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ABSTRACT

Introduction: Ectopic fat deposition may contribute to chronic inflammation in people with
HIV (PWH). To provide information for future mechanistic studies of metabolic risk in this
population, we sought to determine which fat measures relate more strongly to inflammation and
whether the fat-inflammation relationship is modified by sex or HIV status.

Methods: We conducted a cross-sectional study of 105 PWH and 20 age- and sex-matched
HIV-negative controls. Interleukin-6 (IL-6) and high-sensitivity C reactive protein (hs-CRP)
levels were measured from plasma. Pericardial fat (PCF) and thoracic periaortic adipose tissue
(TAT) volumes and peri-right coronary artery (RCA), left atrium (LA) roof, and liver densities
were measured from cardiac CT scans. Unadjusted and multivariate adjusted linear regression
models were used to determine the relationship between ectopic fat measures and inflammation
biomarkers.

Results: Forty participants had BMI <25, 33 had BMI 25 to 30, and 52 had BMI > 30. Systolic
blood pressure and insulin resistance increased with BMI. Participants with higher BMI had a
higher CD4+ count. In models adjusted for demographics, HIV status, and metabolic risk factors,
BMI was positively associated with IL-6 and hs-CRP. Ectopic PCF and TAT volumes were posi-
tively associated with IL-6 and hs-CRP; however, these relationships were somewhat attenuated
in adjusted models. LA roof (but not peri-RCA) fat radiodensity was inversely associated with
hs-CRP in fully adjusted models, and the association with IL-6 was borderline statistically signifi-
cant (P=0.054). IL-6 was more strongly associated with BMI and LA roof density in women than
in men (P for interaction =0.05).

Conclusions: Among PWH receiving antiretroviral therapy, higher BMI and excessive ectopic fat
burden were associated with circulating markers of systemic inflammation. Because these mea-
sures appear to be more strongly related to inflammation among women than men, future clinical
studies of metabolic risk and inflammation among PWH should include sex-stratified analyses.

Keywords: HIV; body mass index; adipose tissue; inflammation; computed tomography

INTRODUCTION

With the advent of effective antiretroviral therapy (ART), people with HIV (PWH) are living
longer [1]. PWH can experience body fat changes, which can be related to age, duration of HIV
infection, and ART [2-7]. Body fat changes have also been associated with HIV-related systemic
inflammation and immune activation [8, 9]. Together with lifestyle behaviors (eg, physical activi-
ty, dietary intake), these factors influence body mass and systemic metabolism, which in turn may
impact cardiovascular health in PWH.

Being overweight and obese is highly prevalent among PWH worldwide and varies by sex [10, 11]
and geographic region [12]. Obesity is characterized by excessive ectopic fat deposition, which is
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related to cardiovascular disease [13, 14]. Obese PWH receiving ART have high levels of chronic
inflammation and immune activation despite viral suppression. Total body adiposity—and partic-
ularly the quantity and radiodensity of ectopic visceral fat deposition around the heart and in the
liver—may contribute to chronic inflammation in PWH [15, 16].

In this study, we examined the association of BMI and ectopic visceral fat burden with systemic
inflammation. We further explored whether these associations were different in PWH compared
to uninfected persons or in women compared to men.

METHODS

Participants

This analysis was conducted using the participants from the Boosting Health by Changing Activ-
ity (BOBCAT) study [17]. The BOBCAT study (NCT02553291) was a 6-month randomized clini-
cal trial conducted in Cleveland, Ohio that tested the effect of a 6-session, behavior change inter-
vention on physical activity and diet intervention among PWH. The study procedures and effects
of the intervention on physical activity and diet have been reported elsewhere [17], and in this
analysis we examined the baseline associations among BMI, computed tomography (CT)-derived
ectopic visceral fat burden and systemic inflammation among sedentary, adult PWH. The Uni-
versity Hospitals Cleveland Medical Center IRB approved the study, and all participants signed
written informed consent.

