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Immune activation and chronic inflammation
Is there an additional effect of HIV in a geriatric population?
Delphine Sauce, PhDa, Valérie Pourcher, MD, PhDb, Tristan Ferry, MD, PhDc, Jacques Boddaert, MD, PhDd,
Laurence Slama, MDe, Clotilde Allavena, MDf,∗

Abstract
HIV infection has become a chronic disease, with a lower mortality, but a consequent increase in age-related noninfectious
comorbidities. Metabolic disorders have been linked to the effect of cART as well to the effects of immune activation and chronic
inflammation. Whereas it is known that aging is intrinsically associated with hyperinflammation and immune system deterioration, the
relative impact of chronic HIV infection on such inflammatory and immune activation has not yet been studied focusing on an elderly
HIV-infected population.
The objectives of the study were to assess 29 blood markers of immune activation and inflammation using an ultrasensitive

technique, in HIV-infected patients aged≥75years with no or 1 comorbidity (among hypertension, renal disease, neoplasia, diabetes
mellitus, cardiovascular disease, stroke, dyslipidemia, and osteoporosis), in comparison with age-adjusted HIV-uninfected
individuals to identify whether biomarkers were associated with comorbidities. Wilcoxon nonparametric tests were used to compare
the levels of each marker between control and HIV groups; logistic regression to identify biomarkers associated to comorbidity in the
HIV group and principal component analysis (PCA) to determine clusters associated with a group or a specific comorbidity.
A total of 111 HIV-infected subjects were included from the Dat’AIDS cohort and compared to 63 HIV-uninfected controls. In the

HIV-infected group, 4 biomarkers were associated with the risk of developing a comorbidity: monocyte chemoattractant protein-1
(MCP-1), neurofilament light chain (NF-L), neopterin, and soluble CD14. Six biomarkers (interleukin [IL]-1B, IL-7, IL-18, neopterin,
sCD14, and fatty acid-binding protein) were significantly higher in the HIV-infected group compared to the control group, 11
biomarkers (myeloperoxydase, interleukin-1 receptor antagonist, tumor necrosis factor receptor 1, interferon-gamma,MCP-1, tumor
necrosis factor receptor 2, IL-22, ultra sensitivity C-reactive protein, fibrinogen, IL-6, and NF-L) were lower. Despite those differences,
PCA to determine clusters associated with a group or a specific comorbidity did not reveal clustering nor between healthy control and
HIV-infected patients neither between the presence of comorbidity within HIV-infected group.
In this highly selected geriatric HIV population, HIV infection does not seem to have an additional impact on age-related

inflammation and immune disorder. Close monitoring could have led to optimize prevention and treatment of comorbidities, and have
limited both immune activation and inflammation in the aging HIV population.

Abbreviations: CART = combined antiretroviral treatment, CNIL = French national commission on informatics and liberty, HIV =
human immunodeficiency virus, iFABP= intestinal-type fatty acid-binding protein, IFN-g= interferon-gamma, IL= interleukin, IL-1RA
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= interleukin-1 receptor antagonist, IP-10 = interferon-inducible protein 10, LAP = latency associated peptide, MCP-1 =monocyte
chemoattractant protein-1, MDRD=modification of diet in renal disease, MPO=myeloperoxydase, NF-L= neurofilament light chain,
PCA = principal component analysis, SAA = serum amyloid A, sCD14 = soluble CD14, TGF = tumor growth factor, TNFR1 = tumor
necrosis factor receptor 1, TNFR2 = tumor necrosis factor receptor 2, TNF-a = tumor necrosis factor-alpha, usCRP = ultra-
sensitivity C-reactive protein.

