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Abstract
Background—Traditional atherosclerotic risk factors predict long-term cardiovascular disease
events but are poor predictors of near-term events.

Objective—To determine whether elevated levels of D-dimer and biomarkers of inflammation were
more closely associated with near-term than long-term mortality in patients with lower-extremity
peripheral arterial disease (PAD) and whether greater increases in biomarker levels were associated
with higher mortality rates during the first year after the increase than during later years.
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Design—Prospective cohort study with a mean follow-up of 3.4 years.

Setting—Academic medical center.

Patients—377 men and women with PAD.

Measurements—Mortality within 1 year after biomarker measurement, 1 to 2 years after
biomarker measurement, and 2 to 3 years after biomarker measurement. Cox regression analyses
were used to evaluate associations of biomarkers levels and changes in biomarkers with
cardiovascular and all-cause mortality. Hazard ratios were calculated for each 1-unit increase in
log1.5(biomarker level). Analyses were adjusted for age, sex, race, comorbid conditions, ankle–
brachial index, and other confounders.

Results—Seventy-six patients (20%) died during follow-up. Higher levels of D-dimer, C-reactive
protein, and serum amyloid A were associated with higher all-cause mortality among patients who
died within 1 year after biomarker measurement (hazard ratio, 1.20 [95% CI, 1.08 to 1.33], 1.13 [CI,
1.05 to 1.21], and 1.12 [CI, 1.04 to 1.20], respectively; P < 0.001, P < 0.001, and P = 0.003) and
among patients who died 1 to 2 years after biomarker measurement (hazard ratio, 1.14 [CI, 1.02 to
1.27], 1.15 [CI, 1.06 to 1.24], and 1.13 [CI, 1.04 to 1.24]; P = 0.022, P = 0.001, and P = 0.005]).
However, higher levels of each biomarker were not associated with all-cause mortality for deaths
occurring 2 to 3 years after biomarker measurement. Similar results were observed for cardiovascular
mortality. Greater increases in each biomarker were associated with higher all-cause and
cardiovascular mortality during the following year.

Limitation—The small number of deaths limited the statistical power of the analyses.

Conclusion—Among persons with PAD, circulating levels of D-dimer and inflammatory markers
are higher in the 1 to 2 years before death than in periods more remote from death. Increasing levels
of D-dimer and inflammatory biomarkers are independently associated with higher mortality in
persons with PAD.

Atherosclerotic cardiovascular disease causes more than 19 million deaths per year worldwide
and is a major cause of morbidity (1). Traditional atherosclerotic risk factors predict later-term
cardiovascular events and mortality but are relatively poor predictors of near-term events (1,
2). Identifying biomarkers whose levels are elevated before an imminent clinical event could
provide important prognostic information and elucidate mechanisms of acute events.

Thrombogenic and inflammatory factors have been implicated in the pathogenesis of acute
cardiovascular events. Elevated levels of inflammatory factors may encourage plaque
instability and rupture (3,4). Elevated D-dimer levels may reflect the degree of ongoing fibrin
formation and degradation associated with unstable atherosclerotic plaque (5–7). The liver
rapidly synthesizes the inflammatory markers serum amyloid A and C-reactive protein (CRP)
in response to inflammatory stimuli (8). Elevated or increasing levels of these biomarkers may
signal increased risk for acute arterial thrombosis or unstable plaque rupture.

We studied associations between elevated levels of D-dimer, CRP, and serum amyloid A and
near-term mortality versus long-term mortality in patients with lower-extremity peripheral
arterial disease (PAD). We also studied associations of increases in these markers with death
during the year after measurement. Persons with PAD have increased mortality and elevated
levels of these biomarkers compared with persons without PAD (9–11). Therefore, persons
with PAD are an important cohort in which to evaluate temporal associations between death
and changes in levels of these biomarkers. We hypothesized that elevated biomarker levels
would be more predictive of deaths occurring in the near term after biomarker measurement
than of deaths occurring later after biomarker measurement. We also hypothesized that
increases in biomarker levels would be associated with a higher risk for death during the first
year after the biomarker increase.
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Context

Traditional cardiovascular disease risk factors predict distant but not near-term outcomes.
Change in thrombogenic and inflammatory biomarkers might predict near-term events.