Of the 107 PWH enrolled in the BOBCAT study, 2 participants did not have a baseline CT

scan. Therefore, 105 participants were available for this analysis. All PWH were receiving stable
ART and had HIV-1 viral loads of <400 copies/mL for at least 1 year before enrollment. Twenty
HIV-negative comparators were recruited as part of a pilot sub-study. All study participants were
adults over 18 years of age with a Framingham 20-year CVD risk score >20% for females and
>30% for males. Clinical history was obtained by chart review, and a targeted physical exam was
performed to determine body anthropometrics, including body mass index (BMI), waist circum-
ference, and waist-to-hip ratio. A fasting serum blood draw was used to measure HbAlc, glucose,
and insulin. Insulin resistance was calculated using the homeostatic model assessment of insulin
resistance (HOMA-IR) equation [18]. Standard BMI categories were used: underweight or nor-
mal (BMI <25), overweight (BMI 25-30), and obese (BMI > 30).

Cardiac Computed Tomography

All participants underwent a gated non-contrast 64-slice multi-detector CT scan of the chest for
coronary artery calcium scoring. Three-millimeter slices were obtained from the carina to the
liver with prospective ECG gating at 60% of the R-R interval. Ectopic fat volumes were measured
offline on a dedicated workstation (Aquarius 3D Workstation, TeraRecon, San Mateo, CA), and
included pericardial fat (PCF) volume and thoracic periaortic adipose tissue (TAT) volume in
milliliters [19]. In addition, regional variation in the radiodensity of PCF was measured as the
mean Hounsfield unit (HU) of one 10 mm? region of interest in (A) the right AV groove at the
level of the proximal RCA (peri-RCA) and (B) the region above the left atrium (LA roof) [20].
Mean liver density was measured in HU as a continuous measure that closely reflects the degree
of fatty infiltration [21]. Three ROIs of 1cm?* were obtained in the parenchyma of the right lobe of
the liver, taking care to avoid vascular structures and hepatic cysts. The average of these 3 mea-
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surements was used for analysis. A liver density <40 HU was used as a clinically accepted mea-
sure of moderate to severe steatosis.

Biomarkers of Inflammation

Two circulating biomarkers of systemic inflammation were measured. Interleukin-6 (IL-6) was
measured by ELISA (Quantikine HS ELISA, R&D Systems) and high sensitivity C-reactive pro-
tein (hs-CRP) was measured by immunoturbidimetry (Beckman AU5800).

Statistics

Scatter plots and correlation were used to analyze the relationships between BMI, markers of
cardiometabolic risk, HIV status, and the markers of systemic inflammation IL-6 and hs-CRP.
Variables were examined for departures from normal distribution and log transformation was
performed when appropriate. Pearson correlations were used for normally distributed variables
and Spearman correlations for non-normally distributed variables. Unadjusted and multivar-

iate adjusted linear regression models were used to determine the relationship between the fat
measures and natural-log-transformed IL-6 and hs-CRP. These included an unadjusted model, a
model adjusting for age, sex, race, and HIV status, and a fully-adjusted model further adjusting
for current smoking, systolic blood pressure, and insulin resistance (HOMA-IR). The interactions
between BMI and HIV status and BMI and sex were explored with scatter plots and by adding
interaction terms to the fully adjusted models. Sex-interactions with ectopic fat measures were
then explored in a similar fashion. A P-value of <0.05 was considered statistically significant, and
a P-value between 0.05 and 0.10 was considered borderline statistically significant.

RESULTS

Characteristics of the study population are shown by HIV status and sex in Table 1. A Supplemen-
tal Table further characterizes the participant characteristics by BMI category. Overall, the mean
age was 52 years, 37% were female and 42% had BMI >30. Women had higher mean BMI (35 vs
27, women vs men; P<0.001), but lower waist-to-hip ratio (0.92 vs 0.96; P=0.007). Systolic blood
pressure (P=0.038) and HOMA-IR (P<0.001) increased across BMI categories, but there was

no statistically significant difference in HbAlc levels. PWH with higher BMI had higher CD4+
counts (P=0.010).

As expected, BMI positively correlated with PCF (r=0.531, P<0.001) and TAT (r=0.393,
P<0.001) and negatively with liver density (r=-0.293, P=0.001). Of the 2 novel measures of fat
radiodensity, only LA roof density was inversely correlated with BMI (r=-0.483, P<0.001), while
peri-RCA density was not (r=0.087, P=0.35).

