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Abstract:  50 

Background: IL-6, hsCRP and D-dimer levels are linked to adverse outcomes in HIV, but the 51 

strength of their associations with different clinical endpoints warrants investigation.  52 

Methods: Participants receiving standard of care in 2 HIV trials with measured biomarkers were 53 

followed to ascertain all-cause death, non-AIDS death, AIDS, cardiovascular disease (CVD) and 54 

non-AIDS-defining malignancies. HRs (95% CIs) of each endpoint for quartiles and log2-55 

transformed IL-6, hsCRP and D-dimer were calculated using Cox models. Marginal models 56 

modelling multiple events tested for equal effects of biomarkers on different endpoints.   57 

Results: Among 4304 participants, there were 157 all-cause deaths, 117 non-AIDS deaths, 101 58 

AIDS, 121 CVD and 99 non-AIDS-defining malignancies.  IL-6 was more strongly associated with 59 

most endpoints than hsCRP. IL-6 appeared to be a stronger predictor for CVD and non-AIDS-60 

defining malignancies than D-dimer but CIs overlapped. Independent associations of IL-6 were 61 

stronger for non-AIDS death (1.71; 1.43-2.04) and all-cause death (1.56; 1.33-1.84), and similar for 62 

CVD (1.35; 1.12-1.62) and non-AIDS-defining malignancies (1.30; 1.06-1.61). There was 63 

heterogeneity of IL-6 as a predictor for different endpoints (p<0.001), but not hsCRP (p=0.15) or D-64 

dimer (p=0.20). 65 

Conclusions: IL-6 is a stronger predictor of fatal events than CVD and non-AIDS-defining 66 

malignancies. Adjuvant anti-inflammatory and anti-thrombotic therapies should be tested in HIV. 67 

 68 

Keywords: HIV; coagulation; inflammation; IL-6; hsCRP; D-dimer; cardiovascular disease; 69 

cancer; AIDS 70 

 71 

 72 
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 74 

Text: 75 

Introduction: 76 

    Activated inflammation and hypercoagulation have consistently been linked to many adverse 77 

clinical outcomes during HIV infection, including progression to AIDS [1,2], anaemia [3], cancer 78 

[4], cardiovascular disease [5,6], diabetes [7] and all-cause mortality [8-10]. This observation is 79 

drawn from several studies that reported independent associations between raised plasma levels of 80 

inflammatory and coagulation biomarkers and subsequent risk of clinical outcomes [11]. In the 81 

Strategies for Management of Anti-Retroviral Therapy (SMART) trial, episodic antiretroviral 82 

therapy (ART) use increased all-cause mortality compared with continuous ART; the majority of 83 

the deaths being attributable to cardiovascular disease and cancer [12]. Out of a panel of six 84 

biomarkers tested in SMART participants at study entry, elevated levels of three biomarkers were 85 

independently and strongly associated with a subsequent risk of death during follow-up [8]: 1) 86 

interleukin-6 (IL-6), a pro-inflammatory cytokine that is a proximal mediator or upstream 87 

inflammatory marker [13]; 2)  high-sensitivity C-reactive protein (hsCRP), a downstream acute 88 

phase reactant whose hepatic production is stimulated, among other factors, by IL-6 [14]; and 3) D-89 

dimer, a degradation product of cross-linked intravascular fibrin that is a marker of 90 

hypercoagulation [15].  91 

     Many previous studies on IL-6, hsCRP and D-dimer have investigated associations with all-92 

cause death and different diseases in the setting of HIV infection [11], but the strength of 93 

associations these biomarkers have with different types of clinical endpoints is not well understood. 94 

For instance, it remains to be determined which biomarker best predicts AIDS-defining and non-95 

AIDS-defining morbidity among HIV+ persons receiving standard-of-care [16]. This poses an 96 

important research question as to whether activated inflammation and hypercoagulation contribute 97 
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in a general way to the development of multiple diseases or are instead more strongly associated 98 

with the development of specific pathologies [17].  Here, we set out to evaluate the relative value of 99 

IL-6, hsCRP and D-dimer as predictors of different clinical endpoints in a large cohort of HIV+ 100 

persons.  101 

     102 

Material and Methods: 103 

 104 

Study population: 105 

    This cohort study combined the control arms of two international HIV trials conducted by the 106 

International Network for Strategic Initiatives in Global HIV Trials: the SMART study 107 

(NCT00027352) [12] and the Evaluation of Subcutaneous Proleukin® in a Randomized 108 

International Trial (ESPRIT) (NCT00004978) [18]. Participants who had consented to storing blood 109 

for future research and whose plasma levels of IL-6, hsCRP and D-dimer were measured at study 110 

entry prior to randomization were included (N= 4,304). All participants in the control arms received 111 

standard of care according to HIV guidelines and were to be continuously maintained on ART. 112 

Prior to the enrolment of participants in the SMART and ESPRIT trials,  the institutional review 113 

board at each site had approved the original study protocols, and written informed consent was 114 

obtained from all participants. SMART and ESPRIT were conducted in compliance with the 115 

Declaration of Helsinki Guidelines, were registered on clinical trials databases and reviewed by 116 

independent data and safety interim monitoring boards. 117 

 118 

 119 

Biomarker measurements:  120 
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    For SMART participants, biomarkers were measured at the Laboratory for Clinical Biochemistry 121 

Research at the University of Vermont (Burlington). In the ESPRIT trial, laboratory measurements 122 

were performed by SAIC-Frederick (Frederick, MD). IL-6 was measured by the same method at 123 

each laboratory (Chemiluminescent Sandwich enzyme-linked immunosorbent assay [ELISA], R&D 124 

Sytems). hsCRP levels were determined by means of highly sensitive ELISA by both laboratories. 125 

For SMART participants, a NBTMII nephelometer, N Antiserum to Human CRP (Siemens 126 

Diagnostics) was used. For ESPRIT, an R&D Systems ELISA assay was used. D-dimer levels were 127 

determined by ELISA on the Sta-R analyzer, Liatest D-DI (Diagnostic Stago) for SMART 128 

participants and on a VIDAS instrument (BioMerieux Inc., Durham, North Carolina, USA) for 129 

ESPRIT participants.  As described in detail elsewhere [6,19], the assays for hsCRP and D-dimer, 130 

while different, compared well and measurements on duplicate samples were well correlated.  131 

