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Background. Atherosclerotic cardiovascular disease (CVD) is a common cause of morbidity among people with human
immunodeficiency virus (PWH) who initiate antiretroviral therapy (ART). Little is known about the roles of inflammation in
atherosclerotic CVD among PWH.

Methods. This cross-sectional evaluation included 178 PWH between 40 and 70 years on stable (.3 months) ART who were
derived from the ongoing, prospective cohort for Comparative HIV and Aging Research in Taizhou (CHART), China, from
February 2017 to August 2018. Carotid intima-media thickness (cIMT) ≥1 mm was considered as cIMT thickening indicative
of atherosclerotic CVD. Plasma inflammation and coagulation biomarkers were quantified by a multiplex bead cytokine assay
for 27 cytokines and enzyme-linked immunosorbent assay (ELISA) for soluble CD14 and D-dimer, respectively. We performed
a series of multiparametric analyses of biomarkers and developed a composite score for atherosclerotic CVD assessment among
PWH.

Results. Of 178 PWH, 53 (30.9%) had cIMT thickening. In multivariable logistic analysis adjusting for CVD and human
immunodeficiency virus-specific risk factors, interleukin (IL)-4 (odds ratio [OR]= 19.0; 95% confidence interval [CI], 1.6–
226.5), IL-7 (OR= 16.7; 95% CI, 1.8–151.7), IL-10 (OR= 11.9; 95% CI, 2.0–72.1), and D-dimer (OR= 3.1; 95% CI, 1.0–10.1)
were significantly associated with cIMT thickening. We also developed a composite score incorporating markers (IL-7, IL-10,
D-dimer, and hypertension) that accurately evaluated atherosclerotic CVD.

Conclusions. The associations of IL-4, IL-7, IL-10, and D-dimer with atherosclerosis underscores research needs to further
understand the inflammatory mechanisms in the pathogenesis of atherosclerosis CVD among treated PWH. The composite
score for atherosclerotic CVD assessment could be useful for risk stratification in PWH.
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Combination antiretroviral therapy (cART) has dramatically
reduced human immunodeficiency virus (HIV)-related mor-
tality and morbidity among people with HIV (PWH), leading
to prolonged life expectancy approaching that of the general
population [1]. Growing evidence indicates that atherosclerotic
cardiovascular disease (CVD) is a major cause of premature
death in PWH [2]. Of note, there is an increase in incidental ca-
rotid plaque among PWH, and the presence and characteristics
of carotid plaque are associated with subsequent vascular

events [3]. Atherosclerotic CVD (ASCVD) in PWHmay be as-
sociated with traditional CVD risk factors [4, 5], but those fac-
tors alone could not explain the excessive CVD risks in PWH.
Human immunodeficiency virus infection even under viral

suppression has been characterized by chronic inflammation

and immune activation [4, 6], which may play a vital role in

the process of atherosclerosis in PWH on cART [7]. Elevated

levels of inflammatory cytokines such as interleukin (IL)-6,

C-reactive protein (CRP), D-dimer, monocyte chemoattractant

protein-1 (MCP-1), tumor necrosis factor (TNF)-α, soluble (s)

CD163, inducible protein-10 (IP10), and sCD14 are signifi-

cantly associated with atherosclerosis in some but not all stud-

ies with PWH [8–11]. The inconsistent findings across studies

may be due to differences in sample size, participant character-

istics, and adjustment for potential confounders as well as the

limited number of examined cytokines.
The number of aging PWH has been growing rapidly over

the past decade in China, and noncommunicable chronic dis-
eases are increasingly the main causes of death in
HIV-infected elders [12]. Our earlier study in Eastern China
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also reported that despite lower exposure to traditional risk fac-
tors of CVD, PWH on suppressive cART had a significantly
higher prevalence of subclinical atherosclerosis than their
HIV-negative counterparts [13]. They also presented charac-
teristic electrocardiographic abnormalities, especially sinus
tachycardia and ST/T alterations [14]. Nonetheless, the under-
lying mechanisms, especially the role of inflammation in the
link between HIV infection and ASCVD, have not been well
addressed. This is particularly relevant in the current era of
the “Treat for All” HIV control strategy in China. Therefore,
we proposed a study to examine the association between a con-
fluence of inflammation and coagulation biomarkers and ath-
erosclerosis among PWH on cART for at least 3 months.