Table 2 describes the correlation of inflammation markers and ectopic fat measures with markers
of cardiometabolic risk. Systolic BP and insulin resistance were the markers most consistently
correlated with inflammation and ectopic fat. IL-6 was positively correlated with markers of car-
diometabolic risk; however, correlations with hs-CRP were weaker and not statistically significant
(all P>0.05). Similarly, LA roof radiodensity was inversely correlated with SBP and HOMA-IR,
but peri-RCA radiodensity was not. Correlations between ectopic fat volumes (PCF and TAT)
and cardiometabolic risk were generally in the opposite direction of correlations between mea-
sures of fat density and cardiometabolic risk.
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Table 1. Participant Characteristics Stratified by HIV Status and Sex

HIV-positive HIV-negative
Men Women Men Women
N=67 N=38 N=12 N=8
Demographics
Age, years 53+7.7 52+6.8 52+7.0 46+5.4
Race, African American 58 (87%) 34 (89%) 11 (92%) 8 (100%)
Cardiometabolic Risk
SBP, mmHg 126+ 16 122+ 16 131+24 133+19
DBP, mmHg 80+9.7 8010 83+9.5 82+8.2
HbAlc, % 58+1.2 5.6+£0.54 59+1.3 6.3+1.3
HOMA-IR, units 33127 4.7+£3.7 3.0+£3.0 6.3+4.4
Total Cholesterol, mg/dL 166£36 192+37 165+ 35 176 £23
Triglycerides, mg/dL 13891 134+93 77+33 131+73
HDL mg/dL 53t16 59+20 54+15 49+10
Statin use 10 (15%) 9 (24%) 1 (8%) 0 (0%)
HIV status
CD4+ Count 599 (426-794) 662 (410-1082) n/a n/a
HIV-1 RNA <20 ¢/mL 54 (81%) 34 (89%) n/a n/a
Inflammation
IL-6, pg/mL 2.2(1.4-3.9) 2.9(1.9-4.4) 2.2 (1.7-2.5) 3.9 (2.5-4.3)
hs-CRP, mg/L 1.3 (0.6-3.5) 2.0 (0.9-6.3) 1.1 (0.7-3.1) 5.5(1.9-8.5)
Body size
BMI 27+5.6 34+9.7 29+49 38+7.8
Waist, cm 96+15 10920 100+ 16 117+11
Waist-to-Hip ratio 0.96+0.08 0.91+£0.08 0.94+0.09 0.93+0.07
Ectopic visceral fat
PCE, mL 84+44 87140 7330 92+25
TAT, mL 11+6.7 9.5+4.8 73+1.8 11+5.1
Peri-RCA, HU -106+22 -98+26 -88+23 -108+28
LA Roof, HU -67+23 -70+£24 -64+19 -72+£20
Liver, HU 61+6.4 60+6.7 61+7.4 58+6.0

Data presented as mean + standard deviation for continuous variables and n (%) for categorical variables.
Because of highly skewed distribution, CD4+, IL-6 and hs-CRP are presented as median (interquartile
range). SBP: systolic blood pressure, DBP: diastolic blood pressure, HbAlc: glycated hemoglobin, HO-
MA-IR: homeostatic model assessment of insulin resistance, HDL: high density lipoprotein, BMI: body
mass index, PCF: pericardial fat, TAT: thoracic periaortic adipose tissue, Peri-RCA: peri-right coronary
artery, LA Roof: left atrium roof.
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Table 2. Correlation of Inflammation Markers and Ectopic Fat Measures with Markers of Cardiometabolic Risk

SBP HbAIC HOMA-IR Total Cholesterol Triglycerides HDL Statin use
rho p rho p rho p rho p rho p rho p

IL-6 0.185 0.046 0.273 0.003 0.003 0.972 0.189 | 0.042 | -0.011 | 0.910 -0.098 0.296
hs-CRP 0.177 0.057 0.162 0.083 0.112 0.231 0.023 | 0.808 | -0.058 | 0.539 -0.087 0.351
PCF 0.192 0.042 0.220 0.020 0.047 0.623 0.170 | 0.074 | -0.221 | 0.019 0.081 0.398
TAT 0.208 0.028 0.278 0.003 0.084 0.380 0.161 0.091 | -0.196 [ 0.039 0.066 0.493

