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ABSTRACT

Anti-retroviral therapy (ART)improveslife expectancyin people living with HIV (PWH),but it remainsuncleal
how chronic HIVinfection affects normal agingof the immune system.Plasna cell-free protein expressionand
immune phenotypeswere assessedn blood from ARTtreated PWH(19-77yrs,n =106) and age-matched, HIV-
negative controls (HC,n = 103). Using univariate spearman correlation, we identified 277 and 491 age
associatedparametersout of atotal 1,357in HCand PWH respectively.PWHexhibited sharedand distinct age
associatedimmune profiles comparedto HChighlighting the effect of HIV infection on immunologicalaging
Our analysis resulted in an 8-parameter, plasmadetectable inflammatory index that correlated with
chronologicalageof all study participants but was higher overall in PWH.Additionally, predictive modeling for
agein HCparticipants and age-associatedparametersgenerateda 25-parameter signature, IMAP-25, with 70%
and 53%accuracyin HCand PWH,respectively. Applying the IMAP-25 signatureto immunological data from
PWHrevealedacceleratedagingin PWHby 5.6 yrs. Overall, our results demonstrate that immune signatures
easilymonitored in humanblood samples canbe usedasanindicator of 2 Y SIRAY Y dzy 21f 2&MENRT
treated HIVinfection and canbe appliedto other diseasestatesthat affect the immune system

INTRODUCTION levels of inflammation in advanced age can contribute
to the pathogenesis of infilous disease, including HIV

The number of people in the US over 55 years of age and tuberculosis, but also to cancer, diabetes, cardiac

living with HIV is on the rise, increasing from 27% in disease, and neurological complicati®s].

2014 (of all diagnosed HIV infections in the US) to

35% in 2018[1]. Anti-retroviral therapy (ART) has Age-induced decline in immune function is associated
improved life expectancy for mgrpeople living with with mortality, however not all individuals age equally.

HIV (PWH), but this population exhibits a higher risk |l mmune age is affected by ¢
of ageassociated comorbidities compared to young and and environmental exposures throughout Jife, 11]
middle-aged HIV negative populatiorfg]. Older PWH Studies performed in the general popwiati(HIV

may be especially at risk since they are also less likely uninfected) have identified signatures of aging from

to have experierl the benefits of early initiation of immunologic data including cellular phenotypes

ART (during acute infection) as guidelines have comprised of a loss of naive T cells and CD38+ T cells
changed only within the last few yed8 4]. Increased with advanced age and an increase in CD57+ and

risk for comorbidities is attributed to chronic activation effector memory T cell§12, 13] Despite thenatural
of the immune system that persists despite viral Vvariation in baseline immunological measurements that
suppression with ART5i 7]. On the other hand, higher occurs on an intraand interindividual basis[14i 16],
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the signatures were identified using cresstional
analyses and confirmed in longitudinal analyses
covering a ningear window{13].

Based on epigenetic modeling using DNA methylation
patterns in blood cells, PWH exhibit an increased aging
rate compared to HIV negative individuals by an
average of approximately 5 years with a 19% increased
risk of mortality[17, 18] but how the epigeneticlock
relates to immunological phenotypes and function is not
known. Our previous studies have shown that- age
correlated biomarkers in HPegative populations
show weak associations with age in HIV positive
groups[7, 19, 20] Thus, additional models ed to be
generated to achieve a more comprehensive
understanding of how the immune system reacts during
advanced age in the context of HIV infection.
Fortunately, many immune cells and immune signaling
proteins are readily accessible from blood, thus
providing an experimental framework for developing
such models to compare immunological biomarkers
during healthy and compromised states.

Here, we present a statistical strategy that generated
immunological signatures from biomarkers easily
monitored in humarblood samples, that are predictive
of biological age in adults. Using this strategy, we
characterized features of the aging immune system that
are altered during chronic HIV infection.

