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Abstract

Background and aims—Adipokines are known to predict cardiovascular events, yet their
association with coronary artery calcium (CAC), a surrogate marker of coronary atherosclerosis
and risk factor for cardiovascular disease (CVD), is unclear. We aimed at assessing the association
between adipokines and the severity and progression of CAC in healthy older adults, and at
exploring potential modification by gender.

Methods—409 men and women from the Rancho Bernardo Study with no known CVD
underwent a chest computed tomography scan to determine baseline CAC severity; 329 returned
4.5 years later for a repeat scan to evaluate CAC progression. Adipokines (IL-6, adiponectin,
leptin, and TNF-a) were measured from baseline blood samples. Ordinal linear and logistic
regression models were used to determine the association of each adipokine with baseline severity
and future progression of CAC.

Results—Adjusting for age and sex, IL-6 and leptin were associated with greater odds of
increasing CAC severity (OR=1.63, 95% CI 1.22-2.19; OR=1.19, 95% CI 0.99-1.43, respectively,
per SD). The association with IL-6 remained significant in models further adjusted for lifestyle,
body size, CVD risk factors, and body fat distribution. Adiponectin was associated with CAC
progression (OR=0.68, 95% CI 0.51-0.92 in fully adjusted models). This was modified by sex,
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with protective effects seen for men (OR = 0.57, 95% CI 0.38-0.85), but not for women (OR =
0.93, 95% CI 0.67-1.32; p-for-interaction=0.04).

Conclusions—IL-6 and leptin predicted greater CAC severity while adiponectin predicted lower
odds of CAC progression. More research is needed to explore biological mechanisms, including
differences by sex.
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Introduction

The relationship between adiposity and coronary heart disease (CHD) is well documented,?
yet the mechanisms mediating this relationship are complex and not entirely understood.
One possible pathway is through the development of coronary atherosclerosis, the extent and
severity of which can be indicated by coronary artery calcification (CAC). CAC has been
identified as a risk factor for CHD events and mortality, and significantly improves
prediction of CHD beyond traditional risk factors.?2~* Adiposity has been shown to predict
CAC presence and progression,>8 yet, again, the mechanisms governing this relationship are
unclear.

This association between adiposity and CAC appears strongest for visceral or intra-
abdominal adipose tissue,%-8 which could suggest a role of adipokines. These bioactive
molecules, including interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a.), leptin, and
adiponectin, are secreted by adipose cells and have pro- and, in the case of adiponectin, anti-
inflammatory qualities. Adipokines have been shown to predict future CHD events,? yet
their association with the development and progression of CAC is less clear. The majority of
studies examining the association between inflammation and CAC have shown weak or null
associations, yet these have almost exclusively been cross-sectional and/or used more
general measures of inflammation (e.g., c-reactive protein) rather than adipokines.1% While
the link between adipokines and CHD is well documented, the association between
adipokines and CAC presence and progression has received little attention.

In the current study, we explore the association between adipokine levels and cross-sectional
measures of CAC, as well as the association between baseline adipokine levels and
longitudinal CAC progression in men and women in the Rancho Bernardo Study, who were
free of cardiovascular disease at baseline. We hypothesized that those with higher baseline
levels of IL-6, TNF-a., and leptin, and lower adiponectin would show greater initial CAC
severity as well as more CAC progression over time. Moreover, as previous research has
shown marked sex differences in circulating adipokine levels and their associations with
cardiovascular health,11.12 we also examined whether the association between adipokines
and CAC presence and progression was modified by sex.
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Materials & methods

Participants

The Rancho Bernardo Study, a cohort of Caucasian, middle class, community-dwelling
older adults living in southern California, was established in 1972. Between 1997 and 1999,
77% (n=1096) of all surviving community-dwelling participants from the Rancho Bernardo
Study attended a research clinic visit where blood was obtained for measurement of cardiac
risk factors and adipokine levels. Participants who were free of clinically manifest coronary
heart disease (no physician-diagnosed angina, myocardial infarction, or coronary artery
revascularization), age 55 to 80 years, and post-menopausal (more than 1 year without
menses) if female, were invited to have chest and abdominal electron beam computed
tomography (EBCT) scans for CAC. Of the 545 individuals who were invited, 2 were
deceased, 15 were ineligible due to prevalent congenital heart disease, 57 declined the
invitation, and 49 had moved from the local area or were not seen due to scheduling
problems, resulting in 422 individuals with baseline EBCT scans. Of these, 13 did not have
sufficient plasma available for adipokine measurements, yielding a study sample of 409 (191
men and 218 women) for this analysis.