Contribution

The authors measured D-dimer, amyloid A protein, and C-reactive protein annually for 3.4
years in 377 patients with peripheral arterial disease. Elevated levels—and increases in
levels—were associated with all-cause and cardiovascular disease–related deaths occurring
1 to 2 years after their measurement but not with deaths after 2 years.

Caution

The small number of deaths limits the power to detect patterns.

Implication

Increases in thrombogenic and inflammatory biomarker levels may signal near-term—but
not distant—events. This observation requires confirmation in a larger sample.

—The Editors

Methods
Overview

We designed an observational, prospective study of persons with PAD (12). Participants
attended 1 baseline visit and 3 annual follow-up visits. We collected blood at each visit and
followed participants for total and cardiovascular disease mortality. We studied the association
between biomarker levels at each visit and death occurring during 3 intervals: the year
immediately after biomarker measurement, 1 to 2 years after biomarker measurement, and 2
to 3 years after biomarker measurement. Yearly follow-up was defined according to the annual
visit dates. We tested the hypothesis that associations of elevated biomarker levels with
mortality were strongest for the shortest follow-up interval and weakest for the longest follow-
up interval. We used time-dependent analyses for the biomarkers so that participants with blood
levels obtained at multiple visits contributed data for each biomarker measurement. We also
studied whether death during the first year after changes in biomarker levels was associated
with the change in biomarker level between baseline and the 1-year follow-up visit, baseline
and the 2-year follow-up visit, and baseline and the 3-year follow-up visit.

Participants
Participants were consecutive patients undergoing lower-extremity arterial testing in 3
Chicago-area noninvasive vascular laboratories (12). Some participants were identified among
consecutive patients in a large, general internal medicine practice because they had a low ankle–
brachial index. The study protocol was approved by the institutional review boards of
Northwestern University's Feinberg School of Medicine and Catholic Health Partners
Hospitals (Chicago, Illinois). Participants gave written informed consent.

Exclusion Criteria
We defined PAD as an ankle–brachial index less than 0.90 (13). Exclusion criteria are reported
elsewhere (12). We excluded patients with dementia (because they could not answer questions
accurately), nursing home residents, wheelchair-bound persons, persons with foot or leg
amputations, and patients who had recently had major surgery. We also excluded non–English-
speaking patients because investigators were not fluent in non-English languages.
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Ankle–Brachial Index Measurement
After participants rested supine for 5 minutes, we used a hand-held Doppler probe (Pocket-
Dop II, Nicolet Vascular, Golden, Colorado) to measure systolic pressures in the right brachial
artery, right dorsalis pedis and posterior tibial arteries, left dorsalis pedis and posterior tibial
arteries, and left brachial artery. Each pressure was measured twice (12). We calculated the
ankle– brachial index in each leg by dividing average pressures in each leg by the average of
the 4 brachial pressures (14). We used average brachial pressures in the arm with highest
pressure instead of the average of all 4 brachial pressures when 1 brachial pressure was higher
than the other in both measurement sets, and the 2 brachial pressures differed by 10 mm Hg
or more in at least 1 measurement set. These participants may have had subclavian stenosis
(14–16). The lowest leg ankle– brachial index was used in analyses.

Comorbid Conditions
We used algorithms developed for the Women's Health and Aging Study to document comorbid
conditions at baseline (17). These algorithms combine data from patient report, physical
examination, medical record review, medications, laboratory values, and a primary care
physician questionnaire.

Blood Collection
At each visit, we asked all participants to undergo blood sample collection and storage and to
verify their assent by initialing the consent form. Phlebotomy was attempted for all consenting
participants. The principal investigator certified health interviewers to do phlebotomy before
beginning blood collection and again every 6 months to ensure continued adherence to protocol.
A 10% randomly selected sample of participants underwent split sample testing for additional
quality-control monitoring.

