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RESEARCH ARTICLE
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Abstract
The mechanism underlying the excess risk of non-AIDS diseases among HIV infected people

is unclear. HIV associated inflammation/hypercoagulability likely plays a role. While antiretro-

viral therapy (ART) may return this process to pre-HIV levels, this has not been directly dem-

onstrated.We analyzed data/specimens on 249 HIV+ participants from the USMilitary HIV

Natural History Study, a prospective, multicenter observational cohort of >5600 active duty

military personnel and beneficiaries living with HIV. We used stored blood specimens to mea-

sure D-dimer and Interleukin-6 (IL-6) at three time points: pre-HIV seroconversion,�6months

post-HIV seroconversion but prior to ART initiation, and�6 months post-ART with docu-

mented HIV viral suppression on two successive evaluations. We evaluated the changes in

biomarker levels between time points, and the association between these biomarker changes

and future non-AIDS events. During a median follow-up of 3.7 years, there were 28 incident

non-AIDS diseases. At ART initiation, the median CD4 count was 361cells/mm3; median

duration of documented HIV infection 392 days; median time on ART was 354 days. Adjusted
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mean percent increase in D-dimer levels from pre-seroconversion to post-ART was 75.1%

(95% confidence interval 24.6–148.0, p = 0.002). This increase in D-dimer was associated

with a significant 22% increase risk of future non-AIDS events (p = 0.03). Changes in IL-6 lev-

els across time points were small and not associated with future non-AIDS events. In conclu-

sion, ART initiation and HIV viral suppression does not eliminate HIV associated elevation in

D-dimer levels. This residual pathology is associated with an increased risk of future non-

AIDS diseases.

Introduction
HIV infected (HIV+) people have an excess risk of non-AIDS diseases[1] as compared to unin-
fected people that is not explained by antiretroviral therapy (ART) toxicity or the presence of
risk factors.[2, 3] Although the mechanism(s) underlying this excess risk of non-AIDS diseases
(e.g., cardiovascular disease and cancer) is not known, inflammation/hypercoagulability is
thought to play an important role.[4, 5] A recent study reported that immediate initiation of
ART in asymptomatic HIV+ people with high CD4 cell counts reduces the risk of non-AIDS
diseases.[6] However, it is unclear whether this strategy eliminates the excess risk of non-AIDS
diseases, in part, because we do not know if this strategy returns HIV associated levels of
inflammation/hypercoagulability to pre-HIV seroconversion levels. If HIV+ people have resid-
ual inflammation/hypercoagulability (i.e., levels of inflammation/hypercoagulability after viral
suppression are higher than levels pre-HIV seroconversion) after achieving viral suppression
with ART and if this residual pathology were associated with an increased risk of future non-
AIDS diseases, then screening, prevention, and management strategies, above and beyond
immediate initiation of ART and viral suppression, would be needed.

To answer this question, we first examined participants from the U.S. Military HIV Natural
History Study (NHS) to assess the longitudinal changes in biomarkers of inflammation/hyper-
coagulability beginning before HIV seroconversion through ART initiation and HIV viral sup-
pression. Next we examined the longitudinal changes in these biomarkers and their association
with two outcomes: (1) future non-AIDS events and (2) a composite endpoint that includes
future non-AIDS events, AIDS events, and death. We studied IL-6, a marker of inflammation
that appears later in the inflammatory cascade, as well as D-dimer, a marker of inflammation
and hypercoagulation, both of which have been associated with HIV-related mortality as well
as morbidity.[7]

Methods

Population and Study Design
The U.S. Military HIV NHS is a prospective observational cohort of>5600 HIV+ active duty
military members, dependents, and beneficiaries followed in the military healthcare system
since 1986.[8] The Uniformed Services University of the Health Sciences IRB and participating
NHS study sites IRBs approved this study. All subjects provided written informed consent.
Active duty personnel are screened for HIV approximately every 2 years. NHS study visits
occur approximately every six months and include a research coordinator interview, physician
visit, and medical record review and biospecimen collection.