CAC was first measured between October 2000 and August 2001; these data were used for
the cross-sectional analyses. Between April 2005 and October 2006, 337 of the participants
(156 men and 181 women) returned for a repeat EBCT scan; these participants are included
in the longitudinal analyses. Those who did not return for follow-up (n =85) included
refusals (n=43), deaths (n=21), and participants who were unreachable or who had cancelled
their appointment for unknown reasons (n=21).

The study protocol was approved by the Human Research Protection Program at the
University of California, San Diego; all participants gave written informed consent.

Data collection

Measurement of adipokines—Adipokines included in the current analysis were TNF-a,
IL-6, leptin, and adiponectin. Detailed accounts of adipokine measurement have been
published previously.1® Adipokines were measured from blood samples taken in 1997-1998.
Laboratory assays were performed at the Reproductive Endocrine Research laboratory,
University of Southern California (Frank Z. Stanczyk, director). Samples were taken by
venipuncture in the morning (between 7:30 am and 11:00 am) after a requested 12-hour fast,
and stored at —=70 °C. IL-6 and TNF-a were measured via ELISA (R&D Systems,
Minneapolis, MN). Adiponectin and leptin were measured in twice-thawed serum samples
via radioimmunoassay (Millipore Linco Research, St Charles, MO). Previous studies have
found no significant differences in adiponectin or leptin after two freeze-thaw cycles.1415

Measurement of CAC—CAC scores were assessed using an electron-beam CT (Imatron
C-150 scanner; Imatron, San Francisco, CA). Images were obtained with 100-ms scan time
using 3-mm slices starting at the level of the carina and proceeding to the level of the
diaphragm; 40 — 45 slices were obtained. Tomographic imaging was
electrocardiographically triggered at 40 or 65% of the RR interval, depending on the
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participant’s heart rate. CAC was defined as a plaque of at least two pixels (area 0.67 mm?)
with a density of 130 Hounsfield units (HU). Quantitative calcium scores were calculated
using the method of Agatston et al.16 and by volumetric scores (acquired by multiplying the
pixel area by the section thickness of the region of interest). The total volume scores were
derived by the sum of all lesion volumes in cubic millimeters. CAC images were scored
individually by trained technicians under the supervision of an imaging expert: all
assessments were blinded.

Measurement of covariates—At the 1997-99 clinic visit, height, weight and waist and
hip girths were measured in participants wearing light clothing and no shoes, using a
regularly calibrated scale and stadiometer. BMI was calculated as weight in kilograms
divided by the square of height in meters and used as an estimate of overall adiposity; waist-
to-hip ratio was used as an estimate of central adiposity.

Fasting plasma glucose and total, HDL and LDL cholesterol levels were measured in a lipid
research clinic laboratory using standard enzymatic methods in blood samples collected after
an overnight, usually 12-h, fast. Systolic and diastolic blood pressure was measured twice in
seated resting subjects using the Hypertension Detection and Follow-up Program protocol;
analyses used the average of the two readings. Hypertension was defined as systolic blood
pressure > 140 and/or > diastolic 90 mmHg or use of antihypertensive medication. Other
cardiovascular risk factors including current cigarette smoking, alcohol intake (at least three
times a week), and physical activity (exercise at least three times a week) were assessed
using standard questionnaires. Baseline medication use was validated by a trained nurse,
who examined pills and prescriptions brought to the clinic for that purpose; medication use
at the time of the second CAC evaluation was obtained by questionnaire.

Detailed accounts of regional adiposity measurement have been published previously.1’
Briefly, measurements of regional adiposity were derived from abdominal CT scans
performed in 2001-2002. Using MIPAV software (4.1.2, National Institutes of Health), a
cross-section of 6-mm thickness was selected at the umbilicus for quantification of
intermuscular, visceral, and subcutaneous fat. Fat was identified as tissue that fell within a
threshold of 190 and —30 HU.