Keywords: comorbidities, geriatric population, HIV population, immune activation, inflammation

1. Introduction

Since the availability of potent and well tolerated combined
antiretroviral treatment (cART), HIV infection has become a
chronic disease, with a lower mortality, but a consequent increase
in age-related noninfectious comorbidities. HIV-infected patients
experience accentuated aging and multiple morbidities, but are
most often disconnected from geriatric care. Several studies
confirmed the highest prevalence of comorbidities in the HIV-
infected aging population compared to the general population.[1–
5] Metabolic disorders have been linked to a prolonged
exposition to first generation of cART as well as to the effects
of immune activation and chronic inflammation. In the geriatric
population where aging is per se associated with hyperinflam-
mation and immune impairment,[6] the relative burden of HIV
infection on inflammatory and immune disorders has not been
studied to date in this specific population. The objectives of this
study were to identify inflammatory biomarkers which could
explain the immune disturbances in an elderly HIV-infected
population with no more than 1 comorbidity (�1), and to
compare them with healthy HIV-uninfected individuals to
improve the clinical management and evaluate new therapeutic
strategies, while HIV-infected patients are aging.[7]

2. Patients and methods

Dat’AIDS cohort is a collaboration of 22 major French HIV
centers (NCT 02898987 clinicaltrials.gov) validated by an ethical
committee (2017-A00928–45). The data collection has been
accepted by the French national commission on informatics and
liberty and the present study has been approved by the ethic
committee.
All HIV-infected patients aged ≥75years were selected with a

regular follow-up confirming the clinical status at censoring date
(January 31, 2016) and included if they had 0 to 1 comorbidity
among: hypertension, renal disease (confirmedMDRD<60mL/mn),
neoplasia, diabetes mellitus, cardiovascular disease, stroke, dyslipi-
demia, and osteoporosis.
The HIV-infected group was compared to an age-matched

healthy HIV-uninfected group (ie, control group). Elderly
participants were included within the geriatrics department of
Pitié-Salpétrière hospital and were selected according to rigorous
inclusion criteria: absence of previous physical disabilities,
absence of cognitive disorders that could interfere with the
signing of the consent form and free of medication and of diseases
affecting the immune system (ie, cancers, advanced chronic
diseases such as uncontrolled cardiovascular disease, diabetes
mellitus, chronic obstructive pulmonary disease). Subjects with
acute clinical events (<3months) and subjects treated with
immunosuppressive therapy were excluded.
The objectives were to assess blood markers of immune

activation and inflammation from cryopreserved sera, using
ultrasensitive techniques (Luminex & Simoa) to identify whether

biomarkers were associated with comorbidities. The 29 inflam-
matory biomarkers were selected based on their availability and
relevance found in previous studies[8–10] demonstrating patho-
physiological relation between levels of these cytokines/chemo-
kines and the development of comorbidities. Among the
cytokines: interleukin (IL)-1b, which causes a number of different
auto-inflammatory syndromes; IL-1RA, which is a member of the
IL-1 family that binds to IL-1 receptors, but does not induce any
intracellular response; IL-6, which could act as a pro- and anti-
inflammatory cytokine; IL-12, which is secreted mostly by B cells
upon bacteria challenges; IL-18, which is produced by macro-
phages; IL-7, which is a cytokine derived from T cells that
enhances T cell homeostasis; IL-4, a cytokine that stimulates the
proliferation of activated B-cells; IL-17A and IL-22, which are
proinflammatory cytokines produced by helper T-cells, and act in
concert with tumor necrosis factor-alpha (TNF-a) and IL-1 to
promote cytokines production (IL-6, tumor growth factor-beta
[TGF-b], IL-8) and therefore are potent mediators of cellular
inflammatory responses. Other mediators such as Interferon-
gamma (IFN-g), TNF-a, and neopterin are also critical for innate
and adaptive immunity. Receptors such as tumor necrosis factor
receptor 1 (TNFR1) and tumor necrosis factor receptor 2
(TNFR2) are essential to modulate apoptosis and inflammation.
Myeloperoxidase (MPO) is an enzyme most abundantly present
in neutrophil granulocytes; it uses hydrogen peroxidase to
convert chloride to hypochlorous acid which may destroy
bacteria. In many inflammatory pathologies, this leads to tissue
damage. We also measured 2 anti-inflammatory molecules, IL-
10, which inhibits the synthesis of IFN-g and TNF-a and latency-
associated peptide of transforming growth factor beta 1 (LAP),
which is an indirect sign of TGF-b secretion by macrophages,
involved in cancer, heart disease, and immunity.We also included
three chemokines: monocyte chemoattractant protein-1 (MCP-
1), IL-8, and interferon-inducible protein 10 (IP-10), the latter of
which induces the production of IFN-g. The plasma level of
intestinal-type fatty acid-binding protein (iFABP) reflects epithe-
lial-cell layer apoptosis, which promotes microbial translocation
followed by soluble CD14 (sCD14) as a marker of detection of
bacterial lipopolysaccharide.
In addition, we used high sensitivity C-reactive protein