@_ -0.174 0.067 -0.043 0.656 -0.116 | 0.223 | 0.102 | 0.286 -0.159 0.093
Peri-RCA HU | -0.064 0.500 -0.028 0.771 0.025 0.792 -0.077 0.422 -0.027 | 0.776 | -0.029 | 0.763 0.201 0.034
Liver HU -0.004 0.964 -0.088 0.360 -0.258 0.006 0.180 0.059 -0.094 | 0.329 | 0.175 | 0.067 -0.042 0.660
Color coding Negative correlation 005 Positive correla- | Positive correla-

legend

at P<0.05
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Table 3. Association of BMI and Ectopic Fat Measures with Natural-Log-Transformed IL-6
and hs-CRP in Unadjusted and Adjusted Linear Regression Models

(A) Interleukin- 6
Unadjusted Adjusted for age, sex, race, HIV status Fully adjusted”
B 95%Cl Pvalue B 95%ClI Pvalue B 95%ClI Pvalue
BMI 0.029 0.016, 0.042 <0.001* 0.033 0.018, 0.048 <0.001* 0.031 0.013, 0.001*
0.048
PCF 0.004 0.001, 0.007 0.005* 0.004 0.001, 0.007 0.009* 0.003 -0.001, 0.111
0.006
TAT 0.020 -0.001, 0.040 0.054 0.018 -0.003, 0.038 0.086 0.005 -0.017, 0.641
0.028
LA Roof | -0.008 | -0.013,-0.002 0.004* -0.008 | -0.013,-0.003 0.003* -0.006 -0.011, 0.054
0.001
Peri -0.002 -0.007, 0.003 0.541 -0.001 -0.006, 0.004 0.561 -0.001 -0.006, 0.684
RCA 0.004
Liver -0.005 -0.023,0.013 0.579 -0.006 | -0.025,0.012 0.503 0.001 -0.019, 0913
HU 0.021
(B) Hs-CRP
Unadjusted Adjusted for age, sex, race, HIV Fully adjusted”
status
B 95%Cl Pvalue B 95%ClI Pvalue B 95%CI Pvalue
BMI 0.074 | 0.049,0.099 | <0.001* | 0.073 | 0044, | <0.001* | 0.075 | 0.041,0.110  <0.001*
0.103
PCF 0.007 0.002, 0.013 0.010* 0.007 0.002, 0.012* 0.006 -0.001, 0.071
0.013 0.012
TAT 0.055 0.017,0.093 0.005* 0.065 0.027, 0.001* 0.568 | 0.013,0.101 0.012*
0.104
LA Roof -0.017 -0.027,-0.008 | <0.001* -0.017 -0.027, 0.001* -0.014 -0.026, 0.013*
-0.007 -0.003
Peri 0.003 -0.007,0.123 0.533 0.002 -0.008, 0.663 0.003 -0.007, 0.552
RCA 0.012 0.013
Liver -0.013 -0.048, 0.022 0.469 -0.006 -0.043, 0.734 0.003 -0.036, 0.864
HU 0.030 0.043

PCEF: pericardial fat, TAT: thoracic periaortic adipose tissue, LA Roof: left atrium roof, Peri-RCA: peri-
right coronary artery # Fully adjusted model adjusts for age, sex, race, HIV status, insulin resistance (HO-
MA-IR), current smoking, and systolic blood pressure. * P<0.05
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Table 3 displays the association of BMI and ectopic fat measures with (A) natural-log-trans-
formed IL-6 and (B) natural-log-transformed hs-CRP values in unadjusted and adjusted linear re-
gression models. In fully adjusted models, BMI was associated with both IL-6 (P=0.001) and hs-
CRP (P<0.001). Scatter plots showed that BMI correlated with IL-6 (overall r=0.308, P<0.001)
and hs-CRP concentrations (overall r=0.389, P<0.001); however, the strength of this association
was significantly greater in women than in men (Figure 1A; for interaction in the fully adjusted
model P=0.047 for IL-6 and P=0.06 for hs-CRP). In contrast, there was no significant interaction
by HIV status (Figure 1B; P for interactions >0.3).
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Figure 1. Relationship of BMI with biomarkers of inflammation by (A) sex and (B) HIV status. IL-6, Inter-
leukin 6; hs-CRP, high sensitivity C reactive protein.

