Supplementary Methods
A: Quantitative analysis of immune activation, senescence and inflammation markers
B cell activation was assessed by levels of B-cell-activating factor (BAFF) (Quantikine ELISA DBLYS0B, R&D Systems). Monocyte activation was assessed by levels of sCD163 (Quantikine ELISA DC1630, R&D Systems), sCD14 (Flex Set, Cytometric Bead Array (CBA)) 560418, Becton Dickinson) and interleukin-6 (IL-6, Flex Set, CBA 558276, Becton Dickinson). Neutrophil activation was assessed by level of myeloperoxidase (MPO) released during persistent inflammation (Quantikine ELISA DMYE00B, R&D Systems). The soluble form of the pro-inflammatory molecule CD40 ligand (sCD40L), which is released by activated platelets as well as by endothelial cells, macrophages or T lymphocytes, was measured by ELISA (eBiosciences BMS293CE). Inflammatory biomarkers including high-sensitivity C-reactive protein (hs-CRP, Quantikine ELISA DCRP00, R&D Systems), soluble intercellular adhesion molecule 1 (CD54/s-ICAM1, Flex Set, CBA 560269, Becton Dickinson), and IL-18 (ELISA, eBiosciences BMS267/2CE) were also measured by ELISA. D-Dimer (ELISA, Diagnostica Stago 947), interferon γ (IFN-γ)–inducible protein 10 (IP-10)/CXCL10 (Flex Set, CBA 558280, Becton Dickinson), sTNFR-1 (Flex Set, CBA 560156, Becton Dickinson) were also measured by ELISA. Samples were run at dilutions of: 1:2 for evaluation of IL-18, sCD40L and BAFF/BLYSS; 1:4 for IL-6, sCD14, sCD54, IP-10 and sTNFR-I; 1:3 for IL1-b; 1:10 for CD163; 1:20 for MPO; 1:21 for D-dimer; and 1:200 for CRP. For serum biobanking, whole blood was spun at 3000rpm for 10 minutes.


B: Supplementary analyses – Strategy for the risk of each age-related comorbidity 
For each of the age-related comorbidities, we performed the same analysis as described in the principal analysis. We used similar strategies for the selection of adjustment variable. Age and sex were integrated as a priori confounding factors. Adjustment variables among the above listed were selected by a backward selection procedure starting with variables having a p-value less than 0.25 in univariable analyses. Additionally, all biomarkers were tested separately in univariable analyses and only biomarkers with a p-value of less than 0.05 were selected for multivariable analyses.

Factors associated with each age-related comorbidity at inclusion in the CIADIS sub-study 
Logistic regression models were used to study the association of the two weighted scores with each age-related comorbidity at inclusion. 
Several models were tested according to age-related comorbidity and adjusted for the following potential confounding factors: age, sex, CDC classification, and the presence of at least two additional age-related comorbidities for diabetes, cardiovascular diseases, arterial hypertension (HTA), and cancers; age, sex, CDC classification and HCV infection for neurodegenerative disorders; age, sex, CDC classification, cumulative duration on cART and HCV infection for dyslipidemias.
Models for diabetes, neurodegenerative disorders, HTA, and cancers: In the first model, we integrated both the cellular-CIADIS and soluble-CIADIS weighted score, adjusted for the previously described potential confounding factors. In our results, we found that TNFR1 and IL-6 were significantly associated with the presence of diabetes, neurodegenerative disorders and HTA, and with the presence of cancers in univariable analysis, respectively. Therefore, we also performed multivariable analysis with TNFR1 or IL-6 instead of the soluble-CIADIS score. We assessed the following models all adjusted for identified confounding factors: Model 1: cellular-CIADIS and soluble-CIADIS weighted score; and Model 2: cellular-CIADIS weighted score + TNFR1 or IL-6. 
Models for cardiovascular diseases: In the first model, we integrated both the cellular-CIADIS and soluble-CIADIS weighted score, adjusted for the previously described potential confounding factors. TNFR1, CD4+DR and CD4+CD57+CD28- were significantly associated with the presence of cardiovascular diseases in univariable analysis. Therefore, we performed multivariable analysis with TNFR1, CD4+DR and CD4+CD57+CD28- instead of the scores. We assessed the following models all adjusted for identified confounding factors: Model 1: cellular-CIADIS and soluble-CIADIS weighted score; Model 2: cellular-CIADIS weighted score + TNFR1; Model 3: CD4+DR + CD4+CD57+CD28- + soluble-CIADIS weighted score; and Model 4: CD4+DR + CD4+CD57+CD28- + TNFR1. 
Models for dyslipidemias: In the first model, we integrated both the cellular-CIADIS and soluble-CIADIS weighted score, adjusted for the previously described potential confounding factors. TNFR1, CD4+DR and CD4+TN were significantly associated with the presence of dyslipidemias in univariable analysis. Therefore, we performed multivariable analysis with TNFR1, CD4+DR and CD4+TN instead of the scores. We assessed the following models all adjusted for identified confounding factors: Model 1: cellular-CIADIS and soluble-CIADIS weighted score; Model 2: cellular-CIADIS weighted score + TNFR1; Model 3: CD4+DR + CD4+TN + soluble-CIADIS weighted score; and Model 4: CD4+DR + CD4+TN + TNFR1. 