(usCRP) and serum amyloid A (SAA), which are acute phase
proteins associated with main inflammatory responses from
tissue injury, trauma, infections, and neoplastic diseases.
Troponin and D-dimer are important biomarkers for noninva-

sive detection of myocardial injury in many cardiovascular events
(coronary heart disease, thrombosis, and so on). Fibrinogen is a
plasma glycoprotein that is the final common reaction of the
coagulation cascade after thrombin cleaves soluble fibrinogen to
form fibrin. Low levels of fibrinogen are seen in association with
fibrinolysis and liver disease. A high level of fibrinogen is a risk
factor for thrombosis and is a strong predictor of cardiovascular
risk and stroke. Neurofilament light chain (NF-L) and Tau are
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biomarkers of neurological disorders and neurodegenerative
diseases, respectively.
Measurements of the biomarkers were performed in a

centralized laboratory (INSERM U1135, Paris).
Plasmatic levels of fibrinogen, usCRP, D-dimers, SAA, MPO,

IP-10, MCP-1, IL-1Ra, IL-1b, IL-4, IL-7, IL-8, IL-10, IL-12p70,
IL-17A, IL-18, IL-22, IFN-g, TNF-a, TNFR1, TNFR2, and LAP
were measured by Procartaplex kits (Thermofisher). Neopterin
concentration, as well as iFABP2 and sCD14 were followed by
Elisa (Tecan, Lyon, France; R&D systems, Abington, UK,
respectively), whereas we used digital ultrasensitive Elisa to assess
the concentration of IL-6, troponin, Tau, NF-L (Simoa
technology, Quanterix, Lexington, MA). All measurements were
performed according to manufacturer’s recommendations.

2.1. Statistical analyses

Patients’ characteristics were described using median and
interquartile (IQR) for continuous variables and sample size
and percentage for categorical variables. HIV-infected patients
and controls were compared using the nonparametric Kruskal-
Wallis or Wilcoxon tests. In HIV-infected patients, a series of
univariate logistic regression were fitted to identify which
inflammatory biomarkers were prognostic factors of the presence
of 1 comorbidity. All biomarkers leading to a P value <.20 were
potentially selected in the final multivariate model using a
stepwise procedure.
Variables were standardized by subtracting their mean and

dividing by their standard deviation. Thereafter, we performed a
principal component analysis (PCA) on the 29 biomarkers with
the objective to identify, in HIV-infected patients, clusters of
patients with comorbidity (0 vs 1 comorbidity) or type of
comorbidity (cardiovascular vs diabetes vs HTA vs neoplasia vs
other). Analyses were done by a statistician with SAS 9.4 and the
R function PCA.