METHODS

Study Design and Participants

Data for the present study were derived from the baseline sur-
vey of Comparative HIV and Aging Research in Taizhou
(CHART) study, China, which is an ongoing prospective co-
hort study of HIV and aging-related comorbidities among
PWH and HIV-negative individuals since February 2017.
Details about the CHART cohort have been described else-
where [13]. In brief, PWH in Taizhou prefecture of Zhejiang
province in Eastern China was recruited when they came to lo-
cal Centers for Disease Prevention and Control to receive rou-
tine follow-up clinical care. Community-based age- and
gender-matched HIV-negative controls were recruited from
the same areas. Enrolled participants received a comprehensive
baseline assessment including standardized questionnaire inter-
views, physical examinations, and biochemical tests using venous
blood. For the current analysis (using Proc SurveySelect in SAS
software), 178 PWH aged 40–70 years who were on stable
cART (.3 months) were included. In addition, 121
HIV-negative individuals during the present study period from
February 2017 to August 2018 were randomly selected from
the whole sample with available cIMT measurements. The study
was reviewed and approved by the Institutional Review Board of
Fudan University, Shanghai, China. The patient’s written con-
sent was obtained by all study participants.

Data Collection

All CHART study data were collected by trained study staff.
Baseline information on demographic characteristics, lifestyle
risk factors, and use of medications were obtained by a stan-
dardized structured questionnaire. Physical examinations of
waist circumference, hip circumference, height, weight, and
blood pressure (BP) were carried out after the questionnaire
had been completed. Seated BPmeasurements using an aneroid
sphygmomanometer after at least 5 minutes of quiet rest after
physical examinations were obtained by trained and certified
staff who followed a standard protocol, with the averages of 2

measurements. Levels of total cholesterol (TC), low-density li-
poprotein (LDL) cholesterol, and triglycerides (TG) were mea-
sured using standard laboratory methods. Regular exercise,
smoking, and alcohol use habit were self-reported and used
as covariable in the analysis. Regular exercise was 3 or more
times exercises every week. Heavy alcohol use was defined as
≥4 drinks on any day or 14 per week for men or ≥3 drinks
on any day or 7 per week for women. Body mass index
([BMI] calculated as weight in kilograms divided by height in
meters squared [kg/m2]) was categorized as ,18.5 (under-
weight), 18.5–23.9 (normal weight), and ≥24 (overweight/
obese). Waist/hip circumference and BP were the means of
the 2 routine measurements. The cutoff of the waist-to-hip ra-
tio (WHR) was 0.9 for men and 0.85 for women. We defined
hypertension as systolic BP ≥140 mm Hg or diastolic BP ≥90
mm Hg, or prior clinical diagnosis of hypertension [15].
Diabetes was defined as a prior clinical diagnosis of diabetes
or hemoglobin A1c ≥6.5%. Dyslipidemia was defined as TC
≥5.2 mmol/L or LDL cholesterol ≥3.4 mmol/L, or TG ≥1.7
mmol/L [16]. Framingham Risk Score (FRS) was calculated us-
ing the formula from the Framingham Heart Study [17]. We
categorized individuals based on 3 levels of CVD risk: low
(,10%), moderate (10%–20%), and high (.20%). Human
immunodeficiency virus-related variables were extracted
from the HIV/AIDS Comprehensive Response Information
Management System, including time of HIV diagnosis, base-
line, time-update CD4 cell counts, ART regimes, and time-
update HIV ribonucleic acid (RNA). The time-update CD4
cell and HIV ribonucleic acid were obtained within 3 months
of carotid intima-media thickness (cIMT) measurement.

Measurement of Carotid Intima-Media Thickness

Intima-media thickness of the left common carotid artery was
measured by trained sonographers using a high-resolution
B-mode ultrasound imager (LOGIQ P5 pro; GE,
Indianapolis, IN), by standard procedures. In briefly, an IMT
image was obtained on approximately 10 mm of the longitudi-
nal carotid length, which is free of plaque with an identified
double-line pattern. According to whether the cIMT was
≥1 mm or not, these individuals were divided into the cIMT
thickening group and the cIMT nonthickening group.

Measurement of Inflammation and Coagulation Markers

In subsets of participants who also participated in the CHART
study, venous blood was collected by KEDTA-anticoagulant
tube and centrifuged at 3000 rpm for 15 minutes, and the upper
plasma sample was stored at −80°C for detection of biomark-
ers. Inflammation biomarkers were measured in plasma sam-
ples using a multiplex assay. Multiplex bead array cytokine
assays (Bio-Plex Protrademark Human Cytokine 27-plex
Assay), obtained from Bio-Rad Laboratories (Veenendaal,
Netherlands), were used to quantify the following plasma
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biomarkers levels on the Luminex instrument: interleukin
family such as IL-1β, IL-1rα, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-9, IL-10, IL-12, IL-15, IL-17; interferon-γ (IFN-γ);
TNF-α; colony-stimulating factors (CSFs) such as granulocyte
colony-stimulating factor (G-CSF), granulocyte macrophage
colony-stimulating factor (GM-CSF); growth factors such as
fibroblast growth factor (basic FGF), platelet-derived growth
factor two B subunits (PDGF-bb), and vascular endothelial
growth factor (VEGF); chemokines such as MCP-1 (or
CCL2), macrophage inflammatory protein-1α ([MIP-1α] or
CCL3), and MIP-1β (or CCL4), regulated upon activation nor-
mal T-cell expressed, and presumably secreted (RANTES or
CCL5); IFN-γ IP10 (or CXCL10); and IL-8. Plasma sCD14
and D-dimer were detected using enzyme-linked immunosor-
bent assay (ELISA). Soluble CD14 was measured by sCD14
ELISA kit (Hycult Biotech,Wayne, PA). The coagulationmark-
er measured as D-dimer was measured by the human D-dimer
ELISA kit (ab196269; Abcam, Cambridge, MA). The assays
were performed according to the manufacturer’s guidelines.
The raw data were analyzed using the SpectraMax i3x plate
reader (Molecular Devices, San Jose, CA).