For this investigation, we selected participants with an interval of<4 years from last HIV
negative to first HIV positive tests (ELISA screen confirmed by repeat ELISA and Western blot
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when positive). HIV seroconversion is estimated as the midpoint of this window. Eligible par-
ticipants were on ART for�6 months with HIV-1 RNA suppression on at least two successive
measurements, and had serum samples available at each of the three time points: before HIV
infection; after HIV, but before ART initiation; and post-ART (S1 Fig). Having serum available
for each subject at all three time points was essential to allow individuals to serve as their own
controls. Suppression was defined as a HIV-1 RNA<50 copies/mL except for 41 participants
for whom a longer calendar period between time points included changes in assay sensitivity.
For these 41 participants, undetectable viremia was defined as HIV-1 RNA<400 copies/mL at
one of the two time points. To reduce confounding, participants had no hepatitis B or C, liver
or cardiovascular disease, diabetes, malignancy, inflammatory conditions, or use of steroids
prior to the post-ART time point. ART was initiated by individual providers based on treat-
ment guidelines and patient preferences.

Specimens
Specimen time points were defined as follows: ‘pre-HIV’ (time point 1, TP1)–the latest avail-
able sample at or prior to the last documented negative HIV test; ‘pre-ART’ (TP2)–the earliest
available sample at least six months after estimated HIV seroconversion and three months
after the first HIV positive test but before ART initiation; and ‘post-ART’ (TP3)–the earliest
available sample at least six months after ART initiation with viral suppression as above. This
sampling strategy was designed a priori to: 1) maximize the number of eligible subjects, 2) con-
fine the samples to a limited time span to minimize confounding due to incident comorbidity
prior to TP3, and 3) ensure the samples were representative of the stage of disease being evalu-
ated. Pre-HIV specimens were obtained from the DoD Serum Repository[9] and post-HIV
specimens from the NHS repository. In the DoD HIV screening program, serum samples
remaining after HIV testing are stored at -30°C in a central facility. NHS subjects have blood
samples stored at -80°C. For this analysis, serum from the NHS was used to provide compara-
bility to the pre-HIV time point serum from the DoD Serum Repository.

Data Collection
We extracted participant data from the NHS database including demographics, medical history
based on participant interview and medical record review (comorbidities and substance abuse),
medication use, HIV history, clinical parameters (height, weight, and blood pressure), labora-
tory parameters (e.g., CD4 and HIV-1 RNA). Illicit drug use was not assessed, but is low in this
population.[10] Self-reported smoking was dichotomized as smoker or non-smoker. At risk
alcohol use was defined using standard definitions.[11] Variables associated with exclusion cri-
teria were used to verify subject sampling and as outcomes after TP3. Incident non-AIDS dis-
eases events were new medical diagnosis after TP3 and included diabetes mellitus (n = 14),
non-AIDS malignancy (n = 7), asthma (n = 3), acute myocardial infarction (n = 2), peripheral
artery disease (n = 1), and cirrhosis (n = 1). These diseases were selected because of their associ-
ation with HIV and inflammation/coagulation.[12–15] We also specified a composite endpoint
including non-AIDS diseases, AIDS (1993 CDC-revised; n = 4), and death (n = 4). Participant
self-reported diagnoses were confirmed from physician interview and review of the partici-
pant’s medical record.

Laboratory assays
Standard clinical laboratory assays were done locally in batched analysis. IL-6 and D-dimer
were measured at the University of Vermont using assay methods that have been used exten-
sively in HIV research.[4, 5, 16] IL-6 was measured by high-sensitivity ELISA (Quantikine HS
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Human IL-6 Immunoassay; R&D Systems, Minneapolis, MN). The lower limit of detection
(LOD) was 0.16 pg/mL; the coefficient of variation (CV) in this study was 15.4%. D-dimer was
measured using an immuno-turbidimetric assay (Liatest D-DI; Diagnostica Stago, Parsippany,
NJ) on a Sta-R automated analyzer (Diagnostica Stago, Parsippany, NJ). The lower LOD was
0.02 μg/mL, and the average CV was 5.1%. In addition, since neither EDTA- nor citrate-
plasma, the usual sample types for D-dimer analyses, were available for this study we validated
the measurement of D-dimer on serum samples by analyzing matched serum and EDTA
plasma samples from 20 individuals. Linear regression revealed the following relationship:
(D-dimerserum) = 1.008 (D-dimerEDTA) + 0.27; R = 0.967.

