1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Thromb Haemost. Author manuscript; available in PMC 2015 December 01.

-, HHS Public Access
«

Published in final edited form as:
J Thromb Haemost. 2014 December ; 12(12): 1993-2001. doi:10.1111/jth.12742.

Inflammation Markers and Incident Venous Thromboembolism:
the REasons for Geographic And Racial Differences in Stroke
(REGARDS) Cohort

Nels C. Olson”, Mary Cushman'”, Pamela L. Lutsey*, Leslie A. McClure$, Suzanne Judd$,
Russell P. Tracy™T, Aaron R. Folsom*, and Neil A. Zakai™"

*Department of Pathology, University of Vermont College of Medicine, Burlington, VT
TDepartment of Medicine, University of Vermont College of Medicine, Burlington, VT
TDepartment of Biochemistry, University of Vermont College of Medicine, Burlington, VT

*Division of Epidemiology & Community Health, School of Public Health, University of Minnesota,
Minneapolis, MN

SDepartment of Biostatistics, School of Public Health, University of Alabama at Birmingham,
Birmingham, AL

Abstract

Background—Inflammation biomarkers are associated with the venous thromboembolism
(VTE) risk factors obesity and age, however the relationships of inflammation with VTE risk
remain controversial.

Objectives—To examine associations of four inflammation biomarkers, C-reactive protein
(CRP), serum albumin, white blood cell count (WBC), and platelet count (PLTC), with incident
VTE, and determine whether they mediate the association of age or obesity with VTE.

Patients/Methods—Hazards models adjusted for VTE risk factors were used to calculate
prospective associations of each biomarker with incident VTE in 30,239 participants of the
REasons for Geographic And Racial Differences in Stroke (REGARDS) study. Mediation of the
associations of obesity and age with VTE were examined by bootstrapping. Over 4.6 years, there
were 268 incident VTE events. Adjusting for VTE risk factors, the hazard ratio (HR) (95%
confidence interval (CI)) was 1.25 (1.09, 1.43) per standard deviation (SD) higher log-CRP and
1.25 (1.06, 1.48) per SD lower albumin, with no associations for WBC or PLTC. The association
of BMI, but not age, with VTE was partially mediated by CRP and albumin. In risk factor-
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adjusted models, the percent attenuation of the BMI HR for VTE by introducing CRP or albumin
to the models was 15.4% (95% CI: 7.7%, 33.3%) and 41.0% (95% CI: 12.8%, 79.5%),
respectively.

Conclusion—Higher CRP and lower serum albumin were associated with increased VTE risk,
and statistically mediated part of the association of BMI with VTE. These data suggest
inflammation may be a potential mechanism underlying the relationship of obesity and VTE risk.
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Methods

Venous thromboembolism (VTE) is thought to result from a combination of risk factors
which may exceed an individual’s “thrombosis potential” and lead to thrombosis [1, 2].
Several VTE risk factors, such as age, obesity, genetics, immobilization, and cancer are well
recognized, while others, such as increased inflammation, remain a matter of debate [3, 4].
An understanding of the interrelations of VTE risk factors also remains incomplete.

Relationships between inflammation and coagulation are well established [5, 6], and
inflammation is associated with atherothrombosis risk [7]. While several biomarkers of
inflammation are higher in the presence of some VTE risk factors, such as older age and
obesity, the relationships between inflammation and VTE risk remain uncertain. Higher C-
reactive protein (CRP), a well-established biomarker of inflammation, was independently
associated with VTE in two prospective studies [8, 9], however several other studies have
reported positive associations that were attenuated in multivariable analyses [10, 11] or
observed no associations [12-14]. Other inflammation biomarkers including cytokines and
acute phase reactants have been suggested as VTE risk markers [15, 16], but these findings
are also inconsistent [13, 17]. At present, the independent nature of the relationship between
inflammation and VTE is not established, and it remains controversial whether inflammation
biomarkers play a causal role in VTE, or are elevated as a consequence of disease
pathogenesis [3, 4].

We studied the prospective relationships of four inflammation biomarkers, C-reactive
protein (CRP), serum albumin, white blood cell count (WBC), and platelet count (PLTC),
with incident VTE in the REasons for Geographic And Racial Differences in Stroke
(REGARDS) cohort. Our goal was to evaluate whether these biomarkers of chronic
inflammation were associated with VTE independent of traditional VTE risk factors and
comorbidities. We also sought to assess whether these biomarkers potentially mediated the
associations of two established VTE risk factors, age and obesity, with VTE.