Ectopic PCF and TAT volumes were positively associated with both IL-6 and hs-CRP (Table 3);
however, adjustment for demographics and traditional risk factors somewhat attenuated these re-
lationships. Furthermore, LA roof fat radiodensity (but not peri-RCA radiodensity) was inversely
associated with hs-CRP in fully adjusted models and the association with IL-6 was borderline
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statistically significant (P=0.054). In analyses of the sex-interaction, the magnitude of the inverse
correlation between LA roof density and IL-6 and the positive correlation between PCF and IL-6
were stronger for women than for men (Figure 2A and 2B, interaction P=0.05 for both). Similar
interactions were observed for hs-CRP, but were statistically weaker (P=0.06 to 0.11). Sex interac-
tions with TAT and peri-RCA radiodensity for both markers of inflammation were not significant
(all P>0.1). Mean liver attenuation was not consistently associated with either IL-6 or hs-CRP

(Table 3;all P>0.4).
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Figure 2. Relationship of left atrial roof pericardial fat density with interleukin-6 by sex.

DISCUSSION
Our findings demonstrate that among PWH receiving ART, total body adiposity and measures of
ectopic fat volume and radiodensity are associated with circulating biomarkers of inflammation.
We confirm and extend previous findings from our group [15, 16] by adding a measure of liver
fat and regional assessment of PCF density in a new population of participants from a lifestyle
intervention trial. Specifically, we show that total and ectopic fat burden appears to correlate with
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inflammation independently of traditional risk factors, and that the association of PCF density
with inflammation may depend on the location of the measurement within the PCF fat depot.
Importantly, we found evidence that the fat-inflammation relationship is stronger for women than
men, but does not appear to differ by HIV status.

HIV infection and use of ART can lead to well-documented alterations in fat distribution and
metabolic abnormalities [22]. The extent to which these pathological changes in fat structure

and function are markers of or contribute in a causal way to chronic systemic inflammation and
immune activation is an area of active research. If a phenotype of adiposopathy (ie “sick fat”)

[23] can be identified among some with treated HIV infection using non-invasive imaging, then
targeting these patients with lifestyle interventions and metabolic therapies may reduce the levels
of chronic inflammation and immune activation that are thought to contribute to a wide range of
non-AIDS chronic comorbidities such as cardiovascular disease and cancer.

An intervention that targets PCF specifically may have a greater impact on coronary heart dis-
ease, since it has been reported that PCF harbors proinflammatory cytokines that may directly
influence the pathobiology of coronary atherosclerosis due to its close proximity and lack of
fascial separation between the fat and arterial wall [24, 25]. We have previously shown that the
PCEF density is inversely associated with systemic inflammation [16]; however, in that study we
measured global PCF density. The finding from this study that LA roof density is more strongly
associated with systemic inflammation than peri-RCA fat may reflect regional differences in the
association of PCF with the adiposopathy phenotype. This may represent differences in vascu-
larity between a peri-coronary location and the LA roof [26]. Recent histologic studies [27] have
confirmed that CT measured radiodensity of subcutaneous fat directly correlates with adiposity
size among PWH receiving ART. Therefore, because pericardial fat is enriched with brown adipo-
cytes that are smaller, more dense, and have high uncoupling protein-1 (UCP-1) expression [26],
the pro-inflammatory adiposopathy phenotype may be reflected in the LA roof depot as a loss
of UCP-1 activity, increased adipocyte size, and decreased PCF radiodensity. On the other hand,
in the peri-RCA location, the correlation of radiodensity with adiposopathy may be confounded

by local perivascular inflammation that increases radiodensity by increasing water content and
fibrosis [20, 28].

Although sex and HIV status clearly affect fat distribution and function, whether the relationship
between adiposity and inflammation differs by sex or HIV status is not clear [12, 29]. Many stud-
ies of PWH lack HIV-negative controls or sufficient numbers of female participants to evaluate
these interactions. This appears to be the first study of PWH to show that the fat-inflammation
relationship is stronger in women than in men. Our findings suggest that future observational
studies and clinical trials of fat and inflammation in PWH should intentionally enroll enough
women to allow for sex-stratified analyses. On the other hand, we did not find evidence that HIV
status modifies the relationship between total body adiposity and inflammation. Although our
study was nearly 40% female, the number of HIV-negative controls was small. Larger studies with
more HIV-negative controls may be necessary to determine whether the fat-inflammation link is
different in HIV-infected vs HIV-negative participants.