3. Results

A total of 111 HIV-infected subjects were included from the
Dat’AIDS cohort of whom 39 without comorbidity with a
median age of 81years (IQR 78–84) and a median duration of
HIV infection and cART of 18.2 (12–23) and 15.9 (9–19) years,
respectively. They were compared to a control group of 63
individuals (median age of 83.4years [IQR 78–89]). Subjects’
characteristics are shown in Table 1.
Six biomarkers (IL-1b, IL-7, IL-18, neopterin, sCD14, and

iFABP2) were significantly higher in the HIV group compared to
the control group (Fig. 1A), whereas 11 biomarkers (MPO,MCP-
1, IFN-g, TNFR1, TNFR2, IL-1RA, IL-22, IL-6, usCRP, NF-L,
and fibrinogen) were lower (Fig. 1B).
Despite those differences, PCA analysis did not reveal

clustering between healthy controls and HIV-infected patients,
probably due to the fact that another set of 12 molecules did not
reveal differences between the different groups of subjects
(Fig. 1C and D).
In the HIV group, 4 biomarkers were associated with the risk

of comorbidity: MCP-1 (odds ratio [OR] 0.78, 95% CI 0.68–
0.91, NF-L (OR 1.42, 95% CI 1.08–1.87), Neopterin (OR 1.99,
95% CI 1.33–2.97), and sCD14 (OR 1.01, 95% CI 1.00–1.02)
(Fig. 1E).
However, PCA did not discriminate between the absence or the

presence of comorbidity within HIV group.

4. Discussion

In our study, no specific inflammatory or immune profile has been
identified in HIV-infected geriatric patients compared to HIV
noninfected geriatric population. Similarly, withinHIV group, no
signature was found to be associated with specific comorbidity
signature. This can be explained by the fact that HIV-infected
patients included in our study were highly selected: indeed, <4%
ofHIV-infected subjects are aged 75 years and older in the French
HIV population. Moreover, we focused on patients who exhibit
only 1 comorbidity despite their advanced age. Therefore, our
HIV group could be considered as “survivors” with a very
favorable phenotype. One indirect proof of this “healthy” status
is based on the observation that this geriatric population achieve
similar high rate of HIV virologic suppression than younger HIV-
infected population (50–74years).[11] Recently, it has been
described that elderly HIV-infected patients with few comorbid-
ities had a better hemostatic profile (based on antithrombin and
prothrombin time activities) than elderly HIV-uninfected control
group, reflecting the success of treatment. As suggested by the
authors, this better hemostatic balance in HIV-infected patients
may be related to controlled disease status and better personal
care compared to uninfected individuals.[12]

To date, few data were published concerning inflammatory
and immune activation biomediators and the impact of aging in
HIV infection.[13–15] Substantial evidence suggest that chronic
inflammation and immune activation contribute significantly to
chronic conditions in people aging with or withoutHIV infection.
Of interest, our data showed a sustained higher level of sCD14 in

Table 1

Cohorts characteristics.

N (%) or median (IQR) HIV group Control group

N 111 63
Age, y 81 (78–84) 83.4 (79.7–88.8)
Male 80 (72.1) 20 (31.7)
French-native 88 (79.3) —

Duration of HIV infection, y 18.2 (11.8–22.5) —

Hepatitis HCV/HBV coinfection 7 (6.3) —

CDC stage C 29 (26.1) —

Tobacco active smokers 4 (3.6) —

Body mass index, kg/m2 23.4 (21.6–25.8) —

On ART 110 (99.1) —

HIV RNA <50 copies/mL 104 (94.6) —

Duration of HIV control, mo 100 (37–142) —

Nadir CD4, cells/mm3 174 (79.2–260) —

Current CD4, cells/mm3 510 (353–680) 585 (401–777)
CD4:CD8 ratio 0.64 (0.4–1.1) 2.3 (1.6–3.3)
IgG CMV-positive 74 (66.7) 50.8 (69.6)
No comorbidity 39 (35.1) 7 (11.1)
1 Comorbidity 72 (64.9) 23 (36.5)
≥2 Comorbidities - 33 (52.4)
Diabetes mellitus 14 (12.6) 6 (9.5)
Hypertension 23 (20.7) 23 (36.5)
Cardiovascular diseases 7 (6.3) 8 (12.7)
Stroke 4 (3.6) 7 (11.1)
Dyslipidemia 1 (0.9) —

