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Abstract

Background: Inflammatory cytokines play a role in atrial fibrillation (AF). Interleukin (IL)-1p,
which is targeted in the treatment of ischemic heart disease, has not been well-studied in relation
to AF.

Methods: Postmenopausal women from the Women’s Health Initiative were included. Cox
proportional hazards regression models were used to evaluate the association between log-
transformed baseline cytokine levels and future AF incidence. Models were adjusted for body
mass index, age, race, education, hypertension, diabetes, hyperlipidemia, current smoking, and
history of coronary heart disease, congestive heart failure, or peripheral artery disease.

Results: Of 16,729 women, 3,943 developed AF over an average of 8.5 years. Racial and

ethnic groups included White (77.4%), Black/African-American (16.1%), Asian (2.7%), American
Indian/Alaska Native (1.0%), and Hispanic (5.5%). Baseline IL-1p log continuous levels were not
significantly associated with incident AF (HR 0.86 per 1 log (pg/mL) increase, p=0.24), similar
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to those of other inflammatory cytokines, IL-7, IL-8, IL-10, IGF-1, and TNF-a. There were
significant associations between C-reactive protein (CRP) and IL-6 with incident AF.

Conclusions: In this large cohort of postmenopausal women, there was no significant
association between IL-1f and incident AF, although downstream effectors, CRP and IL-6, were
associated with incident AF.
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INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia in the United States (US)
with a prevalence of 5.2 million as of 2010, which is expected to rise to 12.1 million by
20301 and between 6 and 12 million in 2050.2 Despite available therapies, AF confers
significant risk of morbidity and mortality among patients, with a five-fold increased risk of
stroke and a 20% increased risk of death.3 Women comprise 60% of individuals with AF
greater than age 75; the clinical consequences of AF for women are of particular concern,
as women with AF are more likely than men to develop stroke, myocardial infarction and
death.1.3:4

The role of inflammatory cytokine signaling in cardiovascular disease is well-established.
Cytokines such as interleukin (IL)-1 and its downstream effectors I1L-6 and C-reactive
protein (CRP) are known to be part of the nucleotide-binding domain, leucine-rich repeat,
and pyrin domain-containing protein 3 (NLRP3) inflammasome, are known to impact
cardiovascular disease progression via systemic inflammation.> Data demonstrating the role
of inflammation in atherosclerosis, coronary artery disease (CAD), myocarditis, pericarditis,
and cardiomyopathy are driving modern efforts to investigate the role of anti-inflammatory
drugs to treat various cardiovascular diseases.>"’

Many of these cytokines, namely IL-1, CRP, IL-6, IL-8, IL-10, and tumor necrosis factor-
alpha (TNF-a), are also thought to play a role in pathogenic AF inflammation,8-10 The “AF
begets AF” phenomenon suggests that inflammatory states may predispose to AF, resulting
in further localized atrial inflammation, which then leads to a cyclic process of regenerant
AF.8 Interestingly, some of these pro-inflammatory cytokines have been shown to correlate
with body mass index (BMI) especially in menopausal women,1 which is in line with the
accepted understanding of obesity as a pro-inflammatory state.12-14 The known association
between obesity,15> BMI,16 total lean body mass,17-1° and AF raises important questions
about the impact of BMI on mitigating cytokine levels and AF risk.

The link between CRP levels and AF has been very well-established, with multiple recent
studies linking high CRP levels to incident AF.20-23 Upstream of CRP, IL-6 has also been
associated with AF as well as with AF complications like stroke, thromboembolic events,
and mortality.2425 [L-1 molecules, including the most well-studied of these, IL-1p, are even
further upstream from CRP in the inflammatory signaling cascade.25 There have been some
recent studies demonstrating the role of serum and adipose tissue IL-1p in AF among small
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cohorts of humans and animals.27-30 However, these data are limited by small sample sizes:
studies showing higher levels of serum?29 or microvesicle-bound3 IL-1p in persistent AF are
limited to data from 34 and 90 patients, respectively. Similarly, data showing that localized
IL-1p levels in epicardial adipose tissue?” and atrial macrophages?® are higher in AF states
are limited to 37 and 11 subjects, respectively. Nevertheless, these findings suggest that

this cytokine may play a role in atrial electrical remodeling2® and myocardial AF substrate
creation.2” The role of circulating serum IL-1p as a predictive marker of future AF in a
population cohort has not been studied. Importantly, IL-1p itself is a challenging biomarker
to study /n-vivo due to its short half-life and low plasma levels. This makes CRP and IL-6
important in determining the possible involvement of IL-1p’s systemic inflammatory effects
in AF.31.324041 Gijven the existence of anti-1L-1 therapies, 31-33 the role of the IL-1 axis in
AF pathogenesis is important for the potential application of targeted therapies.

