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Abstract

Objectives—Young women have poorer prognosis after myocardial infarction (MI) and a higher
rate of mental stress-induced ischemia compared with similarly aged men. A higher inflammatory
status may help explain these sex differences.

Methods—We examined 98 patients (49 women and 49 men) age 18-59 years with recent Ml
(past 6 months). Women and men were matched for age, type of MI, and time since M.
Interleukin 6 (IL-6) concentrations were measured at baseline, after mental stress using a speech
task, and after exercise/pharmacologic stress (60 and 90 min). Depressive symptoms were
measured with the Beck Depression Inventory (BDI-11) and angiographic coronary artery disease
(CAD) severity was quantified with the Gensini score. Single-photon emission computed
tomography (SPECT) was used to obtain a computerized measurement of stress-induced ischemia
(summed difference score, or SDS) and determine whether severity of stress-induced ischemia
affects the inflammatory response to stress. Analysis was stratified by the median age of 50.
Geometric mean concentrations of 1L-6 were obtained from general linear regression models.

Results—In both age groups, women had less angiographic CAD and a similar level of
conventional risk factors compared with men. Despite this, baseline IL-6 geometric means before
both mental and physical stress were twice as high in women <50 years of age compared to age-
matched men (3.8 vs. 1.8 pg/mL, p=0.001, across both conditions), while they were similar in
women and men age >50 years (2.3 vs. 2.2 pg/mL, p=0.83). After mental stress, I1L-6
concentrations increased in both women and men in a similar fashion and remained twice as high
in women < 50 years than men at both 60 min (5.4 vs. 2.6 pg/mL, p=0.002) and 90 min (5.9 vs.
3.4 pg/mL, p=0.01). No significant difference was found between women and men >50 years of
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age at any time point after mental stress. Results were similar for physical stress. After accounting
for SDS, IL-6 concentrations in young women remained higher after both mental and physical
stress. Baseline IL-6 concentrations were not significantly related to inducible ischemia.

Conclusions—After MI, young women aged 50 years or younger, compared with age-matched
men, have remarkably higher concentrations of inflammation at baseline and after both mental and
physical stress, with a similar inflammatory response to both stressors. Sustained concentrations of
inflammation in young women, not their response to stress, may contribute to their adverse
outcomes post-Ml.
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inflammation; interleukin-6; stress; ischemia; sex differences

Introduction

Coronary artery disease (CAD) is the leading cause of morbidity and mortality in the United
States (Go et al., 2014). Substantial differences exist in the outcome of CAD by sex and age,
as numerous studies have demonstrated that young and middle-aged women (<50 years)
who experience an acute myocardial infarction (AMI), have poorer outcomes than men of
the same age (Andrikopoulos et al., 2006; Koek et al., 2006; Vaccarino et al., 1999;
Vaccarino et al., 2009). This is in spite of the fact that women have less severe CAD and are
more likely to have preserved systolic function and smaller infarcts when compared with
their male counterparts (Rosengren et al., 2001; Vaccarino et al., 1999). The reasons for
these differences are not yet clear.

Psychological stress can act as a trigger of acute coronary syndromes, such as a myocardial
infarction (M), in patients with underlying coronary artery disease (CAD) (Krantz et al.,
1996; Mittleman et al., 1995; Mittleman et al., 1993). The pathophysiological mechanisms
explaining the effects of stress on CAD risk may include sympathetic nervous system
(SNS)-mediated increases in catecholamines and in cardiac demand, as well as plaque
instability and myocardial ischemia (Krantz et al., 1996; Mittleman et al., 1995; Mittleman
et al., 1993). Psychological stress also leads to increased inflammation in both healthy
(Edwards et al., 2006b; Steptoe et al., 2002) and CAD populations (Kop et al., 2008), which
may mediate the effects of stress on CAD incidence and progression (Kop, 2003). We
recently found that young post-MI women (50 years old or younger) experience a higher
rate of mental stress-induced myocardial ischemia (MSIMI) than age-matched men
(Vaccarino et al., 2014), a difference that was not explained by traditional CAD risk factors.
Women have been shown to exhibit higher circulating concentrations of inflammatory
markers than men (Khera et al., 2005; Woloshin and Schwartz, 2005) and sex differences in
cytokine response to physical or psychological stress have been described (Edwards et al.,
20063, b); so it is possible that sex differences in inflammation are implicated and
potentially translate into poorer outcomes in young women after MI. To our knowledge
however, no study has examined sex or age differences in the inflammatory response to
psychological stress in patients with CAD.
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In a sample of young and middle aged (<50 years) men and women who had experienced a
recent MI (past 6 months), we examined changes in IL-6 concentrations in the circulation
before and after a standardized mental stress challenge in order to investigate the role that
sex and age play in the inflammatory response to stress in this patient population. Since
patients underwent myocardial perfusion imaging with both mental stress and a physical
stressor (exercise or pharmacological stress test), we were also able to examine whether sex
differences in inflammatory responses were confounded by myocardial ischemia.