Study Participants

REGARDS is a prospective longitudinal cohort study of 30,239 black and white men and
women aged 245 years; detailed methods have been published previously [18]. Briefly,
participants were enrolled between 2003 and 2007 from the contiguous United States,
designed for an equal representation of race and gender, with an oversampling of individuals
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living in the Southeastern U.S. (AL, AR, GA, LA, MS, NC, SC, TN). Individuals were
recruited using a commercial list (Genysis Inc, Daly City, CA) by use of mail and telephone
contact. Persons with active cancer or undergoing current cancer treatment were excluded
from the study.

Following enroliment and verbal consent, demographic information and medical histories
were obtained using a computer-assisted telephone interview (CATI). This was followed by
an in-home examination including written informed consent, along with anthropomorphic
and blood pressure measures, phlebotomy, electrocardiogram, and medication inventory,
assessed using standardized protocols (Exam Management Systems Incorporated, Irving,
Texas). Questionnaires were left with participants to assess family history of vascular
disease, and participants were followed by telephone every 6 months for surveillance of
medical events. Deaths were ascertained by proxy report and through periodic searches of
the National Death Index [19]. Study methods were reviewed and approved by the
institutional review boards at each study institution.

Event Ascertainment and Definitions

VTE events were identified and classified through February 2011 as previously described
[20]. Briefly, participants or proxies were asked during each telephone call for an update on
their medical status and the reasons for any hospitalizations, with each hospitalization
reviewed by a research nurse through February, 2011; additional VTE events were identified
by self-report between February, 2010 and February, 2011; in addition, causes of death, and
other events (e.g., stroke and coronary heart disease), were reviewed for possible VTE.
Validation of VTEs was performed by review of abstracted medical records (79.5% of
requested records were obtained) for each potential VTE case by two of three physicians
(NAZ, ARF, and MC). In the case of disagreements the third physician provided the final
VTE classification, or if VTE status remained uncertain, cases were discussed and resolved.

Provoked VTE was defined as a VTE preceded within 90 days by major trauma, surgery,
marked immobility, or associated with active cancer or chemotherapy. All other VTE events
were considered unprovoked. Coronary heart disease (CHD) was defined by participant self-
report of a prior myocardial infarction (MI) or a coronary artery revascularization procedure,
or by electrocardiogram evidence of an Ml at baseline. Stroke was ascertained by participant
self-report at baseline. Diabetes was defined by self-reported physician diagnosis with use of
antidiabetic medications, fasting glucose >126 mg/dL, or nonfasting glucose >200 mg/dL.
Hypertension was defined as systolic blood pressure >140 mmHg, diastolic pressure >90
mmHg, or use of antihypertensive medications. Body mass index (BMI) was defined as
weight in kilograms divided by height in meters squared (kg/m?2), and BMI categories were
defined as: underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25—
29.9 kg/m?), and obese (=30 kg/m?).

Laboratory Measurements

Blood samples were collected, centrifuged, and serum and plasma was separated and
shipped overnight on ice packs to the Laboratory for Clinical Biochemistry Research at the
University of Vermont. High sensitivity CRP was analyzed by particle-enhanced
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immunonephelometry using the BNII nephelometer according to the manufacturer’s
instructions (N High Sensitivity CRP; Dade Behring Inc., Deerfield, IL); the interassay
coefficients of variation (CV) were 2.1%-5.7%. Albumin and glucose were measured in
serum by colorimetric reflectance spectrophotometry using the Ortho Vitros Clinical
Chemistry System 950IRC instrument (Johnson & Johnson Clinical Diagnostics; Rochester,
NY); the CV was < 5% for albumin and 1% for glucose.

Complete blood counts were performed the day after sample collection using a Beckman
Coulter LH 755 Hematology Workcell (Beckman Coulter, Incorporated; Fullerton,
California); CVs of 5% and 10% for WBC and PLTC, respectively, were considered
acceptable. Albumin, WBC, and PLTC were measured among consecutive individuals as
part of an ancillary study that began after enroliment had started, resulting in 19,393
participants with serum albumin measured, 18,334 with WBC information, and 17,850 with
PLTC measured.