This study seeks to investigate the association between various inflammatory cytokines

and incident AF in a large cohort to comment on the possible predictive value of baseline
cytokine measurements for delineating AF risk. Furthermore, investigating the IL-1p-AF
relationship will be specifically helpful given the rise of anti-IL-1p cardiovascular therapies.
Lastly, this study will evaluate associations between BMI, inflammatory cytokine levels, and
AF to further characterize inflammatory AF risk.8

MATERIALS AND METHODS

Population

Funding

The Women’s Health Initiative (WHI) is a research program with clinical trial and
observational arms and a total enrollment of 161,808 postmenopausal women between

50 and 79 years of age recruited from 40 US clinical centers. The observational arm
enrolled 93,676 postmenopausal women between 1993 and 1998 who were unlikely to die
and planned to remain in the area of their study center for three years. At enroliment in
WHI, participants completed baseline questionnaires detailing their demographics, medical
history, and health habits, and underwent baseline vital sign measurement and laboratory
testing. Extensive descriptions of the study design, inclusion criteria, data collection,
validation, and monitoring have been thoroughly documented previously.34:35 Participants
from the observational arm who had cytokine measurements were included in this study.
The exclusion criteria included subjects with AF at baseline, which was assessed with a
self-report questionnaire administered at WHI baseline and on baseline electrocardiogram.
Additionally, subjects who were determined to be underweight (BMI less than 18.5 kg/m2)
or who were missing baseline variable data were excluded.

The WHI program is funded by the National Heart, Lung, and Blood Institute, National
Institutes of Health (NIH/NHLBI), U.S. Department of Health and Human Services
through 75N92021D00001, 75N92021D00002, 75N92021D00003, 75N92021D00004,
75N92021D00005. The authors thank the WHI investigators and staff for their dedication,
and the study participants for making the program possible. A listing of WHI investigators
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can be found at https://www.whi.org/doc/WHIInvestigator-Long-List.pdf. This study was
also funded in part by the NIH /NHLBI award 1R01HL136390-01.

Definition of Baseline Variables

Baseline variables in this study included age, race/ethnicity, income, level of education,
BMI, self-reported medical history, blood pressure, and heart rate. Age was calculated

from the subject’s reported birth date; race/ethnicity was self-reported; income and level of
education were determined from the baseline questionnaire, as was self-reported medical
history. CAD was defined as a history of myocardial infarction, coronary artery bypass
surgery, or angioplasty of a coronary artery. Blood pressure and heart rate were recorded

at the index clinic visit, and the diagnosis of hypertension was made based with a blood
pressure greater than 140/90 at the initial visit or based on self-report of antihypertensive
drug use. Finally, smoking and alcohol use status were self-reported in a baseline assessment
of personal habits at study enrollment.

Ascertainment of Atrial Fibrillation

Ascertainment of incident AF in this cohort has been previously described.38 WHI data were
linked with Medicare data utilizing social security numbers, birth dates, and death dates,
with 97% of Medicare-eligible WHI participants successfully linked. AF incidence was
defined as having at least a single ICD-9 diagnosis code of 427.31 from inpatient, outpatient,
or physician diagnosis while the participant was enrolled in Medicare Fee-For-Service Parts
A and B (FFS A+B). Participants enrolled in FFS A+B at WHI enrollment entered the risk
set at WHI baseline, while participants that enrolled in FFS A+B after WHI enroliment
were evaluated with a two-year look-back period to assess for pre-existing AF at the time of
entering the risk set. Participants who were AF-free for the duration of the look-back period
entered the risk set at the time of completion of the look-back period. Participants who left
FFS A+B and then returned for a subsequent FFS A+B interval were not required to undergo
a look-back period, as they had been established as AF-free on their initial entry into the
risk set. Similarly, those participants who were younger than 65 years old at WHI study
enrollment were included in this study if they had no AF at baseline and no documented AF
upon enrolling in Medicare at age 65. However, these patients did undergo a period of time
without surveillance given their ineligibility for Medicare before age 65. Because Medicare
data is available for some participants at different time periods over WHI follow-up, a
time-dependent indicator variable of Medicare coverage was added to Cox hazard models
described below to adjust for possible ascertainment bias related to differential exposure to
Medicare.