2. Methods

2.1. Participants

The methods of the Myocardial Infarction and Mental Stress Study (MIMS) were described
before (Vaccarino et al., 2014). Briefly, between July 2009 and April 2012, 98 patients were
enrolled who were between the age of 38 and 59 years and had a documented history of Ml
within the previous 6 months. Men and women were matched for age (x 2 years), type of Ml
(ST-elevation MI or non-ST-elevation MI) and time since the M1 (x 2 months). The
diagnosis of MI was verified by medical record review based on standard criteria of troponin
level increase and ECG changes (15). Subjects were excluded if they had unstable angina or
acute MI within the past week, or a severe comorbid medical or psychiatric disorder that
could interfere with study results, such as cancer, renal failure, current alcohol or substance
abuse or schizophrenia. Subjects were also excluded if they weighed over 400 pounds (due
to limits on the weight bearing of the nuclear stress test equipment), if they were pregnant or
breastfeeding, or if they were currently using postmenopausal hormone therapy or
psychotropic medications other than antidepressants. Finally, patients were excluded if they
were unable to exercise on a treadmill, based on a score <5 METs (Metabolic Equivalents)
on the Duke Activity Status Index (DASI), which identifies patients who cannot exercise to
heart rate targets (Hlatky et al., 1989).

2.2. Study Design

Subjects underwent two separate days of testing. All testing was done after an overnight
fast, and anti-ischemic medications, including beta-blockers, calcium channel blockers and
long-acting nitrates were held for 24 hours prior to testing. Patients were not included in the
study if they had symptoms or signs of acute illness. Sociodemographic and psychosocial
data were collected at the first visit prior to the stress testing. At the end of the study
protocol, medical records were abstracted for clinical information, including ejection
fraction and catheterization data. The study protocol was approved by the Emory University
Institutional Review Board, and informed consent was obtained from all participants.

2.3. Mental and Physical Stress Procedures

The procedures for mental and physical stress testing have previously been described
(Vaccarino et al., 2014). Briefly, mental and physical stress testing was conducted on two
separate days, within one week of each other; the order of the stressors was counterbalanced.
For mental stress, participants were asked to imagine a real-life stressful situation, such as a
close relative been mistreated in a nursing home, and asked to make up a realistic story
around this scenario. They were given two minutes to plan the story and prepare a statement
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and three minutes to present it in front of a video camera and an audience wearing white
coats. For physical stress, subjects were submitted to a Bruce protocol by walking on the
treadmill, with exercise target set at 85% of maximum predicted heart rate based on the
patient’s sex and age. For subjects (n=16) who were unable to reach the heart rate target
despite scoring = 5 METS on the DASI during screening, we performed a pharmacological
stress test with regadenoson (Astellas, Northbrook, IL), an adenosine receptor agonist.
Subjective ratings of distress were measured before and after mental stress with the
Subjective Units of Distress Scale (SUDS). The SUDS measures distress on a linear scale of
0 to 100, with 100 being the highest level of distress (Wolpe, 1973).

2.4. Measurements

2.4.1. Measurement of Inflammatory Responses—Interleukin-6 (IL-6) was tested
from blood samples collected before (two separate baseline measurements) and after mental
and physical stress conditions. Blood samples were obtained from a catheter placed in the
arm and collected in EDTA tubes, placed immediately on ice, and centrifuged at 4 C for 10
minutes at 3000 rpm. IL-6 was tested from plasma samples aliquoted from whole blood
collected before, 60 and 90 minutes after mental and physical stress. Plasma collection time
points were selected based on prior studies of physical and mental stress testing (Edwards et
al., 2006b; Mendham et al., 2011; Moldoveanu et al., 2000; Steptoe et al., 2001), including
work by us (Pace et al., 2006; Pace et al., 2009; Pace et al., 2010), indicating that the IL-6
response to stress becomes most apparent one hour after mental and physical stress onset.
IL-6 was assessed using commercially available ELISA kits from R and D Systems (R & D)
Systems, Minneapolis, MN.

