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Background. Excess risk of cardiovascular disease occurs in effectively treated individuals with human
immunodeficiency virus (HIV) infection. Although elevated plasma p-dimer levels are associated with increased
morbidity and mortality, the impact of HIV infection on coagulation in vivo has not been well studied.

Methods. We measured D-dimers, antithrombin, endogenous thrombin potential (ETP; a functional measure
of thrombin generation in vitro), thrombin/antithrombin complexes (TAT; a measure of thrombin generation in
vivo), tissue factor, prothrombin fragment 1 + 2 (F1+2), and normalized APC sensitivity ratio (nAPCsr) in 199
HIV-positive men who were receiving antiretroviral therapy and had an undetectable HIV RNA level, in 79 HIV-
positive untreated men, and in 39 uninfected controls.

Results. Median antithrombin levels were higher while the ETP was lower among HIV-infected adults (treated
and untreated), compared with controls. There were few differences between coagulation markers in the 2 HIV
groups. Compared with controls, the nAPCsr was lower in treated men and the TAT level was lower in untreated
individuals. We observed little difference among measured levels of p-dimer, tissue factor, or F1+2 between HIV-
infected individuals and controls. Antiretroviral therapy exposure was associated with a lower antithrombin level,
a lower nAPCsr, and a lower ETP, while history of opportunistic infection was associated with a higher nAPCsr.

Conclusions.

HIV infection is associated with decreased thrombin generation, as measured by the ETP, and an

increased antithrombin level. These data suggest that HIV infection may not be associated with increased propensity
toward clotting, as has been suggested on the basis of isolated measures of D-dimer levels.

The underlying mechanisms by which human immu-
nodeficiency virus (HIV) infection and/or antiretroviral
therapy are associated with cardiovascular events re-
main controversial but likely involve chronic in-
flammation [1]. Biomarker analysis in the SMART
study revealed that higher levels of inflammation and
coagulation biomarkers (high-sensitivity C-reactive
protein [hsCRP], interleukin-6, and D-dimer) were
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associated with a higher risk of all-cause mortality [2].
Even among HIV-infected individuals with a HIV
RNA load of =400 copies/mL, levels of these markers
(and of cystatin C) were significantly higher than
those in uninfected controls in the MESA study [3],
suggesting that mortality among HIV-positive in-
dividuals with a treatment-suppressed viral load is
linked to inflammatory and coagulation pathways.
Data from the FRAM study also showed that hsCRP
and fibrinogen were independent predictors of mor-
tality [4]. The observations that D-dimer and fibrino-
gen levels are abnormally elevated and associated
with disease progression among treated HIV-infected
adults suggest that abnormalities in the coagulation
system may be important in the pathogenesis of this
disease. While acute inflammation is a potent pro-
thrombotic stimulus [5], the mechanisms leading to
thrombosis are complex and include a tightly regulated
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interaction between procoagulant and anticoagulant factors
[6]. Initiation of antiretroviral therapy in severely immuno-
compromised HIV-infected individuals resulted in improvement
of coagulation markers, although values remained abnormal
compared with those for controls [7].

A comprehensive evaluation of the coagulation system in
contemporary HIV-infected individuals with treatment-
suppressed viral loads has not been described. Our objective
was to conduct a detailed analysis of the coagulation system
(Figure 1) in individuals with HIV infection, as compared
with uninfected controls. Our assessment included the fol-
lowing markers: (1) p-dimers (a fibrin degradation product),
(2) antithrombin (AT; an endogenous thrombin inhibitor),
(3) endogenous thrombin potential (ETP; a functional measure
of thrombin generation in vitro), (4) thrombin-antithrombin
complexes (TAT; an integrated measure of thrombin genera-
tion over time in vivo), (5) tissue factor (TF; the integral
membrane protein known to initiate thrombin formation), (6)
prothrombin fragment 1 + 2 (F1+2; activation peptide gener-
ated during conversion of prothrombin to thrombin), and (7)
normalized activated protein C (APC) sensitivity ratio
(nAPCsr; a measure of the sensitivity to APC, the known in-
hibitor of thrombin generation).
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Figure 1. Coagulation pathway. We assessed the following 7
components of the coagulation cascade: (1) p-dimer, fibrin degradation
product (FDP); (2) antithrombin Ill (antithrombin, AT), circulating inhibitor
of thrombin; (3) endogenous thrombin potential (ETP), functional measure
of thrombin generation in vitro; (4) thrombin-antithrombin complexes
(TAT), antibodies to the thrombin-antithrombin complex, which is a
measure of thrombin generation in vivo; (5) tissue factor (TF), protein
needed for initiation of thrombin formation; (6) prothrombin fragment 1 + 2
(F1+2), activation peptide generated during conversion of prothrombin to
thrombin; and (7) normalized activated protein C (APC) sensitivity ratio
(nAPCsr), ETP with and without addition of APC, which is a measure of
resistance to the enzymatic activity of APC.