Statistical Analysis
Continuous variables were described using medians (interquartile ranges), and means (stan-
dard deviations), and categorical variables as percentages. The t-test or the Mann-Whitney test
was used for continuous variables, while chi-squared tests or Fisher exact tests for discrete vari-
ables. Due to non-normal distributions, the biomarker values were analyzed on the log scale in
models below.

We evaluated change in biomarker levels at pairwise time points using theWilcoxon signed
rank test (e.g., TP1 vs. TP3). The percent increase in biomarker values, for example from TP1 to
TP3, was calculated using the formula (TP3-TP1)/TP1)�100. We used linear models to adjust
for confounders. To investigate the relationship between the change in biomarker value and the
baseline (pre-HIV) value, the biomarker value at the first time point was also included in the
model. A negative coefficient suggests that subjects with lower baseline biomarker value had a
higher increase at the subsequent time point. Sensitivity analyses were performed to assess the
robustness of the results. While D-Dimer values below the detection limit 0.02 (n = 20) were set
to 0.01 for main analyses, in sensitivity analyses, we excluded them. A similar approach was
taken for IL-6 with the first sensitivity analysis excluding the highest and lowest 5%, and the sec-
ond setting values above the upper 1st and 5th percentile to the corresponding 1st and 5th percen-
tile values (i.e. winsorizing). Nonparametric bootstrap was used for assessing the sensitivity of
the results with respect to the parametric assumptions in the linear models.[17] No significant
differences in results were observed using these different analytic approaches.

We used adjusted Cox proportional hazards models to investigate the association between
the change in biomarker levels across time points and the risk of non-AIDS diseases in a time-
to-event analysis including all subjects. For this analysis the hazard ratio (HR) corresponds to
one unit change in the biomarker value on the log scale. To calculate the HR for any percent
change in the biomarker level for the risk of non-AIDS diseases and composite events (denoted
by HR(x)) we used the formula HR(x) = HRlog (x+1) where HR is the hazard ratio of the bio-
marker on the log scale. The start time was the post-ART specimen (TP3); the outcome was
time to the first event. Models were constructed separately for the two outcomes (non-AIDS
diseases and the composite clinical events). Because smoking and alcohol use have only been
routinely assessed in the cohort since 2006, missing values for smoking and alcohol use were
included as a separate category, ‘missing’, in order to maintain model robustness. All tests were
two-sided, and p-values less than 0.05 were considered statistically significant.

Results
Participants in the NHS prior to HIV seroconversion were young, mostly male, and nearly half
Caucasian (Table 1). On average, at the time of HIV infection, these participants were normo-
tensive, without hypercholesterolemia and had normal levels of serum hepatic transaminases,
hemoglobin, and creatinine (Table 2). The median BMI was 26 kg/m2 and no participants had
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diabetes at study entry. Of those reporting smoking and alcohol status, the majority were non-
smokers and not at-risk drinkers. ART use was non-nucleoside reverse transcriptase inhibitor
based for 65.6%, protease inhibitor for 28.8%, and integrase inhibitor based/other for 5.6%
(data not shown).

Using the estimated seroconversion date, the average duration of HIV infection at TP2 was
1.91 years, and the average interval from ART initiation to>6 months viral suppression (TP3)
was 354 days. Before ART initiation (TP2), median CD4 cell count was 361 cells/mm3 and

Table 1. Baseline and time point variables description (N = 249).