2.4.2. Myocardial Perfusion Imaging—Subjects underwent three SPECT myocardial
perfusion imaging scans following injection of sestamibi radiolabelled with technetium-99m
([%°MTc]) ([#°™Tc]-sestamibi), at rest, during mental stress, and during physical stress on a
dedicated ultra-fast solid-state camera (Discovery NM 530c, GE, Milwaukee, WI) without
attenuation correction (Esteves et al., 2009). For the resting scan, after confirmation of
proper positioning, myocardial perfusion images were acquired after the injection of 10-15
mCi of [99MTc]-sestamibi according to body weight. For mental stress, 30-45 mCi of
[9°™Tc]-sestamibi were injected one minute after the onset of the public speech; while for
exercise stress the radiopharmaceutical was injected at peak exertion following the Bruce
protocol. Stress images were acquired 45-60 minutes after 30-45 mCi of [99MTc]-sestamibi
injection using previously described methodology (Walkers et al., 2000).

Myocardial perfusion was quantified by means of the Emory Cardiac Toolbox, a software
program that provides objective (operator-independent) quantitative assessment of perfusion
with established validity and reproducibility (Garcia et al., 1987; Garcia et al., 2007).
Briefly, the three-dimensional tracer uptake distribution in the left ventricular chamber was
oriented along the short axis and sampled onto a two-dimensional polar map. A summed
score, quantifying the extent and severity of perfusion defects across 17 segments of the
myocardium at rest and during stress, was computed by the software according to published
methodology (Garcia et al., 1987). In each region, defect severity was quantified using a 4-
point scale from normal (score=0) to absent perfusion (score=4). The regional severity
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scoring was then summed up across the 17 myocardial segments yielding a total score.
Separate scores were obtained for the rest images (summed rest score, SRS) and the stress
images (summed stress score, SSS). The Summed Difference Score is defined as SSS minus
SRS. A positive SDS is indicative of the presence of myocardial ischemia.

2.4.3. Other Measurements—NMedical history information, including medication use,
was collected by a research nurse. Body mass index (BMI), calculated as weight in
kilograms divided by the square of the height in meters, was analyzed as a continuous
variable. Blood samples were collected to examine glucose and lipid profile after an
overnight fast. Angiographic data were obtained from the coronary angiogram performed in
conjunction with the index MI. CAD severity was quantified using the Gensini
semiquantitative angiographic scoring system (Gensini, 1983), which takes into account the
degree of luminal narrowing along with a multiplier for specific coronary tree locations.
Depressive symptoms were measured using the Beck Depression Inventory Il (BDI-II)
(Beck et al., 1996), which has previously been shown to be valid and reliable in cardiac
patients. Lifetime history of depression was assessed using the Structured Clinical Interview
for DSM IV (SCID), which yields a clinical diagnosis of major depression (First et al.,
1995).

2.5. Statistical Analysis

Statistical analysis was performed using SAS software version 9.3 (SAS Institute). Analyses
were conducted using mixed model analysis with repeated measures. Analyses were
stratified by sex and median age (<50 or >50 years of age). IL-6 concentrations were log-
transformed to improve normality and geometric means were obtained from mixed model
analysis. All analyses were conducted before and after adjusting for cardiovascular risk
factors (i.e., age, income, race, smoking status, HDL cholesterol, statin use, BMI),
depressive symptoms, and CAD severity. To determine whether inflammatory responses to
stress (change from baseline) are influenced by myocardial ischemia, a subsequent model
further adjusted for Summed Difference Score, a quantitative measure of perfusion deficit.
We also examined, separately, whether baseline IL-6 concentrations were related to
myocardial ischemia with physical or mental stress. Lastly, since responses to
pharmacological stress may differ from exercise stress, we repeated the analysis after
removing participants who underwent pharmacological stress testing. Significance level was
set at 0.05, two sided.

