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Abstract

Objective—Abdominal obesity and wall thickness of the central arteries have been associated
with higher risk of cardiovascular disease (CVD). Despite the higher burden of overweight and
CVD disease among African-Americans, limited data are available on the association of
abdominal obesity with aortic wall thickness in African-Americans. We assessed the cross-
sectional and the longitudinal associations of abdominal obesity with aortic intima-media
thickness (alMT) in a cohort of African-Americans from the Jackson Heart Study (JHS).

Methods—Data on alMT and repeated-measures of waist circumference (WC) and waist-to-
height ratio (WHtR) from 1,572 participants, and on abdominal subcutaneous adipose tissue
(SAT), visceral adipose tissue (VAT), and alMT from 1,223 participants, were analyzed. alMT was
measured at proximal ascending aorta (PA-alMT), proximal descending aorta (PD-alMT), and
distal aorta (bifurcation) using cardiac magnetic resonance. SAT and VAT were measured using
computerized tomography.

Results—WC and WHIR are longitudinally associated with PA-aIMT and PD-alMT; SAT and
VAT are associated with PA-alMT only. Only WC is associated with distal alMT.
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Conclusions—Abdominal obesity measures are associated with increased proximal alMT in
adult African-Americans. Only WC is associated with wall thickness in all the three segments of
the aorta.

Keywords
Abdominal adiposity; Obesity; Subcutaneous Adipose Tissue; Visceral fat; African America

INTRODUCTION

Cardiovascular disease (CVD) is the largest contributor of cause of death globally, with an
estimated 17 million premature deaths due to CVD in 2015.1 In the United States, 11.5% of
adults are diagnosed with heart disease, with one in four deaths being attributable to heart
disease.2 Changes in arterial structure predicts CVD morbidity and mortality and is
associated with other CVD risk factors.3 Carotid artery intima-media thickness (cIMT) has
been shown to be a reliable indicator of clinical atherosclerosis and was associated with
incident and prevalent CVD and future vascular events.=% While cIMT is easier to measure,
aortic wall thickness should also be investigated because it has higher specificity and
positive predictive value for predicting coronary artery disease.”- 8 Additionally, aortic wall
thickness is associated with short- and long- term CVD morbidity and mortality® 19, even in
the absence of detectable atherosclerosis.11: 12

Abdominal obesity—manifested by increased waist circumference (WC)—nhas also been
associated with increased CVD morbidity and mortality.13: 14 Abdominal fat is partitioned
into two major compartments: subcutaneous adipose tissue (SAT) and visceral adipose tissue
(VAT): both have been found to be associated with CVD risk.15-17

In the US, African-Americans have an increased risk of CVD morbidity and mortality, such
as stroke and heart failure, and experience the highest mortality rate of coronary heart
disease (CHD) of any ethnic group.18-20 Perhaps because they not only suffer from a higher
prevalence of CVD risk factors, such as overweight and hypertension, but also they are
affected by these risk factors at a younger age.?!: 22 Moreover, some evidence suggests that
African-Americans have higher cIMT compared to whites.3 However, data on the
association of abdominal obesity with aortic thickness among African-Americans are scarce,
despite their disproportionate burden of CVD and its risk factors.

In this study, we assessed and compared markers of abdominal obesity: WC, waist/height
ratio (WHtR), SAT, and VAT in relation to aortic intima-media thickness (alMT) in three
segments of the aorta: proximal ascending arch (PA-alMT), proximal descending arch (PD-
alMT), and distal (bifurcation) aorta, in a large sample of African-Americans from the
Jackson Heart Study (JHS)

MATERIALS AND METHODS

Study Population

The JHS is a large, prospective community-based cohort of 5,301 African-Americans 21 to
84 years of age who were recruited from the tri-county area surrounding Jackson,

Obesity (Silver Spring). Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mzayek et al.

Page 3

Mississippi.23 Three data collection rounds were performed: Visit 1 (baseline, 2000-2004);
Visit 2 (2005-2008), and Visit 3 (2009-2013). Participants eligible for the present study are
those who have WC and covariates data from all the three visits, and who also completed
both the abdominal computed tomography (CT, n=2,881) and the cardiac magnetic
resonance (CMR, n=1,672) ancillary studies that were performed during Visits 2 and 3,
respectively. This resulted in a sample of 1,582 participants with complete data on WC,
alMT and covariates, and 1,294 participants with complete data on VAT or SAT, alMT, and
covariates (Figure 1).