Blood was collected into Vacutainer (Becton Dickenson, Franklin Lakes, New Jersey) tubes
containing EDTA and sodium citrate and was put on ice immediately. Tubes were spun at 3000
rpm for 20 minutes at 4 °C in a refrigerated centrifuge. Blood was stored at −70 °C until analyses
were completed, which was up to 3 years after blood collection.

Serum Amyloid A and CRP Levels
We measured serum amyloid A and CRP by using an immunotechnique on the Behring BN II
analyzer (Dade Behring, Wilmington, Delaware). This method detects CRP concentrations as
low as 0.15 mg/L (18). Coefficients of variability were 7.94% for serum amyloid A and 4.26%
for CRP.

D-Dimer Levels
We used an Asserachrom D-Di kit (Diagnostica Stago, Asnières-sur-Seine, France) to measure
D-dimer with an enzyme-linked immunosorbent assay procedure. The coefficient of variability
was 9.4%.

Total and High-Density Lipoprotein Cholesterol Levels
Total cholesterol levels were measured by using enzymatic reaction with peroxidase–phenol-4-
aminophenazone indicator reaction (19). High-density lipoprotein cholesterol levels were
measured by using direct enzymatic colorimetric assay (20).

Vidula et al. Page 4

Ann Intern Med. Author manuscript; available in PMC 2009 March 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Cigarette Smoking
We determined cigarette smoking history by patient report using a structured interview. Pack-
years of smoking were calculated on the basis of the number of years smoked and the average
number of packs smoked per day.

Death
We ascertained deaths from the Social Security Death Index. Survival status was available for
all participants. We obtained death certificates from the state of Illinois or medical records.
Cause of death was determined by a certified nosologist who had completed advanced training
in identifying causes of death from death certificates. Cardiovascular deaths were those with
International Statistical Classification of Diseases and Related Health Problems, 10th Revision,
codes in the range I01.0 through I99.9, which includes deaths due to coronary heart disease,
stroke, peripheral vascular disease, and other cardiovascular diseases.

Statistical Analysis
We compared baseline characteristics between decedents and survivors with PAD by using
general linear models for continuous variables and chi-square tests for categorical variables.
We used proportional hazards regression analyses to relate baseline biomarker levels to all-
cause and cardiovascular mortality at 4-year follow-up, adjusting for age, sex, race, diabetes,
number of cardiovascular diseases, smoking, and ankle–brachial index.

Analytic Approaches Used to Address Primary Study Aims
We used 2 analytic approaches to model associations of biomarker levels with mortality. To
assess the marginal associations of a given biomarker level with near-term versus later-term
mortality, we used a 3-model approach in which we performed 3 proportional hazard analyses,
each corresponding to 1 of 3 intervals: the first, second, and third years after the biomarker
measurement. To assess longitudinal associations of changes in biomarker levels with
mortality, we combined the data into 1 model (combined model approach). The Appendix
(available at www.annals.org) presents detailed descriptions of these 2 analytic approaches.
The 3-model approach provides more statistical power than the combined model approach but
assumes homogenous associations across the 3 follow-up periods. For example, the 3-model
approach assumes that the association between the baseline biomarker level and mortality
during the first year of follow-up is the same as the association between the biomarker level
at the first annual follow-up visit and mortality between the first and second years of follow-
up. The combined approach does not require us to make these assumptions. The combined
model focuses on more complicated longitudinal associations and may provide richer
information on the associations of the biomarker levels with mortality than the 3-model
approach. However, the combined model has less statistical power than the 3-model approach,
because few deaths occurred during some follow-up periods in the combined model.