Statistical analysis

All analyses were performed using Stata (version 12.0; StataCorp, College Station, TX), and
R (2.14, The R Foundation for Statistical Computing, Vienna, Austria).

Baseline characteristics were compared between the cross-sectional and longitudinal subsets
using the ANOVA for continuous variables and Fisher’s exact test for categorical variables.
Variables with approximately normal distributions were presented as means (SD), and those
with non-normal distribution are presented as median (interquartile range). Skewed variables
were natural log transformed for statistical analyses.

CAC scores were categorized according to the criteria of Rumberger et al.,18 which define
CAC scores of 0 -10 as none/minimal, 11-99 as mild, 100 — 399 as moderate, and 400 or
greater as severe. CAC progression at follow-up was defined categorically (significant CAC
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progression yes/no). Consistent with methods defined by Hokanson et al., CAC progression
was considered significant if the difference between square root-transformed CAC volume
scores at baseline and follow-up was equal to or greater than 2.5 mm3-19 This technique
accounts for heterogeneity in scan variability across volumes.

The association between baseline CAC categories and individual adipokines was assessed in
a series of multivariable proportional-odds ordinal regression models, with increasing CAC
severity categories as the outcome. Individual adipokines were entered into separate models
as first order continuous variables, after screening for threshold associations using splines
and quantiles of the adipokines in unadjusted and minimally adjusted models. Five separate
regression models were assessed: the first was adjusted for age and sex; the second added
adjustment for lifestyle characteristics including physical activity (3+ times per week, yes/
no), alcohol use (1+ drinks/day vs. less or none), and current smoking habit (yes/no); the
third was considered our base model and added adjustment for BMI and waist-to-hip ratio;
the fourth added adjustment for additional CVD risk factors (triglycerides, HDL cholesterol,
systolic and diastolic blood pressures, fasting plasma glucose); the last model added visceral
fat, subcutaneous fat and intramuscular fat to the base model. The proportional odds
assumption was tested using the approaches outlined by Scott and Freese;20 violation of the
proportional odds assumption was not detected.

The association between adipokine levels and CAC progression was assessed using
multivariable logistic regression. Participants were categorized as progressing or not
progressing (yes/no). The logistic models for progression were constructed with the same
covariates as employed in the ordinal logistic regressions, except time between CAC
measurements was included as an additional covariate in all models.

Participants included 191 men and 218 women aged 44 to 84 years, with a mean age of 67
years (Table 1). Approximately half of the participants drank alcohol regularly, the majority
(73.6%) exercised regularly, and almost all (95.1%) were not current smokers. Diabetes
prevalence was relatively low for an older cohort (8%), and nearly one-quarter (23%) used
statins.

Approximately one-third (34%) of participants had none or minimal CAC, and the
remaining participants were approximately equally divided into each of the remaining
Rumberger categories of mild, moderate, and severe CAC (Table 1). Women were much
more likely (38.1%) than men (12.8%) to have none or minimal CAC (p<0.01). CAC
severity also differed significantly between those with longitudinal data and the subset with
only a baseline visit. Those without a follow-up visit were less likely to have none or
minimal CAC (24%) than those with longitudinal data (37%), and were more likely to have
moderate (31%) or severe (30%) CAC than the longitudinal cohort (20% and 22%,
respectively; p=0.01).
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Adipokines and baseline CAC

Each increasing standard deviation of IL-6 was associated with 1.63 fold higher odds of
increasing CAC severity at baseline adjusting for age and sex (Table 2). This association
remained significant after adding adjustment for lifestyle, body size, CVD risk factors, and
regional fat measures (OR = 1.49). Higher leptin was also significantly associated with
increasing CAC severity in models adjusting for age, sex, and lifestyle (OR = 1.23), but the
association was no longer significant after adjusting for body size. No other adipokines
showed a significant association with increasing CAC severity at baseline. Associations
between adipokines and CAC severity were not significantly modified by sex (for all p
>0.20).

Adipokines and CAC progression

Of the 409 with a baseline visit, 329 returned for a follow-up scan. The mean (SD) time
between scans was 4.5 (0.5) years. On average, the 80 men and women without a second
scan were older (72.0 vs. 66.3), more likely to have diabetes (13.8% vs. 6.7%), and had
higher systolic blood pressure (135.7 vs. 129.0), and higher fasting glucose (107.3 vs. 101.4)
than those who returned for a second measure. They were also more likely to have moderate
(31%) or severe (30%) CAC than the longitudinal cohort (20% and 22%, respectively;
p=0.01). There were no other significant differences between the groups in demographics,
lifestyle, or cardiovascular risk factors (data not shown).