Cytokine Ascertainment Procedure

Cytokine levels of IL-18, IL-6, IL-7, IL-8, IL-10, IGF-1, TNF-a, and CRP were

obtained from fasting blood samples drawn at WHI enrollment, which were sent to

local laboratories for centrifuging and freezing at —70°C. These samples were analyzed
between September 2005 and March 2006, about 7-12 years after collection, as has been
previously reported.3” Samples were then transferred to a central repository for long

term storage and cytokine measurements were made. High-sensitivity CRP was measured
using immunoturbidity followed by immunonephelometry, while IL-6 was measured using
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enzyme-linked immunosorbent assay.38:3% Of note, while cytokine levels and the above-
mentioned baseline measures were assessed at WHI enrollment, Medicare FFS A+B
enrollment is the time zero for this study; cytokine values utilized in this study are an
extrapolation of baseline measures in some instances.

Statistical Analysis

RESULTS

Baseline characteristics were compared across AF status using the Student’s t-test for
continuous variables and the 2 test for categorical variables.

Multivariate-adjusted Cox proportional hazards regression analysis was performed to
evaluate the relationship of incident AF with cytokine levels. This model was adjusted

for covariates with known association with AF, including age, race/ethnicity (using four-
level race/ethnicity modeling including White, Black, Hispanic, Other/Not Reported),

level of education, smoking status, BMI, hypertension history, diabetes mellitus history,
hyperlipidemia history, CAD history, congestive heart failure history, peripheral artery
disease history, and smoking status. A secondary analysis without BMI as a covariate was
performed to assess for confounding of the cytokine-AF association. The primary analyses
were performed using continuous log-transformed cytokine values. Secondary categorical
analyses with cytokine level tertiles, using the first tertile as a reference, were performed.
Linear trends across incremental tertiles were estimated. To adjust for differences in
measurement methods and the distribution of cytokine levels among different study sites and
laboratories, all models were normalized by weighting to the WHI observational study (WHI
0S) using inverse probability weighting (IPW). Associations are reported as hazard ratios
(HRs) with 95% confidence intervals (Cls). A p-value of less than 0.05 was considered
statistically significant. Cubic spline linear regression analyses, using three knots, were
performed to explore the presence of inflection points in the continuous relationships
between cytokine levels and incident AF.

The effect of BMI on the association between cytokine tertiles and incident AF was
evaluated through further subgroup analyses with stratification of BMI into two groups:

< 30 kg/m2 and = 30 kg/m2. An interaction term was added to the multivariate-adjusted Cox
proportional hazards regression analysis for BMI and each of the cytokine levels to assess
for interaction. Again, all models were normalized by weighting to the WHI OS using IPW,
and, in this case, events and annualized rates were also normalized. All statistical analyses
were performed in Statistical Analysis Software (SAS).