MATERIALS AND METHODS

Study Participants

Study participants were recruited from clinical cohorts at San
Francisco General Hospital between 2007 and 2009. For this
analysis, we included the following individuals (1) HIV-
seropositive men who were receiving combination anti-
retroviral therapy and had undetectable plasma HIV RNA
levels, (2) HIV-seropositive men who were untreated and had
a detectable HIV RNA load, and (3) HIV-seronegative men.
Further details are provided in the supplementary materials.

Laboratory Assays

Venipuncture was performed on subjects who fasted for
12 hours, using a 21-gauge needle with a tourniquet. The first
5 mL of blood was discarded, and an additional 5 mL of blood
was then drawn into Vacutainer tubes containing 3.8% so-
dium citrate. Whole blood was centrifuged at 1500X g for
10 minutes, and plasma was isolated and frozen at —80°C
until use. Standard enzyme-linked immunosorbant assays for
D-dimer (Asserachrom, DiagnosticaStago), TAT (Siemens),
Prothrombin F1+2 (Siemens), and tissue factor (American
Diagnostica) were performed on plasma samples according
to the manufacturer’s protocol. Antithrombin activity was
measured on plasma samples, using the 2-stage Actichrome
antithrombin kit according to the manufacturer’s protocol
(American Diagnostica). The ETP was measured using a flu-
orogenic thrombin substrate on a multiwell automated
fluorescent plate reader (ThrombinoSCOPE, Netherlands),
according to the manufacturer’s protocol. The nAPCsr was
determined by dividing the ETP with and the ETP without
20 nM APC (Enzyme Research Laboratories).

Statistical Methods

Summary statistics of baseline demographic and clinical char-
acteristics were compared using the Mann-Whitney U test for
continuous parameters and the Fisher exact test for categorical
parameters. Multivariable linear and relative risk regression were
used to investigate the association of HIV status with co-
agulation markers. Candidate HIV-related factors were se-
lected by means of Bayesian model averaging, using the
BMA package for the R statistical computing language
(R Development Core Team, Vienna, Austria). All other analyses
were conducted using the SAS system, version 9.2 (SAS Institute,
Cary, NC). Further details are provided in the supplementary
materials.

RESULTS

Coagulation markers were measured in 199 HIV-infected
antiretroviral-treated men, 79 HIV-infected untreated men, and
39 HIV-uninfected men, whose baseline characteristics are
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Table 1. Demographic and Clinical Characteristics of Men With and Men Without Human Immunodeficiency Virus (HIV) Infection
HIV-Infected Men
Receiving HAART, P (vs Untreated, P(vs
Undetectable HIV Uninfected Detectable HIV Uninfected Uninfected

Parameter RNA Load (n = 199) Controls) RNA Load (n = 79) Controls) Controls (n = 39)
Age (y) 50 (45-58) <.0001 45 (39-52) .38 44 (34-52)
Race

White 141 (71) .69 40 (51) .037 27 (69)

African American 26 (13) 30 (38) 6 (15)

Latino 23 (12) 7 (9) 3(8)

Other 9 () 2 (3) 3(8)
History of CAD 15 (8) 14 1(1) >.99 0
Cigarette smoking

Current 45 (23) 71 1(39) 3B 11 (28)

Past 60 (30) 6 (20) 12 (31)