Factors associated with the risk of each age-related comorbidity within the 3-year follow-up
Cox proportional hazard models with delayed entry were used to determine factors associated with age-related comorbidity. We used a similar strategy for the selection of adjustment variable. For each age-related comorbidity, several multivariable models were tested according to age-related comorbidity and adjusted for the following selected potential confounding factors: age, sex, CDC classification, number of other non-HIV related comorbidities at inclusion and CD4+ cell count at inclusion. 
Models for the risk of diabetes, neurodegenerative disorders, cancers and dyslipidemias: In the first model, we integrated both the cellular-CIADIS and soluble-CIADIS weighted score, adjusted for the previously described confounding factors. TNFR1 was significantly associated with the risk for these comorbidities in univariable analysis. Therefore, we also performed multivariable analysis with TNFR1 instead of the soluble-CIADIS score. We assessed the following models all adjusted for identified confounding factors: Model 1: cellular-CIADIS and soluble-CIADIS weighted score; and Model 2:  cellular-CIADIS weighted score + TNFR1. 
[bookmark: _GoBack]Models for the risk of cardiovascular diseases and HTA: In the first model, we integrated both the cellular-CIADIS and soluble-CIADIS weighted score, adjusted for the previously described confounding factors. TNFR1 and CD4+DR were significantly associated with the presence of cardiovascular diseases in univariable analysis. Therefore, we performed multivariable analysis with TNFR1 and CD4+DR instead of the scores. We assessed the following models all adjusted for identified confounding factors: Model 1: cellular-CIADIS and soluble-CIADIS weighted score; Model 2: cellular-CIADIS weighted score + TNFR1; Model 3: CD4+DR + soluble-CIADIS weighted score; and Model 4: CD4+DR + TNFR1. 
We further evaluated the CD4/CD8 ratio instead of the CIADIS scores for both logistic regression and Cox models.














Supplementary data

Figure 1: Biomarkers of T-cell activation, senescence and maturation and soluble biomarkers projected on the plane spanned by the first two principal components.