The JHS was approved by the Institutional Review Boards of Jackson State University,
Tougaloo College, and the University of Mississippi Medical Center in Jackson, Mississippi.
All study participants gave written informed consent.

Outcome Measurements

CMR was performed once during Visits 2 or 3 using a large-bore (70-cm) 1.5T Siemens
Espree scanner (Erlangen, Germany) with TIM cardiac software and multichannel matrix
surface coil.24 Aortic wall thickness was measured on ECG-gated, axial black-blood fast-
spin echo sequence images as described elsewhere.25 Mean wall thickness (mm) was
measured using custom Matlab software at Wake Forest School of Medicine. alMT data at
proximal ascending, proximal descending, and distal aorta (2cm above the aortic
bifurcation) were used for this study.

Exposure Measurements

Covariates

WC was recorded at each visit as the average of two measurements taken at the level of the
umbilicus. WHtR was calculated by dividing waist circumference by height in centimeters.
VAT and SAT were measured during once during Visit 2 using computerized tomography
(CT). Imaging of the abdomen was conducted in the supine position by multi-detector CT
scanning (GE Healthcare Light-speed 16 Pro, Milwaukee, W1) as previously described.26: 27
Briefly, a series of continuous scout images through the lower abdomen from L3 to S1 were
used to assess abdominal adipose tissue depots using the lumbosacral junction (centered at
L4-L5) as an anatomic landmark. Twenty-four, 2-mm thick slices (48 mm total coverage)
were acquired and analyzed. The abdominal muscular wall was manually traced, and the
VAT and SAT volumes were measured by a semiautomatic segmentation technique using GE
Advantage Windows software (Advantage Windows, GE Healthcare, Waukesha, WI). VAT
and SAT volumes were the sum of voxels over the 24 slices that fell into the tissue
attenuation range of =190 to —30 Hounsfield units.26: 27 Inter-reader (two readers)
reproducibility was assessed on a subset of 60 randomly selected scans. The interclass
correlations were >0.95 for both SAT and VAT measurements.

Demographic, behavioral, and socio-economic indicators were self-reported via a standard
questionnaire and were collected at each visit. At each examination, systolic and diastolic
blood pressures were measured in the right arm using the random-0 blood pressure
sphygmomanometer (Hawksley and Sons Limited, Sussex, United Kingdom). Two
measurements were taken after five minutes resting in a seated position, with the second
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blood pressure taken after waiting an additional minute. The average of the two
measurements was used. Fasting plasma glucose (FPG) and blood lipids were assessed using
standard laboratory techniques after 12 hours of fasting. Mean arterial pressure (MAP) was
calculated from the formula [(2 x diastolic BP) + systolic BP)]/3. Data missingness was
negligible in this study and ranged from 1% for WC to 1.7% for WHTtR for all three follow
up visits. With the exception of income, for which data were complete on 85.1% of all
participants, all the covariate had 292% complete data.