Statistical Analysis

Data were presented as mean+ standard deviation (SD) and
median with interquartile range for continuous variables or N
(%) for categorical variables. Natural logarithmic (ln) transfor-
mation was used to normalize the values of concentration of
plasma biomarkers. If the plasma biomarkers level was below
the level of detection, themidpoint between zero and the lowest
level of reliable detectionwas imputed (SupplementaryTable 1).
Mean differences in concentration of inflammation and coagu-
lation makers stratified by cIMT thickening were evaluated us-
ing a t test. Univariable andmultivariable logistic regressionwas
used to evaluate the associations of inflammation and coagula-
tion makers with cIMT thickening. Multivariable logistic mod-
els were sequentially adjusted for the following: age (as
continuous), gender, BMI, WHR, hypertension, diabetes,
smoking status, drinking status (Model 2); and baseline CD4
cell count, duration of HIV diagnosis (Model 3). Profiles of cor-
relations between biomarkers were examined using network
analysis of the Spearman correlation matrices. To account for
multiple comparisons, an alpha of 0.05/[29× (29− 1)/2+ 1],
which was 0.0001, was used as significant. In such analyses, bio-
markers that exhibited high correlation profiles (correlation co-
efficient .0.6) were marked. A composite score was created
using the variables including IL-7, IL-10, D-dimer, and hyper-
tension, which were statistically different between cIMT thick-
ening and non-cIMT thickening after P value adjustment
(threshold, .05) (Table 3 and Supplementary Table 2). A score
of 1 (+1) was attributed whenever IL-7, IL-10, or D-dimer val-
ues were above the 80th percentile and could be diagnosed as
hypertension. This composite score could then range between

0 and 4. The score obtained were compared using univariable
and multivariable logistic regression. Receiver operator charac-
teristics (ROC) curves were used to test the performance of the
composite score to distinguish cIMT thickening cases from
nonthickening individuals. To confirm the specific biomarkers
in PWH, multivariable Pearson correlation analyses were used
to evaluate the associations of inflammation and coagulation
makers with continuous cIMT in both PWH and HIV-negative
individuals (Supplementary Table 3). The differences in demo-
graphics, comorbidity, health-related behaviors, and biomarkers
were described in SupplementaryTables 4 and 5. Sensitivity anal-
ysis was done to assess the robustness of the results by defining
the cIMT cutoff point to more than 0.9 mm (Supplementary
Tables 6 and 7) and treating cIMT as a continuous variable
(Supplementary Table 8), respectively. Prespecified subgroup
analyses were conducted based on gender, current CD4 count
(cutoff value is 350 cells/μL), and HIV viral load (cutoff value is
200 copies/mL) in secondary analyses. SAS 9.4 software (SAS
Institute, Cary, NC) was used for statistical analyses. The ROC
curves were used to test the performance of the FRS and integra-
tion of each single biomarker to distinguish cIMT thickening cas-
es from nonthickening individuals in PWH. A 2-sided P , .05
was used as the threshold for statistical significance.

RESULTS

Participant Characteristics

In total, 178 PWH were included in the analysis. Among them,
82.6% were male, 29.8% of whom had cIMT thickening (cIMT
≥1 mm). For HIV-specific characteristics, 81.8% of PWH had
current HIV viral suppression, 42.7% had baseline CD4 count
≤200 cells/μL, 13.1% had current CD4 count ≤200 cells/μL,
57.9%were diagnosedwithHIV infection formore than 3 years,
and 51.1% had received cART for at least 3 years. People with
HIV with cIMT thickening were more likely to be older, with
higher proportions of hypertension and CVD risks than those
without cIMT thickening (Table 1).