Baseline Characteristics

This study included 16,729, postmenopausal women who had measurement of at least one of
the cytokines of interest and were enrolled in FFS A+B. There were 19,032 subjects in the
observational study initially identified to have any cytokine measurements. However, 1,193
were excluded for prevalent AF at enrollment or during the two-year look-back window for
subjects that enrolled in FFS A+B after their WHI enrollment, 415 were excluded for being
underweight (less than 18.5 kg), and 695 were excluded due to missing model covariate
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data. The self-reported race of participants was 77.4% White, 16.1% Black or African-
American, 2.7% Asian, 0.7% American Indian or Alaska Native, 0.04% Native Hawaiian or
Pacific Islander, 1.1% more than one race, and 1.9% unknown. There were 3,943 subjects
(23.6% of subjects) who developed AF during an average follow up period of 8.5 (SD 5.0)
years. Among the study cohort, cytokine measurements were available as follows: I1L-1p
from 3,011 subjects, IL-7 from 1,439 subjects, IL-8 from 1442 subjects, I1L-10 from 2,452
subjects, IGF-1 from 2,281 subjects, TNF-a from 5420 subjects, CRP from 13,711 subjects,
IL-6 from 9,943 subjects. The baseline demographics and medical history of the subjects
are summarized in Table 1 and Supplementary Table 1. Subjects with incident AF were
significantly older (68.6 years vs. 64.6 years, p < 0.001), significantly more likely to be
white (83.1% vs. 70.8%, p < 0.001), had a “higher BMI (28.1 kg/mZ2. 27.7 kg/m?, p < 0.001),
and had several comorbidities classically associated with AF (Supplementary Table 1).

Cytokine Levels and Risk for Incident Atrial Fibrillation

Box plots of age- and study-adjusted standardized values of the different cytokines by
incident AF status are presented in Figure 1. On multivariate Cox hazard regression analysis,
there was no significant association between IL-1p log continuous levels and incident AF
(Table 2; HR 0.86 per 1 log (pg/mL) increase, p=0.24). AF. There were also no significant
associations when analyzed by tertiles or tertile trends. In both age/race- and fully-adjusted
multivariate models, levels of IL-7, IL-8, IL-10, IGF-1, and TNF-a were not associated with
incident AF when analyzed in tertiles, linear trends, or as continuous log values (Table 2). In
post-hoc cubic spline regression analyses of these cytokines adjusted for age and study and
IPW, there was a significant association (p < 0.05) between IL-1p, IL-10, and incident AF
(Figure 2).

When analyzed as continuous log values in fully-adjusted multivariate models, levels of
CRP and IL-6 were significantly associated with incident AF (HR 1.09 per 1 log (mg/L),

p <0.001; HR 1.16 per 1 log (pg/mL) p < 0.001, respectively). Similarly, when analyzed
categorically, compared with women in the first tertile, those in the highest tertile had a
significantly elevated risk of developing incident AF (HR 1.25, p =<0.001; HR 1.21, p

= 0.004, respectively). In a post-hoc cubic spline regression analysis adjusted for age and
study and IPW weighting, there was a significant association between incident AF and CRP
(p <0.001) as well as IL-6 (p < 0.001). Equivalent linear models were also statistically
significant for CRP (p < 0.001) and IL-6 (p < 0.001).

To assess for a confounding effect of BMI on the different cytokines, we performed
additional sensitivity analyses. As we have demonstrated before, there is a significant
association between BMI and incident AF after multivariate adjustment in this cohort
(HR 1.11 per 5kg/m2 increase, 95% CI 1.07-1.15, p <0.001). After removing BMI from
the multivariate model, there was no significant difference in the relationship between
log-transformed IL-1B, IL-7, IL-8, IL-10, IGF-1 and TNF-a, and incident AF (Table 2).

Subgroup Analyses

To test further for interactions between obesity and the various cytokines, we performed
subgroup analyses by stratifying the participants by BMI < 30 and BMI = 30 (Figure 3).
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There were no statistically significant interactions between BMI and the association between
incident AF and the different cytokines, except for IL-6 (BMI = 30: HR 1.72 for 3™ s, 18t
tertile; BMI < 30: HR 1.12 for 3" vs. 15t tertile; p interaction = 0.01).

DISCUSSION

This study examines the correlation between baseline cytokine levels and incident AF in

a cohort of postmenopausal women. Our analyses found that CRP and IL-6 levels were
associated with incident AF, although there was no significant association between baseline
IL-1B log continuous levels and incident AF on multivariate-adjusted Cox regression.
Importantly, CRP and IL-6 are downstream effectors of the IL-1 pathway and are affected
by IL-1p activity; IL-1p itself, however, is a challenging biomarker to study in-vivo due to
its short half-life and low plasma levels.31:3240.41 Simjlarly, IL-7, IL-8, IL-10, IGF-1, and
TNF-a continuous log levels were not associated with incident AF. Conversely, CRP and
IL-6 levels were associated with incident AF.