Over the follow-up period, 46% of participants showed CAC progression (55% of men vs.
38% of women). Table 3 shows the association between baseline adipokine levels and the
odds of CAC progression. Higher baseline adiponectin was significantly associated with
decreased CAC progression over time, with each standard deviation increase in adiponectin
predicting 24% lower odds of CAC progression in minimally adjusted models (OR=0.76,
p=0.03). This association remained significant with further adjustment for covariates.

The association between adiponectin and CAC progression was modified by sex (Fig. 1).
Adjusting for age, lifestyle and body size, the protective effect of adiponectin was significant
for men (OR =0.57, 95% CI 0.38-0.85), but not for women (OR = 0.93, 95% CI 0.67-1.32;
p-for-interaction = 0.04). There was also a suggestive interaction by sex for IL-6, where
higher levels of IL-6 were associated with greater odds of CAC progression in women (OR
=1.42, 95% CI 0.72-2.72), but not men (OR = 0.80 95% CI 0.60-1.07; p-for-interaction =
0.12).

Discussion

This is the first study to examine the association between select adipokines and CAC
severity and progression in older community-dwelling adults free of known CHD. We found
a significant association of higher levels of IL-6 with increasing CAC severity that was
independent of body size and other CVD risk factors. In models adjusted for demographics,
lifestyle, body size, CVD risk factors, and regional adiposity, each standard deviation
increase in IL-6 predicted 49% greater odds of more severe CAC. Although, higher baseline
levels of leptin were also associated with increasing CAC severity, this was not independent
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of body size. This could suggest that leptin is a surrogate measure of adiposity and not
directly associated with CAC, or that leptin is a mechanism through which adiposity is
related to CAC.

Associations of adipokines with CAC progression were markedly different, with neither I1L-6
nor leptin predicting CAC progression. In contrast, adiponectin showed a strong inverse
association with CAC progression. In minimally adjusted models, each standard deviation
increase in adiponectin at baseline predicted 0.74-fold lower odds of CAC progression at
follow-up. The protective effect of adiponectin remained with further adjustment, with lower
odds of CAC progression at follow-up in models adjusted for demographics, lifestyle, body
size, and regional fat deposition. Adiponectin has been shown to be inversely associated with
obesity, thus protective associations with adiponectin may partially reflect health benefits of
less obesity. In our analyses, however, negative associations between adiponectin and CAC
progression were independent of overall body size and regional fat compartments,
suggesting a direct connection between adiponectin and CAC progression.

This study is unique in several ways. We had thorough body composition measures, which
allowed us to adjust for body size and regional fat deposits in order to examine the
associations between adipokines and CAC independent of body composition. Also, the
majority of studies examining the cross-sectional association between inflammation and
CAC presence and progression have primarily used measures of c-reactive protein and
fibrinogen, and have shown mixed results.19 Our results are consistent with limited other
studies that suggest the strongest relationship between CAC and inflammatory markers is
through IL-6. Stompor et al. showed that among dialysis patients, those with CAC had
higher levels of IL-6 than those without.2 Similarly, baseline IL-6 was positively associated
with CAC in a healthy cohort in the Multi-Ethnic Study of Atherosclerosis.?? Relatedly, IL-6
has uniquely been identified as a predictor of presence and progression of carotid
atherosclerosis 23-25, Others, however, found no association between 1L-6 or TNF-a and
CAC presence and progression.26.27

We similarly found no association between IL-6 and CAC progression. It is likely that IL-6
did not show an overall association with CAC progression here because of differential
associations in men and women; while greater 1L-6 predicted CAC progression in women, it
appeared protective against CAC progression in men (though the interaction did not reach
statistical significance). Larger studies are needed to fully explore this sex modification and
the potential mechanisms responsible. Also, in the current study CAC progression was
defined categorically (yes/no). While this is consistent with past research, it may have
missed CAC progression that did not meet the predefined threshold.