Inflammation and Coagulation Biomarkers by Carotid Intima-Media
Thickness Thickening

As shown in Table 2, compared with PWH without cIMT
thickening, those with cIMT thickening had significantly high-
er median levels of IL-4 (mean+ SD: 0.74+ 0.18 vs 0.67+
0.17, ln pg/mL; P= .017), IL-7 (mean+ SD: 1.49+ 0.21 vs
1.41+ 0.17, ln pg/mL; P= .004), IL-10 (mean+ SD: 1.03+
0.25 vs 0.93+ 0.24, ln pg/mL; P= .014), and D-dimer
(mean+ SD: 2.20+ 0.38 vs 2.05+ 0.35, ln pg/mL; P= .032).

Associations of Inflammation and Coagulation Maker Levels With Carotid
Intima-Media Thickness Thickening

In unadjusted logistic regression analysis, higher levels of plasma
IL-4 (odds ratio [OR]= 11.5; 95% confidence interval [CI],
1.2–114.2), IL-7 (OR= 20.2; 95% CI, 2.4–168.9), IL-10
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(OR= 9.0; 95%CI, 1.7–47.4), IFN-γ (OR= 6.1; 95%CI, 1.3–28.1),
and GM-CSF3 (OR= 3.3; 95% CI, 1.1–10.5) were significantly as-
sociatedwith cIMT thickening. After further adjusting for age, sex,
BMI, WHR, hypertension, diabetes, smoking status, drinking sta-
tus, baseline CD4+ T-cell count, duration of HIV diagnosis
(Model 2 and 3, Table 3), the associations of IL-4, IL-7, and
IL-10 with cIMT thickening remained significant. Furthermore,

D-dimer appeared positively associated with cIMT thickening in
multivariate models (Model 2 and 3, Table 3). In sensitivity anal-
ysis defining the cIMT cutoff point of 0.9 mm for subclinical ath-
erosclerosis or treating cIMT as a continuous variable, similar
findings were observed (Supplementary Tables 6–8).

Composite Score of Inflammatory Markers to Evaluate Carotid
Intima-Media Thickness Thickening

An exploratory analysis using networks from correlationmatri-
ces highlighted strongly positive interrelationships among IL-4,
IL-7, and IL-10 (Figure 1A) . We then constructed an

Table 1. Characteristics of PWH

Characteristics
cIMT Thickening

(N=53)

Non-cIMT
Thickening
(N=125)

P
Value*

Demographics

Male sex 48 (90.6) 99 (79.2) .068

Age, years ,.001

40–49 6 (11.3) 70 (56.0)

50–59 22 (41.5) 35 (28.0)

60–70 25 (47.2) 20 (16.0)

Mean (SD) 59.0 (7.4) 50.8 (7.7) ,.001

Traditional CVD Risk Factors

Current smoker 13 (24.5) 40 (32.0) .319

Heavy alcohol use 7 (13.2) 15 (12.0) .823

Regular exercise 18 (34.0) 41 (32.8) .880

BMI Category, kg/m2 .688

,18.5 3 (5.7) 7 (5.6)

18.5 to ,24 40 (75.5) 87 (69.6)

≥24 10 (18.9) 31 (24.8)

Mean (SD) 22.4 (2.6) 22.2 (3.2) .996

Diabetes 7 (13.2) 15 (12.0) .823

Hypertension 24 (45.3) 28 (22.4) .002

Obese WHR 32 (60.4) 56 (44.8) .057

Dyslipidemia 42 (79.3) 82 (65.6) .070

Framingham Risk Score, % ,.001

,10 9 (17.0) 57 (45.6)

10–20 22 (41.5) 44 (35.2)

.20 22 (41.5) 24 (19.2)

Median (IQR) 18.3 (14.0–24.6) 11.1 (5.5–18.4) .004

HIV-Specific Characteristics

Time since HIV diagnosis
≥3 years

32 (60.4) 71 (56.8) .659

Baseline CD4 count
,200, cells/μL

25 (47.2) 51 (40.8) .432

Current CD4 count ,200,
cells/μL

9 (17.3) 14 (11.4) .289

Current HIV RNA, copies/
mLa

.196

≤50 34 (75.6) 92 (84.4)

.50 11 (24.4) 17 (15.6)

On cART ≥3 years 29 (54.7) 62 (49.6) .532

ART Regimen

Ever AZT use 35 (66) 85 (68) .798

Ever D4T use 4 (7.6) 14 (11.2) .460

Abbreviations: ART, antiretroviral therapy; AZT, zidovudine; BMI, body mass index; cART,
combination ART; cIMT, carotid intima-media thickness; CVD, cardiovascular disease;
D4T, stavudine; HIV, human immunodeficiency virus; IQR, interquartile range; PWH,
people with HIV; RNA, ribonucleic acid; SD, standard deviation; WHR, waist-to-hip
circumference ratio.

NOTE: Data are presented as No. (%) or median (IQR).
aTwenty-four PWH were not measured for HIV RNA. *P values were calculated by using t
test or wilcoxon test for continuous variables and χ2 test for categorical variables.