IL-1B has recently garnered significant interest in cardiovascular literature. Novel evidence
from the Canakinumab Anti-inflammatory Thrombosis Outcome Study (CANTOS)
demonstrated that anti-IL-1p therapy with canakinumab may decrease rates of
cardiovascular death, myocardial infarction, and stroke in patients with CAD.40 Alternate
anti-1L-1p therapies such as anakinra in heart failure patients and rilonacept in pericarditis
patients have also shown promising results.31-33 |L-1B is thought to play a role in AF given
higher local and systemic levels in persistent AF,27-30 put has not been well-evaluated as

a predictive or causative contributor to AF. The lack of a significant association between
IL-1p levels and incident AF shown in this large cohort is notable but does not rule out the
possibility of targeting IL-1p to prevent AF. IL-1f blockade has been shown to decrease
inflammation by lowering 1L-6 and CRP levels,*0-44 cytokines whose levels were associated
with AF incidence in our study.

Despite the well-established role of inflammation in the pathogenesis and progression of
AF,810 data on the predictive value of certain cytokine measurements is lacking. Among
inflammatory cytokines of high clinical interest, higher CRP levels have consistently been
shown to be associated with incident AF,20-25 including among groups of adult women?1
as in the present study. As noted, CRP is downstream of and affected by IL-1p. Our data,
using multivariate Cox proportional hazards regression analysis, corroborates that CRP is
associated with AF incidence. Importantly, prior Mendelian randomization analyses using
CRP single nucleotide polymorphisms (SNPs) as instrument variables did not find the
association between CRP and AF to be causative.204> However, given that CRP is only one
downstream marker of inflammation, this finding does not nullify the well-established role
of inflammation in incident AF or the possible value of CRP in predicting incident AF. Our
findings are an important addition to the literature on CRP and AF since they were derived
from a large cohort of female patients, who are underrepresented in studies on AF.

Other well-studied cytokines such as IL-6, another downstream effector of IL-1p, have
been suggested to have a causal association with AF.246 One study found an inverse
relationship between genetically-predicted IL-6 levels and AF, although they posit that this
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may still reflect an association between IL-6 and AF: higher genetically predicted IL-6
levels may correspond to lower levels of receptor-bound IL-6 and therefore diminished
IL-6 signaling.#” While these conclusions are all suggestive of an association between
IL-6 and AF, the varying results also highlight a lack of sufficient evidence on the topic,
limiting the implementation of IL-6 targeted therapies for AF. Our study expands upon
this data by redemonstrating an association between IL-6 and the development of future
AF. Among other cytokines, TNF-a is often systemically elevated in patients with AF,48:49
while IL-8 and IL-10 have been shown to be elevated in permanent versus paroxysmal
AF.10.50.51 However, studies on these cytokines have been primarily cross-sectional. Our
results demonstrate that these markers may not be helpful in predicting incident AF given
the lack of association between baseline serum levels and future AF development.

Cytokines, in general, have complex mechanisms of action which may lead to distinct
effects depending on various factors. For example, certain cytokines such as IL-6 may

have anti-inflammatory effects when released during exercise with other anti-inflammatory
cytokines like IL-1ra, and soluble TNF-R but pro-inflammatory effects when released by
monocyte-macrophages during infection with other common, pro-inflammatory cytokines.>2
Post hoc age and study/IPW weighting adjusted splines were used to evaluate for more
complex relationships between the levels of cytokines studied and AF risk: this analysis
revealed potential quadratic relationships between several cytokines in addition to CRP and
IL-6 that were not significantly associated in linear models. Future evaluation of concurrent
cytokine levels and additive effects of cytokines could potentially elucidate intricacies in
these relationships, as could additional investigation of non-linear associations between
cytokine levels and AF incidence.