3. Results

The study sample included 98 patients (49 women and 49 men) with a median age of 50
years. The demographic, lifestyle, and clinical characteristics of the population have been
previously described (Vaccarino et al., 2014). Women <50 years of age were more likely to
be black and to be smokers compared to age-matched men; they also had more depressive
symptoms measured with the BDI-I1 (13.88 = 9.52 SD vs 8.00 = 6.51 SD, p = 0.02) and
higher ratings of subjective distress before mental stress measured with the SUDS (28.25 +
32.69 SD vs. 10.43 + 15.66 SD, p = 0.02). These differences were not noted among patients
>50 years of age.
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3.1. Baseline Plasma Interleukin-6 Concentrations

Mean plasma IL-6 concentrations (averaged across both mental and physical stress baseline
values) varied little according to most patient characteristics when taking into account
corrections for multiple comparisons (Table 1). However, baseline IL-6 concentrations were
markedly higher in young women compared to age-matched men (p=0.001), while no sex
difference was observed among individuals >50 years of age (age x sex interaction: p=0.03)
(Figure 1, Table 2). After accounting for demographic and cardiovascular risk factors,
previous revascularization, CAD severity, and depressive symptoms, baseline plasma IL-6
concentrations remained significantly higher in young women compared to age-matched
men (Table 2, p < 0.001), while they remained similar between men and women >50 years
of age (p=0.88). After accounting for baseline SUDS in a separate model, IL-6
concentrations remained significantly higher in young women (3.87, 95% CI: 2.89, 5.18)
compared to young men (1.77, 95% CI: 1.33, 2.36).

Inflammatory Responses to Stress—Plasma IL-6 concentrations increased
significantly with both mental stress (time effect: $=0.003, p<0.001) and physical stress
(time effect: p=0.003, p<0.001). IL-6 concentrations remained significantly higher 60 and 90
minutes after both mental (Figure 2A) and physical stress (Figure 3A) in young women
compared to age-matched men (p’s< 0.05), while there were no differences between older
women and men at any time point (Figures 2B and 3B). These sex differences persisted after
accounting for demographic and cardiovascular risk factors, previous revascularization,
CAD severity, and depressive symptoms (p’s < 0.05) (Table 2). Adjusting for stress-induced
ischemia, as measured by SDS, also did not affect the sex differences in IL-6 concentrations
at 60 and 90 minutes post-stress (Table 2). In a separate model, accounting for functional
capacity (DASI score) did not attenuate sex differences in IL-6 for mental stress (60
minutes: p=0.01, and 90 minutes: p=0.02) or physical stress (60 minutes: p=0.001, and 90
minutes: p=0.002). Similarly, after accounting for baseline SUDS score, sex differences in
young women compared to young men remained essentially unchanged. Furthermore,
excluding participants that underwent Lexiscan from the physical stress analysis did not
attenuate sex differences between young women and men both at 60 minutes (2.52 vs. 1.21,
p<0.001), and at 90 minutes (2.63 vs. 1.29, p=0.002) after exercise stress. Results remained
similar also for older women and men (2.32 vs. 2.33, p=0.87, and 2.69 vs. 2.50, p=0.95,
respectively).

The age x sex interaction for mental stress was marginally significant (3= 0.57, p= 0.06) and
statistically significant for physical stress (= 0.68, p= 0.02). Women aged 50 years and
younger had higher IL-6 concentrations across time for both mental (gender effect: =
-0.68, p=0.002) and physical stress (= —0.63, p= 0.002), with no significant sex x age x
time interaction. Baseline plasma concentrations of IL-6 were not significantly related to
inducible ischemia measured by means of the SDS after either mental ($=0.14, p=0.07) or
physical stress (= —0.05, p=0.65); results were similar when men and women were
examined separately.
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Discussion

In this study we found that among CAD patients less than 6 months post MI, younger
women (<50 years of age) exhibited remarkably higher circulating concentrations of IL-6
before and after mental and physical stress, compared to age-matched men. The higher
concentrations of IL-6 in young women compared to age-matched men were independent of
CAD risk factors and CAD severity. On the other hand, young women and men did not
differ in their inflammatory response to either mental or physical stress, since the increase in
circulating concentrations of IL-6 as a result of mental stress was similar across both
genders. Myocardial ischemia, measured by SDS, was not shown to confound these results,
nor were baseline 1L-6 concentrations related to propensity toward ischemia with either
mental or physical stress.

