants with higher GlycA levels had greater odds of having prevalent low ABI (Table
2). GlycA was also inversely associated with ABI when ABI was assessed continuously as a
log-transformed measure (Table 3). In our main model (model 2), the adjusted prevalence
OR (95% ClI) of low ABI for the highest GlycA quartile compared with the first quartile was
4.87 (2.56, 9.25). Further adjustment for CVD risk factors in model 3 yielded an OR (95%
Cl) of 3.49 (1.80, 6.75). Results remained significant after additional adjustment for other
inflammatory markers, hsCRP, I1L-6, and fibrinogen, with an OR (95% CI) of 2.88 (1.40,
5.93). In all adjusted models, the prevalence OR of low ABI were statistically significant
when we used continuous GlycA, per 1 SD increment (Table 2). The average adjusted
difference (95% CI) in log-transformed ABI (In_ABI) comparing the highest GlycA quartile
to the lowest was —0.029 (-0.037, —0.021) in model 2. Findings remained statistically
significant after additional adjustment for CVD risk factors and inflammatory markers in
model 4 [-0.013 (-0.022, -0.004)] (Table 3). However, there was no association between
GlycA and odds of incident low ABI at Exam 5 (Supplemental Table 1s) or change in ABI
over 10 years (Supplemental Table 2s) (all models p >0.05).

Carotid plaque

At baseline, 2,563 (51.1%) participants of 5,017 had carotid plaque score >0. Participants
with higher GlycA levels had a greater odds for prevalent carotid plaque (Table 2), as well as
with greater CPS when CPS was assessed continuously as a log transformed measure (Table
3). The adjusted prevalence ORs of having carotid plaque across increasing GlycA quartiles
were 1 (reference), 1.24 (1.05, 1.48), 1.30 (1.09, 1.54), and 1.64 (1.36, 1.97) in our primary
model (model 2). After further adjustment for intermediate CVD risk factors (model 3),
results remained statistically significant only for the highest GlycA quartile, OR (95% CI):
1.35 (1.11, 1.63) and was attenuated after adjusting for other inflammatory markers in model
4, OR (95% CI): 1.15 (0.93, 1.43) (Table 2). Similarly, the average adjusted difference in
log-transformed carotid plaque score [In (CPS+1)] was 0.151 (0.101, 0.202) when
comparing the highest quartiles of GlycA to the lowest in our main model (Table 3). Results
remained statistically significant after further adjustment for CVD risk factors and was also
attenuated after accounting for inflammatory markers (Table 3). Similar to our ABI findings,
there was no significant associations between GlycA and the odds of incident CPS >0
(Supplemental Table 1s) or 10-year change in CPS (Supplemental Table 2s) (all models p
>0.05).
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Clinical peripheral artery disease

We identified 110 incident cases of clinical PAD during 79,590 person-years of follow-up.
Higher GlycA levels were associated with an increased risk of incident clinical PAD (Table
4, Figure 2). The unadjusted incidence rates (95% CI) per 1,000 person-years for clinical
PAD were 0.92 (0.59, 1.45), 1.04 (0.68, 1.60), 1.55 (1.09, 2.20), and 2.06 (1.51, 2.82) for
GlycA quartiles 1 to 4, respectively. In our primary model (model 2), compared to the first
quartile, the adjusted HR (95% CI) of incident clinical PAD for highest quartile was 2.01
(1.12, 3.60) and for one SD higher GlycA (continuous) was 1.38 (1.14, 1.66) (Table 4).
These associations were attenuated and lost statistical significance after further adjustment
for CVD risk factors and inflammatory markers in models 3 and 4, respectively (Table 4). In
a sensitivity analysis which excluded participants with low ABI at baseline and adjusted for
variables in our primary model, the HR (95% CI) of incident PAD was 1.40 (1.13, 1.73) for
one SD increment in GlycA (Supplemental Table 3s). Similarly, this association was no
longer significant with further adjustment for other covariates in models 3 and 4.

In assessing the joint associations of hsCRP and GlycA with clinical PAD risk (p-for-
interaction=0.73), participants with both high GlycA and high hsCRP had the highest risk
for incident PAD compared with participants with low GlycA and low hsCRP [HR (95%
Cl): 2.39 (1.41, 4.05)], which remained significant after further adjusting for CVD risk
factors [1.92 (1.12, 3.27)] (Supplemental Table 4s). Results were stronger after excluding
participants with low ABI (Supplemental Table 5s). In another analysis we examined the
association of GlycA and hsCRP, both natural log transformed, with incident PAD. The
hazard conferred by GlycA was slightly higher than seen with hsCRP, but confidence
intervals overlapped. In our primary model, the HR (95% CI) of incident clinical PAD per
SD increment in In GlycA was 1.39 (1.13, 1.71) and for In hsCRP 1.28 (1.03, 1.58). Both
inflammatory markers were no longer statistically significantly associated with incident
PAD after adjusting for CVD risk factors in model 3 (Supplemental Table 6s).

Discussion

In this community-based, multi-ethnic prospective cohort study, higher levels of GlycA were
associated with a greater odds of prevalent low ABI and carotid plaque presence at baseline,
as well as an increased hazard for incident clinical PAD events after a median of 14 years of
follow-up. We found no associations of GlycA with odds of incident low ABI or incident
carotid plague, nor with 10-year change in ABI and carotid plaque score. We also found that
participants with high levels of both hsCRP and GlycA had the highest risk of incident
clinical PAD.