Given that obesity,1® a pro-inflammatory state,12-14 as well as elevated BMI16 and total lean
body mass7-19 have been associated with AF,1> we also performed analyses to investigate
the impact of BMI on inflammatory cytokine levels and incident AF. BMI was strongly
associated with risk of AF in this study, as expected.1> However, there were no differential
effects of cytokine level on AF by BMI except for among IL-6, as previously described.
This apparent, overall independence from BMI suggests that the differential risk of AF by
BMI is not mediated by the cytokines evaluated in this study, despite prior data showing
correlation of cytokine levels and BMI in menopausal women.11 Importantly, however, given
the complexity of inflammatory cytokine signaling and expression described above, there
may be more complex relationships between BMI and cytokine levels that could not be
assessed in this retrospective study.

There are several limitations to this study. While using a WHI cohort provided a large
dataset for analysis, the study was observational and retrospective, limited to previously
collected data. In line with this, the available cytokine measurements were one-time values
collected at study enrollment. This precluded an assessment of cytokine level variation over
time. Additionally, because the baseline for WHI was at WHI enrollment, and time zero for
this study is MCS FFS A+B enrollment, some baseline and cytokine measurements are an
extrapolation of baseline. Lastly, the data was collected from exclusively postmenopausal
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women and therefore may not be applicable to a broader population including men and
younger adults.

Conclusions

This study represents an important evaluation of the relationship between well-studied
inflammatory cytokines and future AF incidence. It re-demonstrates the known association
between CRP and future AF development, posits a possible role of IL-6 in predicting AF,
and suggests that other cytokines, namely IL-1B, IL-7, IL-8, IL-10, IGF-1 and TNF-a,

lack this predictive value. These associations persisted regardless of BMI category across
all cytokines except for IL-6, wherein BMI = 30 increased risk of AF. Therefore, our
findings support that the IL-1 axis, namely via downstream effectors, CRP and IL-6,

is likely involved in AF pathogenesis. The lack of a direct association between IL-1p

levels and AF incidence may be related to challenges of IL-1p as a biomarker (short
half-life, low plasma levels). Given recent emphasis on investigational anti-inflammatory
therapies for cardiovascular disease, especially anti-1L-1p treatments, the lack of association
demonstrated here is important for guiding pharmacologic development of AF therapies.
Given the impact of anti-IL1p therapies on CRP and IL-6 as mediators of inflammation, our
data highlights the possible role of these treatments in preventing AF development. Future
studies using targeted IL-1p or IL-6 blockade in AF prevention may still be warranted.
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Highlights
IL-1p levels alone are not associated with incident atrial fibrillation

CRP and IL-6, downstream of IL-1f, are associated with incident atrial
fibrillation

Body mass index does not alter the effect of cytokines on atrial fibrillation
risk
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Figure 1. Box Plots of Age and study adjusted, Standardized Biomarker Values! by Atrial

Fibrillation Status
1CRP has an additional 49 outliers (34 no AF, 15 AF) between 1.5 and 3 standard deviations
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Standard Deviation
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Table 1.