Kidney disease 1 (0.9) 45 (71.4)
Osteoporosis 1 (0.9) —

Neoplasia 21 (18.9) 9 (14.3)

ART = antiretroviral treatment, HBV = hepatitis B virus, HCV = hepatitis C virus, HIV = human
immunodeficiency virus, IQR = interquartile range.
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our group of HIV-infected elderly patients, suggesting a
continuous low-grade immune activation related to gut leakage.
Similarly to a recent study, people living with HIV had
significantly higher levels of sCD14 in plasma as compared to
HIV noninfected subjects despite differences between the HIV
groups evaluated in those 2 studies mainly on age and ART
history.[16] Contradictory results have been reported from

different studies on the effect of cART on sCD14.[17–20] These
data suggest that HIV-infected individuals, even those on long-
term successful cART, may be at higher risk of developing
inflammatory diseases leading to inflammaging. The low-grade
chronic inflammation is a major risk factor for the development
of many age-associated diseases and to some extent morbidity
and mortality in elderly people.
Moreover, in vivo relationships between serum levels of

neopterin, a biomarker of immune activation, and 4 commonly
described inflammatory biomediators: TNFR1, TNFR2, IL-6,
and CRP as well as the impact of HIV infection and aging have
been previously evaluated in drug users with or at high risk for
HIV infection.[21] Multivariate regression, performed in this
study, showed significant impact of age-associated comorbidities
on all 5 biomediators and that of HIV infection on all but
TNFR1. In the adjusted model, neopterin had positive
associations with TNFR1 and TNFR2. These findings may also
facilitate elucidation of underlying inflammatory and immune
activation pathways that contribute to age-related chronic
conditions, potentially leading to identification of key biome-
diators, particularly those upstream of CRP, as novel targets for
intervention. Consistent with the data reported in the general
geriatrics population, recent data from 2 large cohort studies of
HIV-infected participants, the Multicenter AIDS Cohort Study
(MACS) in men who have sex with men and the AIDS Linked to
the Intravenous Experience study in people with a history of
injection drug use, have reported evidence for a role of
immunosenescence, particularly chronic low-grade inflammatory
phenotype in the pathogenesis of frailty.[22,23] Results from the
MACS demonstrated an association of frailty with higher
concentrations of inflammatory markers as well as with higher
concentrations of IL-6 and CRP and greater proportions of
lymphocytes with the senescent T cell phenotype.[24] Activation
of monocytes and macrophages, marked by increased levels of
neopterin, may contribute to chronic inflammation in the frail
older population.[25,26] In our study, neopterin was significantly
higher in HIV group and associated with the risk of comorbidity,
suggesting that older HIV-infected individuals could bemore frail
than uninfected elderly. However, CRP and IL-6 levels in our
HIV-infected patients did not increase compared to uninfected
controls. The absence of difference in our 2 geriatric populations
highlights probably a better follow-up in terms of daily screening
and treatment of comorbidities.
Our study has some strength and limitation; the number of

included subjects is low but is due to the highly selected elderly
HIV infected population and some comorbidities could have been
underdiagnosed or under-reported. However, the evaluation of
some markers using an ultrasensitive assay reinforces our results.
As our study aims to evaluate the impact of HIV on immune
activation and inflammation in an elderly population, a highly
selected HIV-infected and HIV-uninfected population was
included. That does not allow us to generalize our results to
the elderly population with numerous age-associated comorbid-
ities. With regard to sex, the 2 groups are different because of a
bias related to HIV infection. Male are still over-represented in
the cohorts of HIV-infected participants in Northern countries
and this sex ratio increases in aging population. However, the
over-representation of female increases with age in the general
population. However, several recent articles show that some
markers vary by sex, but not always in the same way.[27] This
issue should be taken into account but still debated. In our study
it should be noted that no association was seen after adjustment.