Statistical Analyses

The present study included 29,556 participants with follow-up in REGARDS. Participants
who reported VTE at baseline (n=1,749) were excluded from analyses, leaving 27,807
participants. The distribution of CRP was highly skewed, and a natural logarithm (In)
transformation was used. Analysis of variance or t-tests were used to describe associations
of unadjusted inflammation biomarker means with demographic variables and VTE risk
factors; geometric (back-transformed) means (95% confidence intervals (Cl)) were
presented for CRP. All statistical analyses were conducted using the Statistical Analysis
System (SAS, version 9.3; SAS Institute, Inc., Cary, NC).

Cox proportional hazards models were used to estimate hazard ratios (HR) of inflammation
biomarkers with incident VTE. Biomarkers were modeled per standard deviation (SD)
higher for INCRP, WBC, and PLTC, and per SD lower serum albumin. Demographic-
adjusted models included age, sex, race, region, and race*region interaction (due to a known
interaction of race and region on VTE incidence in REGARDS [20]). Partially-adjusted
models added adjustment for BMI, smoking status, and hypertension. Risk factor-adjusted
models included these variables with additional adjustment for diabetes and history of CHD
and/or stroke. Interaction terms were assessed for the inflammation biomarkers with race
and were considered significant if the interaction p-value was < 0.10.

Non-linear response relationships of CRP and albumin with VTE were evaluated using
restricted cubic spline functions [21] with knots at quartiles of CRP (251 %: 0.94 mg/L; 50t
%: 2.17 mg/L; and 75t %: 4.96 mg/L) and albumin (25t %: 4.0 g/dL; 50t %: 4.2 g/dL; and
75t 9% 4.4 g/dL), adjusting for age, sex, race, region, and race*region. To reduce the
influence of acute clinical inflammation, participants in the top 51 percentile of CRP were
excluded from the analyses.

We tested whether the inflammation biomarkers significantly associated with VTE mediated
the associations of BMI and age with VTE using bootstrapping. We generated 1000
replicate samples with replacement and computed the HRs (95% CIs), modeled per 1-SD
increment higher, for BMI (6.2 kg/m?) and age (10 years) without and with INCRP or, in
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separate models, albumin, included as covariates. The 95% CI of the change in the BMI or
age HR for VTE was calculated from the 2.5" and 97.5% percentile of the replicate sample
distribution for the age or BMI HR. The percent change in the HR was calculated by the
following formula:

((HR without biomarker)— (HR ratio with biomarker))/(HR without biomarker—1)*100%.

Secondary analyses were performed for provoked and unprovoked VTE, and for DVT
versus PE + DVT. A sensitivity analysis was performed by excluding participants taking
warfarin at baseline, and by including additional adjustment for acetylsalicylic acid and/or
statin use in risk factor-adjusted models in the entire study population, and these
medications plus hormone replacement therapy in analyses of women.

In participants with follow-up in REGARDS and free of VTE at baseline, the median
(interquartile range) CRP was 2.2 mg/L (0.94, 5.0). The mean (SD) values of WBC, PLTC,
and serum albumin were 5.9 x10° cells/L (2.8), 237 x10° cells/L (69), and 4.2 g/dL (0.33)
respectively. The characteristics of the study population by VTE status are shown in Table 1
and Table S1 in Supporting Information. Table 2 presents the associations of the
inflammation biomarkers with VVTE risk factors. Older participants had lower albumin levels
and lower PLTC than younger participants. Women, blacks, and those living in the southeast
had higher CRP and PLTC. Women and blacks also had lower albumin and lower WBC.
Obesity category, hypertension, and smoking status were positively associated with each of
the inflammation biomarkers, except for albumin which was not associated smoking status
(Table 2).

There were 268 incident VTE events over 4.6 years of follow-up. Mean CRP was higher,
and albumin lower, in those with incident VTE (p<0.001). There were no significant
differences in WBC or PLTC (Table 1). In demographic-adjusted (age, gender, race, region,
race*region) Cox proportional hazards models, higher CRP and lower albumin, but not
WBC or PLTC, were positively associated with incident VTE. The VTE hazard ratio (HR)
(95% CI) was 1.34 (1.18, 1.52) per SD higher INCRP and 1.29 (1.09, 1.51) per SD lower
albumin, respectively. In risk factor-adjusted models that included additional adjustment for
BMI, smoking, hypertension, and comorbidities (diabetes, and history of CHD and stroke),
INCRP and albumin remained associated with VTE. The HRs (95% CI) per SD increment
higher INCRP was 1.25 (1.09, 1.43) and per SD lower albumin was 1.25 (1.06, 1.48) (Table
3). Interactions of the inflammation biomarkers with race were not statistically significant
(all p-interactions >0.10).