Baseline Characteristics of IL-1p Participants By Weightedl Tertile of IL-1B
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Tertile 1 Tertile 2 Tertile 3
(n=1261) (n=746) (n=1004)
N % N % N % p-value
Demographics
Age, mean (SD) 656 (6.9) | 635 (65 | 642 (6.9) | <0.001
Race
American Indian / Alaska Native 11 0.9 6 0.8 13 13
Asian 69 55 26 35 28 2.8
Native Hawaiian / Pacific Islander 0 0.0 0 0.0 0 0.0
Black / African American 192 15.2 209 28.0 260 25.9
White 933 74.0 489 65.5 662 65.9
More than one race 18 14 6 0.8 18 18
Unknown / not reported 38 3.0 10 13 23 23
Ethnicity 0.01
Hispanic / Latina 95 7.5 27 3.6 45 45
Not Hispanic / Latina 1151 91.3 709 95.0 948 94.4
Unknown / not reported 15 1.2 10 13 11 11
Income 0.42
<$20,000 255 20.2 132 17.7 171 17.0
$20,000-$49,999 526 41.7 316 424 431 42.9
$50,000-$74,999 213 16.9 130 17.4 179 17.8
>$75,000 176 14.0 127 17.0 150 14.9
Education 0.06
<High school/GED 318 25.2 157 21.0 218 21.7
Some college 486 385 261 35.0 380 37.8
College degree or higher 457 36.2 328 44.0 406 404
Medical History
BMI, mean (SD) 281 (61 | 277 (59 | 278 (5.9 0.31
Hypertension
Never treated 656 52.0 548 735 650 64.7 | <0.001
Currently untreated 230 18.2 69 9.2 132 13.1
Treated 375 29.7 129 17.3 222 22.1
Diabetes mellitus 61 4.8 40 5.4 63 6.3 0.14
Hyperlipidemia 192 15.2 96 12.9 139 13.8 0.36
Coronary artery disease 43 3.4 13 17 14 14 0.002
MI 27 21 11 15 12 12 0.09
CABG/PTCA 27 2.1 9 1.2 10 1.0 0.03
Stroke 16 13 5 0.7 5 0.5 0.09
Heart failure 13 1.0 2 0.3 7 0.7 0.40
Peripheral arterial disease 37 2.9 10 13 13 13 0.008
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Tertile 1 Tertile 2 Tertile 3
(n=1261) (n=746) (n=1004)
N % N % N % p-value
Systolic BP, mean (SD) 1287 (175) | 1244 (17.2) | 1254 (16.4) | <0.001
Diastolic BP, mean (SD) 740 (96) | 740 (85 | 738 (8.6) 0.60
Heart rate, mean (SD) 69.6 (11.1) 69.0 (11.5) 70.2 (12.3) 0.21
Habits
Smoking status
Never 668  53.0 394 528 494 492 0.20
Past 498 39.5 304 40.8 431 42.9
Current 95 7.5 48 6.4 79 7.9
Alcohol
Never 182 14.4 98 13.1 139 13.8 0.85
Past 308 244 161 21.6 240 23.9
Current 762 60.4 482 64.6 620 61.8

lTertiIes defined by distribution of IL-1B inverse probability weighted to the WHI observational study

2 . . . . . .
p-value compares Tertile 1 vs. Tertile 3 using t-tests for continuous markers and chi-square tests for categorical markers

All values represent the total and percentage of participants unless otherwise indicated.

BMI, body mass index; GED, general educational development; MI, myocardial infarction; CABG, coronary artery bypass graft; PTCA,

percutaneous transluminal coronary angioplasty.
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Table 2.

Multivariate-adjusted Hazard Ratios of Incident Atrial Fibrillation
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Age / Race Adjusted Multivariate Adjusted1 Including Multivariate Adjustedl
| Excluding BMI

Characteristic HR (95% Cl) P-Value HR (95% ClI) P-Value HR (95% Cl) P-Value
BMI (5 kg/m? increase) 115 (1.11,1.19) <0.001  1.11(1.07, 1.15) <0.001
IL-1B, pg/mL 0.98 0.98 0.98

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 0.98 (0.74, 1.29) 0.98 (0.73, 1.30) 0.97 (0.73,1.29)

Tertile 3 1.01 (0.78, 1.31) 1.00 (0.77, 1.30) 1.00 (0.77, 1.30)

Linear Trend 1.01(0.88,1.14) 0.94 1.00 (0.88, 1.14) >0.99 1.00 (0.87, 1.14)  0.99

Continuous Log 0.89(0.70,1.13) 0.32 0.86 (0.66, 1.11) 0.24 0.85(0.66,1.10) 0.23
IL-7, pg/mL 0.35 0.22 0.24

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 0.85 (0.48, 1.53) 0.74 (0.41,1.35) 0.76 (0.42, 1.36)

Tertile 3 1.27 (0.65, 2.46) 1.22 (0.66, 2.24) 1.21 (0.66, 2.24)

Linear Trend 1.14 (0.79,1.63) 0.49 1.12 (0.80, 1.58) 0.51 1.12(0.79,1.58) 0.52

Continuous Log 1.07 (0.66,1.71) 0.79 1.04 (0.67, 1.61) 0.87 1.03(0.67,1.61) 0.88
IL-8, pg/mL 0.91 0.98 0.98

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 0.89 (0.51, 1.53) 0.95 (0.56, 1.63) 0.95 (0.56, 1.63)

Tertile 3 0.92 (0.48, 1.78) 0.98 (0.53, 1.84) 0.98 (0.52, 1.84)