The 3-Model Approach—Figure 1 shows the results of the 3-model analyses. We chose a
limited number of covariates to include in the regression analyses a priori, because models
become unreliable when researchers specify a large number of covariates and few outcome
events occur (as in our data set). Biomarker levels were the only time-dependent variables in
the regression models. We adjusted associations with all-cause mortality for age, sex, race,
diabetes mellitus, number of cardiovascular diseases, cancer, smoking, and ankle–brachial
index. We adjusted associations with cardiovascular mortality for fewer covariates (age, sex,
race, diabetes, number of cardiovascular diseases, and ankle– brachial index) because there
were fewer cardiovascular deaths than all-cause deaths. Analyses were repeated with fewer
and greater numbers of covariates, selecting covariates for these models a priori, to see whether
the number of covariates influenced the results. We tested the proportional hazards assumption
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by using cumulative score processes (21) and found no evidence of violation of the assumption
in the analyses for all-cause mortality.

Combined Model Approach—Figure 2 shows the results of the combined model. The
combined model evaluated associations of changes in biomarker levels between the baseline
visit and the first, second, and third annual follow-up visits, respectively, with mortality during
the first year after the change. We adjusted analyses for cardiovascular mortality for age, sex,
race, diabetes mellitus, number of cardiovascular diseases, cancer, baseline biomarker levels,
and ankle– brachial index. In addition to the covariates used in analyses for cardiovascular
mortality, analyses for all-cause mortality were also adjusted for smoking. We obtained SEs
for all of the multivariable analyses by using 500 nonparametric bootstrap samples.

To account for missing biomarker levels for visits between baseline and final follow-up (Figure
3), we used the multiple imputation method in proportional hazards regression with time-
dependent biomarker levels. The cause of 9 of the 76 deaths was unknown. In analyses for
cardiovascular disease mortality, we imputed the cause of death when death certificates were
unobtainable, using multiple imputation methods proposed by Lu and Tsiatis (22). To
determine whether results were sensitive to the imputation method, we performed analyses for
2 extreme possibilities: All missing death certificates were considered cardiovascular deaths,
or none of the missing death certificates were considered cardiovascular deaths.

Participants were grouped according to whether and when they died during the study. Average
levels of each biomarker were calculated at each study visit for each group to determine whether
biomarker levels were higher at the visit immediately preceding death. We repeated analyses
for cardiovascular mortality. Consecutive mean blood values before death were compared by
using paired Wilcoxon rank tests.

Role of the Funding Source
The National Heart, Lung, and Blood Institute and the National Center for Research Resources,
National Institutes of Health, provided funding for the study, but they played no role in data
analyses.

Results
Of 460 participants with PAD in the sample, 377 (82%) had blood drawn at baseline and
constituted the cohort for analyses. During 4 years of follow-up, 76 participants (20%) died.
Death certificates were located for 67 decedents (88%). Thirty-one deaths (41%) were from
cardiovascular disease. Figure 3 shows follow-up rates.