Median (IQR) or N (%)

Age (TP1) 27 (23,32)

Gender

Male 244 (98%)

Female 5 (2%)

Race/Ethnicity

Caucasian 113 (45%)

African American 93 (37%)

Hispanic/Other 43 (17%)

Alcohol

At Risk 69 (28%)

Not at Risk 123 (50%)

No Use 16 (7%)

Missing 41 (17%)

Smoking

Yes 57 (23%)

No 97 (39%)

Missing 95 (39%)

D-Dimer levels (ug/mL)1,2

TP1 0.17 (0.09,0.31)

TP2 0.44 (0.23,0.89)

TP3 0.24 (0.16,0.41)

IL-6 levels (pg/mL)1

TP1 1.84 (1.07,5.60)

TP2 1.89 (1.29,3.30)

TP3 1.67 (1.11,3.04)

Specimen Intervals (yrs)

TP1 to estimated seroconversion 0.9 (0.56,1.42)

TP1 to 1st documented HIV positive test 1.7 (1.1,2.3)

Seroconversion to TP2 1.91 (1.10,3.54)

1st documented HIV positive test to TP2 0.98 (0.8, 1.2)

ART initiation to TP3 0.97 (0.74,1.1)

1Not log transformed
2p<0.01 for all pairwise comparisons between Time point (TP) 1,2,3

abbreviations: TP# = time point; IQR = interquartile range; ART = antiretroviral therapy ‘pre-HIV’ (time point

1, TP1)–the latest available sample at or prior to the last documented negative HIV test; ‘pre-ART’ (TP2)–

the earliest available sample at least six months after estimated HIV seroconversion and three months after

the first HIV positive test but before ART initiation; and ‘post-ART’ (TP3)–the earliest available sample at

least six months after ART initiation with viral suppression as above

doi:10.1371/journal.pone.0152588.t001
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log10 viral load was 4.4. At viral suppression (TP3) after ART initiation, the median CD4 cell
count was 549 cells/mm3. The median CD4 nadir was 315 cells/mm3. Compared across time
points, changes in laboratory covariates involving hemoglobin, creatinine, AST, ALT, and cho-
lesterol values did not vary clinically from TP2 to TP3 (Table 2). In fact, at the time of HIV
viral suppression, total cholesterol was at “desirable” levels, LDL cholesterol was “near opti-
mal,” and serum triglycerides were “normal” as per National Cholesterol Education Program/
Adult Treatment Panel

In unadjusted analyses, post-ART initiation (TP3) population median D-dimer levels were
significantly higher than pre-HIV seroconversion levels (TP1), showing evidence of a “resid-
ual” elevation in D-dimer (Fig 1). 59% of subjects had TP3 D-dimer levels higher than baseline
(TP1), while 41% of subjects had levels at or below baseline (TP1). After ART initiation and
viral suppression (TP3), D-dimer levels were significantly lower compared to D-dimer levels at
TP2 (Table 1). Pre-ART initiation (TP2) D-dimer levels were significantly higher than levels at
TP1 and TP3 (p<0.01 for both). By comparison, the differences in IL-6 levels across the three
time points were not statistically different (Fig 1, p>0.05 for all).

After adjusting for covariates, the percent increase in D-dimer from TP1 to TP3 was 75.1%
(P = 0.002, Table 3). Restricting the sample to never smokers (n = 98), had little effect on this
increase (70.0%, p<0.01). In contrast, levels of IL-6 did not differ across time points (Table 3).
Clinical and laboratory measures of smoking, at risk alcohol consumption, blood pressure, ane-
mia, kidney and hepatic function, and cholesterol did not differ between participants with or
without residual biomarker elevations (Table 4).

During a median follow up time of 3.7 years (1133 person years total), there were 28 inci-
dent non-AIDS diseases and 36 incident composite events (rates (95% confidence interval
(CI)) of 24 (16–38) and 30 (21–42), per 1000 person years, respectively). After adjusting for
confounders, a one unit change in the log D-dimer was associated with a 43% and a 35%
increase risk of future non-AIDS diseases and composite events, respectively (Table 5). Based
on results from Table 3, a 75.1% increase in D dimer levels from TP1 to TP3 is associated with
a 22% increase in the risk of future non-AIDS diseases (p = 0.03) and an 18% increase risk in
future composite events (p = 0.03). Analyses involving log IL-6 in adjusted models did not
reach statistical significance (Table 5).

Table 2. Clinical and Laboratory Parameters while HIV+ (N = 249).