Statistical Analyses

Descriptive statistics were computed using frequencies for categorical data and means for
continuous data. Bivariate linear regression was used to assess the crude associations of
abdominal obesity variables at baseline with PA-alMT, PD-alMT, and distal alMT.
Multivariable linear regression was used to assess the adjusted associations of VAT and SAT
with alMT. Separate models were run for each aortic segment. All models were adjusted for
age, sex, LDL cholesterol, HDL cholesterol, triglycerides, FPG, MAP, as well as smoking
status, income, and daily alcohol consumption. Because alMT measurements were
performed during the 2"d and 3" visits temporal order can be established only between
baseline covariates and the outcomes. Therefore, only baseline covariates were included in
the regression models. Next, generalized linear mixed (GLM) models were analyzed to
assess the longitudinal associations of WC and WHtR, over time, with aIMT. WC or WHtR,
as well as age, LDL cholesterol, HDL cholesterol, triglycerides, FPG, and MAP were
included in the models as repeated-measures main effects. These models allowed for the
assessment of the effect of the change over time of WC, or WHtR, on alMT while
controlling for the change of the other covariates. Additionally, ID number was included in
the statistical model as a random-effect variable to account for the individual differences
between the participants. Several correlation matrices were tested for the mixed models
(e.g., scaled identity, diagonal, and autoregressive,) with scaled identity consistently
providing the best fit of the data, so it was used in the analysis. Non-significant variables
were excluded from the models using reiterative approach for GLM analyses, and backward
elimination method for linear regression models. However, markers of abdominal obesity
were forced in the models regardless of statistical significance. BMI was not included in the
analyses because the study aims to examine the effect of abdominal obesity on aIMT. To
check for the linearity of the effect with age, age? was tested in all the models. However,
based on Akaike’s Information Criterion for the mixed models and R? for the linear
regression models, the models’ fit either improved slightly or worsened slightly. Therefore,
the results of the linear models are reported. Repeating the analyses after excluding
participants with baseline history of CVD only strengthened the studied associations
slightly. Therefore, the results of the whole sample are reported. We also tested the
interactions of gender with measures of abdominal obesity (e.g., sex x WC) on all outcomes,
but none was significant. SPSS (V. 24) statistical software (IBM, Armonk, NY) was used in
the analysis, with alpha set to 0.05.
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The sample is mainly of middle-age African-Americans (63.5% women), with an average
follow time of 8.7 years. Both WC and WHIR increased between the 15t and the 3" visits (in
men WC increased by 3.2 cm and WHtR by 0.02 units; in women WC increased by 2.7 cm
and WHIR by 0.02 units, p<0.01 for all). Men and women have the same WC on average,
but the relative contribution of VAT to abdominal obesity is larger in men. Men are slightly
leaner (WHtR), and they smoke nearly twice as much as women. Table 1 describes
important characteristics of the study sample at baseline, by sex.

Table 2 shows the crude associations of baseline markers of abdominal obesity with PA-,
PD-, and distal-alMT. WC is associated with alMT at all the three locations, while WHtR is
associated with proximal, but not distal, alMT. SAT and VAT are associated with PA-alMT,
but not PD-alMT. Interestingly, both SAT and VAT have an inverse correlation with distal
(bifurcation) alMT, but only SAT is statistically significant.

Table 3 shows the adjusted associations of markers of abdominal obesity with alMT at the
three locations. All measures of abdominal obesity are associated with PA-alMT. WC,
WHTtR and SAT (borderline significance) are associated with PD-alMT. None of the markers
of abdominal obesity is associated with distal aIMT except for WC, which also shows
borderline significance. HDL cholesterol is inversely associated with alMT of both proximal
segments, but not with distal aorta, independent from all tested measures of abdominal
obesity. Age is independently associated with PD-alMT only. MAP and triglycerides
(inversely) are associated with PD-alMT independent of WC, but not from SAT and VAT.
Finally, current smoking is associated with PD-alMT and distal alMT with a trend of a
stronger effect on distal aorta.

Because sex is independently associated with PA-aIMT in WHtR and SAT models, and with
distal alMT in all models except for SAT (Table 3), we reran these models separately for
men and women. For PA-alMT, WHTtR is significant in both men and women with a stronger
effect in women (8= 0.10; p=0.013, and B=0.21; p< 0.001, in men and women,
respectively,) while SAT is significant in women only (B=0.17; p< 0.001). For distal alMT,
WC and WHTtR are not associated with distal alMT in either sex, while VAT is associated
with distal alMT only in women (B =-0.07; p=0.034). All results are presented in
standardized coefficients to enable comparison of the effect sizes of the independent
variables on alMT.