Table 2. Inflammation and Coagulation Biomarkers by cIMT Thickening
Among PWHa

Biomarkers
cIMT Thickening

(N= 53)
Non-cIMT Thickening

(N=125) P Value*

Inflammation

IL-1β 0.42 (0.39) 0.41 (0.40) .969

IL-1rα 2.56 (0.39) 2.64 (0.47) .293

IL-2 0.93 (0.21) 0.88 (0.20) .148

IL-4 0.74 (0.18) 0.67 (0.17) .017

IL-5 1.43 (0.25) 1.38 (0.25) .212

IL-6 0.42 (0.29) 0.37 (0.35) .438

IL-7 1.49 (0.21) 1.41 (0.17) .004

IL-9 2.02 (0.18) 2.01 (0.12) .919

IL-10 1.03 (0.25) 0.93 (0.24) .014

IL-12 0.88 (0.35) 0.78 (0.38) .114

IL-13 0.97 (0.34) 0.87 (0.32) .078

IL-15 2.23 (0.21) 2.2 (0.24) .345

IL-17 1.34 (0.19) 1.28 (0.18) .066

IFN-γ 0.95 (0.23) 0.88 (0.25) .081

TNF-α 1.56 (0.14) 1.53 (0.15) .148

G-CSF 2.70 (0.30) 2.65 (0.30) .157

GM-CSF3 0.69 (0.33) 0.61 (0.33) .323

Chemoattractant

MCP-1 1.57 (0.26) 1.51 (0.26) .166

MIP-1α 0.45 (0.18) 0.44 (0.15) .570

MIP-1β 2.02 (0.16) 2.05 (0.14) .226

RANTES 6.84 (2.78) 7.02 (2.94) .703

IP10 3.11 (0.24) 3.10 (0.22) .674

Eotaxin 2.11 (0.16) 2.09 (0.14) .252

IL-8 1.28 (0.37) 1.33 (0.51) .441

Growth Factor

FGF-basic 1.55 (0.15) 1.55 (0.13) .964

PDGF-bb 3.28 (0.50) 3.31 (0.52) .662

VEGF 2.45 (0.19) 2.42 (0.24) .518

Others

sCD14 0.46 (0.23) 0.44 (0.25) .670

Coagulation

D-dimer 2.20 (0.38) 2.05 (0.35) .009

Abbreviations: cIMT, carotid intima-media thickness; FGF, fibroblast growth factor; G-CSF,
granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage
colony-stimulating factor; IFN, interferon; IL, interleukin; IMT, intima-media thickness;
MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein;
PDGF-bb, platelet-derived growth factor, two B subunits; PWH, people with HIV; sCD14,
soluble CD14; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
aThe concentration of markers were natural logarithmic transformation; unit of sCD14, µg/
mL; units of other markers, pg/mL. *P values were calculated by using t test.
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inflammatory score composed of clinical and laboratory meters
for the prediction of cIMT thickening. We included variables
significantly associated with cIMT thickening after adjustment
for multiple variables (Table 3 and Supplementary Table 2), in-
cluding IL-7, IL-10, D-dimer, and hypertension (Figure 1B).
The ROC curves confirmed that the composite score plus age

had the potential to identify cIMT thickening cases in this study
(area under the curve [AUC], 0.833; 95% CI, 0.768–0.899)
(Figure 1C). When scored into low (score= 0), moderate
(score= 1), and high-risk (score, 2–4) groups, the rate of
cIMT thickening was 12.2%, 34.3%, and 56.8%, respectively.
Compared with the low-risk group as a reference, the OR
(95% CI) for cIMT thickening was 4.8 (95% CI, 1.7–13.7) for
those in the moderate-risk group and 11.3 (95% CI, 3.5–36.5)
for those in the high-risk group (Figure 1D, Model 3).

Sensitivity and Explanatory Analyses

In the Supplementary Analysis, inflammation and coagulation
biomarkers were categorized into quartiles: the first quartile
of biomarkers was used as a reference. Multivariable logistic
regression was adjusted for age, gender, BMI, WHR, hyperten-
sion, diabetes, smoking status, drinking status, baseline CD4+