 132 

Follow up and endpoints ascertainment: 133 

    Patients were followed from study entry until the first endpoint of interest, death, loss to follow-134 

up, or the closing date of each study, whichever occurred first. The following clinical endpoints 135 

were considered: 1) all-cause mortality, 2) non-AIDS and non-violent/accidental death, 3) fatal and 136 

non-fatal progression to AIDS (CDC category C events), 4) fatal and non-fatal cardiovascular 137 

disease (defined as myocardial infarction, stroke or coronary artery disease requiring a surgical 138 

procedure) and 5) fatal and non-fatal non-AIDS-defining malignancies (excluding basal and 139 

squamous cell skin cancers). All clinical endpoints were systematically reported to and centrally 140 

adjudicated by an endpoint review committee using pre-specified criteria [20]. Causes of death were 141 

determined using CoDe [21]. Clinical assessment intervals and total follow-up time varied by study. 142 

Median follow-up time was 29 months in SMART and 81 months in ESPRIT; overall, median 143 

follow-up was 48 months for the entire cohort. 144 
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 145 

 146 

Statistical analyses:  147 

    Hazard ratios (HR) with 95% confidence interval (CI) of each study endpoint for IL-6, hsCRP 148 

and D-dimer levels, modelled as log2-transformed values (i.e., per 2 fold higher), were calculated 149 

and used to compare the association of plasma levels of each biomarker with the risk of developing 150 

different clinical endpoints. Models for each biomarker were stratified by study to account for 151 

differences in underlying risk for the different cohorts.  This stratification also grouped participants 152 

by the two laboratories that measured biomarkers. We used sequential adjustment to fit three Cox 153 

proportional hazards regression models [models (1) – (3)], for each of the five clinical endpoints, 154 

and we repeated these three models for all three biomarkers. The Cox proportional hazards models 155 

were fit as follows: model (1) univariable; model (2) adjusted for demographics (age, sex, race and 156 

body mass index), nadir and baseline CD4+ cell count, baseline ART use and baseline HIV RNA, 157 

prior AIDS and cardiovascular disease, diabetes mellitus and hepatitis B virus/hepatitis C virus 158 

(HBV/HCV) co-infection; model (3) adjusted as in model (2) with further adjustment which 159 

included fitting biomarkers of inflammation and coagulation simultaneously. However, we did not 160 

include both biomarkers of inflammation in the same model because IL-6 and hsCRP have 161 

biological redundancy. The hepatic production of hsCRP is determined by IL-6 [14]. Therefore, 162 

elevated plasma levels of both biomarkers could have indicated similar pathophysiological 163 

processes.   164 

    We computed crude incidence rates and HRs (95% CIs) of clinical endpoints for each quartile of 165 

biomarker levels. To control for any differences in biomarker distributions among studies and inter 166 

laboratory variability, quartiles were defined separately for participants in SMART and ESPRIT. 167 
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    To compare the strength of associations of IL-6, hsCRP and D-dimer with each endpoint 168 

investigated, competing risk or marginal Cox model described by Wei, Lin & Weissfeld [22] were 169 

used to model multiple unordered events and to test for equal effects of biomarkers on different 170 

types of endpoints. With this approach, the fit of a model which assumed a common association for 171 

biomarkers with each endpoint was compared with the fit of a model that allowed the association to 172 

vary. The corresponding p-value is the probability that the magnitude of differences in estimated 173 

HRs for the endpoints could have arisen by chance if there were no real differences in the actual 174 

HRs. We also evaluated the strength of associations of each biomarker with specific endpoints by 175 

estimating the HRs of the highest vs. lowest biomarker quartiles and the HRs per 2-fold higher 176 

biomarker levels 177 

 178 

Secondary analyses 179 

    To test the robustness of our main findings and adjust for other biologically plausible 180 

confounders, we carried out two pre-planned secondary analyses. First, we recalculated HRs of 181 

clinical endpoints for quartiles of biomarker levels excluding events in the first two years of follow-182 

up. This analysis was aimed at addressing the possibility of bias by reverse causality. Because 183 

cardiovascular disease and cancer may have a long subclinical period prior to diagnosis, there is a 184 

possibility that elevated biomarkers levels were a consequence of the disease outcome instead of 185 

vice versa. Second, among SMART participants for whom information on smoking at the entry was 186 

collected, analyses further adjusting for smoking were carried out because smoking is causally 187 

related to cancer and cardiovascular disease.  188 

 189 

Results: 190 

 191 
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    There were approximately 19,000 person-years of follow-up [PYFU] among 4,304 participants 192 

(median age 42 years, median baseline CD4+ cell count 526/mm3, 77% men), including 157 all-193 

cause deaths (crude incidence rate [IR] 8.25/1,000 PYFU, 95% CI 6.96-9.53), 117 non-violent, non-194 

accidental and non-AIDS related deaths (6.14, 5.03-7.25), 101 progressions to AIDS (70 195 

opportunist infections and 32 AIDS-defining cancers; one participant in ESPRIT had both types of 196 

AIDS events) (5.39, 4.34-6.44), 121 cardiovascular disease events (6.47, 5.32-7.62) and 99 non-197 

AIDS-defining malignancies (5.27, 4.23-6.30). 198 

    Baseline characteristics are presented for both the entire cohort and separately for people who 199 

experienced the different clinical endpoints and are shown in Table 1. Levels of IL-6, hsCRP and 200 

D-dimer at study entry were higher among participants experiencing each clinical endpoint when 201 

compared to the entire cohort (Table 1). Crude incidence rates of all clinical endpoints increased 202 

across higher quartiles of all biomarkers (Figure 1). This was particularly true for IL-6 and D-dimer 203 

quartiles where a clearly graded response pattern was observed. 204 

    When compared to hsCRP, IL-6 was more strongly associated with most outcomes investigated 205 

both in univariable and multivariable models that considered log2-transformed biomarkers. IL-6 was 206 

a stronger predictor for cardiovascular disease events and non-AIDS-defining malignancies than D-207 

dimer (Figure 2, Table 2 and supplemental table 1) but confidence intervals overlapped.      208 