Linear Trend 0.96 (0.68,1.34) 0.80 0.99 (0.72, 1.36) 0.95 0.99 (0.72,1.36) 0.95

Continuous Log 0.97(0.49,1.92) 0.92 1.06 (0.57, 1.97) 0.87 1.05 (0.56,1.97) 0.87
IL-10, pg/mL 0.61 0.50 0.50

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 0.89 (0.65, 1.21) 0.85 (0.62, 1.16) 0.85 (0.62, 1.16)

Tertile 3 1.02 (0.74, 1.41) 0.98 (0.71, 1.37) 0.98 (0.71, 1.37)

Linear Trend 1.01(0.85,1.19) 0.92 0.99 (0.84, 1.18) 0.93 0.99 (0.84,1.18) 0.93

Continuous Log 1.07 (0.91,1.27) 041 1.05 (0.88, 1.25) 0.56 1.05(0.88,1.25) 0.57
IGF-1, ng/mL 0.61 0.61 0.64

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 1.06 (0.80, 1.42) 1.06 (0.80, 1.42) 1.06 (0.79, 1.42)

Tertile 3 1.15 (0.87, 1.51) 1.15 (0.87, 1.51) 1.14 (0.87, 1.50)

Linear Trend 1.07 (0.93,1.23) 0.32 1.07 (0.93, 1.23) 0.32 1.07 (0.93,1.22) 0.35

Continuous Log 1.29(0.91,1.85) 0.16 1.33(0.93, 1.89) 0.11 1.31(0.92,1.87) 0.14
TNF-alpha, pg/mL 0.05 0.13 0.13

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 1.29 (1.05, 1.58) 1.23 (1.01, 1.51) 1.23(1.01, 1.51)

Tertile 3 1.16 (0.96, 1.41) 1.10 (0.91, 1.34) 1.12 (0.92, 1.37)

Linear Trend 1.07 (0.98,1.17) 0.15 1.05 (0.95, 1.15) 0.36 1.05(0.96,1.16) 0.27

Continuous Log 1.02 (0.92,1.12) 0.77 0.99 (0.89, 1.10) 0.87 1.00 (0.90,1.11) 0.99
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Age / Race Adjusted Multivariate Adjusted1 Including Multivariate Adjustedl
BMI Excluding BMI

Characteristic HR (95% CI) P-Value HR (95% CI) P-Value HR (95% ClI) P-Value
CRP, mg/L <0.001 <0.001 <0.001

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 1.10 (0.99, 1.22) 1.01 (0.9, 1.13) 1.05 (0.94, 1.17)

Tertile 3 1.47 (1.32, 1.63) 1.25 (1.12, 1.39) 1.33(1.19, 1.47)

Linear Trend 1.22 (1.15,1.28) <0.001 1.12 (1.06, 1.19) <0.001 1.16 (1.10, 1.22)  <0.001

Continuous Log 117 (1.12,1.22) <0.001  1.09 (1.04, 1.14) <0.001 1.12(1.07,1.17)  <0.001
IL-6, pg/mL <0.001 0.004 <0.001

Tertile 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

Tertile 2 1.08 (0.95, 1.23) 1.02 (0.89, 1.17) 1.05 (0.92, 1.19)

Tertile 3 1.36 (1.20, 1.53) 1.21 (1.06, 1.37) 1.27 (1.12, 1.44)

Linear Trend 1.17 (1.10, 1.25) <0.001 1.10(1.04, 1.18) 0.003 1.13(1.06,1.21) <0.001

Continuous Log 1.22(1.14,1.31) <0.001  1.16 (1.08, 1.24) <0.001 1.18(1.11,1.27)  <0.001
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'ZMuItivariate models are adjusted for age, race/ethnicity (Black, White, Hispanic, Other/Not Reported), education, hypertension, diabetes,
hyperlipidemia, hx of CHD (MI/CABG/PTCA), hx of ChF, hx of PAD, current smoking, BMI.

BMI, body mass index; GED, general educational development; MI, myocardial infarction; CABG, coronary artery bypass graft; PTCA,
percutaneous transluminal coronary angioplasty.

All models are weighted to the WHI OS using IPW weighting
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