RESULTS

Inflammatory plasma protein profiles associate with
age and HV infection

Inflammation and immune activation are independently
associated with chronic HIV infection and an aging
immune system. Thus, to study the effect of aging in the
context of ARFtreated HIV infection we performed the
current study in participas from the Flu Responses of
People in Relation to Age and HIV (FLORAH) study
[19]. The age ranges of participating HiMected,
ART-treated virally suppressed adults £ 106) and

HIV -negative, healthy controls (H8 = 103) are shown

in Table 1. Celffree biomarkers associated with
inflammation and immune activation (listed in
Supplementary Table 1) were measured €ross
sectionally from plasma collected at f&ccination in

the related influenza vaccination styd@y. The panel of
biomarkers selected fornalysis were chosen to
evaluate inflammatory cytokines and soluble receptors
as well as markers of microbial translocatj@d, 22]

Data reduction using Lasso was performed to generate
an o6l nflammatory I ndex?d
that most cleely associated with age. This approach
resulted in a group of 8 cdllee biomarkers with which

co

the Inflammatory Index was calculated as the sum of
the standardized variables of each biomarker multiplied
with their weights extracted from principal compohe
analysis variable PC1l (Rige 1A). Soluble TNF
receptors 1 and 2 showed high contribution to the index,
along with Neopterin, EDimer, soluble CD25 and
CD163 receptors, MCP1, and iFABP (intestinal fatty
acid binding protein)Kigure 1B). The index showka
significant but weak correlation (r value <0.4) with age
in both HIV and HC Figure 1C) and by comparing the
groups regardless of age the index was higher in HIV
compared to HCHigure 1D). These results show that
markers of inflammation that increasgth age in the
general population, are also higher in Hhfected
individuals supporting the hypothesis that HIV infection
can enhance the process of inflammagigj.

Correlation of immunological
chronological age

parameters with

In pursuit of a predtive signature of age, we expanded
the dataset to include flow cytometopsed phenotypic
data acquired from the same individuals that were used
to calculate the inflammatory index. PBMC samples
collected prior to influenza vaccine administration were
aralyzed with 6 multiparameter, immunophenotyping
panels that covered T cell, B cell, Monocyte, and NK
cell frequencies and multiple phenotypic immune
markers using 54 uniqgue monoclonal antibodies (panels
shown in Supplementary Table 2). This strategy
generéed a total of 1,357 parameters to interrogate
expression patterns associated with age and HIV status.
First, we wanted to establish an immune signature of
aging in HI\-negative individuals as a reference
population to test the hypothesis that Hhfected
individuals experience accelerated aging of the immune
system. 277 parameters from the total 1,357 showed a
significant correlation with age in HIV negative healthy
controls (HC) when univariate spearman correlation
analysis was performedp (< 0.05) Figure 2A and
Supplementary Table 3). Of these 277 parameters, 19
had correlation coefficients +/1 0.4 and all 17 of the
inversely correlated parameters were related to CD38
expression in T celld{gure 2B). Both the frequency of
total CD38 expression amdean fluorescence intensity
(MFI) of CD38 was reduced with age in CD4 and CDS8
T cells, including T Central Memory (TCM) subset and
peripheral T follicular helper (pTfh) in CD4 T cells. The
two parameters that demonstrated an increase with age
were frequenes of pTfh TH17 cells and CD38
HLADR- CD4 T cells, the latter representing the
opposite association compared to CD38+ T cells.

hhe sama analysis was Ipgrformed én the #ifigéeted r k e r
group of participants and 491/1,357 parametersveto
a significant correlation with agep( < 0.05,

www.agingus.com

22773

AGING



Table 1. FLORAdtudy participant demographics

HIV Negative HIV Positive
Young Middle Old Young Middle Old

N 35 49 18 20 61 25
Age Range (yrs) 19139 41159 60i 77 19139 40i 59 60/ 71
Age Mean yrs) 30.1 51.3 65.9 28.8 51.8 64.5
% Female 51% 47% 33% 50% 44% 28%
8‘;32;’” OfART  Mean+ SD () NA NA NA  5+12.8(13) 1084157 (42) 12.9+17.6 (22)
Lymphocyte count  Cells/ul Mean(n) 2477(33) 1904(30) 1847(17) 1754(19) 1748(37) 1692(22)
CD4 count 987 999 871 784 727 596
CDS8 count 395 325 432 458 366 527
Race Ethnicity
White Hispanic 26% 31% 22% 25% 18% 24%

Non-Hispanic 20% 14% 33% 0% 7% 8%
Black Hispanic 6% 0% 11% 5% 5% 12%

Non-Hispanic 29% 49% 17% 60% 69% 56%
Asian 11% 0% 17% 0% 0% 0%
N.A. 9% 6% 0% 10% 2% 0%
Substance Use Yes/No (%)
Tobacco Use 30/70 48/51 27/73 30/70 40/60 45/55
Alcohol Use 38/62 44/55 49/51 31/69 31/69 37/62