    Independent associations between log2 IL-6 and clinical endpoints were strongest for fatal events 209 

and similar for fatal and non-fatal cardiovascular disease and non-AIDS-defining malignancies in 210 

multivariable analyses. For instance, adjusted HRs (95% CI) calculated using model 3 were 211 

numerically higher for non-AIDS and non-violent/accidental death (1.71 [1.43-2.04] per 2 fold 212 

higher IL-6 level) and for all-cause death (1.56; 1.33-1.84) than for fatal or non-fatal cardiovascular 213 

disease events (1.35; 1.12-1.62) and non-AIDS-defining malignancies (1.30; 1.06-1.61) (Figure 2 214 

and supplemental table 1). The Wei-Lin-Weissfeld test found evidence of heterogeneity in 215 
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the association of log2 IL-6 with different endpoints (p<0.001), but not of log2 hsCRP (p=0.15) or 216 

log2 D-dimer (p=0.20). 217 

    In multivariable analyses comparing the highest to the lowest biomarker quartiles (Table 2, 218 

Figure 3 and Supplemental Table 2), HRs for all-cause death were similar for IL-6, hsCRP and D-219 

dimer. However, higher quartiles of IL-6 were independently associated with steeper risk gradients 220 

for all other outcomes than hsCRP. When compared to D-dimer, IL-6 appeared to be associated 221 

with steeper risk gradients for cardiovascular disease and non-AIDS-defining malignancies (Table 222 

2, Figure 3) but confidence intervals overlapped (Figure 3 and supplemental Table 2). The strength 223 

of associations of IL-6 and D-dimer with the other endpoints was similar (Table 2). 224 

 225 

Secondary analyses 226 

    After censoring the events occurring in the first two years of follow-up, confidence intervals of 227 

hazard ratios became larger owing to the smaller number of clinical endpoints (supplemental Table 228 

3). As a result, some associations between biomarker quartiles and certain types of clinical 229 

endpoints were no longer significant. This was the case, for instance, for the association between 230 

higher D-dimer quartiles and increased risk of progression to AIDS. However, most associations 231 

followed the same direction of and were broadly consistent with the main analyses including all 232 

follow-up (supplemental Table 2).  233 

    In SMART, adjustment for smoking weakened the association between higher quartiles of IL-6 234 

and death endpoints, but strengthened associations between higher quartiles of IL-6 and increased 235 

risk of cardiovascular disease and non-AIDS-defining malignancies (supplemental Table 4).  236 

 237 

Discussion: 238 
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    In a large cohort of HIV+ persons, we confirmed that activated inflammation and coagulation, as 239 

demonstrated by elevated levels of IL-6, hsCRP and D-Dimer, respectively, are linked to a variety 240 

of clinical endpoints representative of AIDS-associated and non-AIDS-associated morbidity. These 241 

three biomarkers are of particular interest because they have similarly been linked to disease in the 242 

general population. We found that the pathophysiological pathways that involve raised plasma 243 

levels of IL-6, hsCRP and D-dimer seem to be associated with different types of clinical endpoints. 244 

Higher IL-6 levels at study entry were more strongly associated with subsequent risk of non-AIDS-245 

defining endpoints such as cardiovascular disease and non-AIDS-defining malignancies than hsCRP 246 

or D-dimer. Furthermore, higher IL-6 was more strongly associated with fatal events than with fatal 247 

and non-fatal cardiovascular disease or non-AIDS-defining malignancies. These findings were 248 

broadly consistent after adjustment for confounders and accounting for potential reverse causality.  249 

    We demonstrated that IL-6 was superior to hsCRP to predict cardiovascular and non-AIDS-250 

defining malignancies. Gene-association studies using principles of Mendelian randomisation 251 

support a causal role of IL-6 in cardiovascular disease [23] and cancer [24]. With respect to hsCRP, 252 

polymorphisms in genes that are associated with higher levels of hsCRP were not associated with 253 

increased risk of cardiovascular disease [25,26] or cancer [27]. hsCRP seems, therefore, to be more 254 

of a epiphenom of underlying pathophysiological processes than a biomarker causally linked to 255 

adverse endpoints. However, some studies in the general population have found hsCRP to be more 256 

strongly associated with cardiovascular disease than IL-6 after adjustment for confounders [28,29]. 257 

The reasons why hsCRP is a less informative biomarker than IL-6 in the setting of HIV infection 258 

are unclear. Since hsCRP is a terminal product of the inflammatory cascade produced by the liver, 259 

subclinical hepatic impairment determined by conditions that may affect HIV+ persons 260 

disproportionally, such as HCV/HBV co-infection or hepatic steatosis, could  play a role [30,31].     261 
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    In this study, IL-6 was more strongly associated with cardiovascular disease and non-AIDS-262 

defining malignancies than D-dimer. There is paucity of data on the relative associations of IL-6 263 

and D-dimer with non-AIDS-defining outcomes during HIV infection. A previous report including 264 

SMART and ESPRIT participants who were receiving ART and virologically suppressed at 265 

baseline found that both IL-6 and D-dimer independently predicted the risk of a composite endpoint 266 

of serious non-AIDS morbidity or all-cause death [10]. Higher D-dimer levels also predicted a 267 

composite endpoint of non-AIDS-defining conditions in a case-control study involving HIV+ 268 

persons participating in ACTG trials [32]. In other reports involving the general population and 269 

HIV+ persons, D-dimer was found to predict cardiovascular disease [33,34] and cancer mortality 270 

[35]. 271 

    We also observed that elevated levels of IL-6 and D-dimer were similarly linked to increased risk 272 

of progression to AIDS. Elevated D-dimer levels had been previously associated with increased risk 273 

of AIDS or death among participants in Flexible Initial Retrovirus Suppression Therapies (FIRST) 274 

trial with advanced HIV infection (median CD4+ cell count of 163 cells/mm3) [2]. In a nested case-275 

control study involving participants from both arms in the SMART study; i.e. those randomized to 276 

continuous use of ART and to CD4+ cell count-guided ART interruptions, D-dimer was not 277 

associated with the development of opportunistic disease [1]. However, there appeared to be a 278 

stronger association between D-dimer and opportunistic disease among those receiving ART 279 

continually, although this is an underpowered analysis given the low number of events [1]. The 280 

prognostic value of D-dimer in HIV+ persons, particularly its relationship with AIDS-defining and 281 

non-AIDS-defining endpoints, deserves, therefore, further investigation. 282 

    Activated innate immunity seems to be a stronger determinant of IL-6 and D-dimer levels than 283 

adaptive immunity [32,36,37] but higher levels of each biomarker are related to different 284 

phenotypes of monocyte activation [36]. Furthermore, we had previously demonstrated that 285 
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different host factors and HIV-specific variables are associated with levels of IL-6 [38] and D-dimer 286 