T-cell count, and duration of HIV diagnosis to determine
whether each level of biomarkers quartiles was independently
associated with cIMT thickening. High levels of IL-7, IL-10,
G-CSF, MCP-1, and VEGF were associated with cIMT thicken-
ing among PWH (Supplementary Table 9). In addition, high
levels of IL-4, IL-7, MCP-1, and D-dimer were associated with
continuous cIMT inmultivariable Pearson correlation analysis.
Moreover, specified subgroup analyses between biomarkers and
cIMT thickeningwere conducted based on gender, current CD4
count (cutoff value is 350 cells/μL), and HIV viral load (cutoff
value is 200 copies/mL). In males, high levels of IL-4, IL-7,
and IL-10 were significantly associated with cIMT thickening
after adjusting for age, BMI, WHR, hypertension, diabetes,
smoking status, drinking status, baseline CD4+ T-cell count,
and duration ofHIVdiagnosis.Most parameters were not avail-
able due to the relatively small number of females in the study
(Supplementary Table 10). In PWH with CD4 .350 cells/μL,
a high level of IL-7 was significantly associated with cIMT thick-
ening in multivariate logistic regression analyses. In PWHwith
CD4 ≤350 cells/μL, no statistical correlation was observed be-
tween biomarkers and cIMT thickening (Supplementary
Table 11). Among individuals with andwithout currentHIV vi-
ral load ,200 copies/mL, high levels of IL-4, IL-7, and IL-10
were significantly associated with cIMT thickening in multivar-
iate regression analyses (Supplementary Table 12). In the ROC
curves used to test the performance of the FRS and integration
of each single biomarker, all AUC values of the models were
lower than 0.75, which indicated that the composite score had
better evaluation ability for atherosclerotic CVD in PWH com-
pared with the traditional CVD risk model (Supplementary
Table 13, Supplementary Figure 1).

DISCUSSION

In this study, we assessed the relationship between inflamma-
tion and coagulation biomarkers and carotid atherosclerosis

Table 3. Univariate and Multivariate Logistic Regression Analyses of
Inflammation and Coagulation Biomarkers With cIMT Thickening Among
PWHa

Biomarkers
Model 1 Model 2 Model 3

aOR (95% CI) aOR (95% CI) aOR (95% CI)

Inflammation

IL-1β 1.0 (.4–2.6) 0.6 (.2–1.7) 0.6 (.2–1.9)

IL-1rα 0.8 (.4–1.9) 0.7 (.3–1.8) 0.7 (.3–1.7)

IL-2 5.1 (.8–34.9) 4.3 (.6–32.3) 4.1 (.5–31.8)

IL-4 11.5 (1.2–114.2)* 19.3 (1.6–233.1)* 19.0 (1.6–226.5)*

IL-5 5.1 (1.0–25.8)* 5.5 (1.0–30.9) 5.4 (.9–30.8)

IL-6 2.3 (.7–7.2) 2.0 (.6–7.2) 2.1 (.6–7.6)

IL-7 20.2 (2.4–168.9)** 17.8 (2.0–161.4)** 16.7 (1.8–151.7)**

IL-9 4.4 (.3–57.4) 2.0 (.1–33.8) 1.9 (.1–31.1)

IL-10 9.0 (1.7–47.4)** 11.9 (2.0–69.4)** 11.9 (2.0–72.1)**

IL-12 2.8 (.9–8.4) 2.4 (.7–8.2) 2.6 (.8–9.0)

IL-13 2.5 (.8–7.7) 2.0 (.6–6.7) 2.1 (.6–7.4)

IL-15 3.9 (.7–21.2) 3.3 (.5–20.8) 3.3 (.5–21.2)

IL-17 7.2 (.9–55.7) 7.2 (.9–59) 7.4 (.9–62)

IFN-γ 6.1 (1.3–28.1)* 4.8 (1.0–24.6) 5.2 (1.0–27.2)

TNF-α 6.8 (.4–106.7) 6.2 (.4–108.8) 6.8 (.4–123.6)

G-CSF 2.4 (.6–9.1) 2.6 (.6–10.7) 2.7 (.7–11.1)

GM-CSF3 3.3 (1.1–10.5)* 2.1 (.6–7.8) 2.2 (.6–8.0)

Chemoattractant

MCP-1 2.1 (.5–8.5) 3.6 (.7–17.4) 3.5 (.7–17.2)

MIP-1α 0.5 (.1–5.6) 0.5 (.1–5.2) 0.4 (.1–4.3)

MIP-1β 0.8 (.1–8.9) 0.4 (.1–6.0) 0.4 (.1–5.5)

RANTES 0.9 (.8–1.1) 0.9 (.8–1.1) 0.9 (.8–1.1)

IP10 1.1 (.2–5.6) 1.6 (.3–10) 1.3 (.2–8.4)

Eotaxin 1.4 (.1–17.5) 2.1 (.1–33.3) 2.2 (.1–36.3)

IL-8 0.8 (.4–1.9) 0.7 (.3–1.7) 0.7 (.3–1.6)

Growth Factor

FGF-basic 1.8 (.1–28.0) 1.2 (.1–23.2) 1.4 (.1–28.8)

PDGF-bb 1.1 (.5–2.4) 1.0 (.5–2.4) 1.0 (.4–2.3)