Compared with survivors, decedents were older (mean age, 74.1 years [SD, 8.8] vs. 71.1 years
[SD, 8.4]; P = 0.001) and included more men (68.4% vs. 60.1%; P = 0.004). After adjustment
for age and sex, decedents had a higher prevalence of heart failure, a lower high-density
lipoprotein cholesterol level, and higher baseline levels of each biomarker compared with
survivors (Table 1). At 4-year follow-up, higher baseline levels of each biomarker were
statistically significantly associated with increased all-cause mortality, and higher levels of
serum amyloid A and CRP were associated with increased cardiovascular mortality (Table 2).
Figure 1 shows hazard ratios between biomarker levels and all-cause mortality during each
follow-up interval. Hazard ratios indicate the relative risk for death corresponding to a 1-unit
increase in log1.5(biomarker level) (that is, a 50% relative difference in biomarker level), after
adjustment for age, sex, race, cardiovascular diseases, cancer, diabetes, smoking, and ankle–
brachial index. Higher levels of D-dimer, CRP, and serum amyloid A were associated with
higher all-cause mortality among patients who died within 1 year after biomarker measurement
(hazard ratio, 1.20 [CI, 1.08 to 1.33], 1.13 [CI, 1.05 to 1.21], and 1.12 [CI, 1.04 to 1.20],
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respectively; P < 0.001, P < 0.001, and P = 0.003) and among patients who died 1 to 2 years
after biomarker measurement (hazard ratio, 1.14 [CI, 1.02 to 1.27], 1.15 [CI, 1.06 to 1.24], and
1.13 [CI, 1.04 to 1.24]; P = 0.022, P = 0.001, and P = 0.005]). Higher biomarker levels were
not associated with greater all-cause mortality 2 to 3 years after measurement (Figure 1). Table
3 shows average levels of each biomarker at baseline and each follow-up visit, according to
when participants died. Among decedents, D-dimer levels were highest at the visit immediately
preceding death (Table 3). Findings were similar, but less consistent, for CRP and serum
amyloid A. Figure 1 shows hazard ratios between biomarker levels and cardiovascular disease
mortality during each follow-up interval. Higher D-dimer levels were statistically significantly
associated with higher cardiovascular mortality during each follow-up interval. Higher levels
of CRP and serum amyloid A were each significantly associated with higher cardiovascular
mortality during the year immediately after each biomarker measurement and 1 to 2 years after
biomarker measurement. Higher levels of CRP and serum amyloid A were not associated with
greater cardiovascular mortality 2 to 3 years after measurement (Figure 1). Results did not
substantially differ when analyses were repeated with adjustment for only 3 and as many as
17 covariates. The results in Figure 1 did not substantially differ when analyses were repeated
assuming that all missing deaths were due to cardiovascular disease and that no missing deaths
were due to cardiovascular disease (data not shown). For participants with cardiovascular
death, CRP and serum amyloid A levels were highest at the visit immediately preceding
cardiovascular death. However, differences between biomarker levels immediately preceding
death and those from the previous year were not statistically significant, probably because of
small sample sizes (Appendix Table, available at www.annals.org). Greater increases in serum
amyloid A and D-dimer levels between baseline and 1-year follow-up were associated with
significantly increased risk for all-cause mortality and cardiovascular mortality during the 1
year after the first annual follow-up visit (Figure 2). Greater increases in serum amyloid A,
CRP, and D-dimer levels between baseline and 2-year follow-up were associated with higher
all-cause mortality (CRP and D-dimer) and cardiovascular mortality (serum amyloid A and
CRP) during the year after the biomarker increase. Greater increases in CRP between baseline
and the third annual follow-up visit were associated with higher cardiovascular mortality during
the year after the increase (Figure 2). Figure 4 and Appendix Figures 1 and 2 (available at
www.annals.org) demonstrate the distribution of biomarker values at each study visit and show
trajectories of biomarker levels in a randomly selected subset of decedents and survivors.
Average biomarker values before death are higher than those for survivors evaluated at the
corresponding visit, consistent with results presented here.

Discussion
Among persons with PAD, higher levels of D-dimer, CRP, and serum amyloid A at a given
time point were statistically significantly associated with higher all-cause mortality during each
of the first 2 years after measurement. Higher levels of each biomarker were not associated
with greater all-cause mortality occurring more than 2 years after biomarker measurement. For
CRP and serum amyloid A, findings for cardiovascular disease mortality were similar to those
for all-cause mortality. In contrast, higher D-dimer levels were associated with higher
cardiovascular disease mortality during each follow-up interval. Together, findings suggest
that elevated levels of CRP and serum amyloid A measured at a given time point are more
closely associated with near-term than later-term risk for all-cause and cardiovascular disease
mortality in persons with PAD. Elevated levels of D-dimer measured at a given time point are
more closely associated with near-term than later-term all-cause mortality in persons with
PAD.

We also observed that greater increases in levels of the 3 biomarkers were associated with
significantly higher all-cause and cardiovascular disease mortality during the year immediately
after these increases. Together, these findings suggest that both higher biomarker levels and
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greater increases in biomarker levels are associated with increased mortality during short-term
follow-up.