The first principal component (PC) accounted for 21% of biomarker variability and separated naïve T cells (CD45RA+CD27+) from i) activated T-cells (HLA-DR+ on CD4+ and CD8+ grouped together) and ii) senescent T cells (CD4+ and CD8+ CD57+CD28- and CD4+ and CD8+ CD27-CD45RA+), as well as terminally differentiated T cells grouped together. The second PC accounted for 15% of the biomarker variability and grouped all soluble biomarkers together (D-Dimer, BAFF/BLYSS, sCD163, sCD14, MPO, sCD40L, CRP, IL-18, IP-10/CXCL10, IL-6, TNFR1, CD54 (ICAM). Each weighted score is a linear combination of the standardized ranks of cellular or soluble biomarkers multiplied with the eigenvector (representing the weight for each biomarker) of the first PC (cellular-CIADIS weighted score) and the second PC (soluble-CIADIS weighted score). A positive cellular-CIADIS weighted score represents an immune phenotype with higher T cell activation, expression of terminal differentiation and senescence markers, while a positive soluble-CIADIS weighted score represents an immune phenotype with highly inflammatory phenotype.   
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Legend: TN: T naïve; TEMRA: terminally differentiated T cells; BAFF: B-cell activating factor; MPO: Myeloperoxidase; CRP: C-reactive protein; sCD40L sCD40 ligand, IL: Interleukin; IP10: Interferon gamma-induced protein 10; TNFR1: Tumor necrosis factor receptor-1. PCA allows for a reducing dimensionality of inter-related variables by transforming the original variables in a set of new variables, the so called principal components, which represent the majority of the variability of the initial variables. This allowed us to better understand the correlations between cellular and soluble markers. We projected the data on the plane spanned by the first two components, which explained 36% of the variability. Dim 1: first principal component. Dim 2: second principal component.
Figure 2: Enrollment flowchartPatients included in CIADIS sub-study
N=1010
Patients without cellular and soluble immune markers measurements
N=182*
Patients included in the present study
N=828



















Legend: *Patients included in the present study were older, more frequently men, had higher CD4+ cell count, time elapsed since HIV infection, viral load suppression, and duration under cART were significantly longer compared to patients excluded from this study. There was no difference for CDC stage nor comorbidities except for dyslipidemias, HTA and cancer (more frequent in our population).  

Figure 3: Multivariable logistic regression models demonstrating the association between CIADIS markers, CIADIS scores and all non-HIV related comorbidities (N=828) 
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Legend: OR: Odds Ratio; Sd: standard deviation; 95% CI: 95% confidence intervals. For diabetes, cardiovascular diseases, cancer and HTA, all models were adjusted for age, sex, CDC classification and the presence of at least two additional age-related comorbidities at inclusion. For neurodegenerative disorders, all models were adjusted for age, sex, CDC classification and HCV infection. For dyslipidemias, all models were adjusted for age, sex, CDC classification, cumulative duration on cART, and HCV infection. A value of cellular-CIADIS weighted score above 0 represents an immune phenotype with higher T cell activation, expression of terminal differentiation and senescence markers, whereas cellular-CIADIS weighted scores below 0 represent a less activated and less senescent profile.
Figure 4: Hazard ratios (HR) with 95% confidence intervals estimated by the Cox proportional hazards model with delayed entry for the association between CIADIS scores and the risk of all non-HIV related comorbidities for a 3 year follow-up (n=828).
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Legend: HR: Hazard Ratio; Sd: standard deviation. 95% CI: 95% confidence intervals. All models were adjusted for age, sex, CDC classification, number of other age related comorbidities at inclusion, and CD4+ cell count at inclusion. The two weighted CIADIS-scores, TNFR1, and CD4+DR were used as categorical variables in the models. Each variable was categorized by their interquartile range: low profile (≤Q1), medium profile (Q1-Q3) and high profile (>Q3). For each categorical variable in these analyses, the reference category is the low category.
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Table 1: Principal Component Analysis – Cellular and soluble immune biomarkers relative contributions to calculate weighted cellular- and –soluble-CIADIS scores (N=828 patients).
	Immune markers
	PC1 (21%)
	PC2 (15%)

	
	Relative contributions of each biomarker (%)
	Relative contributions of each biomarker (%)

	Cellular markers
	
	

	CD4+ DR+
	12.29
	0.85

	CD4+CD57+CD28-
	14.56
	2.32

	CD4+TN
	6.38
	0.57

	CD4+TEMRA
	10.91
	2.75

	CD8+ DR+
	14.98
	0.15

	CD8+CD57+CD28-
	13.84
	1.02

	CD8+TN
	13.55
	0.02

	CD8+TEMRA
	9.75
	1.91

	Soluble markers
	
	