DISCUSSION

In this cohort of adult African-Americans WC and WHIR are longitudinally associated with
both proximal ascending and proximal descending alMT after adjusting for potential
confounders. SAT and VAT are associated only with proximal aIMT. The effect sizes of
these factors are of similar magnitude to those reported in other studies (Supplementary
Tables 1-4 show the unstandardized coefficients of markers of abdominal obesity with PA-
alMT).28 29 On the other hand, none of the markers of abdominal obesity is associated with
distal alMT. Contrary to the accumulating evidence indicating a stronger effect of VAT than
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SAT or WC on CVD risk,2%-31 we found the effect size of VAT on alMT of both proximal
aortic segments the weakest among the four measures, and it was not associated with distal
alMT. This discrepancy could be due to the previously published data coming from mostly
Caucasians. African-Americans and Caucasians have different body fat distributions, where
the former have proportionately less VAT and more SAT than the latter.32: 33

That WC has a stronger association with alMT than SAT or VAT underscores its potential
public health utility in identifying high-risk groups for CVD among African-Americans—
not only because of the easiness and simplicity of measuring WC, but also because proximal
alMT has been shown to accurately predict CVD morbidity and mortality, even in the
absence of detectable atherosclerotic disease.”- 12 Furthermore, the evidence show that WC
is a better predictor of CVD morbidity and mortality than BMI.34

Since aortic wall thickness is closely associated with blood pressure, an important CVD risk
factor, we assessed the association of measurements of alMT with systolic and diastolic
blood pressure in order to evaluate the potential impact of these findings on CVD risk. alMT
at all three locations is positively correlated with both systolic and diastolic blood pressures,
but the association was statistically significant only with PD-alMT. For each 1 mm increase
in PD-alMT thickness systolic blood pressure increased by 3.2 mmHg and diastolic blood
pressure increased by 2.5 mmHg, after adjusting for age, sex and blood lipids (data not
shown). However, it is hard to gauge the clinical implications of these findings because
aortic wall thickness is not the only mechanism by which obesity can affect CVD risk.

Notably, HDL cholesterol is inversely associated with both proximal and distal alMT,
independent of all measures of abdominal obesity in this sample. This finding agrees with
other reports of an inverse association of HDL cholesterol with arterial wall thickness.3%: 36
That HDL cholesterol is consistently associated with aortic wall thickness, independent from
clinical markers of abdominal obesity, indicates that its protective effect against CVD is
maintained across the continuum of body weight in African-Americans. This observation
may be due to the well-established fact that African-Americans have higher HDL cholesterol
levels than Caucasians,3”: 38 but may also have important public health implications in other
groups.

In this sample, SAT is inversely associated with distal alMT in bi-variate analysis (Table 2),
and VAT is inversely associated with distal alMT in women in the multivariable analysis.
Although the inverse association of SAT with distal alMT may be due to confounding—as
evidenced by the lack of significance in the adjusted model—the fact that both SAT and VAT
appear to have and inverse relation with wall thickness of distal aorta deserves further
discussion. Three explanations can be presented for this observation: First, it actually agrees
with other reports suggesting a protective role of SAT on CVD risk.3%-41 This could be due
to SAT providing a natural storage for excess lipids and may play a role in reducing insulin
resistance.4041 However, it is not known whether a thinner distal aortic wall actually reflects
a “protective” effect or has any clinical benefit. Second, the opposing effects of abdominal
obesity on proximal and distal aorta could be due to the marked difference in wall structure
of proximal and distal aorta, making them responding differently to alterations in CVD risk
factors driven by abdominal obesity.*2 Proximal aorta is abundant with elastin fibers while
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distal aorta is abundant with collagen fibers and has more vascular smooth muscle and other
stromal cells.*3 The close proximity of the ascending aorta to the heart makes it more
exposed to the pressure wave originating from ventricular contraction and, consequently,
more vulnerable to hemodynamic changes associated with obesity, such as increased blood
pressure. This argument is supported by MAP being associated with proximal, but not distal,
aorta in this sample. Third, the inverse relation of SAT and VAT with distal alMT could be
merely a chance finding due to the difficulty in measuring distal aorta because of its
anatomical location behind abdominal fat. This may have caused a systematic negative shift
in measuring distal alMT as abdominal fat increased.

In this sample, smoking also shows an independent effect on aortic wall that tends to be
more prominent on distal aorta. Finally, plasma triglycerides are inversely associated with
proximal aortic wall thickness in the models of WC and WHtR (Table 3). We believe that
this is a chance finding due to the opposite trajectories of the two variables over time, where
triglycerides levels were decreasing while proximal alMT was increasing. We examined this
notion by comparing mean triglycerides at each visit (triglycerides = 106.4, 100.7, and 97.9
mg/dL at visits 1, 2, and 3, respectively; p<0.001).