[19].  This is compatible with the hypothesis that circulating levels of IL-6 and D-dimer reflect two 287 

distinct pathophysiological processes that may lead to different clinical endpoints. Indeed, 288 

combined scores of IL-6 and D-dimer have proven more helpful to estimate future risk of non-289 

AIDS-related morbidity than each biomarker individually [10].  290 

    The Wei-Lin-Weissfeld test indicated that higher IL-6 levels were more strongly associated with 291 

death endpoints than cardiovascular disease and cancer in our study. From our studies, higher levels 292 

of IL-6 at study entry were associated with greater risk of fatal cardiovascular disease and greater 293 

risk of death after a nonfatal cardiovascular event [6]. As for non-AIDS-defining malignancies, we 294 

also found that the risk associated with elevated plasma levels of IL-6 was higher for fatal than for 295 

non-fatal events among HIV+ persons (unpublished data). Furthermore, raised inflammatory 296 

biomarkers were more strongly associated with cancer death than with non-fatal cancer in healthy 297 

elderly individuals [39] and with shorter survival following cancer diagnosis [40]. Taken together, 298 

these findings suggest that higher IL-6 is not only a marker of disease risk, but also of disease 299 

severity. 300 

    Our study had several limitations. First, we only studied three biomarkers. Other biomarkers not 301 

tested might have provided useful information. Second, we studied IL-6, hsCRP and D-dimer at 302 

study entry only because follow-up biomarkers were only available in a subset of participants; 303 

therefore, it was not possible to investigate the effects of changes in plasma levels of these 304 

biomarkers over time. The fact that biomarker levels may have changed over time during follow-up 305 

means that the association between these biomarkers and the clinical endpoints could be greater 306 

than those observed. Third, associations of each biomarker were investigated for several clinical 307 

endpoints. This means that false positive results may have arisen from multiple testing.  Fourth, the 308 

strong and independent associations between raised biomarker levels and clinical endpoints 309 
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observed in this large cohort of HIV+ persons do not necessarily mean that these biomarkers are 310 

valuable for risk stratification of individual patients [41]. 311 

    No study has thus far provided irrefutable evidence for a causal relationship between activated 312 

inflammation/coagulation and clinical events during HIV infection. Among HIV+ persons with 313 

early HIV infection enrolled in the Strategic Timing of AntiRetroviral Treatment (START) trial, 314 

immediate ART reduced incidence of AIDS-defining events and cancer compared to treatment 315 

deferral until CD4+ counts dropped below 350 cells/mm3[42]. Because ART decreases 316 

inflammation and coagulation by suppressing HIV replication [16,43,44], START findings are 317 

consistent with the hypothesis of activated inflammation and coagulation as a contributing cause of 318 

morbidity, although the benefits of immediate ART may also have been mediated by other 319 

mechanisms. The Evaluating the Use of Pitavastatin to Reduce the Risk of Cardiovascular Disease 320 

in HIV-Infected Adults (REPRIEVE) trial will randomise 6,500 HIV+ individuals with low to 321 

moderate cardiovascular risk receiving ART to start statin or placebo. In the Justification for the 322 

Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER), 323 

which recruited HIV-uninfected individuals with elevated hsCRP levels at baseline, statins were 324 

found to reduce risk of cardiovascular disease by 50% [45]. However, because REPRIEVE and 325 

JUPITER have cardiovascular disease as the main study endpoint, it is impossible to determine 326 

whether the clinical benefit of statin therapy is mediated by a reduction cholesterol, a reduction of 327 

inflammation or a combination of both [17,46]. Three additional placebo-controlled trials of anti-328 

inflammatory therapies to reduce risk of cardiovascular events started enrolling participants:  the 329 

Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS), which is assessing a 330 

monoclonal antibody against interleukin-1β [47]; the Cardiovascular Inflammation Reduction Trial 331 

(CIRT), which is assessing low dose methotrexate among HIV-uninfected persons [48], and the 332 

NCT01949116 trial, which is assessing  methotrexate  among HIV+ persons. By deploying 333 
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therapies that directly target inflammation, these trials will be important to test the inflammatory 334 

hypothesis of cardiovascular disease. However, their results will not address the question as to 335 

whether enhanced inflammation and coagulation is causally linked to cancer and other non-AIDS-336 

defining morbidities.      337 

        To conclude, IL-6 is a stronger predictor of fatal events than fatal and non-fatal cardiovascular 338 

disease and non-AIDS-defining cancer. There is a need for clinical endpoint-driven trials to 339 

determine whether anti-thrombotic and anti-inflammatory therapies to lower levels of IL-6, hsCRP 340 

and D-dimer can reduce morbidity and mortality in treated HIV infection. Such trials would not 341 

only determine the potential role of adjuvant anti-inflammatory and anti-thrombotic therapies in the 342 

management of HIV infection, but also elucidate whether enhanced inflammation and coagulation 343 

are causally linked to the development of AIDS-defining and non-AIDS-defining morbidity.  344 

 345 

Acknowledgements:  346 

    We would like to acknowledge the SMART and ESPRIT participants and investigators (see N 347 

Engl J Med 2006;355:2283-96 for the complete list of SMART investigators and N Engl J Med 348 

2009; 361:1548-1559 for the complete list of ESPRIT investigators).  349 

     AHB, JLO, ANP, JDN, BG and JDL conceived the study. JLO and ANP performed all statistical 350 

analyses. AHB drafted the manuscript. All authors contributed to data interpretation, critically 351 

revised the manuscript and approved the final version. 352 

 353 

   354 

References: 355 

1. Rodger AJ, Fox Z, Lundgren JD, et al. Activation and coagulation biomarkers are independent predictors of 356 

the development of opportunistic disease in patients with HIV infection. J Infect Dis 2009; 200:973-83. 357 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rodger%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=19678756
http://www.ncbi.nlm.nih.gov/pubmed?term=Fox%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=19678756
http://www.ncbi.nlm.nih.gov/pubmed?term=Lundgren%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=19678756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodger+A+and+HIV+and+biomarkers+and+D-dimer


16 

 