Atherosclerotic risk factors predict long-term risk for cardiovascular events and can be targeted
for long-term prevention. Identifying biomarkers associated with increased risk for near-term
death provides potentially important prognostic information for clinicians that may guide
decisions regarding clinical work-up or therapy intensity. Findings reported here may also help
elucidate mechanisms of mortality in persons with PAD. However, no one has tested the
hypothesis that early interventions in persons with increasing biomarker levels can prevent
acute coronary syndromes. Accordingly, our findings should not alter current medical practice
until they are confirmed and clinical trials demonstrate that early interventions prevent acute
coronary syndromes when biomarker levels are increasing.

D-Dimer is the primary degradation product of cross-linked fibrin and marks ongoing
fibrinolysis associated with thrombosis. Atherosclerosis-related endothelial damage provides
a surface for thrombus formation, fibrinolysis, plaque remodeling, and atherosclerotic
progression (7). Short-term increases in D-dimer levels may mirror temporary increases in
atherosclerotic plaque remodeling. D-Dimer may predict both near-term and long-term
cardiovascular mortality if the association of D-dimer with short-term atherosclerotic disease
progression is also important for long-term cardiovascular disease outcomes.

Hypothesized mechanisms for associations between elevated inflammatory markers and death
differ from those proposed for D-dimer. Studies have shown that CRP adversely affects
endothelial function (23), promotes thrombosis (24), and increases influx of inflammatory cells
(25). High levels of CRP or serum amyloid A may signify greater arterial wall inflammation,
which leads to invasion of inflammatory cells, protease elaboration, fibrous cap breakdown,
and plaque rupture.

Our study has limitations. First, among 377 patients with PAD, sample sizes in some subgroups
were small for predicting death during the defined follow-up intervals. This was particularly
true for cardiovascular deaths. Despite the relatively large number of covariates in the models
for cardiovascular death, all statistical models converged. Resulting point estimates and
corresponding CIs were within reasonable ranges. Results were similar when our models were
repeated with varying numbers of comorbid conditions. Second, we imputed the cause of death
for the 6 participants with missing death certificates. However, sensitivity analyses, performed
with extreme assumptions about missing causes of death, suggested that the imputation was
not likely to have affected our results. Third, analyses for associations of biomarkers with
mortality at different intervals after the marker measurement were based on different sample
sizes. Thus, levels of statistical significance are not directly comparable across different
intervals. Nonetheless, the magnitude of the point estimators and corresponding 95% CIs,
whose widths reflected varying sample sizes, provide descriptive comparisons of associations
between each biomarker and mortality across different time intervals after marker
measurement. Finally, we do not know whether our findings are generalizable to persons
without PAD.

Our results differed from other studies of PAD in that cardiovascular disease accounted for
fewer than 50% of deaths and the baseline ankle–brachial index level was similar between
decedents and survivors. It is possible that improved treatment of atherosclerotic risk factors
in PAD has reduced cardiovascular deaths and altered associations between ankle–brachial
index and mortality.

In conclusion, elevated levels of CRP, serum amyloid A, and D-dimer were associated with
increased risk for near-term, but not later-term, cardiovascular disease and all-cause mortality
in persons with PAD. Increases in each biomarker level were independent predictors of
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mortality during the year after the increase. We hope that these findings will lead to further
study, first to confirm our results and then to determine whether targeted interventions to reduce
these biomarker levels reduce mortality in persons with PAD.

Appendix

Three-Model Approach
In the 3-model approach, 3 separate proportional hazard analyses were performed for each
biomarker to examine associations between the biomarker level and all-cause mortality during
the first, second, and third subsequent year after blood marker measurement. In the following
equations, FV0, FV1, FV2, and FV3 denotes blood marker levels (D-dimer, serum amyloid A,
or CRP) at the baseline visit and the first, second, and third annual follow-up visits, respectively.
We used I(·) to denote the indicator function. In the statistical analysis, we assume a
proportional hazards model:

where h(t) is the hazard function and the time-dependent covariate,

in evaluating the association between the biomarker level and the mortality at the subsequent
year (model I),

in evaluating the association between the biomarker level and death at 1 year after the
measurement (model II), and

in evaluating the association between the biomarker level and death 2 years after the
measurement (model III). In model I, exp{β} represents the hazard ratio at the subsequent year
corresponding to a 1-unit increase in the log1.5(biomarker level) or, equivalently, a 50%
increase in the biomarker level. Similarly, exp{β} represents the hazard ratio at 1 year and 2
years after the measurement corresponding to a 1-unit increase in the log1.5(biomarker level)
in models II and III, respectively.