The study has some limitations; the clinical importance of the observed associations is
difficult to determine from the available data since information on relevant clinical outcomes
(e.g., myocardial infarction or CHD) is not available. Selection bias may have occurred
because only a subset of the cohort had complete data on aortic thickness and markers of
abdominal obesity. A comparison between the study sample and the rest of the cohort
revealed that the study sample is slightly younger, leaner, and had lower systolic blood
pressure (mean age 52.6 vs. 56.3 years; WC 98.4 vs. 101.5 cm, and systolic blood pressure
123.2 vs. 128.2 mmHg). The two groups are similar, however, in gender distribution, income
and education levels, and other hemodynamic and metabolic markers of CVD risk.

The study has several strengths; the large sample size, the long follow up data, the
adjustment for many clinical, behavioral, and socio-economic CVD risk factors, and the
assessment and comparison of multiple markers of abdominal obesity on three different
segments of the aorta in the same sample.

CONCLUSION

In conclusion, the findings of this study indicate that abdominal obesity is associated with
increased wall thickness in proximal, but not distal segments of the abdominal aorta in
African-Americans. They also provide evidence of a protective effect of HDL cholesterol
against increased aortic wall thickness in African-Americans, independent of measures of
abdominal obesity. Finally, the findings suggest that WC may have a greater public health
utility for identifying high-risk groups for CVD than VAT or SAT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known:

. Abdominal obesity is associated with higher risk of cardiovascular disease
. Wall thickness of the central arteries is associated with cardiovascular disease
. African-Americans have higher prevalence of overweight and higher

cardiovascular disease risk than any other ethnicity in the US
What does the study add:

. Abdominal obesity is associated with wall thickness of both proximal and
distal aorta in African-Americans

. This suggests that aortic wall thickness plays a role in the observed
association of abdominal obesity with cardiovascular risk in African-
Americans

. Waist circumference may have a better public health utility for identifying

high-risk groups than other markers of abdominal obesity, owing to its
association with wall thickness in all segments of aorta and its easy
measurability.
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Total Population
(n=5,301)

|

Number with alMT data
measured at Visits 2 and 3
(n=1,672)

Number with valid WC and
alMT data (n=1,609)

Number with complete WC,
alMT, and covariates data
(n=1,582)

|

Number with VAT & SAT.
Measured at Visit 2
(n=2,881)

Number with valid VAT, SAT, and
alMT data
(n=1,314)

Number with complete VAT, SAT,
alMT, and covariates data
(n=1,294)

Figure 1:

Flowchart of the study sample selection.
alMT = aortic intima-media thickness, SAT = subcutaneous adipose tissue, VAT = Visceral
adipose tissue, WC = waist circumference.
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Descriptive statistics of the study population (mean + SD), by sex

Table 1.

Characteristic (mean + SD)

Men (37.5%)

Women (63.5%) P

Age (year) 4
WC (cm) 7
WHtR 7
LDL-cholesterol (mg/dL) F
HDL-cholesterol (mg/dL) 7
Triglycerides (mg/dL) 4
FPG(mg/dL)”

MAP (mmHg) 7

Alcohol drinks (/week)
Current Smoking (%) 7
SAT (cm3)’t

VAT (cm3)’t

Mean PA-alMT (mm)§
Mean PD-alMT (mm)§

Mean distal-alIMT (mm)§

54.6+13.0

101.3+15.1

0.57 +0.08

129.4 +36.7

459+12.4

116.3 £ 100.5

99.4 +£31.3

96.8+11.1

57+9.6

18.3%

1722.2 + 806.6

883.0 £415.1

3.10 £ 0.56

3.06 £0.61

2.44 £ 0.67

55.8+12.7

100.4 +16.7

0.61+0.10

126.1+26.1

552+ 145

100.0 + 65.3

98.7+31.9

93.6+11.2

1.7+£49

10.3%

802.3 +362.5

3.06 +0.57

3.05+0.60

2.31+0.67

0.001

0.049

<0.001

0.005

<0.001

<0.001

0.477

<0.001

<0.001

<0.001

26575+962.9  <0.001

<0.001

0.253

0.844

<0.001

Page 13

FPG = fasting plasma glucose; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MAP = mean arterial pressure; PA-alIMT =
proximal ascending aortic intima-media thickness; PD-alIMT = proximal descending aortic intima-media thickness; SAT = subcutaneous adipose

tissue; VAT = visceral adipose tissue; WC = waist circumference; WHtR = waist-to-height ratio.