Supplementary Table 4). Despite havingfelal higher
number of correlating parameters compared to HC, only
15 parameters had correlation coefficients/1 0.4 in

the HIV group and most of these were T cell parameters
(Figure 2C). However, the associatigpatterns were
strikingly different between the 2 groups. 8 out of 15
parameters included HL-BR+ T cell frequencies or
MFI expressed in Naive and total CD4 and CD8 T cells
and showed positive correlations with age. Expression
levels of other known activath markers CCR5, PD1,
and CD39 on CD4 T cells also increased with age in
HIV. CD38 expression on CD8 T cells showed similar
decreases with age as in HC. The only -focell
parameter present in these results was the frequency of
CD80+ activated memory (AMPB cells which also
showed a negative association with age.

Contrast of ageassociated
parameters in PWH

immunological

To further understand the effect of HIV infection on
aging of the immune system we compared all immune
parameters thatignificantly correlatedf < 0.05) with

age in both HC and HIV. 113 parameters overlapped in
the two independent analysdsigure 2A) and out of
these, 78 showed the same direction of correlation in
HC and HIV (Supplementary Table 5). Of the top 25
paraméers with the strongest age association in both
groups Figure 3A), the majority of samsirection
parameters included those with inverse correlations
between CD38 expression on T cells and aging (48 out
of 78 parameters). HLAADR expression in certain T Ite
populations also showed increases with age in both
groups. Additionally, frequencies of inflammatory
monocytes showed a positive correlation with age in
both groups.

The remaining 35 parameters had opposite
directionality in association with age HC and HIV
(Figure 3B). In B cells, frequencies of CD80+ cells
increased with age in HC and decreased in HIV,
meanwhile FcRL4+ B cells decreased in HC and
increased in HIV. In T cells, the markers that were
differentially associated with age were CTLA4, ED
and Ki67 expressed in CD4 T cells. These markers
decreased with age in HC and increased in HIV.
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Overall, the univariate analysis demonstrated that T cell Prediction modeling for chronological agein HIV -
phenotypes, especially CD38 expression, that correlate negative population

with age in HI\\negative population are mained in

HIV+ individuals on ART though at a lower magnitude. The univariate analysis for correlation between
While certain parameters with opposite associations immunological parameters and age did not reveal a
with age in the HIV population reflect an altered aging  strong individual predictive biomarker for aging (the

pattern and may be important biologically. strongest correlation coefficient wa®.56 for CD3
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Figure 1. Defininginflammatory index for aging and HIV infection(A) PCA plot showing distribution of HI{green) and HIV+
(purple) individuals in relation to protein expression from inflammatory index and Age in yBpltsst of proteins (stattardized variables)

in the inflammatory index and their weights extracted from PC1 ifCARegression of Age with inflammatory index (sum of standardized
variables from B multiplied by their weights extracted from P@))Violin plot showing thelifference in inflammatory index between HIV
and HIV+ participants.

www.agingus.com 22775 AGING



MFI TCM CD8 T in HIV-negative). Thus, we
combined all agassociated parameters to build
prediction models for age in the participant groups
with the goal of defimg a small set of markers that
could be used to predict the immunological age in
PWH independent of chronological age. Significant
ageassociated markerg (< 0.05) were selected for
the model using regression analyses Lasso or Elastic
Net that perform rgularization to reduce eo
correlating parameters and overfitting of the model.
The models were tuned to obtain the best prediction
using 70% trairand 30% test strategy first with HiV
negative participants. We found linear regression
generated thebest preéiction among 4 machine
learning algorithms (Linear regression, Neural
network, Decision Forest regression, boosted decision
tree). The modeling resulted in a-pdrameter model
which had moderate predictive power with aA R
76.88% and root mean squaneog (RMSE) of 6.1 in
HIV-negative Figure 4A). The 14 parameters
consisted of 9 parameters with a positive association
with age and 5 with a negative association in HIV
negative participants. Celiee markers EDimer and
Neopterin were positively assotéa with age in the
model. Total CD4 T cell frequencies and subsets of
CD4 TCM Th2 and pTfh Th1/17 all showed positive
associations with age. PD1 expression showed
opposite effects on age depending on the type of T
cell with expression on CD4 T cell subseirrelating