Figure 1. (A) Plasmatic level of inflammatory molecules: Distribution of
elevated biomarkers in the HIV-infected group (with 1 [n=72] or without
comorbidity [n=39] compared to the control group without [n=7], with 1 [n=
23], and with >1 comorbidity [n=33]). (B) Plasmatic level of inflammatory
molecules: distribution of decreased biomarkers in the HIV-infected group (with
1 [n=72] or without comorbidity [n=39] compared to the control group
(without [n=7], with 1 [n=23] and with >1 comorbidity [n=33]). (C) Plasmatic
level of inflammatory molecules: Distribution of biomarkers for which the level is
equivalent in HIV-infected patients compared to healthy elderly controls. (D)
Scatter plot of a 2 components of principal component analysis (PCA)
identifying the degree of variance of the predicted variable (infection) explained
by the 29 biomarkers measured and tested variables in regularized logistic
regression. (E) PCA on the 29 biomarkers carried out in HIV-infected patients to
identify clusters of patients with comorbidity or type of comorbidity. iFABP2 =
intestinal fatty acid binding protein 2, IFN-g = interferon Gamma, IL-1b =
interleukin-1beta, IL-1RA = interleukin-1 receptor antagonist, LAP = latency
associate peptide, MCP-1 = monocyte chemoattractant protein-1, MPO =
myeloperoxydase, NF-L = neurofilament light chain, SAA = serum amyloid A,
sCD14 = soluble CD14, TNFR1 = tumor necrosis factor receptor 1, TNFR2 =
tumor necrosis factor receptor 2, usCRP = ultra sensitivity C-reactive protein.
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Figure 1. Continued.
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Another difference between the 2 groups is the highest proportion
of renal disease in the control group. This difference is mainly
explained by the age difference between the 2 groups. If we take
into account age by dividing patients according to the median age
(81years), the difference disappears in each age group (data not
shown).
Similar to the present need for primary care providers to

manage chronic noninfectious comorbidities among elderly
persons with well-controlled HIV infection, HIV clinical care
will need to routinely involve geriatric medicine in a new HIV-
geriatric discipline. In general population in France, no
recommendation exists according to the optimal follow-up of
geriatric population. In Italy, guidelines have suggested the screen
for frailty in people living with HIV aged>50years.[28] In the last
European EACS recommendation, new data have been added on
the prescription of antiretroviral drugs in elderly and in the
recognition of frailty.[29] More broadly, American guidelines
underline that HIV experts, primary care providers, and other
specialists should work together to optimize the medical care of
older patients withHIV and complex comorbidities.[30] Screening
for geriatric syndromes is both a multidisciplinary and
multidimensional process, designed to evaluate an older person’s
functional ability, physical health, cognition, overall mental
health, and socioenvironmental circumstances. With the aging of
HIV-infected population, routine incorporation of geriatric
assessment into clinical trials involving HIV-infected patients
should be encouraged. This awareness is however dampened due
to the shortage of geriatrics experts and the absence of consensus
and tests defining frailty and vulnerability worldwide.

5. Conclusion

As a result of successful antiviral therapy, HIV-infected
geriatric patients are now living longer, leading to an emerging
vulnerable population, and the question is how to best care for

them. In this study based on highly selected geriatric HIV
population, HIV infection does not seem to have an additional
impact on age-related inflammation and immune disorder,
suggesting that HIV-patients are well taken in care and
followed. It is therefore encouraging to observe that prevention
and treatment of comorbidities could have limited both
immune activation and inflammation in the aging HIV
population. To validate this preliminary hypothesis, other
studies need to be performed on a large cohort of geriatric HIV-
infected patients.

Acknowledgments

The authors thank Philippe Flandre (IPLESP INSERM 1146,
Paris France) and Solène Sécher (CHU Nantes, France) for the
statistical analysis.