),
@

measured during Visit 2.

©

enotes baseline values.

comparing smoking status.
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Table 2.

Page 14

Crude associations of measures of abdominal obesity with proximal ascending-, proximal descending-, and

distal alMT.

PA-alMT PD-alMT Distal aorta

Variable B

P B P B P

We (cm)’  0.29

WHIR' 0.27
SAT (cm®)  0.09
VAT (cm®)  0.10

<0.001 0.20 <0.001 0.07 0.005

<0.001 0.18 <0.001 0.01 NS

0.001  0.04 NS -0.06 0.043
0.001  0.02 NS -0.04 NS

B = standardized coefficient; PA-aMT = proximal ascending aortic intima-media thickness; PD-alMT = proximal descending aortic intima media

thickness; SAT = subcutaneous adipose tissue; VAT = visceral adipose tissue; WC = waist circumference, WHtR = waist-to-height ratio.

" denotes baseline values.

Obesity (Silver Spring). Author manuscript; available in PMC 2020 September 01.
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Table 3.
Adjusted associations of markers of abdominal obesity with proximal ascending-, proximal descending-, and
distal alMT.
PA-alMT PD-alMT Distal aorta
Variable B P B P B P
n=1519 n=1543 n=1,496
we cm)’ 027 <0001 017 <0001  0.06 0.040
Sex - NS - NS -0.13 <0.001
Age (year) - NS 0.15 <0.001 - NS
MAP (mmHg) - NS 0.06 0.033 - NS
Triglycerides (mg/dL) -0.07 0.005 -0.08 0.005 - NS
HDL-C (mg/dL) -007 0008  -0.07  0.008 - NS
Current smoking - NS 0.05 0.020 0.10 <0.001
n=1519 n=1543 n=1,493
WHIR t 1.05 <0.001 0.14 <0.001 0.03 0.236
Sex -0.10 <0.001 - NS -0.12 <0.001
Age (year) - NS 0.15 <0.001 - NS
MAP (mmHg) - NS 0.07 0.012 - NS
Triglycerides (mg/dL) -0.07 0.004 -0.08 0.002 - NS
HDL-C (mg/dL) -0.06 0.020 -0.09 0.001 - NS
Current smoking - NS 0.14 0.028 0.10 <0.001
n=1161 n=1,200 n=1155
SAT (per 10 cmd) 1.33 <0.001 0.54 0.060 -0.40 0.227
Sex -0.99 0.005 - NS - NS
Age (year) - NS 1.00 <0.001 - NS
HDL-C (mg/dL) -0.70 0.025 -0.93 0.005 -1.07 0.001
Current smoking (yes) - NS - NS - NS
n=1161 n=1,200 n=1155
VAT (per 10 cm®) 0.65 0.030 -0.26 0.432 -0.51 0.100
Sex - NS - NS -0.64 0.041
Age (year) - NS 1.07 <0.001 - NS
HDL-C (mg/dL) -0.82 0.007 -0.97 0.002 -1.13 <0.001
Current smoking (yes) - NS - NS 0.49 0.096

All models are adjusted for age, sex, current smoking status, income, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglycerides, fasting plasma glucose, and mean arterial pressure (MAP). Variables that are not significant in any model are
not included in the table. PA-aIMT = proximal ascending aortic intima-media thickness; PD-alMT = proximal descending aortic intima media

thickness; SAT = subcutaneous adipose tissue; VAT = visceral adipose tissue; WC = waist circumference; WHtR = waist-to-height ratio.

Sex (0 = male, 1 = female). B = standardized coefficient.

’(
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) = denotes repeated-measure (mixed models) analysis.
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