Never 93 (47) 2 (41) 16 (41)
Diabetes mellitus 17 (9) .083 6 (8) 18 0
Hypertension 79 (40) .0009 19 (24) 22 5 (13)
Hypolipidemic agent use 69 (35) .023 5 (6) .18 6 (15)
LDL-C level (mg/dL) 107 (87-134) .033 8 (80-115) .0009 124 (96-151)
HDL-C level (mg/dL) 44 (37-54) .014 2 (35-51) .0035 8 (45-59)
Triglyceride level (mg/dL) 136 (92-237) <.0001 9 (66-142) .26 6 (58-122)
Total cholesterol level (mg/dL) 185 (161-219) .28 169 (139-193) .0003 199 (171-220)
hsCRP level (mg/L) 2.0 (0.9-4.8) 13 9(0.8-4.7) .31 3(0.5-3.8)
BMI? 25 (23-28) 21 6 (23-28) .68 25 (24-28)
HCV infection 29 (15) 7 (22) 2 (5)
Duration of HIV infection (y) 16 (9-21) 9(3-17)
ART use (ever) 199 (100) 5 (19)
Current CD4+ T-cell count (cells/mm?3) 459 (248-674) 499 (360-612)
Plasma HIV RNA load (copies/mL) 100 (20-300) 371 (286-500)

<75 199 (100) 0

75-1999 0 30 (38)

2000-9999 0 20 (25)

>10 000 0 29 (37)

Data are median (interquartile range) or no. (%) of subjects.
Bold numbers indicate a P value of < .05.

Abbreviations: ART, antiretroviral therapy; CAD, coronary artery disease; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HDL, high-density
lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol.

@ Body mass index (BMI) is defined as the weight in kilograms divided by the square of the height in meters.

presented in Table 1. Compared with controls, treated HIV-
infected men were older, had a greater prevalence of hyperten-
sion, and had a greater prevalence of dyslipidemia. Median
current and nadir CD4+ T-cell counts were 459 and 100 cells/uL,
respectively, among the treated individuals, and the median
duration of highly active antiretroviral therapy was 7.8 years.
Compared with the controls, the untreated HIV-infected men
had lower low-density lipoprotein and high-density lipoprotein
cholesterol values; 37% had HIV RNA levels >10 000 copies/mL.

Levels of Coagulation Markers
Baseline levels of coagulation markers are presented in Table 2.
Antithrombin activity was higher in both treated and untreated

HIV-infected men, compared with controls. The ETP was lower
in treated and untreated HIV-infected men than in controls. The
nAPCsr was lower in treated men, compared with controls
(median 0.67 vs. 0.96, P = .017), while TAT was lower in un-
treated individuals, compared with controls (3.3 pg/L vs. 4.7,
P < .01). Values for antithrombin, TAT, and D-dimers were
mostly within the normal reference ranges, with the exception of
F1+2 (Supplementary Table 1). Levels of F1+2, tissue factor,
and D-dimers were similar in the 3 groups.

Multivariable Analysis of HIV Infection and Coagulation Markers
We next examined the association of HIV infection with an-
tithrombin activity, nAPCsr, ETP, and TAT in multivariable
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Table 2. Descriptive Summary of Coagulation Markers at Baseline in Men With and Men Without Human Immunodeficiency Virus (HIV)

Infection
HIV-Infected Men
Receiving HAART, Untreated,
Undetectable HIV RNA Detectable HIV RNA Uninfected

Parameter Load (n = 199) Load (n = 79) Controls (n = 39)
Antithrombin level (%)

Median (IQR) 108 (82-126)* 109 (84-127)% 85 (67-102)

Mean = SD 104 + 33 106 + 32 87 =29
TAT level (ug/L)

Median (IQR) 3.7 (2.7-6.9) 3.3 (2.5-4.9)° 4.7 (3.0-11.0)

Mean = SD 83+ 116 72+11.9 9.6 +12.6
F1+2 level (pM)

Median (IQR) 318 (218-653) 381 (235-836) 396 (240-905)

Mean = SD 618 * 688 760 = 805 811 = 837
o-dimer level (FEU)

Median (IQR) 308 (127-585) 361 (181-591) 315 (115-624)

Mean = SD 382 + 303 431 = 318 382 = 292
nAPCsr

Median (IQR) 0.67 (0.31-1.17)° 0.89 (0.47-1.3) 0.96 (0.52-1.49)

Mean = SD 0.81 £ 0.66 0.98 = 0.72 1.17 = 0.91

Tissue factor level (pg/mL, interpolated)

Median (IQR) 85.1 (67.7-106.1) 80.8 (65.8-107.8) 90.0 (74.3-115.1)
Mean = SD 91.3 £ 334 90.7 = 35.8 95.1 =294