Clinical Parameters TP2 median (IQR) TP3 median (IQR) p-value

Body Mass Index kg/m2 26 (24,29) 26 (24,29) 0.28

Systolic Blood Pressure (mm Hg) 126 (117,134) 124 (118,133) 0.26

Diastolic Blood Pressure (mm Hg) 78 (72,82) 80 (74,86) 0.85

Laboratory Parameters

CD4 count (cells/mm3) 361 (288,455) 549 (441,711) <0.001

HIV viral copies (log10) 4.53 (4.00 4.78) 1.7 (1.7,1.7) <0.001

Hemoglobin (g/dL) 15 (14,15) 15 (14,16) 0.002

Creatinine (mg/dL) 1.0 (0.9,1.1) 1.0 (0.9,1.0) 0.004

Alanine Aminotransferase (ALT, U/L)) 31 (22,45) 30 (23,41) 0.21

Aspartate Aminotransferase (AST, U/L)) 28 (24,37) 26 (22,32) 0.002

Total Cholesterol (mg/dL) 163 (145,188) 183 (156,215) <0.001

Low Density Lipoprotein (LDL) Cholesterol (mg/dL) 98 (79,116) 107 (89,136) 0.002

Triglycerides (mg/dL) 105 (70,160) 139 (84,200) <0.001

Abbreviations: TP# = time point; IQR = interquartile range

doi:10.1371/journal.pone.0152588.t002
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Fig 1. Populationmean D-Dimer and IL-6 at the three time points. Box and whisker plot describes median (line inside of box), lower and upper quartiles
(bottom and top of box), minimum (horizontal line below vertical dashed line), maximum (horizontal line above vertical dashed line) and outliers (open circles)
for D-dimer and IL-6 distributions.

doi:10.1371/journal.pone.0152588.g001

Table 3. Multivariate analysis showingmean percent change in biomarker levels from pre-HIV to post-HAART*.

D-Dimer IL-6

Estimate 95% CI P-value Estimate 95% CI P-value

Biomarker change (from TP1 to TP3)** 75% (24.6–148) 0.002 2% (-29.2,33.1) 0.90

*adjusted for age, race, smoking, blood pressure, body mass index, time from estimated seroconversion to HIV+, time from HIV+ to ART initiation,

biomarker at TP1, CD4, hemoglobin, creatinine, and lipids; CI = 95% confidence interval

**biomarker values were log transformed and the percent change in biomarker values is shown [100(eβ-1)]

Abbreviations: TP# = time point; CI = confidence interval

doi:10.1371/journal.pone.0152588.t003
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Table 4. Characteristics of participants who had and did not have residual elevations in biomarker levels of IL-6 and D-dimer.

D-dimer IL-6

Total Return to baseline levels P-value Totala Return to baseline levels P-value

Yes No Yes No

Age (years) 31 (28,37) 32 (28,37) 31 (28,37) 1.0 31 (28,37) 31 (27,36) 32 (29,38) 0.05

Ethnicity (%)

Caucasian (n) 47 41 47 0.60 45 42 49 0.45

African American (n) 39 41 35 37 38 36

Hispanic/Other (n) 18 18 18 17 20 15

Gender Male (%) 98 98 98 1.00 98 96 100 0.06

Alcohol At Risk (%) 29 26 30 0.47 28 32 22 0.34

Smoking Yes (%) 24 24 23 0.75 23 21 25 0.73

Body mass index (kg/m2)1 26 (24,29) 27 (24,30) 26 (24,29) 0.02 26 (24,29) 26 (24,29) 26 (24,29) 0.99

Systolic blood pressure (mm
Hg)1

124
(118,133)

124
(120,133)

124
(118,132)

0.61 124
(118,133)

123
(118,132)

126
(119,133)

0.29

Diastolic blood pressure (mm
Hg)1

80 (74,86) 80 (75,86) 80 (73,86) 0.83 80 (74,86) 79 (74,84) 81 (75,87) 0.12

CD4 cell count (cells/mm3)1 549
(441,711)

532
(422,683)

567
(454,726)

0.51 549
(441,711)

540
(434,718)

552
(448,706)