2. Boulware DR, Hullsiek KH, Puronen CE, et al. Higher levels of CRP, D-dimer, IL-6, and hyaluronic acid 358 

before initiation of antiretroviral therapy (ART) are associated with increased risk of AIDS or death. J Infect 359 

Dis 2011; 203:1637-46. 360 

3. Borges AH, Weitz JI, Collins G, et al. Markers of inflammation and activation of coagulation are associated 361 

with anaemia in antiretroviral-treated HIV disease. AIDS 2014; 28:1791-6. 362 

4. Borges ÁH, Silverberg MJ, Wentworth D, et al. Predicting risk of cancer during HIV infection: the role of 363 

inflammatory and coagulation biomarkers. AIDS 2013; 27:1433-41.  364 

5. Duprez DA, Neuhaus J, Kuller LH, et al. Inflammation, coagulation and cardiovascular disease in HIV-365 

infected individuals. PLoS One 2012; 7:e44454. 366 

6. Nordell AD, McKenna M, Borges ÁH, et al. Severity of cardiovascular disease outcomes among patients with 367 

HIV is related to markers of inflammation and coagulation. J Am Heart Assoc 2014; 3:e000844. 368 

7. Béténé A Dooko C, De Wit S, et al. Interleukin-6, high sensitivity C-reactive protein, and the development of 369 

type 2 diabetes among HIV-positive patients taking antiretroviral therapy. J Acquir Immune Defic Syndr  370 

2014; 67:538-46. 371 

8. Kuller LH, Tracy R, Belloso W, et al. Inflammatory and coagulation biomarkers and mortality in patients with 372 

HIV infection. PLoS Med 2008; 5:e203. 373 

9. Ledwaba L, Tavel JA, Khabo P, et al. Pre-ART levels of inflammation and coagulation markers are strong 374 

predictors of death in a South African cohort with advanced HIV disease. PLoS One 2012; 7:e24243. 375 

10. Grund B, Baker JV, Deeks SG,  et al. Interleukin-6 and D-dimer Predict the Risk of Serious Non-AIDS 376 

Morbidity and Death Among HIV-Positive Adults on Suppressive Antiretroviral Therapy [abstract C43]. In: 377 

Program and abstracts of the 20th Conference on Retroviruses and Opportunistic Infections (Atlanta). San 378 

Francisco, CA: International Antiviral Society–USA, 2013:94 379 

11. Neaton JD, Neuhaus J, Emery S. Soluble biomarkers and morbidity and mortality among people infected with 380 

HIV: summary of published reports from 1997 to 2010. Curr Opin HIV AIDS 2010; 5:480-90. 381 

12. El-Sadr WM, Lundgren JD, Neaton JD, et al. CD4+ count-guided interruption of antiretroviral treatment. N 382 

Engl J Med 2006; 355:2283-96. 383 

13. Tanaka T, Kishimoto T. The biology and medical implications of interleukin-6.Cancer Immunol Res 2014; 384 

2:288-94. 385 

14. Heinrich PC, Castell JV, Andus T. Interleukin-6 and the acute phase response. Biochem J 1990; 265:621-36. 386 

http://www.ncbi.nlm.nih.gov/pubmed?term=Boulware%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=21592994
http://www.ncbi.nlm.nih.gov/pubmed?term=Hullsiek%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=21592994
http://www.ncbi.nlm.nih.gov/pubmed?term=Puronen%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=21592994
http://www.ncbi.nlm.nih.gov/pubmed/21592994
http://www.ncbi.nlm.nih.gov/pubmed/21592994
http://www.ncbi.nlm.nih.gov/pubmed/25003720
http://www.ncbi.nlm.nih.gov/pubmed/25003720
http://www.ncbi.nlm.nih.gov/pubmed/23945504
http://www.ncbi.nlm.nih.gov/pubmed/23945504
http://www.ncbi.nlm.nih.gov/pubmed/22970224
http://www.ncbi.nlm.nih.gov/pubmed/22970224
http://www.ncbi.nlm.nih.gov/pubmed?term=Nordell%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=24870935
http://www.ncbi.nlm.nih.gov/pubmed?term=McKenna%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24870935
http://www.ncbi.nlm.nih.gov/pubmed?term=Borges%20%C3%81H%5BAuthor%5D&cauthor=true&cauthor_uid=24870935
http://www.ncbi.nlm.nih.gov/pubmed/24870935
http://www.ncbi.nlm.nih.gov/pubmed/25393940
http://www.ncbi.nlm.nih.gov/pubmed/25393940
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuller%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=18942885
http://www.ncbi.nlm.nih.gov/pubmed?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18942885
http://www.ncbi.nlm.nih.gov/pubmed?term=Belloso%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18942885
http://www.ncbi.nlm.nih.gov/pubmed/18942885
http://www.ncbi.nlm.nih.gov/pubmed?term=Ledwaba%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22448211
http://www.ncbi.nlm.nih.gov/pubmed?term=Tavel%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22448211
http://www.ncbi.nlm.nih.gov/pubmed?term=Khabo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22448211
http://www.ncbi.nlm.nih.gov/pubmed/22448211
http://www.iasusa.org/
http://www.ncbi.nlm.nih.gov/pubmed/20978391
http://www.ncbi.nlm.nih.gov/pubmed/20978391
http://www.ncbi.nlm.nih.gov/pubmed/17135583
http://www.ncbi.nlm.nih.gov/pubmed/24764575
http://www.ncbi.nlm.nih.gov/pubmed/1689567


17 

 

15. Adam SS, Key NS, Greenberg CS. D-dimer antigen: current concepts and future prospects. Blood 2009; 387 

113:2878-87. 388 

16. Rajasuriar R, Wright E, Lewin SR. Impact of antiretroviral therapy (ART) timing on chronic immune 389 

activation/inflammation and end-organ damage. Curr Opin HIV AIDS 2015; 10:35-42. 390 

17. Duprez DA, Otvos J, Tracy RP, et al. High-Density Lipoprotein Subclasses and Noncardiovascular, Noncancer 391 

Chronic Inflammatory-Related Events Versus Cardiovascular Events: The Multi-Ethnic Study of 392 