Combined Model Approach
In the combined model approach, we studied longitudinal associations of changes in each
biomarker level with all-cause and cardiovascular disease mortality during the subsequent year
after each change by using multivariate proportional hazards analyses. We evaluated change
intervals between the baseline visit and the first, second, and third annual follow-up visits.
Specifically, we assumed the proportional hazards model:
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The interpretations of the regression coefficients in different follow-up periods are

1. for 1 ≤ t < 2,

and exp{β1} represents the hazard ratio corresponding to 1 unit higher in the change of
log1.5(biomarker level) during the prior 1 year;

2. for 2 ≤ t < 3,

and exp{β2} represents the hazard ratio corresponding to a 1-unit increase in the change of
log1.5(biomarker level) during the previous 2 years, and

3. for 3 ≤ t < 4,

where exp{β3} represents the hazard ratio corresponding to a 1-unit increase in the change of
log1.5(biomarker level) during the previous 3 years.
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Figure 1. Adjusted associations between biomarker levels and death, by interval between
measurement and death
Analyses for all-cause mortality were adjusted for age, sex, race, diabetes mellitus, smoking,
ankle–brachial index, number of other cardiovascular diseases, and cancer. Analyses for
cardiovascular mortality were adjusted for age, sex, race, diabetes mellitus, ankle–brachial
index, and number of other cardiovascular diseases. Solid squares represent the log (hazard
ratio) corresponding to a 1-unit increase in the biomarker level. Error bars represent 95% CIs.
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Figure 2. Adjusted associations between changes in biomarker levels from baseline to each follow-
up visit and death during the year after the biomarker level change
Analyses for all-cause mortality were adjusted for age, sex, race, diabetes mellitus, smoking,
ankle–brachial index, number of other cardiovascular diseases, and cancer. Analyses for
cardiovascular mortality were adjusted for age, sex, race, diabetes mellitus, ankle–brachial
index, and number of other cardiovascular diseases. Solid squares represent the log (hazard
ratio) corresponding to a 1-unit increase in the biomarker level. Error bars represent 95% CIs.
FV0 = baseline visit; FV1 = 1-year follow-up visit; FV2 = 2-year follow-up visit; FV3 = 3-year
follow-up visit.
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Figure 3. Rates of follow-up and death among study participants
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Figure 4. Trajectories of C-reactive protein (CRP) levels over time in persons with peripheral
arterial disease
The points in the survivor figure represent CRP levels in participants who survived during the
following year. These individual CRP values are connected to show the trajectory of CRP
levels over time in a randomly selected subset of participants who survived the 4-year follow-
up. The open circles in the decedent figure represent CRP levels in participants who died during
the year after CRP measurement. Individual CRP values are connected to show the trajectory
of CRP levels at each visit in a randomly selected subset of participants who died during the
4-year follow-up. The boxes in each figure (survivors and decedents) represent mean CRP
values for those who survived and died during the year after the measurement, respectively.
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Appendix Figure 1. Trajectories of D-dimer levels over time in persons with peripheral arterial
disease
The points in the survivor figure represent D-dimer levels in participants who survived during
the following year. These individual D-dimer values are connected to show the trajectory of D-
dimer levels over time in a randomly selected subset of participants who survived the 4-year
follow-up. The open circles in the decedent figure represent D-dimer levels in participants who
died during the year after D-dimer measurement. Individual D-dimer values are connected to
show the trajectory of D-dimer levels at each visit in a randomly selected subset of participants
who died during the 4-year follow-up. The boxes in each figure (survivors and decedents)
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represent mean D-dimer values for those who survived and died during the year after the
measurement, respectively.
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Appendix Figure 2. Trajectories of serum amyloid A levels over time in persons with peripheral
arterial disease
The points in the survivor figure represent serum amyloid A levels in participants who survived
during the following year. These individual serum amyloid A values are connected to show
the trajectory of serum amyloid A levels over time in a randomly selected subset of participants
who survived the 4-year follow-up. The open circles in the decedent figure represent serum
amyloid A levels in participants who died during the year after serum amyloid A measurement.
Individual serum amyloid A values are connected to show the trajectory of serum amyloid A
levels at each visit in a randomly selected subset of participants who died during the 4-year
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follow-up. The boxes in each figure (survivors and decedents) represent mean serum amyloid
A values for those who survived and died during the year after the measurement, respectively.
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Table 1
Age- and Sex-Adjusted Characteristics of Participants with Peripheral Arterial Disease, by Survival Status*