VEGF 3.6 (.6–21.5) 3.6 (.5–25.2) 4.0 (.5–29.3)

Others

sCD14 1.2 (.3–5.6) 0.8 (.2–4.4) 0.9 (.2–4.7)

Coagulation

D-dimer 2.0 (.7–5.6) 3.2 (1.0–10.1)* 3.1 (1.0–10.1)*

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; FGF, fibroblast growth
factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage
colony-stimulating factor; IFN, interferon; IL, interleukin; IMT, intima-media thickness;
IP10, inducible protein-10; MCP, monocyte chemoattractant protein; MIP, macrophage
inflammatory protein; OR, odds ratio; PDGF-bb, platelet-derived growth factor, two B
subunits; PWH, people with HIV; sCD14, soluble CD14; TNF, tumor necrosis factor;
VEGF, vascular endothelial growth factor.
aThe concentration of biomarkers was natural logarithmic transformation; unit of sCD14, µg/
mL; units of other markers, pg/mL. Model 1, ORwas adjusted for age and gender; Model 2,
OR was adjusted for body mass index, waist-to-hip circumference ratio, hypertension,
diabetes, smoking status, drinking status, and other variables listed in Model 1; Model 3,
OR was adjusted for baseline CD4+ T-cell count, duration of HIV diagnosis, and other
variables listed in Model 2.

*P, .05.

**P, .01.

Inflammatory Biomarkers in cIMT of PWH • OFID • 5

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac208#supplementary-data


among PWHon cART. Our primary results showed that elevat-
ed levels of IL-4, IL-7, IL-10, and D-dimer were significantly as-
sociated with the presence of cIMT thickening even after
adjusting for traditional CVD risk factors. In addition, we
have reported that a combination of markers, including IL-7,
IL-10, D-dimer, hypertension, and age, could accurately evalu-
ate atherosclerosis among treated PWH.

We also investigated the inflammation and coagulation pro-
file of PWH and found statistically significant differences in bi-
omarker concentrations compared with those who were not
infected with HIV (Supplementary Table 3). We hypothesize
that the HIV triggered immune responses, which resulted in
a strong T helper (Th)1/Th2 disturbance that would lead to a
distinctive biomarker signature and may have different path-
ways that promote immune activation [18–20].

It is notable that we found a significantly higher IL-7 level in
PWH with cIMT thickening. Such association was first report-
ed in PWH but has been observed in the general population
[21]. Bullenkamp et al’s [22] in vitro studies from patients
with acute coronary syndromes have provided compelling evi-
dence supporting the role of IL-7 in the expansion and

dysregulation of cytotoxic CD4+CD28null T cells in acute cor-
onary disease. Previous studies reported that the activation of
the persistence of IL-7 contributes to the adhesion/migration
of chemoattractant and aggregation of monocyte/macrophage,
thus promoting the expression of VEGF level via inflammatory
reaction [23, 24]. Our results also first demonstrated a signifi-
cant association between IL-4 and cIMT thickening. There
was a strong correlation between IL-7 and IL-4 (r= 0.77,
P, .0001). Among treated PWH, host factors such as
IL-7, IL-4, and immune activation enhanced CDl27 expression
[25, 26], the role and regulatory mechanism of which in
HIV-related atherosclerosis remain to be further elucidated.
Studies in treated HIV infection have reported that circulat-

ing IL-7 is strongly associated with CD4 cell depletion [27, 28].
However, we did not observe a significant difference in IL-7
plasma levels between PWH with and without baseline or cur-
rent CD4 cell depletion (data not shown), which was possibly
due to the small sample size of CD4 cell depletion. Some re-
search highlights the potential value of IL-7 and its receptor
for intervention and immunization reconstruction in HIV in-
fection by promoting the proliferation of T cells such as CD4

Figure 1. A composite score of markers to predict carotid intima-media thickness (cIMT) thickening. (A) Pearson correlation of inflammation and coagulation biomarkers
among people with human immunodeficiency virus (PWH). Blackline denotes correlation coefficient.0.6 and P, .0001. (B) A composite score was created using the var-
iables shown to be statistically different in the cIMT thickening group compared with the other groups (interleukin [IL]-7, IL-10, D-dimer, and hypertension). (C) Receiver
operator characteristic (ROC) curves were used to test the performance of the composite score and age to distinguish the cIMT thickening group from the other group.
(D) Composite marker risk score for the association of cIMT thickening among PWH (define low risk group [score= 0] as a reference,). AUC, area under the curve; BMI,
body mass index; CI, confidence interval; GM-CSF, granulocyte macrophage colony-stimulating factor; HIV, human immunodeficiency virus; IFN, interferon; max, maximum;
min, minimum; OR, odds ratio; MIP, macrophage inflammatory protein; PDGF-bb, platelet-derived growth factor, two B subunits; VEGF, vascular endothelial growth factor;
WHR, waist-to-hip circumference ratio.
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and CD8 cells [29, 30]. Considering the positive correlation be-
tween IL-7 and atherosclerosis in our study, whether IL-7 could
be used as a clinical adjuvant remains to be explored.