Figure 1 presents the association of CRP and albumin with VTE risk using restricted cubic
splines with the reference category set at 1 mg/L for CRP and 4.0 g/dL for albumin. VTE
risk increased linearly with a CRP > ~1 mg/L (Fig 1A) and below an albumin concentration
of ~4.0 g/dL (Fig 1B).
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In demographic-adjusted analyses, INCRP and, separately, albumin did not mediate the
relationship of age with VTE (Table 4). However, higher CRP and, separately, lower
albumin partially attenuated the HR of BMI for VTE. With the inclusion of INCRP in
demographic-adjusted models, the association between BMI (modeled per SD increment,
6.2 kg/m2) and VTE was attenuated by 21.2% (95% CI: 2.7%, 36.4%), and in risk-factor
adjusted models was attenuated by 15.4% (95% ClI: 7.7%, 33.3%). The percent attenuation
of the HR of BMI for VTE by including albumin was 42.4% (95% ClI: 6.1%, 81.8%) in
demographic-adjusted models, and 41.0% (95% CI: 12.8%, 79.5%) in risk factor-adjusted
models (Table 4).

In analyses of obesity categories (underweight, normal weight, overweight, and obese),
rather than BMI as a continuous variable, the percent attenuation of the obesity HR (95%
ClI) for VTE by INCRP was 14.3% (—23.1%, 38.2%) for the overweight category and 24.1%
(3.2%, 44.0%) for the obese category, respectively (using normal weight as the reference).
In risk factor-adjusted models the percent attenuation by INCRP was 12.7% (95% CI: 5.5%,
30.0%) for the overweight category and 20.6% (95% CI: 10.8%, 38.9%) for the obese
category, respectively. Albumin did not mediate the relationships of either the overweight or
obese BMI categories with VTE.

In secondary analyses evaluating provoked (n= 142) and unprovoked VTE (n= 126), the HR
(95% CI) per SD increment higher INCRP was 1.40 (1.18, 1.67) for provoked VTE and 1.27
(1.06, 1.53) for unprovoked VTE (demographic-adjusted models). For serum albumin, the
HRs (95% CI) were 1.14 (0.91, 1.43) for provoked VTE and 1.46 (1.16, 1.84) for
unprovoked VTE, per SD increment, respectively. Results were slightly attenuated but
remained significant in risk factor-adjusted models. There were no associations of WBC or
PLTC for provoked or unprovoked VTE.

In demographic-adjusted secondary analyses of DVT (n= 139) or PE £ DVT (n= 123), the
HR (95% CI) per SD increment higher INCRP was 1.37 (1.15, 1.63) for DVT and 1.33 (1.11,
1.60) for PE £ DVT. For serum albumin, the demographic-adjusted HR (95% CI) was 1.19
(0.94, 1.51) for DVT and 1.37 (1.09, 1.71) for PE + DVT. Results remained similar in risk
factor-adjusted models.

A sensitivity analysis removing 779 participants (774 non-VTE and 5 VTE) on warfarin at
baseline did not affect the interpretation of the results. Results remained robust in risk
factor-adjusted models with added adjustment for acetylsalicylic acid and statin use in the
entire study population, and these medications plus hormone replacement therapy in
analyses of women.

Discussion

In this prospective population-based study we demonstrated that higher CRP and lower
serum albumin, but not WBC or PLTC, were associated with increased VTE risk. CRP, and
separately, albumin, partially attenuated the HR of obesity, but not age, for VTE.

The positive associations of CRP with incident VTE in our study are consistent with two
previous prospective population-based studies reporting associations of elevated CRP with
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increased VTE risk [8, 9]. Our prospective study of a large biracial population from the
entire contiguous United States provided support that relationships of CRP with VTE were
independent of other VTE risk factors and comorbidities included in our models, and
suggested that CRP mediated part of the association of obesity with VTE. However, other
cohort and case-control studies reported no associations of CRP with VTE [12-14, 22], and
two case-control studies reported positive associations that were attenuated in multivariable
analyses [10, 11]. Limited statistical power or differences among study populations,
including age, race, and nationality, may partially account for the discrepant results.