	BAFF BLYSS (pg/mL)
	0.008
	12.30

	CD163 (ng/mL)
	0.32
	8.23

	MPO (ng/mL)
	0.006
	0.65

	CRP (ng/mL)
	0.84
	5.42

	D-Dimères (ng/mL)
	0.40
	4.67

	sCD40L (pg/mL)
	0.09
	0.06

	IL-18 (pg/mL)
	0.05
	1.28

	sCD54 (ng/mL)
	0.0006
	14.13

	sCD14 (ng/mL)
	0.02
	1.92

	IP10 (pg/mL)
	1.53
	13.53

	TNFR1 (pg/mL)
	0.11
	15.05

	IL-6 (pg/mL)
	0.35
	13.17


Legend: PC: Principal Component. A cellular-CIADIS weighted score with a value above 0 represents an immune phenotype with higher T cell activation, expression of terminally differentiation, and senescence markers, whereas negative values of the cellular-CIADIS weighted score represent a less activated and less senescent profile. 

Table 2: Univariable logistic regression models of the association between CIADIS markers, CIADIS scores and multimorbidity
	Variable
	       OR (95% CI)
	          p

	Cellular CIADIS-weighted score (/sd)
	1.7 (1.4-2.0)
	<0.0001

	Soluble CIADIS-weighted score (/sd)
	1.2 (1.1-1.5)
	0.0057

	BAFF_BLYSS (/sd)
	1.1 (0.9-1.3)
	0.3335

	CD163 (/sd)
	1.3 (1.1-1.5)
	0.0027

	MPO (/sd)
	0.9 (0.7-1.1)
	0.2825

	CRP (/sd)
	1.2 (1.0-1.4)
	0.1000

	D-Dimer (/sd)
	1.3 (1.1-1.5)
	0.0025

	sCD40L (/sd)
	1.0 (0.8-1.2)
	0.9018

	IL-18 (/sd)
	1.1 (1.0-1.3)
	0.1680

	CD54 (/sd)
	1.0 (0.8-1.2)
	0.8546

	CD14 (/sd)
	0.9 (0.7-1.1)
	0.4012

	IP10 (/sd)
	1.1 (0.9-1.3)
	0.3253

	TNFR1 (/sd)
	1.5 (1.3-1.8)
	<0.0001

	IL-6 (/sd)
	1.0 (0.8-1.2)
	0.9174

	CD4+ DR (/sd)
	1.4 (1.2-1.6)
	0.0002

	CD4+ CD57+ CD28- (/sd)
	1.3 (1.1-1.6)
	0.0003

	CD4+ TN (/sd)
	0.7 (0.5-0.8)
	<0.0001

	CD4+ TEMRA (/sd)
	1.2 (1.0-1.4)
	0.0488

	CD8+ DR (/sd)
	1.4 (1.2-1.6)
	0.0003

	CD8+ CD57+ CD28- (/sd)
	1.2 (1.0-1.5)
	0.0261

	CD8+ TN (/sd)
	0.6 (0.5-0.7)
	<0.0001

	CD8+ TEMRA (/sd)
	1.3 (1.1-1.5)
	0.0036

	CD4/CD8 ratio (/sd)
	0.9 (0.7-1.0)
	0.1240



Legend: OR: Odds Ratio, p: p-value, Sd: standard deviation. TNFR1: Tumor necrosis factor receptor. 95% CI: 95% confidence intervals. A cellular-CIADIS weighted score with a value above 0 represents an immune phenotype with higher T cell activation, expression of terminally differentiation, and senescence markers, whereas negative values of the cellular-CIADIS weighted score represent a less activated and less senescent profile. 


Table 3: Univariable analysis showing Hazard ratios (HR) with 95% confidence intervals estimated by Cox proportional hazard models for the association between CIADIS scores and the risk of novel age-related comorbidity within 3 years of follow-up (n=828).
	 