Author contributions

Conceptualization: Delphine Sauce, Valérie Pourcher, Tristan
Ferry, Laurence Slama, Clotilde Allavena.
Formal analysis: Delphine Sauce.
Funding acquisition: Delphine Sauce, Clotilde Allavena.
Investigation: Delphine Sauce, Valérie Pourcher, Clotilde

Allavena.
Methodology: Delphine Sauce, Valérie Pourcher, Tristan Ferry,

Jacques Boddaert, Laurence Slama, Clotilde Allavena.
Project administration: Clotilde Allavena.
Resources: Delphine Sauce.
Supervision: Delphine Sauce, Clotilde Allavena.
Validation: Delphine Sauce, Valérie Pourcher, Clotilde Allavena.
Visualization: Delphine Sauce, Valérie Pourcher, Clotilde

Allavena.
Writing – original draft: Delphine Sauce, Valérie Pourcher,

Clotilde Allavena.

Figure 1. Continued.

Sauce et al. Medicine (2021) 100:17 Medicine

6



Writing – review & editing: Delphine Sauce, Valérie Pourcher,
Tristan Ferry, Jacques Boddaert, Laurence Slama, Clotilde
Allavena.

References

[1] Schouten J, Wit FW, Stolte IG, et al. Cross-sectional comparison of the
prevalence of age-associated comorbidities and their risk factors between
HIV-infected and uninfected individuals: the AGEhIV cohort study. Clin
Infect Dis 2014;59:1787–97.

[2] Guaraldi G, Milic J, Mussini C. Aging with HIV. Curr HIV/AIDS Rep
2019;16:475–81.

[3] Guaraldi G, De Francesco D,Milic J, et al. The interplay between age and
frailty in people living with HIV: results from an 11-year follow-up
observational study. Open Forum Infect Dis 2019;6:ofz199.

[4] Althoff KN, Gebo KA,Moore RD, et al. Contributions of traditional and
HIV-related risk factors on non-AIDS-defining cancer, myocardial
infarction, and end-stage liver and renal diseases in adults with HIV
in the USA and Canada: a collaboration of cohort studies. Lancet HIV
2019;6:e93–104.

[5] Guaraldi G, Malagoli A, Calcagno A, et al. The increasing burden and
complexity of multi-morbidity and polypharmacy in geriatric HIV
patients: a cross sectional study of people aged 65-74years and more
than 75years. BMC Geriatr 2018;18:99.

[6] NasiM, De Biasi S, Gibellini L, et al. Ageing and inflammation in patients
with HIV infection. Clin Exp Immunol 2017;187:44–52.

[7] Fali T, Vallet H, Sauce D. Impact of stress on aged immune system
compartments: overview from fundamental to clinical data. Exp
Gerontol 2018;105:19–26.

[8] Hearps AC,Martin GE, Rajasuriar R, et al. Inflammatory co-morbidities
in HIV+ individuals: learning lessons from healthy ageing. Curr HIV/
AIDS Rep 2014;11:20–34.

[9] Paillaud E, Bastuji-Garin S, Plonquet A, et al. Combined plasma
elevation of CRP, intestinal-type fatty acid-binding protein (I-FABP), and
sCD14 identify older patients at high risk for health care-associated
infections. J Gerontol A Biol Sci Med Sci 2018;73:211–7.

[10] Singh T, Newman AB. Inflammatory markers in population studies of
aging. Ageing Res Rev 2011;10:319–29.

[11] Allavena C, Hanf M, Rey D, et al. Antiretroviral exposure and
comorbidities in an aging HIV-infected population: the challenge of
geriatric patients. PLoS One 2018;13:e0203895.

[12] de Magalhaes MC, Sanchez-Arcila JC, Lyra ACB, et al. Hemostasis in
elderly patients with human immunodeficiency virus (HIV) infection-
Cross-sectional study. PLoS One 2020;15:e0227763.