Previous prospective population-based studies have reported associations of low serum
albumin with risk of incident and recurrent VTE [22-24]. Although patients with nephrotic
syndrome are at increased VTE risk [25, 26], our results are unlikely to be confounded by
nephrotic syndrome as the prevalence of gross proteinuria in REGARDS is low [27].

We did not observe associations of WBC or PLTC with VTE risk in our study. WBC and
PLTC were associated with VTE in hospitalized medical patients [28—-32], but not in
previous population-based studies [13, 33]. Our current hypothesis is that elevated WBC and
PLTC may represent acute pathologies associated with VTE risk, while CRP and albumin
may represent chronic risk markers associated with persistent low-level inflammation or
hypercoagulability.

Whether inflammation biomarkers are causally related to VTE remains controversial. CRP
can influence tissue factor synthesis, hemostatic activation, and fibrinolysis which could
provide a possible causal mechanism with VTE [34-36]. However, polymorphisms in the
CRP gene associated with higher CRP levels were not associated with VTE risk [9]. Further,
inflammatory gene loci were not identified in a genome-wide association study (GWAS) of
VTE [37]. These findings suggest that CRP and albumin reflect underlying inflammatory or
hypercoagulable states and are not causally related to VTE [38].

While CRP and albumin may be risk markers that are not in the causal pathway, emerging
data suggests inflammation may be causally associated with VTE. A follow-up multi-cohort
genotyping analysis identified HIVEPL, which codes for a protein involved in the
transcriptional regulation of inflammatory genes, as a susceptibility locus for VTE [39].
Further, recent results from experimental animal models have demonstrated the importance
of endothelial cell activation, monocyte, platelet and neutrophil recruitment, and the
formation of neutrophil extracellular traps (NETS) in the initiation and progression of DVT
[40-42].

Results from the Justification for the Use of Statins in Prevention: an Intervention Trial
Evaluating Rosuvastatin (JUPITER) Trial demonstrated that rosuvastatin use lowered CRP
levels [43] and reduced VTE risk [44]. Rosuvastatin use lowered CRP levels by 37% at the
12-month visit [43], and resulted in a VTE HR (95% CI) of 0.57 (0.37, 0.86) [44]. The
association was largest in those with CRP >5. These results taken together with the positive
associations between CRP and albumin with VTE observed here, may suggest that some of
the reduction in VTE risk by statins occur by reducing inflammation, although it was
recently proposed that suppression of coagulation activation is also important [45].
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Our results showed that CRP and albumin statistically mediated some of the obesity HR, but
not the age HR, for VTE. This finding is consistent with inflammation as one potential
mechanism underlying the relationship of obesity and VTE risk. The lack of mediation of
albumin when obesity was stratified into clinical categories likely represents reduced power
due to albumin not being measured in approximately 1/3 of the cohort. Biologic mediation
between obesity, inflammation, and VTE, however, cannot be established by our
observational study design, and we cannot rule out the possibility of confounding.

Several limitations of our study are noted. Importantly, the inflammation biomarkers were
measured at baseline, which in most cases was years prior to the VTE event. As such, the
biomarker levels evaluated in the analyses may not reflect their levels at the time of the
VTE. The biomarkers investigated are also limited in scope, and other potential biomarkers
of inflammation and adiposity (e.g., myeloperoxidase, IL-6, leptin, adiponectin, NETSs) were
not measured. We also do not have complete information on some important VTE risk
factors, such as incident cancer. Second, as previously discussed, several genetic analyses to
date suggest there is not a causal role of inflammation with VTE, and causality cannot be
established from our study design. Genotyping (for e.g., CRP, Factor V Leiden, or
prothrombin G20210A) information was not available in our study. Third, VTE case
ascertainment relied predominately on participant report and record retrieval in REGARDS
was ~80% [20]. Finally, we lacked statistical power to examine the associations of extreme
cell count values due to the small number of VTE events in these categories. Strengths of the
present study include the large population-based sample of black and white participants
from the entire contiguous United States with physician validated VTE events.

In summary, higher CRP and lower serum albumin were associated with increased VTE
risk, while WBC and PLTC were not. Inflammation, as assessed by CRP or albumin,
statistically mediated part of the association of BMI with VTE. These data support the
hypothesis that inflammation is associated with VTE risk and may suggest that
inflammation partially mediates the association of obesity with VTE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Restricted cubic spline modeling of C-reactive protein (CRP) and serum albumin with VTE.