positively with age in the model while PD1 on CD8 T
cells decreased with age. CD38 expression in CD8
TCM had a negative association with age, as expected
from the univariate analysis. Finally, frequencies of
nonclassical monocytes and immunsenescent
(CD57+CD28) CD8 TEff cells were increased with
increasing age. Predicted age and actual age showed
strong correlation (= 0.88, p = 4.3 x 103 as
demonstrated by the good predictive accuracy in HIV
negative participantsF{gure 4B). When theHIV-
negative (HC}trained model was applied to the HIV
group, it failed in predicting chronological age
exhibiting extremely low predictive power at 18.67%
(RMSE 11.23) and supporting the hypothesis that HIV
infection alters the process of immunologica@iray
(Figure 4C). Only 6 out of the 14 parameters
maintained the same relationship with age in both
HIV-negative and HIVvpositive. Of note was the lack
of association between frequencies of TOKR and
Memory TregPD1 in CD4 T cells and Neopterin as a
plasna marker. Although the darameter model was
not predictive in the HIV group the predicted age still
showed a significant moderate correlation with actual
age (r = 0.46,p = 5.9 x 10') (Figure 4D).
Interestingly, this model revealed that many of the
young HIV+ participants (<40yrs) were being
classified at higher ages, while older individuals (>50
yrs) were more likelyto be accurately classified or
even classified as younger than their actual age.

A Number of Parameters B HIV-negative c pﬂ\f; 4
Correlating with Age (p<0.05) pz+-04

CD38- HLADR- CD4 T CD38- HLADR+ CD4 T [
TH17 pTFH | HLADR+ CD4 T ]
CD38+CD4 T [ PD1+CD4T [ ]
CD38+ HLADR- pTFH [ | CD38- HLADR+ TN CD8 T [ ]
CD38+CD8 T I CD38- HLADR+ CD8 T [ ]
CD38+ HLADR- TH2 pTFH ] PD1+TN CD4 T C ]
CD38+ HLADR- TCM CD4 T [ ] CD38- HLADR+ TN CD4 T [
CD38 MFI CD4 T [ HLADR MFI CD4 [ ]
CD38+TCM CD4 T e CCR5+ CD4 T [ ]
CD38 MFI TH17 pTFH e HLADR+ TN CD4 T L]

HIV . CD38 MFI TH2 pTFH [ CD39 MFITEFF CDA T [ |

negative HIV + D38+ HLADR-TTM cD4T | [ CD38- HLADR+ TCM TH1 CD4T I
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CD38+ HLADR- CD8 T I 06 03 00 03 06
CD38+TCM CD8 T I Coefficient
CD38+ TCM CD8 T [ ]
CD38 MFI TCM CD8 T [ ]

LI S S S—
-06 03 00 03 06

Coefficient

Figure 2. Top ageassaiated immunological parameters in Hikegative and HIvpositive study participants.(A) Venn
diagram showing the number of parameters with significant correlations with chronological age-ime¢#iive 6 =103) and HI\positive

(n =106) groups. Bar gph showing directionality of correlation coefficient for the top parameters with significant correlations with age in
HI\fnegative B) and HIVpositive O participants. In red font are nen cell parameters. Bold font indicates CD38 and HLADR containing
parameters. Spearman test was performed for each parameter and chronologicgd age05 was considered significant. In bar graphs,
red denotes a positive correlation and blue denotes a negative correlation.
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The sameprocedure was performed to determine
whether a different set of immunological parameters
could be used to predict age in the PWH group with
greater accuracy. The modeling generated a 15
parameter model to predict aging in HIV, however it
was weakly prediote with an ? of 55.44% and RMSE
8.4 (Supplementaryrigurel1).

Age prediction modeling to determine aging rate in
PWH

Combination of all parameters from the H@ined
model and HItrained model allowed us to generate an
alternative model to predict agin both participant
groups Figure 5A). The results from the combined
model highlight the difference in markers that associate
with age in HIV. For example, CD38+ HLADR+ TTM
CD4 T cell frequencies were positively associated with
age in HIV but showed mimal association in HC. PD1

A Same Direction Parameters (Top 25)

HC HIV

CD28+ TN CD8T A

CD38- HLADR+ TN CD8 T A

CD38- HLADR+ TN CD4 T A

CD38- HLADR+ CD4 T A

Inflammatory Mono -

CD38- HLADR+ TH2 pTFH A

CD38+ HLADR-TH17 TCM CD4 T -

CD38 MFITNCDAT A

CD38+ TH17 pTFH A

CD38+ TEM CD8T 1

CD38+ HLADR- TH1-TH17 pTFH -

CD38+TCM CD4A T A

CD38 MFITCM CD4 T

CD38+ HLADR- pTFH A

CD38+ HLADR- TH2 pTFH A

CD38+TCM CD4A T A

CD38 MFI TH17 pTFH A

CD38 MFITH2 pTFH A

CD38+ HLADR-TTM CD4 T

CD38 MFI pTFH A

CD38 MFICD8T A

CD38 MFITCM CD4 T

CD38+ TCM CD8 T -

CD38+ HLADR- TCM CD8 T -
CD38 MFITCM CD8T A

06-0300 03 0.6 -0.6-0.3 0.0 0.3 0.6

Coefficient

expression on T cell subsets showed stronger
associations with age in the model for HC, but
weakened or opposite associations in HIV.