Atherosclerosis. J Am Heart Assoc 2015; 4:e002295. 393 

18. Abrams D, Lévy Y, Losso MH, et al. Interleukin-2 therapy in patients with HIV infection. N Engl J Med 2009; 394 

361:1548-59. 395 

19. Borges AH, O'Connor JL, Phillips AN, et al. Factors associated with D-dimer levels in HIV-infected 396 

individuals. PLoS One 2014; 9:e90978. 397 

20. Lifson AR, Rhame FS, Belloso WH, et al. Reporting and evaluation of HIV-related clinical endpoints in two 398 

multicenter international clinical trials. HIV Clin Trials 2006; 7:125-41. 399 

21. Kowalska JD, Friis-Møller N, Kirk O, et al. The Coding Causes of Death in HIV (CoDe) Project: initial results 400 

and evaluation of methodology. Epidemiology 2011; 22:516-23. 401 

22. Wei LJ, Lin DY, Weissfeld L. Regression analysis of multivariate incomplete failure time data by modelling 402 

marginal distributions.  J Am Stat Assoc 1989; 84:1065-73. 403 

23. Interleukin-6 Receptor Mendelian Randomisation Analysis (IL6R MR) Consortium, Hingorani AD, Casas JP. 404 

The interleukin-6 receptor as a target for prevention of coronary heart disease: a mendelian randomisation 405 

analysis. Lancet 2012; 379:1214-24.  406 

24. Tian G, Mi J, Wei X, et al. Circulating interleukin-6 and cancer: A meta-analysis using Mendelian 407 

randomization. Sci Rep 2015; 5:11394. 408 

25. Zacho J, Tybjaerg-Hansen A, Jensen JS, Grande P, Sillesen H, Nordestgaard BG. Genetically elevated C-409 

reactive protein and ischemic vascular disease. N Engl J Med 2008; 359:1897-908. 410 

26. Wensley F, Gao P, Burgess S, et al. Association between C reactive protein and coronary heart disease: 411 

mendelian randomisation analysis based on individual participant data. BMJ 2011; 342:d548. 412 

27. Allin KH, Nordestgaard BG, Zacho J, Tybjaerg-Hansen A, Bojesen SE. C-reactive protein and the risk 413 

of cancer: a mendelian randomization study. J Natl Cancer Inst 2010; 102:202-6. 414 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Adam%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=19008457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Key%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=19008457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Greenberg%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=19008457
http://www.ncbi.nlm.nih.gov/pubmed/?term=adam+ss+and+d-dimer+and+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajasuriar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25415420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25415420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewin%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=25415420
http://www.ncbi.nlm.nih.gov/pubmed/25415420
http://www.ncbi.nlm.nih.gov/pubmed/26370448
http://www.ncbi.nlm.nih.gov/pubmed/26370448
http://www.ncbi.nlm.nih.gov/pubmed/26370448
http://www.ncbi.nlm.nih.gov/pubmed/19828532
http://www.ncbi.nlm.nih.gov/pubmed/24626096
http://www.ncbi.nlm.nih.gov/pubmed/24626096
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lifson%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=16880169
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhame%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=16880169
http://www.ncbi.nlm.nih.gov/pubmed/?term=Belloso%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=16880169
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lifson+A+and+endpoints
http://www.ncbi.nlm.nih.gov/pubmed/21522013
http://www.ncbi.nlm.nih.gov/pubmed/21522013
http://www.ncbi.nlm.nih.gov/pubmed/22421340
http://www.ncbi.nlm.nih.gov/pubmed/22421340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26096712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26096712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26096712
http://www.ncbi.nlm.nih.gov/pubmed/26096712
http://www.ncbi.nlm.nih.gov/pubmed/18971492
http://www.ncbi.nlm.nih.gov/pubmed/18971492
http://www.ncbi.nlm.nih.gov/pubmed/21325005
http://www.ncbi.nlm.nih.gov/pubmed/21325005
http://www.ncbi.nlm.nih.gov/pubmed/20056955
http://www.ncbi.nlm.nih.gov/pubmed/20056955


18 

 

28. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of inflammation in the 415 

prediction of cardiovascular disease in women. N Engl J Med 2000; 342:836-43. 416 

29. Pai JK, Pischon T, Ma J, et al. Inflammatory markers and the risk of coronary heart disease in men and 417 

women. N Engl J Med 2004; 351:2599-610. 418 

30. Reingold J, Wanke C, Kotler D, et al. Association of HIV infection and HIV/HCV coinfection with C-reactive 419 

protein levels: the fat redistribution and metabolic change in HIV infection (FRAM) study. J Acquir Immune 420 

Defic Syndr 2008; 48:142-8.  421 

31. Neuhaus J, Jacobs DR Jr, Baker JV, et al. Markers of inflammation, coagulation, and renal function are 422 

elevated in adults with HIV infection. J Infect Dis 2010; 201:1788-95. 423 

32. Tenorio AR, Zheng Y, Bosch RJ, et al. Soluble markers of inflammation and coagulation but not T-cell 424 

activation predict non-AIDS-defining morbid events during suppressive antiretroviral treatment. J Infect Dis 425 

2014; 210:1248-59. 426 

33. Cushman M, Lemaitre RN, Kuller LH, Psaty BM, Macy EM, Sharrett AR, Tracy RP. Fibrinolytic activation 427 

markers predict myocardial infarction in the elderly. The Cardiovascular Health Study. Arterioscler Thromb 428 

Vasc Biol 1999; 19:493-8. 429 

34. Ford ES, Greenwald JH, Richterman AG, et al. Traditional risk factors and D-dimer predict incident 430 

cardiovascular disease events in chronic HIV infection. AIDS 2010; 24:1509-17. 431 

35. Folsom AR, Delaney JA, Lutsey PL, et al. Associations of factor VIIIc, D-dimer, and plasmin-antiplasmin 432 

with incident cardiovascular disease and all-cause mortality. Am J Hematol 2009; 84:349-53. 433 

36. Wilson EM, Singh A, Hullsiek KH, et al. Monocyte-activation phenotypes are associated with biomarkers of 434 

inflammation and coagulation in chronic HIV infection. J Infect Dis 2014; 210:1396-406. 435 

37. French MA, Cozzi-Lepri A, Arduino RC, Johnson M, Achhra AC, Landay A; INSIGHT SMART Study 436 

Group. Plasma levels of cytokines and chemokines and the risk of mortality in HIV-infected individuals: a 437 

case-control analysis nested in a large clinical trial. AIDS 2015; 29:847-51. 438 