0.65

Viral load Copies1,2 (log10) 1.7 (1.7,1.7) 1.7 (1.7,1.7) 1.7 (1.7,1.7) 0.18 1.7 (1.7,1.7) 1.7 (1.7,1.7) 1.7 (1.7,1.7) 0.07

Hemoglobin (g/dL)1 15 (14,16) 15 (14,16) 15 (14,16) 0.63 15 (14,16) 15 (14,16) 15 (14,16) 0.41

Serum Creatinine (mg/dL)1 1.0 (0.9,1) 1.0 (0.9,1) 1.0 (0.9,1.1) 0.59 1.0 (0.9,1) 0.9 (0.9,1) 1.0 (0.9,1.1) 0.11

ALT (U/L)1 30 (23,41) 30 (23,41) 30 (23,40) 0.28 30 (23,41) 30 (22,40) 30 (24,42) 0.29

AST (U/L)1 26 (22,32) 26 (22,32) 26 (22,32) 0.36 26 (22,32) 26 (22,32) 26 (22,32) 0.29

Serum Total Cholesterol (mg/
dL)1

183
(156,215)

183
(155,213)

180
(158,215)

0.23 183
(156,215)

180
(155,208)

190
(160,220)

0.244

LDL cholesterol (mg/dL)1 107 (89,136) 108 (88,134) 106 (89,136) 0.62 107 (89,136) 106 (88,134) 109 (90,138) 0.805

Serum Triglycerides (mg/dL)1 139 (84,200) 138 (86,222) 132 (78,184) 0.11 139 (84,200) 116 (77,185) 152 (90,225) 0.425

amedian (IQR) unless otherwise stated
1at TP3
2log 1.7 = <50 copies/mL

Abbreviations: TP = time point; IQR = interquartile range; ALT = Alanine Aminotransferase; AST = Aspartate Aminotransferase; LDL = Low Density

Lipoprotein

doi:10.1371/journal.pone.0152588.t004

Table 5. Cox Models for Time to event (non-AIDS diseases and Composite Event) by Biomarker*.

D-Dimer IL-6

HR 95% CI P-value HR 95% CI P-value

NON-AIDS DISEASES

Change in Biomarker** 1.43 (1.04–2.00) 0.03 1.29 (0.73–2.27) 0.38

Composite Event (non-AIDS diseases, AIDS, death)

Change in Biomarker** 1.35 (1.03–1.77) 0.03 1.33 (0.82–2.16) 0.25

*adjusted for age, smoking, body mass index, CD4, hemoglobin, creatinine, lipids, and TP3 biomarker level

**biomarker values were log transformed and the HRs correspond to one unit change in the biomarker value on the log scale. These values can be

converted to x-percent change in the biomarker value using the following equation: HRlog(x+1); for example, the hazard ratio for non-AIDS associated with

20% change in the D-Dimer value is 1.43log(1.2) = 1.07, with a 95% CI given by (1.01, 1.13).

Abbreviations: TP = time point; HR = hazard ratio; CI = confidence interval

doi:10.1371/journal.pone.0152588.t005
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Discussion
To our knowledge, this is the first large study to examine the longitudinal changes in biomark-
ers of inflammation/hypercoagulability beginning before HIV seroconversion through ART
initiation and HIV viral suppression and their association with future non-AIDS diseases. Our
results are three fold: First, that HIV seroconversion is associated with a significant increase in
serum D-dimer levels even after adjustment for confounders; second, that adjusted D-dimer
levels after ART initiation and HIV viral suppression remain significantly elevated compared
to pre-HIV seroconversion levels; and third, that failure to return to pre-HIV levels of D-dimer
is significantly associated with an increased risk of future non-AIDS events. Importantly, our
study included young, healthy participants with few poor health behaviors who, on average,
had ART initiated within 2.7 years of HIV seroconversion and achieved HIV viral suppression
within approximately one year of ART initiation; these represent close to “optimal” real-world
conditions for people experiencing HIV infection.