Prior work has already established that assessment for PAD and carotid plaque provides
prognostic information regarding CVD risk.3%-32 Due to the asymptomatic nature of PAD
and limitations to current PAD diagnostic modalities,33 34 preventive medical and lifestyle
management may not be initiated early in these patients. Thus there is a need for other
markers of PAD that may predict the disease early in its onset. The composite nature of
GlycA makes it a potentially useful target for the additional evaluation of systemic
inflammation and peripheral vascular risk. Furthermore, in addition to the role that
inflammatory markers may play in the identification of a higher-risk individual who may
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benefit from more intensive preventive therapies, inflammatory markers may be a potential
target for treatment as experimental studies have further confirmed a causal role of
inflammation in the progression of atherosclerosis.®

Prior epidemiological studies have examined the relationship between GlycA and subclinical
or clinical CVD, and have shown positive relationships.* 35-39 In several cross-sectional
studies, there were strong positive associations between GlycA and coronary atherosclerosis
among individuals with rheumatoid arthritis,3® psoriasis,*? and HIV infection.20 In a study
of participants undergoing cardiac catheterization, GlycA was strongly associated with the
presence and extent of coronary artery disease, and positively associated with cardiovascular
and non-cardiovascular mortality.36 Similarly, a prospective cohort study found an
association between baseline GlycA and incident CVD risk occurring over a median follow-
up time of 17.2 years.37 Several other studies have shown similar positive associations
between GlycA and incident CVD, mortality, and cancer? and have shown that the
relationship with CVD was stronger for GlycA than that reported for hsCRP38 and is
independent of hsCRP.39

Despite the aforementioned established association of GlycA with incident CVD events* and
with subclinical coronary and extra-coronary atherosclerosis,2%: 21 40 the relationship of
GlycA with subclinical and clinical PAD, specifically, had not been previously established.
Although there are some common shared cardiovascular risk factors that promote
atherosclerosis across various vascular beds, risk factors are not necessarily overlapping.
22,23 Thys, this present study provides new insight of the relationships of GlycA with PAD
and carotid plaque, specifically.

However, whether therapeutic lowering of GlycA (by lifestyle or pharmacotherapy) can slow
or prevent peripheral atherosclerosis remains uncertain and needs to be studied further
before GlycA is adopted as a routinely used clinical test for the purposes of risk assessment,
management, or follow-up of patients. Of note, therapies targeting tumor necrosis factor
have been shown to reduce GlycA levels and improve vascular inflammation in patients with
psoriasis;#0 thus, these therapies could be of potential clinical use if confirmed in other
studies of patients at risk for vascular disease. The GlycA test is offered nationally in the
U.S. by LabCorp®. The current (2019) cost of a GlycA test is $35.06 when ordered “a la
carte”, although the cost will likely decrease in the future if it is included as part of an NMR-
measured cardiometabolic profile.

Our study has many strengths including the use of a gender- and racially-diverse study
population, with well-characterized lifestyle and CVD risk factors, and measurement of
other inflammatory markers. We were able to examine the association of GlycA with
prevalent and incident subclinical peripheral and carotid atherosclerosis and with incident
clinical PAD events. Our study adds to the growing body of literature of the potential use of
this composite inflammatory marker for risk prediction, and in this case, risk prediction
specifically for PAD.

However, some limitations warrant consideration. First, given the composite nature of
GlycA, we are unable to identify the contributions of its component biomarkers to incident
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CVD for this analysis. Differences in contributions of the acute-phase reactants,
precipitating inflammatory stimuli, and co-existing morbidities may alter the expression, and
the effects of the component inflammatory biomarkers. Nevertheless, GlycA has been shown
to be a useful marker of chronic inflammation as well.1 Second, we failed to find a positive
association with incident low ABI and new carotid plaque presence despite positive cross-
sectional associations and positive associations with incident clinical PAD. Third, our study
was observational and we cannot therefore ascribe a direct causal relationship between
plasma GlycA elevation and atherosclerosis. Residual confounding may explain in part the
associations found. For example, we were unable to adjust for use of anti-inflammatory
medications which might influence GlycA levels. Fourth, we used a single measure of
GlycA which precludes the assessment of the effect of changes in GlycA levels over time
with the PAD end-points. Fifth, there were a low number of prevalent, as well as incident,
PAD events, which limited our statistical power for those analyses. Sixth, we performed
multiple tests and results may be due to chance; however findings were consistent with our a
priori hypotheses and with other studies that have established a link between GlycA and
atherosclerosis.20: 21 Lastly, MESA recruitment took place in the early 2000s, which limits
the study’s generalizability to current day where primary prevention therapies are more
prevalent and are more widely used.

In conclusion, higher GlycA levels were cross-sectionally associated with prevalent low ABI
and carotid plaque presence, as well as associated with increased risk for incident PAD
events after a median of 14 years of follow-up. Our findings provide potential support for the
use of GlycA as an early biomarker of vascular risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total MESA Cohort
n=6,814
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General exclusions:

Analytic sample

A

Missing GlycA (n=30)
Missing co-variates (n=318)

n=6,466
| I
No PAD follow-up Missing ABI at baseline Missing carotid plaque score
n=34 n=72 n=1,449
Sample size for PAD Sample size for ABI Sample size for carotid plaque
n=6,432 n=6,394 n=5,017
Incident PAD Prevalent ABI < 0.8 Prevalent carotid plaque
n=110 (1.7%) n=122 (1.9%) n=2,563 (51.1%)

Figure 1.

Participant flow chart of inclusions and exclusions.
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Figure 2.

Restricted cubic spline* of GlycA with incident peripheral artery disease, the Multi-Ethnic

Study of Atherosclerosis, 2000-2015

* The median (374.9 umol/L) was used as reference in a Cox proportional hazards model
adjusted for age, sex, race/center, education, BMI, smoking status, In pack-years, and In
physical activity. Knots were placed at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles.
High extreme values (GlycA levels > 600 umol/L) were excluded (n=17) from analysis.
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