Research on adiponectin and CAC has been somewhat limited. Similar to results reported
here, Maahs et al. showed that low serum adiponectin predicted CAC progression in patients
with type 1 diabetes and matched controls.28 Contrary to our findings, Qasim et al. also
found an association between adiponectin and CAC cross-sectionally.2® Gaal et al. suggested
the relationship between adipokines and cardiovascular disease may be mediated by insulin
resistance. Our results support this hypothesis, given that high levels of adiponectin have
been associated with improved glucose metabolism and insulin sensitivity.12:30
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In the present study, the association between baseline adiponectin and CAC progression was
modified by sex. While baseline adiponectin was not associated with CAC progression in
women, it predicted significantly decreased odds of CAC progression in men. Consistent
with this, Laughlin et al. showed that higher baseline adiponectin was protective against
incident CHD events for men, but not women,! and Nishida et al. showed that adiponectin
was inversely associated with carotid IMT in men but not women.2> This could be due to
qualitative or quantitative sex differences, as adiponectin concentrations are generally higher
in women.31 Men in our study were also significantly older than women, which could also
partially explain the sex differences. More research is needed to determine the mechanisms
governing the association between specific adipokines and cardiovascular risk in men and
women.

In conclusion, we found an association between adipokines and CAC presence and
progression, but only for select adipokines and not consistently across time points. While
IL-6 was most strongly associated with existing CAC severity, only adiponectin reliably
predicted CAC progression, and only in men. Additional observational studies are needed to
inform any prevention strategies.
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Highlights
. Adipokines and coronary artery calcium (CAC) were measured in adults with
no CVD
. CAC measurements were repeated 4.5 years later
. IL-6 and leptin were positively associated with CAC severity at baseline
. Higher adiponectin predicted less CAC progression over time for men, but not
women
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Fig. 1.

Associations between adipokines and the odds of CAC progression by sex.
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Table 1

Baseline characteristics for the cross-sectional and longitudinal subsets.

Baseline characteristics Total sample  Longitudinal subset®
n 409 329
Demographics and body size, mean (SD)
Sex (% male) 46.7 453
Age (yr) 67.4(7.2) 66.3(6.8)
BMI (kg/m?) 26.3(4.1) 26.2(3.9)
Waist to hip ratio 0.89(0.09) 0.88(0.09)
Waist circumference (cm) 87.7 (13.5) 87.1(13.7)
Visceral fat mass (cm?) 132.3(67.0) 132.2(68.3)
Subcutaneous fat mass (cm?) ~ 216.3(94.6) 218.0(95.1)
Intermuscular fat mass (cm?)  23.3(12.1) 23.7(12.5)
Abdominal volume 0.76(4.4) 0.87(4.8)
Lifestyle parameters (%0)
Alcohol (1+ drinks/day) 55.3 57.4
Current smoker 4.9 5.2
Exercise (3+x/week) 76.8 76.0
Adipokines
1L-6 (pg/ml) 1.88 (1.64) 1.82 (1.72)
TNF-a (pg/ml) 1.16 (0.59) 1.13 (0.58)
Leptin (ug/L) 12.60 (10.49) 12.47 (10.44)
Adiponectin (mg/L) 12.05 (6.33) 12.24 (6.41)
Metabolic factors, mean (SD)
Total cholesterol (mg/dl) 207.2 (34.0) 208.3 (34.3)
HDL cholesterol (mg/dI)? 58.8 (17.1) 59.1(16.6)
LDL cholesterol (mg/dl) 122.6 (30.0) 123.4 (30.1)
Triglycerides (mg/dI)? 129.2 (68.1) 129.5 (67.6)
Fasting glucose (mg/dl) 102.6 (18.2) 101.4 (15.3)
Systolic BP (mmHg) 130.3 (19.3) 129.0 (18.0)
Diastolic BP (mmHg) 76.5(8.2) 76.6 (8.0)
Prevalent conditions and medications (%)
Diabetes 8.1 6.7
Metabolic syndrome 174 16.7
Statin use 22.6 23.2
Coronary Artery Calcification Score (%)¢
0-10 34.3 36.8
11-100 20.2 21.7
101-399 21.9 19.6
400+ 23.6 22.0
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Sample subset with both CAC measurements.
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b . .
Median and interquartile range.

c ..
Initial CAC measurement.
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