The HIV associated inflammation/hypercoagulability state is a product of innate and adaptive
cellular immune activation, and altered coagulation with each of these processes likely impacting
the other two.[18] This means that alterations in D-dimer, for example, may not simply reflect
changes in coagulation status but more likely reflect changes to the immune system more
broadly. Our results demonstrating that HIV infection is associated with an increase in D-dimer
levels and that D-dimer levels are reduced after treatment are consistent with several earlier stud-
ies.[12, 19–21] Similarly, our results are also consistent with earlier reports showing elevated D-
dimer levels are associated with incident non-AIDS diseases among HIV+ people.[5, 22, 23]

Unlike prior studies, however, our results are the first to provide direct evidence that rapid
HIV diagnosis after seroconversion, ART initiation, and HIV viral suppression does not elimi-
nate, on average, the elevations in D-dimer associated with HIV seroconversion. Moreover,
our findings provide support for the emerging hypothesis that this residual pathology is a
driver of future non-AIDS diseases. Unlike with D-dimer, we saw no significant increase in IL-
6 levels with HIV seroconversion; nor a significant decrease in IL-6 levels with subsequent
ART initiation and HIV viral load suppression. While the reason for this finding is not clear,
prior studies involving MACS and WIHS study participants also demonstrate little change in
IL-6 biomarker levels before and after ART initiation with HIV viral suppression.[19, 20]
Additionally, IL-6 biomarker levels may have been attenuated among our study participants
because they were young and lacked comorbid diseases that are typically associated with bio-
markers like IL-6.[12, 24, 25]

Our results have important clinical implications for HIV+ people and their providers. For
HIV+ people, successful ART and viral suppression does not mean that the inflammation/
hypercoagulability state associated with HIV is eliminated. HIV+ people are now potentially
living decades longer[26] and, for some, also living with other proinflammatory conditions like
viral co-infections and substance use.[27] This means that the risk of future non-AIDS dis-
eases, like cardiovascular disease and cancer, are central health issues facing the HIV commu-
nity.[28] Presently, there is no strategy to identify which individual patients will have this
“residual” inflammation/hypercoagulability state because few patients have biomarker levels
measured prior to HIV infection. However, our results taken together with longitudinal data
from the SMART study[2, 6] and others[20] should prompt the development of population
level screening, prevention, and management strategies to reduce the risk of non-AIDS dis-
eases, above and beyond achieving HIV viral suppression, even among healthy HIV+ people.
Whether interventions targeting the inflammation/hypercoagulability state in HIV virally-sup-
pressed people would lower the risk of non-AIDS diseases remains unknown but could be
answered through interventional trials.
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This study has limitations. First, our findings need to be replicated in women. Second, this
study examined only two biomarkers. We selected IL-6 and D-dimer because elevations in
these biomarkers are associated with an increased risk of non-AIDS diseases.[5, 29–31] Others
have examined a broader panel of cytokines cross-sectionally[20] and future analyses examin-
ing additional biomarkers of cellular activation, inflammation, and altered coagulation would
likely enhance our understanding of the biologic processes.[32] Third, while our sample size
precluded analyses examining the association between biomarker changes and specific non-
AIDS events, this study remains the largest of its kind because biospecimens before HIV sero-
conversion are rare. Fourth as we did not have repeated biomarker measures at longer follow-
up time points, we don’t know if additional years of sustained HIV viral suppression would
have eliminated residual D-dimer levels for all participants; however this is unlikely given
cross-section data of others.[4] Lastly, we cannot eliminate the possibility of unmeasured
confounding.

In conclusion, HIV seroconversion is associated with a significant increase in serum D-
dimer levels. After ART initiation and HIV viral suppression, D-dimer levels remains signifi-
cantly elevated compared to pre-HIV seroconversion levels. The residual increase in D-dimer
levels is associated with an increased risk of incident non-AIDS events. These findings provide
direct evidence that ART initiation and HIV viral suppression does not eliminate elevations in
D-dimer associated with HIV seroconversion and suggest that successful ART with viral sup-
pression alone, is inadequate to prevent future non-AIDS events. Future research should focus
on screening and management strategies for the prevention of non-AIDS events, even among
healthy people achieving HIV viral suppression.

Supporting Information
S1 Fig. Study design showing time points (TP) at which blood specimens were tested for D-
dimer and Interleukin-6.
(TIFF)
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