To date, only the study by Kop et al. (Kop et al., 2008) examined inflammatory responses to
both mental and physical stress in a CAD population. In that study, which included patients
with documented CAD after successful percutaneous coronary intervention, both mental
stress (mental arithmetic and anger recall) and physical stress (treadmill protocol) increased
C-reactive protein (CRP), IL-6 and intercellular adhesion molecule-1 (SICAM1), but the
effects of physical stress on inflammatory responses were more robust compared to mental
stress. Similar to the study by Kop et al., in the present study we observed stress-induced
increases in inflammation, which were independent from occurrence of ischemia. In our
study we found that both mental and physical stress increase IL-6 concentrations in a similar
fashion. These differences may be explained by differences in study populations, especially
the younger patient population included in our study (Ford et al., 2003; Woloshin and
Schwartz, 2005) and the fact that we measured IL-6 at 60 and 90 minutes after stress rather
than at 3 minutes and 30 minutes, as measured by Kop et al. Previous research suggests that
both physical- and psychological stress-induced elevations in IL-6 concentrations in the
circulation are highest 30 minutes to 2 hours post-stress (Edwards et al., 2006b; Mendham et
al., 2011; Moldoveanu et al., 2000; Pace et al., 2006; Pace et al., 2009; Pace et al., 2010;
Steptoe et al., 2001), which may explain the similarity in IL-6 concentrations after mental
and physical stress.

Our study extends the existing literature by examining sex differences and conducting
stratified analyses according to age. We observed remarkably higher concentrations of IL-6
before and after stress in young women compared to age matched men that remained after
adjusting for risk factors. The underlying explanation for these age and sex differences in
inflammation is unknown. A previous study similarly reported higher basal inflammatory
activation, as measured by C-reactive protein, in young women compared to similarly aged
men starting at age 16, potentially due to the onset of menarche with resulting increase in
steroid hormones such as estrogen (Ford et al., 2003). The post-menopausal decline in serum
estrogen may explain why no sex difference was observed in IL-6 concentrations in older
women and men (Albert and Ridker, 2006; Ford et al., 2004). It is also likely that women
anticipate stress more than men (Fraser et al., 2008). In our sample, there was higher
anticipatory distress in young women compared to young men. On the other hand,
accounting for pre-stress SUDS scores did not alter IL-6 concentrations before or after
stress.
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Inflammation plays an integral role in the pathophysiology of CAD (Ross, 1993, 1999). In
CAD patients, mental and physical stress can act as triggers of acute coronary syndromes,
such as myocardial infarction, but these increases in inflammation are not related to
myocardial ischemia, as documented in the study by Kop et al. and in our study. In this same
sample of CAD patients, we showed previously that young women had a higher prevalence
of myocardial ischemia induced by mental stress compared to age-matched men before and
after accounting for sociodemographic and life-style factors, coronary artery disease
severity, and depression (Vaccarino et al., 2014). Since baseline inflammation was not
related to ischemia in the current analysis, alternative mechanisms must be at play to explain
gender differences in mental stress-induced ischemia, such as abnormal coronary
vasoactivity, microvascular and endothelial dysfunction.

A limitation of the current study is the absence of a control group without CAD to examine
what effect stressors have in the absence of pre-existing CAD. Nevertheless, the gender
differences remained after accounting for multiple risk factors, as well as disease severity
and inducible ischemia. In addition, IL-6 was the only cytokine measured in this study,
therefore limiting a thorough analysis of inflammation. On the other hand, IL-6 is one of the
inflammatory biomarkers most consistently associated with the psychological stress
response (Steptoe et al., 2007). Finally, the small sample precludes the ability to link our
results to health outcomes. Yet this is the first study to report sex differences in
inflammation concentrations before and after both mental and physical stress in a CAD
population. Moreover, in this controlled study, women and men were matched on several
important factors, which support the validity of our findings.

In conclusion, we found that young women with a recent history of AMI have circulating
concentrations of IL-6 that are twice as high at baseline, but a similar IL-6 response to
mental and physical stress, compared with young men. Future studies should investigate
whether these differences in inflammatory state translate into outcome differences, and
whether they help explain why young women post-MI have a higher mortality than men of
similar age. These results also suggest that interventions that mitigate inflammatory
responses to stress, such as regular physical activity, may be especially beneficial for young
women post-Ml.
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Highlights

« Baseline IL-6 levels were higher in young women compared to age-matched
men.