Higher IL-10 level was positively associated with cIMT thick-
ening, which was observed at a higher level in PWH compared
with those among HIV-negative individuals (Supplement
Table 3). In their previous study [31], Elizabeth Gori et al indi-
cated that the presence of secondary or opportunistic infections
contributes to higher levels of IL-10. However, the major roles
of IL-10 in the pathogenesis of atherosclerosis include inhibi-
tion of macrophage activation, inhibition of matrix metallopro-
teinase, proinflammatory cytokines, and cyclooxygenase-2
expression in lipid-loaded and activated macrophage foam cells
[32]. Nonetheless, there was no existing literature reporting the
association of IL-10 with cIMT in PWH. Moraitis et al [33] re-
ported elevated levels of IL-10 as a cause of dyslipidemia and
high-density lipoprotein cholesterol deficiency in HIV-infected
individuals, which may contribute to the pathogenesis of
ASCVD. More importantly, IL-10 was positively associated
with ASCVD in PWH, irrespective of the negative relationship
between IL-10 and ASCVD among HIV-negative individuals.
The conflicting results in PWH and HIV-negative individuals
are also likely due to the release of immunosuppressive anti-
inflammatory cytokines resulting from the activation of the in-
nate and acquired immune system [34].

It is well known, among HIV-negative individuals, that
ASCVD is orchestrated through the induction of a Th1 cyto-
kine profile such as IL-17 or TNF-α [35]. Because HIV infec-
tion is characterized by the depletion of CD4+ T cells and
several changes in the humoral immune response, the immune
regulation mechanism on ASCVD in PWH might be distinct
from that of HIV-negative individuals. It is noteworthy that
the different phenomenon between PWH and HIV-negative
individuals was also confirmed in our study, which showed
that IL-4 and IL-10 were positively associated with cIMT,
whereas in the HIV-negative population, these biomarkers
were negatively associated with cIMT (Supplementary
Table 4), further supporting the hypothesis that disease
progression is mainly orchestrated through the balance be-
tween Th1 and Th2 subtypes or a mixed cytokine profile in
PWH [36].

Consistent with the SMART study [37], our data reinforced
that the increased concentration of D-dimer was associated
with atherosclerosis in HIV infection [38, 39]. Tissue factor ac-
tivation is another mechanism to alter coagulation pathways in
HIV infection [40]. Elevation of D-dimer may reflect a pro-
thrombotic state that increases susceptibility to a major throm-
botic event when there are additional underlying risk factors
[41]. There is also evidence that high D-dimer levels reflect
an inflammatory state in the LIPID study: D-dimer correlated
with levels of high-sensitivity (hs)CRP and remained a highly
significant predictor even after adjustment for hsCRP [42].

Its involvement in HIV-related inflammation associated with
atherosclerosis requires further clarification.
More importantly, we proposed a score composed of 3 blood

biomarkers and 1 clinical parameter plus age, which showed
great power for the evaluation of atherosclerosis CVD. Thus,
this composite score could be useful for risk stratification of
atherosclerosis CVD in treated PWH. Furthermore, the com-
posite score had better evaluation ability for atherosclerotic
CVD in PWH compared with the traditional CVD risk model
(Supplementary Table 13, Supplementary Figure 1). Of note,
TNF-α, IL-1β, and IL-6, which are classically implicated in
the pathophysiology of atherosclerosis, were not included in
the composite score due to a lack of significant associations
with cIMT thickening in the present study. Whether TNF-α,
IL-1β, and IL-6 are implicated in the pathophysiology of ath-
erosclerosis in PWH still needs to be confirmed by randomized
controlled trials.
Several limitations should be noted. First, the time-varying

changes in biomarkers and cIMT were not considered in this
study. This was limited by the cross-sectional structure of our
data. In addition, the constructed model was not tested using
a validation cohort, which needs to be addressed in future lon-
gitudinal studies. Second, the sample size for the present study
was relatively small while a total of 29 plasma biomarkers were
examined simultaneously. Given the complexity of cytokine
networks during HIV infection, studies with larger sample sizes
are warranted.

CONCLUSIONS

In summary, plasma levels of IL-4, IL-7, IL-10, and D-dimer are
indicative of atherosclerosis among treated PWH. The compos-
ite score with the integration of certain plasma inflammatory
biomarkers such as IL-7, IL-10, D-dimer, and hypertension
could accurately differentiate treated PWH with or without
atherosclerosis CVD, which is useful for HIV care and
management.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases

online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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