ETP (nM thrombin)
Median (IQR) 1247 (1022-1462)° 1223 (981-1419)° 1465 (1272-1614)
Mean = SD 1240 + 392 1217 = 417 1468 = 297

Abbreviations: ETP, endogenous thrombin potential; FEU, fibrinogen equivalent units; F1+42, prothrombin fragment 1 + 2; HAART, highly active antiretroviral therapy;
HIV, human immunodeficiency virus; IQR, interquartile range; nAPCsr, normalized activated protein C sensitivity ratio; SD, standard deviation; TAT, thrombin-antithrombin

complexes.

& P < .01, compared with uninfected control men.
® P < .05, compared with uninfected control men.
¢ P < .001, compared with uninfected control men.

analysis. As noted above, in unadjusted analysis, antithrombin
activity was higher in both treated and untreated HIV-infected
persons, compared with controls. After controlling for age,
race, and hsCRP level, HIV infection remained associated with
higher levels of antithrombin activity (Table 3). Both treated
and untreated HIV infection were associated with lower
ETP, even after multivariable adjustment. Results were similar
in a sensitivity analysis in which we used all available co-
agulation markers in a repeated measures analysis (Supple-
mentary Table 2). Treated HIV infection was associated with
lower nAPCsr (—0.25; P = .044), compared with controls, but
the association weakened after controlling for age, race, and
hsCRP level (—0.22; P = .12).

The prevalence of elevated TAT level (defined as >11 pg/L)
was less frequent in treated HIV-infected (18.2%) and untreated
HIV-infected (11.4%), compared with controls (25.6%),
although the difference in relative risk (RR) did not reach
statistical significance (treated vs control: RR, 0.71 [P = .27];

untreated vs control: RR, 0.44 [P = .051]). Little change in risk
was seen after adjustment for demographic characteristics and
hsCRP level (data not shown).

HIV-infected individuals with an elevated hsCRP level
(ie, >3 mg/L) had levels of antithrombin, TAT, and F1+2 and
a nAPCsr that were similar to those with an hsCRP level of
<1 mg/L (Supplementary Table 3). By contrast, levels of
D-dimer and ETP were elevated and the level of tissue factor
was lower in HIV-infected individuals with hsCRP level
of >3 mg/L, compared with those with hsCRP level of <I1.
However, levels of ETP and D-dimer in HIV-infected in-
dividuals with a hsCRP level of >3 mg/dL were not signifi-
cantly higher than those in controls.

Sensitivity analyses were performed that excluded HCV in-
fected persons, because most pro- and anti-coagulant proteins
are made or modified in the liver, and HCV infection is asso-
ciated with lower hsCRP [8]. The association of HIV infection
with coagulation markers showed little change in sensitivity
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Table 3. Association of Human Immunodeficiency Virus (HIV) Infection With Baseline Coagulation Markers

HAART Use/Undetectable
HIV RNA Load (n = 199) vs

Uninfected Controls (n = 39)

Untreated/Detectable
HIV RNA Load (n = 79) vs
Uninfected Controls (n = 39)

Outcome Estimate (95% Cl) P Estimate (95% Cl) P
Antithrombin level (%)
Unadjusted 17.9 (7.1-28.0) <.0001 17.3 (6.7-30.0) .0049
Adjusted for age and race 16.8 (5.2-28.3) .0024 17.7 (5.3-31.7) .0039
Adjusted for age, race, and hsCRP level 16.1 (4.2-27.9) .0068 18.0 (4.6-31.4) .0070
nAPCsr
Unadjusted —0.25 (—.50 to —.011) .044 —0.022 (-.33 to .25) .84
Adjusted for age and race —0.22 (-=.50 to .026) .088 —0.055 (—.40 to .23) .67
Adjusted for age, race, and hsCRP level —0.22 (—.51 t0 .042) 12 —0.002 (—.34 to .28) .99
ETP (nM thrombin)
Unadjusted —186.2 (—285.5 to —91.6) <.0001 -191.3 (=313.0 to —58.0) .0025
Adjusted for age and race —170.2 (=292.4 to —61.9) .0019 —171.8(—=312.4 to —33.3) .016
Adjusted for age, race, and hsCRP level —169.5 (-292.3 to —69.6) .0005 —202.3 (—348.5 to —54.3) .0034

Estimates of HIV infection vs control effects were determined by means of robust linear regression models.