[13] Appay V, Sauce D. Assessing immune aging in HIV-infected patients.
Virulence 2017;8:529–38.

[14] Appay V, Kelleher AD. Immune activation and immune aging in HIV
infection. Curr Opin HIV AIDS 2016;11:242–9.

[15] Appay V, Sauce D. Immune activation and inflammation in HIV-1
infection: causes and consequences. J Pathol 2008;214:231–41.

[16] Babu H, Ambikan AT, Gabriel EE, et al. Systemic inflammation and the
increased risk of inflamm-aging and age-associated diseases in people
living with HIV on long term suppressive antiretroviral therapy. Front
Immunol 2019;10:1965.

[17] Sandler NG, Wand H, Roque A, et al. Plasma levels of soluble CD14
independently predict mortality in HIV infection. J Infect Dis
2011;203:780–90.

[18] Hattab S, Guiguet M, Carcelain G, et al. Soluble biomarkers of immune
activation and inflammation in HIV infection: impact of 2years of
effective first-line combination antiretroviral therapy. HIV Med
2015;16:553–62.

[19] van den Dries L, Claassen MAA, Groothuismink ZMA, et al. Immune
activation in prolonged cART-suppressed HIV patients is comparable to
that of healthy controls. Virology 2017;509:133–9.

[20] Mudd JC, Brenchley JM. Gut mucosal barrier dysfunction, microbial
dysbiosis, and their role in HIV-1 disease progression. J Infect Dis
2016;214(suppl 2):S58–66.

[21] Kirk GD, Dandorf S, Li H, et al. Differential relationships among
circulating inflammatory and immune activation biomediators and
impact of aging and human immunodeficiency virus infection in a cohort
of injection drug users. Front Immunol 2017;8:1343.

[22] Leng SX, Margolick JB. Aging, sex, inflammation, frailty, and CMV and
HIV infections. Cell Immunol 2020;348:104024.

[23] Leng SX, Margolick JB. Understanding frailty, aging, and inflammation
in HIV infection. Curr HIV/AIDS Rep 2015;12:25–32.

[24] Margolick JB, Bream JH,Martinez-Maza O, et al. Frailty and circulating
markers of inflammation in HIV+ and HIV� men in the Multicenter
AIDS Cohort Study. J Acquir Immune Defic Syndr 2017;74:407–17.

[25] Leng SX, Tian X, Matteini A, et al. IL-6-independent association of
elevated serum neopterin levels with prevalent frailty in community-
dwelling older adults. Age Ageing 2011;40:475–81.

[26] Wang J, Maxwell CA, Yu F. Biological processes and biomarkers related
to frailty in older adults: a state-of-the-science literature review. Biol Res
Nurs 2019;21:80–106.

[27] Marquez EJ, Chung CH,Marches R, et al. Sexual-dimorphism in human
immune system aging. Nat Commun 2020;11:751.

[28] Guaraldi G, Malagoli A, Milic J, et al. Age of HIV acquisition affects the
risk of multi-morbidity after 25 years of infection exposure. J Frailty
Aging 2019;8:88–92.

[29] European AIDS Clinical Society. EACS guidelines version V10.0.
European AIDS Clinical Society, November 2019. Available at:
https://www.eacssociety.org/files/2019_guidelines-10.0_final.pdf

[30] Panel on Antiretroviral Guidelines for Adults and Adolescents. Guide-
lines for the use Antiretroviral Agents in Adults and adolescents with
HIV, Department of Health and Human Services, December 18, 2019.
Available at https://aidsinfo.nih.gov/ContentFiles/AdultandAdoles
centGL.pdf

Sauce et al. Medicine (2021) 100:17 www.md-journal.com

7

https://www.eacssociety.org/files/2019_guidelines-10.0_final.pdf
https://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
https://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://www.md-journal.com