Restricted cubic spline functions were analyzed with knots located at quartiles of the
population distribution for (A) CRP (251 %: 0.94 mg/L; 50t %: 2.17 mg/L; and 75! %:
4.96 mg/L) with the reference category set at 1 mg/L; and, (B) serum albumin (25t %: 4.0
g/dL; 50t %: 4.2 g/dL; and 751 % 4.4 g/dL) with the reference category set at 4.0 g/dL.
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Solid lines represent hazard ratios; dashed lines represent 95% confidence intervals.
Analyses were adjusted for age, sex, race, region, and race*region interaction.
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Table 1

Biomarkers of inflammation at the baseline exam in those who did or did not develop VTE during follow-up

in REGARDS
Variable NoVTE (n=27,539) VTE(n=268)
CRP, mg/L (median, 25t 9%, 75t %) 2.2(0.94,5.0) 2.7 (1.3,6.0)
CRP >3.0 mg/L (n, %) 10,332 (38) 112 (42)
White cell count, x10° cells/L (mean, SD)* 59(28) 59(2.1)
Platelet count, x10° cells/L (mean, SD)* 237 (68.7) 228 (73.0)
Serum Albumin, g/dL (mean, SD)” 4.2(0.33) 4.1(0.34)

*
Albumin, white cell count, and platelet count were measured in a subset of participants as part of an ancillary study as described in Methods.

CRP: C-reactive protein; VTE: venous thromboembolism.
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Table 3

Cox proportional hazards models of biomarkers of inflammation with incident VTE (per SD increment)

Biomarker Model 1(HR, 95% CI) Model 2(HR, 95% CI) Model 3(HR, 95% CI)
INCRP (per 1.18) 1.34 (1.18, 1.52) 1.26 (1.10, 1.44) 1.25 (1.09, 1.43)
Albumin (per 0.33 g/dL) 1.29 (1.09, 1.51) 1.24 (1.05, 1.47) 1.25 (1.06, 1.48)
White Cell Count(per 2.8 x10° cells/L) 1.00 (0.87, 1.17) 0.98 (0.79, 1.23) 1.00 (0.83, 1.21)
Platelet Count(per 69.0 x10° cells/L) 1.03 (0.87, 1.22) 1.07 (0.90, 1.26) 1.05(0.88, 1.25)

Biomarkers were modeled per standard deviation (SD) (shown in parentheses) higher for INCRP, white cell count, and platelet count, and per SD
lower serum albumin.

Model 1: Age, sex, race, region, race*region interaction.
Model 2: Model 1 + body mass index, smoking, hypertension.

Model 3: Model 2 + diabetes, and history of coronary heart disease or stroke.
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Table 4

Percent attenuation of the associations of age and BMI with VTE by CRP and serum albumin

Inflammation Biomarker  AgeHR (95% CI)

BMI HR (95% ClI)

Model 1
Model 1 + InCRP
Model 1 + Albumin
Changein HR (%)
CRP
Albumin
Model 2
Model 2 + INCRP
Model 2 + Albumin
Changein HR (%)
CRP
Albumin

1.55 (1.36, 1.76)
1.54 (1.19, 2.0)
1.57 (1.33, 1.85)

1.8% (~9.1%, 9.1%)
3.6% (~21.8%, 32.7%)
1.70 (1.47, 1.96)

1.68 (1.45, 1.95)

1.66 (1.39, 1.99)

2.9% (~4.3%, 8.6%)
5.7% (=20.0%, 30.0%)

1.33 (1.18, 1.50)
1.26 (1.23, 2.08)
1.19 (1.01, 1.40)

21.2% (2.7%, 36.4%)
42.4% (6.1%, 81.8%)
1.39 (1.23, 1.58)
1.33 (1.16, 1.52)
1.23 (1.04, 1.46)

15.4% (7.7%, 33.3%)
41.0% (12.8%, 79.5%)

Age and BMI were modeled per standard deviation (SD) higher (Age SD= 10 years; BMI SD= 6.2 kg/mz).

Model 1: Age, sex, race, region, race*region interaction.

Model 2: Model 1 + BMI, diabetes, smoking status, hypertension, and history of coronary heart disease or stroke.
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