The predicted age from the -parameter model called
IMAP-25 (IMmundogical Age Prediction) was strongly
correlated with age in HC (Spearman 0.84,p = 3.8

10i 28), and moderately correlated with age in HIV
(Spearman = 0.65,p = 3.4 x 10i14) (Figure 5B).
However, the aging ratecdlculated as the predicted
ageActual age) was not significantly different in HC
and HIV groups overall. Therefore, we divided the
participants into age groups to perform additional
analyses using the following criteria: <40 yrs (Young),
40i59 yrs (Middle), >60+ yrs (Old). We found that
youngHIV exhibited a faster aging rate than young HC
by 18.47% (Welch Two Sampletestp = 0.02), while
Middle and Old aged participants showed similar aging
rates in the two groups (kige 5C). The increase in

B Opposite Direction Parameters (35)

HC

\

CD80+ Naive B
PDL1+ UnSw AM B -
CD80+ DN B

ICOS MFI CD8 T
CD80+ DN B
FcRL4+ DN B
FcRL4+ AM B

CD39 MFICD8 T -
CTLA4 MFI pTFR 4
KI67+CDA T A
FcRL4+ RM B
TH1TCM CD4 T 4
CTLA4+ pTFH
PD1+TCM CD4 T A
PD1 MFI pTFH
CD39+ pTFH
FcRL4+ Total Memory B
FcRL4+ SWAM B
FcRL4+ Mature B
FcRL4+ B

FcRL4+ SWRM B
CD39+ pTFR
CD39MFITNCD8T
CTLA4+ TCM CD4 T
KI67+ pTFH

PD1+ pTFH

CTLA4+ TTM CD4 T |
KI67+ MEMORY TREG CD4 T
CTLA4+ TN CD4 T
KI67+ TN CD4 T
KI67+ TCM CDA T
KI67+ TTM CD4 T |
PD1MFICD4T |
CD127+TCM CD8 T J
PD1 MFI TCM CD4 T |

T T T T T T T T T T
-0.40.20.00.20.4 -0.40.20.00.20.4
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Figure 3. Overlappingge-associatedparameters in HlVhegative and HIpositive groups.Bar graphs showing correlation
coefficients for the top parameters with same directio¥) @nd opposite directionB) significant correlations with age in Hiégativeand
HI\fpositive participantsOnly the top 25 out of 78 same direction parameters are displayd@)inthe rest are listed irSupplementary
Table3. All opposite direction parameters are shown(B). In red font are nofT cell parameters. Bold font ifwhtes CD38 and HLADR
containing parameters. HE HIV negative, healthy control. Spearman test was performed for each parameter and chronologigat age,
0.05 was considered significant. In bar graphs, red denotes a positive correlation and blue demejati\ee correlation.
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aging rate in young HIV corresponded to an age

advancement of 5.62 years

DISCUSSION

In this study we applied a statistical analysis pipeline to
evaluate a complex immunology dataset generated from
human blood samples collected crssstionally to

evaluate biomarkers of aging. Here, we used R software

A

TH2TCM CD4 T
Neopterin

TH1-TH17 Ptfh
PD1MFITTM CD8 T
CD57+ CD28- TEFFCD8 T
cD4aT

PD1MFITCM CD8T
Non-Classical Mono
D-Dimer

ICOS+ TH2TCM CD4 T
PD1+TH1-TH17TCM CD4 T
2B4+ TCM CD8 T

PD1+ Memory TREG
CD38+TCM CD8T

TH2TCM CD4 T
Neopterin

TH1-TH17 Ptfh
PD1MFITTMCD8T
CD57+ CD28- TEFFCD8 T
cDaT

PD1MFITCM CD8 T
Non-Classical Mono
D-Dimer

ICOS+ TH2TCM CD4 T
PD1+TH1-TH17TCM CD4 T
2B4+ TCM CD8 T

PD1+ Memory TREG
CD38+TCM CD8T

HIV-

EEg

||

50 -25 00 25 50

HIV+

-—
50 25 00 25 50

R?=76.88
RMSE=6.1

R?=18.67
RMSE=11.23

and established machine learning aipons to compare
and contrast patterns of expression of immunological
biomarkers in Young and Old adults to determine a
signature of aging and to allow us to answer the primary
question of this research: How does chronic HIV
infection affect normal agingf the immune system?
The results show that HHnfected, ART treated
participants had many more differences than similarities
in immune parameter expression patterns from early to