» IL-6 levels increased significantly after both mental and physical stress.
e Men and women had similar IL-6 responses to both mental and physical stress.

o After stress, IL-6 levels remained higher in young women compared to young
men.

«  Sex differences in IL-6 persisted after accounting for risk factors.
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Figure 1.
Unadjusted baseline geometric mean plasma IL-6 concentrations in women and men by age.

Values reported are geometric means.
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Figure 2.
Unadjusted geometric mean plasma IL-6 concentrations in women and men before and after

mental stress. Values reported are geometric means. Results are stratified by age, <50 (a)
and >50 (b).
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Figure 3.
Unadjusted geometric mean plasma IL-6 concentrations in women and men before and after

physical stress. Values reported are geometric means. Results are stratified by age, <50 (a)
and >50 (b).
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Table 1

Baseline mean IL-6 concentrations according to demographic, clinical, and lifestyle factors, and medication
use.

N Mean IL-6 p-value
(pg/ ml) (95% CI)

Demographic Factors
<50 years 49 253 (2.00-3.19)

Age S50years 49 2.28(180-289) 023
Completed high school \’(\I:S gg igi ggg - g%gg 0.002
Income below poverty level No 31 3.22(2.40-4.31) 0.03
(£$20,000), % Yes 65 2.19 (1.81 - 2.65) :
. No 58  2.61(2.11-3.24)
Married, % Yes 40 213(Le5-276) 023
No 45  1.92 (151 -2.45)
Black race, % Yes 53 290(233-360) 001
Clinical and Lifestyle Factors
. <120 mmH 47  2.53(2.01-3.20
Systolic blood pressure >120 mmHg 49 239 51.90 B 3_003 0.72
Diastolic blood pressure ;;3 mm:g 33 ggg 881 _ ggg 0.61
<93mg/dL 47  2.43(1.92-3.06)
Plasma glucose >93mg/dL 46 249(198-313) 087
<45 mmol/L 43  2.38(1.87-3.01)
HDL cholesterol >45mmol/. 55 253(202-317) 70
<89mmol/L 46 2.24(1.78-2.83)
LDL cholesterol >89 mmol/L 46 269 (213-339) 027
- <32 43 2.36(1.82-3.05)
Gensini score 532 55  2.44 (1.96 - 3.04) 0.84
Left ventricular ejection <40% 17 229 (1.55-3.39) 078
fraction 240% 81 243(2.02-2.93) ’
Previous revascularization,% \’(\lgs éi %gg 8%‘11 _ gg% 0.15
- No 30 242 (1.83-3.20)
Hypertension, % Yes 67 248 (2.02-3.03) 0.90
Diabetes mellitus, % \’(\I:S ;(7) ggi ggg - g%g 0.72
- ; No 26  2.45(1.80-3.32
Hyperlipidemia, % Yes 71 246 gz.oz - 2.993 0.97
No 74  2.19(1.82-2.62
Obese (BMI 30), % e a2 22.5 2" 4.76; 0.01
Subjective Units of Distress <5 48  2.63(2.09-3.32) 034
Scale 26 48 2.25(1.78 - 2.83) :
Depressive symptoms ;g 2g g%é 8?3 _ g%; 0.12
Duke Activity Status Index :g’ ig 5(7)? gg% : ggg; 0.06
Current smoker, % \’(\I:S ;g géé 85133 - iggg 0.10
Lifetime history of alcohol No 76  2.45(2.03-2.97) 067
abuse, % Yes 22 2.25(1.59-3.20) '
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N Mean IL-6 p-value
(pg/ ml) (95% CI)

Lifetime history of No 49 2.48(1.95-3.14) 073
substance abuse, % Yes 49  2.33(1.84-2.96) ’
Medications, %

) No 12 2.21(1.39-3.49)
Statins Yes 85 250(209-297) 062
No 12 2.04(1.29-3.22)
Beta blockers Yes 85 253(212-301) 039
i No 44 221 (1.74-2.80)
Ace- inhibitors Yes 53 270 (2.16 - 3.37) 0.23
. No 12 3.39(2.15-5.33)
Aspirin Yes 85 235(1.97-279) 014

Page 17

Values presented are geometric mean baseline IL-6 concentrations and 95% confidence intervals. Continuous variables are dichotomized by
median split. P-values were calculated using mixed model analysis.
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