38. Borges ÁH, O'Connor JL, Phillips AN, et al. Factors Associated With Plasma IL-6 Levels during HIV 439 

Infection. J Infect Dis 2015; 212:585-95 440 

39. Il'yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC, Satterfield S, Kritchevsky SB. Circulating levels 441 

of inflammatory markers and cancer risk in the health aging and body composition cohort. Cancer Epidemiol 442 

Biomarkers Prev 2005; 14:2413-8. 443 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ridker%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=10733371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hennekens%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=10733371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buring%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=10733371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10733371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ridker+P+and+2000+and+nEJM
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pai%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=15602020
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pischon%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15602020
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15602020
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pai+JK+and+NEJM
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reingold%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18344877
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wanke%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18344877
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kotler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18344877
http://www.ncbi.nlm.nih.gov/pubmed/18344877
http://www.ncbi.nlm.nih.gov/pubmed/18344877
http://www.ncbi.nlm.nih.gov/pubmed/20446848
http://www.ncbi.nlm.nih.gov/pubmed/20446848
http://www.ncbi.nlm.nih.gov/pubmed/24795473
http://www.ncbi.nlm.nih.gov/pubmed/24795473
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cushman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lemaitre%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuller%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Psaty%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Macy%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sharrett%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=10073948
http://www.ncbi.nlm.nih.gov/pubmed/10073948
http://www.ncbi.nlm.nih.gov/pubmed/10073948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ford%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=20505494
http://www.ncbi.nlm.nih.gov/pubmed/?term=Greenwald%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=20505494
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richterman%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=20505494
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ford+and+D-dimer+and+cardiovascular+disease+and+hiv
http://www.ncbi.nlm.nih.gov/pubmed/19472201
http://www.ncbi.nlm.nih.gov/pubmed/19472201
http://www.ncbi.nlm.nih.gov/pubmed/24813472
http://www.ncbi.nlm.nih.gov/pubmed/24813472
http://www.ncbi.nlm.nih.gov/pubmed/25695873
http://www.ncbi.nlm.nih.gov/pubmed/25695873
http://www.ncbi.nlm.nih.gov/pubmed/25722296
http://www.ncbi.nlm.nih.gov/pubmed/25722296
http://www.ncbi.nlm.nih.gov/pubmed/16214925
http://www.ncbi.nlm.nih.gov/pubmed/16214925


19 

 

40. Zhang GJ, Adachi I. Serum interleukin-6 levels correlate to tumor progression and prognosis in metastatic 444 

breast carcinoma. Anticancer Res 1999; 19:1427-32. 445 

41. Wang TJ, Gona P, Larson MG, et al. Multiple biomarkers for the prediction of first major cardiovascular 446 

events and death. N Engl J Med 2006; 355:2631-9. 447 

42. INSIGHT START Study Group, Lundgren JD, Babiker AG, et al. Initiation of Antiretroviral Therapy in Early 448 

Asymptomatic HIV Infection. N Engl J Med 2015; 373:795-807. 449 

43. Baker JV, Neuhaus J, Duprez D, et al. Changes in inflammatory and coagulation biomarkers: a randomized 450 

comparison of immediate versus deferred antiretroviral therapy in patients with HIV infection. J Acquir 451 

Immune Defic Syndr 2011; 56:36-43. 452 

44. Jain V, Hartogensis W, Bacchetti P, et al. Antiretroviral therapy initiated within 6 months of HIV infection is 453 

associated with lower T-cell activation and smaller HIV reservoir size. J Infect Dis 2013; 208:1202-11. 454 

45. Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent vascular events in men and women with 455 

elevated C-reactive protein. N Engl J Med 2008; 359:2195-207. 456 

46. Ridker PM. Moving beyond JUPITER: will inhibiting inflammation reduce vascular event rates? Curr 457 

Atheroscler Rep 2013; 15:295. 458 

47. Ridker PM, Thuren T, Zalewski A, Libby P. Interleukin-1β inhibition and the prevention of recurrent 459 

cardiovascular events: rationale and design of the Canakinumab Anti-inflammatory Thrombosis Outcomes 460 

Study (CANTOS). Am Heart J 2011; 162:597-605. 461 

48. Ridker PM. Testing the inflammatory hypothesis of atherothrombosis: scientific rationale for the 462 

cardiovascular inflammation reduction trial (CIRT). J Thromb Haemost 2009; 7:332-9. 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

http://www.ncbi.nlm.nih.gov/pubmed/10365118
http://www.ncbi.nlm.nih.gov/pubmed/10365118
http://www.ncbi.nlm.nih.gov/pubmed/17182988
http://www.ncbi.nlm.nih.gov/pubmed/17182988
http://www.ncbi.nlm.nih.gov/pubmed/26192873
http://www.ncbi.nlm.nih.gov/pubmed/26192873
http://www.ncbi.nlm.nih.gov/pubmed/20930640
http://www.ncbi.nlm.nih.gov/pubmed/20930640
http://www.ncbi.nlm.nih.gov/pubmed/23852127
http://www.ncbi.nlm.nih.gov/pubmed/23852127
http://www.ncbi.nlm.nih.gov/pubmed/18997196
http://www.ncbi.nlm.nih.gov/pubmed/18997196
http://www.ncbi.nlm.nih.gov/pubmed/23225175
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ridker%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=21982649
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thuren%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21982649
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zalewski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21982649
http://www.ncbi.nlm.nih.gov/pubmed/?term=Libby%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21982649
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ridker+PM+and+2011+and+CANTOS
http://www.ncbi.nlm.nih.gov/pubmed/19630828
http://www.ncbi.nlm.nih.gov/pubmed/19630828


20 

 

 477 

 478 

 479 

 480 

 481 
 482 
 483 
 484 
 485 
 486 
 487 
 488 
 489 
 490 



21 

 

 
Table 1: 

Baseline characteristics 

Participants in the control arms of the SMART and ESPRIT trials 

Baseline 

Characteristics 

N (%) or Median 

[IQR] 

All participants 

N= 4,304 

All-cause deaths 

N=157 

non-AIDS and 

non-violent/ 

accidental deaths 

N=117 

AIDS 

N=101 

CVD 

N=121 

non-AIDS-

defining 

malignancies 

N=99 

Age (years) 42 [36 , 49] 48 [40 , 54] 48 [41 , 55] 44 [38 , 50] 49 [43 , 56] 50 [44 , 57] 

Female sex 1,002 (23.3) 28 (17.8) 17 (14.5) 22 (21.8) 14 (11.6) 14 (14.1) 