The other main limitation of this study is its cross-sectional nature, which may have resulted in
residual confounding and does not allow for determination of causality. Additionally, we lacked
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detailed information on current individual ART drugs and drug classes. Because a recent clinical
trial has suggested that differences in subcutaneous and visceral fat density change with different
ART regimens [27], future studies should examine whether these differences are modified by sex.
Finally, only a small proportion of participants met radiologic criteria for clinically significant
hepatic steatosis, which may have limited our ability to detect relationships between liver fat and
inflammation as has been reported by others [30].

CONCLUSIONS

Among PWH receiving ART, higher BMI and excessive visceral fat burden were associated with
circulating markers of systemic inflammation. Because these measures appear to be more strongly
related to inflammation among women than men, future clinical studies of metabolic risk and
inflammation among PWH should include sex-stratified analyses.
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SUPPLEMENTARY MATERIALS

Supplementary Table. Participant Characteristics Stratified by BMI

Data presented as mean * standard deviation for continuous variables and n (%) for categorical variables.
SBP: systolic blood pressure, DBP: diastolic blood pressure, HbAlc: glycated hemoglobin, HOMA-IR:
homeostatic model assessment of insulin resistance, HDL: high density lipoprotein, PCF: pericardial fat,
TAT: thoracic periaortic adipose tissue, Peri-RCA: peri-right coronary artery, LA Roof: left atrium roof.

*P<0.05

BMI<25  BMI25-30 BMI>30  Pvalue
n=40 n=33 n=>52 (trend)

Demographics
Age, years 54+7 518 51+7 0.065
Sex, male 32 (80%) 24 (73%) 23 (44%) <0.001*

. Race, African Amer- g (86%) 27 (82%) 48 (92%) 0.633

ican

Cardiometabolic risk
SBP, mmHg 122+ 14 124 £ 15 129 £ 20 0.038*
DBP, mmHg 80+ 11 80+ 10 819 0.368
HbAlc, % 57x1.1 57+12 59+£09 0.367
HOMA-IR, units 26122 3.0£2.1 55+38 <0.001*
Total Cholesterol, mg/

L 168 + 33 174 + 41 179 + 38 0.192
Triglycerides, mg/dL 140 £ 111 127 + 96 127 + 58 0.500
HDL mg/dL 57+19 54+ 14 53+ 17 0.275
Statin use

HIV status
HIV+ 38 (95%) 26 (79%) 41 (79%) 0.058
CD4+ Count 563 £ 277 661 + 335 809 £ 463 0.010*

Inflammation
IL-6, pg/mL 26+1.8 2.8+2.0 38+29 0.019*
hs-CRP, mg/L 1.8+ 1.8 3.7+£57 7.8 £20.1 0.009*

Body size
Waist, cm 839 989 117 £ 11 <0.001*
Waist-to-Hip ratio 0.91 £0.08 0.95 +0.07 0.96 = 0.09 0.002*

Ectopic visceral fat
PCE, mL 56 £ 23 79 £ 36 112 + 37 <0.001*
TAT, mL 6.9+33 9.3+52 134+64 <0.001*
Peri-RCA, HU -104 £ 23 -105 £ 23 -99 + 25 0.386
LA Roof, HU -57+19 -65 21 -79£22 <0.001*
Liver, HU 62+6 63+4 587 0.009*

WWW.PAIJOURNAL.COM


http://www.PaiJournal.com

PATHOGENS AND IMMUNITY - VOL 4, NO 1 179

FOOTNOTES
Submitted June 20, 2019 | Accepted July 29, 2019 | Published August 19, 2019

COPYRIGHT
Copyright © 2019 Pathogens and Immunity

This is an open-access article distributed under the terms of the Creative Commons Attribution
4.0 International License.

WWW.PAIJOURNAL.COM


http://www.PaiJournal.com