B
HIV- r=0.88 p= 4.3e-3f
& | o f‘
o ® -]
< 3] ,q& ®
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Figure 4. Ageprediction modeling using HIVhegative asreferencepopulation and age-associatedparameters.(A) Bar graph
shows each of the 14 parameters included in the-rigative, trained model and indicates the coefficient for each parameter when
applied to HIV negative participant®)(The correlation between predioteage and actual age using the-fdrameter model is shown for
HI\tnegative participants.@) Bar graph shows each of the 14 parameters included in theneffdtive, trained model and indicates the
coefficient for each parameter when applied to HIV positparticipants. D) The correlation between predicted age and actual age using
the 14-parameter model is shown for Hositive participants. Correlations were determined using Spearman test. Red bars denote a
positive association with predicted age anddlbars denote a negative association. Dotted ling@iand D) show theoretical relationship
for a perfect positive correlation for visualization purposes.
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elderly adulthood when compared to Hiégative,
healthy controls. This @ervation points to two possible
explanations; first, that HIV infection changes immune
parameter expression overall such that the patterns
observed in aging are different, or second, that HIV
infection influences immune parameter expression at
the time ofinfection (usually in younger individuals)
which in turn affects the overall pattern of parameter
expression during aging. Predictive modeling using age
associated parameters and evaluation of aging rate in
different age groups of HNhfected and agenathed

HC led us to conclude that the latter explanation is more
accurate. The differences that we observed in- age
associated parameters could be mostly attributed to
differences observed between Young (<40yrs)
participants with Young HIV exhibiting an aceehted

rate of aging while Middle and Old participants had
similar aging rates as HC groups.

The rate of age acceleration in the FHhfected group

in our study is strikingly similar to the age advancement
rate determined in twondependent studies that used
DNA methylation to assess biological age (as opposed
to the chronological age). Horvatht al. developed an
epigenetic clock using the extent of DNA methylation

of a particular cell type or tissue to determinelogical

age and in multiple datasets using blood samples
determined that HIV+ individuals showed a 5.2 gge
advancement in biological age compared to their
chronological ag§l7]. A separate study by Grosd,al.

also using epigenetic models of lmgical age showed
that age advancement in Hixfected cohorts was an
average of 4.9 yrs compared to HIV uninfected cohorts
[18]. This study also suggested that Hhfected
people experience precocious aging as a consequence of
acute infection rather thaprolonged HIV infection
since duration of infection had no impact on rate of age
advancement. We did not have access to clinical data on
duration of infection or CD4 nadir for the Hivifected
ART treated participants so we could not evaluate the
contribtion of these parameters to the immune
signature that we defined. These parameters have been
shown to contribute to higher levels of immune
activation and inflammation during ART in some
individuals[24, 25] Overall, the concordance between
our study andothers in the literature is encouraging,
however the relationship between DNA methylation and
the immune parameters in the IMAB signhature are
not understood. However, altered methylation patterns of
the HLA locus has been documented in HMAB, 26]

Figure 5. Ageassociatedimmune parametersreveal acceleratedaging inyoung HIVinfected group.(A) 25parameter model
to predict age in HC and HIV. Bar graph shows each of the parameters included in the model and indicates the coeffézieht for
parameter when applied to HIV negative (HC) participants andgdBitive participants. Red bars denote a positive association with
predicted age and blue bars denote a negative associafidhThe correlation between predicted age and actual age using the 25
parameter model is shown for Hiegative (blue dots) and H{ositive participants (red circles) using Spearman correlation {E€pt.
Density curves comparing the aging rate in-Hegative (blue line) and Hhgositive (red line) participants in 3 age groups: Young (<40 yrs),

Middle Age (4459 yrs), and Old>t n
considered whemp <0.05.

& NA 0 ot tebtindeR@oiim@dito determine difference in aging rate, significance was
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