	HR (95% CI)
	P

	Cellular CIADIS-weighted score (ref=Low)
	1.0
	0.0005

	Medium
	1.2 (0.9-1.6)
	

	High
	1.8 (1.3-2.5)
	

	Soluble CIADIS-weighted score (ref=Low)
	1.0
	0.5375

	Medium
	1.2 (0.9 - 1.5)
	

	High
	1.1 (0.8 - 1.6)
	

	TNFR1 (ref=Low)
	1.0
	0.1607

	Medium
	1.0 (0.8 - 1.3)
	

	High
	1.3 (0.9 - 1.7)
	

	CD4+ DR (ref=Low)
	1.0
	0.0017

	Medium
	1.1 (0.8 - 1.4)
	

	High
	1.6 (1.2 - 2.2)
	

	CD4+ CD57+28- (/1sd)
	1.1 (1.0 - 1.2)
	0.0797

	CD4+ TN (/1sd)
	1.0 (0.9 - 1.1)
	0.4171

	CD4+ TEMRA (/1sd)
	1.1 (1.0 - 1.3)
	0.0988

	CD8+ DR (ref= Low)
	1.0
	0.0020

	Medium
	1.3 (1.0 - 1.7)
	

	High
	1.7 (1.3 - 2.4)
	

	CD8+ CD57+28- (/1sd)
	1.1 (1.0 - 1.2)
	0.0615

	CD8+ TN (/1sd)
	0.9 (0.8 - 1.0)
	0.1028

	CD8+ TEMRA (/1sd)
	1.2 (1.1 - 1.3)
	0.0041



Legend: HR: Hazard Ratio; p: p-value; Sd: standard deviation; TNFR1: Tumor necrosis factor receptor-1; 95% CI: 95% confidence intervals. The two weighted CIADIS-scores and selected biomarkers were used as categorical variables in the models. Each variable was categorized by their interquartile range: low profile (≤Q1), medium profile (Q1-Q3) and high profile (>Q3). For each categorical variable in these analyses, the reference category is the low category.
	 
	HR (95%CI)
	P

	Cellular CIADIS-weighted score (ref=Low)
	1.0
	0.36

	Medium
	1.1 (0.4-2.8)
	

	High
	0.5 (0.1-1.7)
	

	Soluble CIADIS-weighted score (ref=Low)
	1.0
	0.02

	Medium
	4.2 (0.5 - 33.5)
	

	High
	11.0 (1.4 - 86.2)
	

	BAFF BLYSS (/1 Sd)
	1.6 (1.4 - 1.8)
	<0.01

	TNFR1 (/1 Sd)
	1.4 (1.2 - 1.6)
	<0.01

	IL6 (ref=Low)
	1.0
	0.05

	Medium
	7.1 (0.9 - 55.9)
	

	High
	11.7 (1.5 - 92.1)
	

	CD4+ DR (/1sd)
	1.0 (0.7 - 1.4)
	0.89

	CD4+ CD57+28- (/1sd)
	0.7 (0.4 - 1.2)
	0.19

	CD4+ TN (/1sd)
	1.2 (0.8 - 1.7)
	0.44

	CD4+ TEMRA (/1sd)
	0.3 (0.1 - 1.2)
	0.09

	CD8+ DR (/1sd)
	0.8 (0.5 - 1.2)
	0.30

	CD8+ CD57+28- (/1sd)
	0.9 (0.6 - 1.3)
	0.55

	CD8+ TN (/1sd)
	0.9 (0.8 - 1.0)
	0.1028

	CD8+ TEMRA (/1sd)
	0.7 (0.5 - 1.1)
	0.12

	CD4+/CD8 ratio <1 (ref=>=1)
	0.5 (0.2 - 1.4)
	0.20


Table 4: Univariable analysis showing Hazard ratios (HR) with 95% confidence intervals estimated by Cox proportional hazard models for the association between CIADIS scores and mortality within 3 years of follow-up (n=828).

Legend: HR: Hazard Ratio; p: p-value; Sd: standard deviation; TNFR1: Tumor necrosis factor receptor-1. 95% CI: 95% confidence intervals. The two weighted CIADIS-scores and selected biomarkers were used as categorical variables in the models. Each variable was categorized by their interquartile range: low profile (≤ Q1), medium profile (Q1-Q3) and high profile (>Q3). For each categorical variable in these analyses, the reference category is the low category.
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