Black Race 907 (21.1) 29 (18.5) 25 (21.4) 18 (17.8) 26 (21.5) 26 (26.3) 

BMI (kg/m2) 24.4 [22.1 , 27.1] 23.5 [21.4 , 27.3] 23.3 [21.3 , 27.1] 25.2 [22.6 , 29.0] 24.0 [22.1 , 27.4] 23.9 [21.7 , 25.8] 

Prior AIDS 1,093 (25.4) 46 (29.3) 32 (27.4) 42 (41.6) 47 (38.8) 21 (21.2) 

Hepatitis B/C 761 (17.7) 54 (34.4) 41 (35.0) 16 (15.8) 18 (14.9) 27 (27.3) 

Prior CVD 112 (2.6) 14 (9.0) 12 (10.3) 1 (1.0) 16 (13.3) 5 (5.1) 

Diabetes 217 (5.1) 14 (9.0) 10 (8.6) 7 (6.9) 14 (11.7) 9 (9.1) 

PI based ART 1,478 (34.3) 53 (33.8) 45 (38.5) 31 (30.7) 52 (43.0) 41 (41.4) 

NNRTI based ART 1,643 (38.2) 52 (33.1) 39 (33.3) 34 (33.7) 30 (24.8) 30 (30.3) 

CD4 (cells/mm3) 526 [415 , 701] 451 [370 , 594] 470 [384 , 639] 466 [376 , 599] 515 [401 , 673] 526 [404 , 679] 

CD4 Nadir 

(cells/mm3) 

230 [120 , 337] 194 [93 , 297] 194 [85 , 282] 190 [90 , 298] 187 [74 , 301] 219 [97 , 311] 

HIV RNA ≤500 

copies/mL) 

3,263 (75.8) 97 (61.8) 77 (65.8) 51 (50.5) 88 (72.7) 75 (75.8) 

IL-6 (pg/mL) 1.80 [1.18 , 2.90] 3.09 [2.10 , 4.40] 3.17 [2.10 , 4.49] 2.42 [1.40 , 3.33] 2.60 [1.78 , 4.30] 2.50 [1.81 , 3.58] 

hsCRP (μg/mL) 1.60 [0.69 , 3.67] 2.83 [1.53 , 6.27] 2.70 [1.57 , 6.18] 2.03 [0.83 , 4.50] 2.33 [1.02 , 5.05] 2.54 [1.13 , 4.93] 

D-dimer (μg/mL) 0.24 [0.15 , 0.38] 0.33 [0.23 , 0.55] 0.35 [0.23 , 0.55] 0.31 [0.22 , 0.53] 0.31 [0.20 , 0.51] 0.28 [0.18 , 0.52] 
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Table 2:  

Hazard ratios a (95% CIs) of study endpoints for plasma levels of IL-6, hsCRP and D-dimer.  
 IL-6 

 

hsCRP D-dimer 

Study 

Endpoint 

2 fold 

higher level 

4th/1st 

quartile 

2 fold 

higher level 

4th/1st 

quartile 

2 fold 

higher level 

4th/1st 

quartile 

All-cause 

deaths 

1.64  

(1.41-1.92)  

3.07  

(1.70-5.55) 

1.29  

(1.17-1.42) 

2.73  

(1.56-4.69) 

1.32  

(1.14-1.52)  

3.00  

(1.61-5.59) 

Non-AIDS and 

non-violent/ 

accidental 

deaths 

1.77  

(1.50-2.10)  

6.31  

(2.68-

14.83) 

1.30  

(1.16-1.46) 

3.10  

(1.59-6.05) 

1.30  

(1.10-1.53)  

3.38  

(1.62-7.08) 

Progression to 

AIDS 

1.32  

(1.07-1.62)  

1.63  

(0.83-3.21) 

1.07  

(0.94-1.21) 

1.35  

(0.74-2.48) 

1.35  

(1.12-1.63)  

2.20  

(1.07-4.50) 

Cardiovascular 

disease events 

1.40  

(1.17-1.67)  

3.34  

(1.66-6.70) 

1.11  

(0.99-1.24) 

1.89  

(0.99-3.63) 

1.22  

(1.04-1.43)  

1.80  

(0.98-3.29) 

Non-AIDS-

defining 

malignancies 

1.31  

(1.07-1.61)  

3.12  

(1.42-6.84) 

1.16  

(1.02-1.32) 

1.68  

(0.86-3.28) 

1.09  

(0.91-1.31)  

1.03  

(0.55-1.94) 

a Hazards ratios adjusted for demographics (age, sex, race and BMI),  nadir and baseline CD4+ cell 

count, ART use  and baseline HIV RNA, prior AIDS and cardiovascular disease, diabetes mellitus and 

HBV/HCV co-infection, stratified by study (model 2). For detailed information on results using models 

1 and 3, refer to supplemental Table 1 and supplemental Table 2.  
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Figures legends: 

 

 

Figure 1: Crude incidence rates of clinical endpoints across biomarker quartiles. Quartile cut-points 

were defined differently for each study as described in the supplemental Table 2. NADM: non-

AIDS-defining malignancies  

 

 

Figure 2: HRs (95% CI) for clinical endpoints associated with baseline biomarkers. NADM: non-

AIDS-defining malignancies 

Model 1: unadjusted associations, stratified by study 

Model 2: adjusted for demographics (age, sex, race and BMI), ART use, nadir and baseline CD4+ 

cell count, baseline HIV RNA, prior AIDS and cardiovascular disease, diabetes mellitus and 

HBV/HCV co-infection, stratified by study 

Model 3: HRs for IL-6 and D-dimer using models (2)  and including both biomarkers 

simultaneously and HRs for hsCRP using model (2) also adjusted for D-dimer, stratified by study 

 

 

Figure 3: Adjusted HRs* (95% CI) for clinical endpoints associated with biomarker quartiles. 

NADM: non-AIDS-defining malignancies Quartile cut-points were defined differently for each 

study as described in the supplemental Table 2 *HRs adjusted for factors included in model 2; 

namely demographics (age, sex, race and BMI), ART use, nadir and baseline CD4+ cell count, 

baseline HIV RNA, prior AIDS and cardiovascular disease, diabetes mellitus and HBV/HCV co-

infection. HRs calculated as in models (1) and (3) showed consistent results (data not shown) 
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