Characteristic Survivors (n = 301) Decedents (n = 76) P Value†

African American, % 13.8 13.8 1.00

Mean ankle-brachial index (±SE) 0.649 ± 0.008 0.645 ± 0.017 0.83

Mean body mass index (±SE), kg/m2 27.5 ± 0.28 26.4 ± 0.56 0.078

Cigarette smoking, pack-years 38.8 ± 1.93 40.1 ± 3.88 0.78

Myocardial infarction, % 26.4 35.4 0.125

Heart failure, % 25.7 41.0 0.010

Angina, % 36.6 42.2 0.38

Stroke, % 10.6 13.4 0.51

History of hypertension, % 80.4 86.7 0.201

Cancer, % 14.3 23.1 0.067

Diabetes, % 29.8 38.2 0.181

Mean total cholesterol level (±SE) 0.89

 mmol/L 4.67 ± 0.06 4.65 ± 0.11

 mg/dL 180.2 ± 2.17 179.6 ± 4.35

Mean high-density lipoprotein cholesterol level (±SE) 0.029

 mmol/L 1.06 ± 0.02 0.96 ± 0.04

 mg/dL 40.9 ± 0.79 37.0 ± 1.59

Statin use, % 46.3 38.6 0.23

Mean blocks walked during the past week (±SE), n 34.7 ± 3.25 31.6 ± 6.52 0.59

Baseline mean CRP level (±SE), mg/L 4.96 ± 0.49 7.65 ± 0.98 0.015

Baseline mean serum amyloid A level (±SE), mg/L 7.83 ± 1.46 14.44 ± 2.93 0.045

Baseline mean D-dimer level (±SE), mg/L 0.95 ± 0.08 1.39 ± 0.17 0.021

*
Cardiac or cerebrovascular disease was defined as ≥1 of the following: history of myocardial infarction, heart failure, angina, and stroke. CRP = C-

reactive protein.

†
Derived from comparisons between survivors and decedents, with additional adjustment for age and sex.
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Table 2
Adjusted Associations between Baseline Biomarker Levels and Mortality at 4-Year Follow-up in Patients with
Peripheral Arterial Disease*

Biomarker Hazard Ratio
(95% CI)

P Value

All-cause mortality†

 Serum amyloid A level 1.13 (1.03–1.23) 0.010

 C-reactive protein level 1.14 (1.05–1.24) 0.003

 D-Dimer level 1.17 (1.04–1.32) 0.007

Cardiovascular disease mortality†‡

 Serum amyloid A level 1.12 (1.00–1.25) 0.041

 C-reactive protein level 1.17 (1.05–1.30) 0.003

 D-Dimer level 1.14 (0.99–1.32) 0.071

*
Hazard ratios represent risk for death at 4-year follow-up per each 50% increase from baseline biomarker level.

†
Adjusted for age, sex, race, diabetes mellitus, cigarette smoking, ankle–brachial index, and number of cardiovascular diseases. Analyses for all-cause

mortality are additionally adjusted for cancer.

‡
For participants without death certificates, the hazard ratio for cardiovascular disease mortality was derived by using the multiple imputation method.
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