Bold numbers indicate a P value of < .05.

Abbreviations: Cl, confidence interval; ETP, endogenous thrombin potential; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus;
hsCRP, high-sensitivity C-reactive protein; nAPCsr, normalized activated protein C sensitivity ratio.

analyses which excluded hepatitis C virus (HCV)—infected
persons (data not shown). We found no statistically significant
interactions between HCV infection and hsCRP level with

respect to the coagulation markers.

Association of HIV-Related Factors With Coagulation Markers
Because HIV infection was associated with different levels
of several markers, even after adjustment for demographic

characteristics and hsCRP level, we next examined models in

Table 4. Multivariable Analysis of Factors Associated With Levels of Coagulation Markers Among 278 Men With Human

Immunodeficiency Virus Infection

Outcome
AT Level nAPCsr ETP
Parameter Estimate (95% Cl) P Estimate (95% Cl) P Estimate (95% Cl) P
Treated/undetectable vs 85(-211t019.2) .12 —0.12 (-=.31 to .08) 23 118.6 (—18.3 to 255.6) .089
untreated/detectable
Age (per decade) -0.8 (—5.1t0 3.4) .69 0.02 (—.07 to0 .10) .69 —4.2 (—56.8 t0 48.4) .88
African American vs white 2.2 (-7.8t012.2) .66 0.02 (—.18 to .21) .86 —41.7 (—169.8 to 86.4) .52
Latino/other vs white 3.1(-7.6t013.9) .57 -0.02 (—.23 10 .19) .87 30.1 (=106.7 to 167.0) .66
Prior opportunistic infection —2.7 (—11.8 t0 6.3) 855 0.39 (.21 to .56) <.0001 115.5 (.6 to 230.5) .049
NNRTI (per year) —0.7 (-2.0 to .6) .28 —0.03 (—.06 to —.01) .013 —19.5 (=35.6 to —3.4) .019
Didanosine (ever) 0.5 (=9.5t0 10.6) .92 —0.32 (—=.51 to —.12) .0014
HCV infection 2.8 (—8.51t014.2) .62 —307.8 (—452.3 to —163.3) <.0001
BMI? —0.4 (-1.31t0 .4) .32 18.7 (7.7 t0 29.8) .0012
Tenofovir (per year) —2.6 (—4.7 to —.4) .020 —42.3 (—68.5t0 —16.1) .0020
hsCRP (per doubling) 1.2 (=1.1 t0 3.5) .31 31.3 (2.1-60.6) .036

Estimates are calculated from linear mixed models with random intercepts and slopes to account for repeated measures.

Bold numbers indicate a P value of < .05.

Abbreviations: AT, antithrombin III; Cl, confidence interval; ETP, endogenous thrombin potential; HCV, hepatitis C virus; hsCRP, high-sensitivity C-reactive protein;
nAPCsr, normalized activated protein C sensitivity ratio; NNRTI, nonnucleoside reverse-transcriptase inhibitor.

@ Body mass index (BMI) is defined as the weight in kilograms divided by the square of the height in meters.
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Table 5.
Virus Infection

Factors Associated With Elevated Thrombin-Antithrombin Ill (TAT) Levels Among 278 Men With Human Immunodeficiency

Unadjusted Adjusted

Parameter Relative Risk (95% CI) P Relative Risk (95% CI) P
Treated/undetectable vs untreated/detectable 1.30 (.78-2.16) .32 0.64 (.28-1.47) .30
Age (per decade) 1.09 (.87-1.38) 46 1.08 (.84-1.39) .54
African American vs white 0.94 (.56-1.58) .81 1.10 (.59-2.05) .76
Latino/other vs white 0.76 (.42-1.38) .37 0.84 (.44-1.63) .61
hsCRP (per doubling) 0.84 (.74-.96) .0078 0.84 (.74-0.96) .0089
Tenofovir (ever) 1.61 (1.06-2.45) .024 2.87 (1.34-6.16) .0069

A TAT level in the highest quartile (ie, >11 pg/L) is considered to be elevated. Estimates are calculated from a relative risk regression model, using generalized

estimating equations to account for repeated measures.
Bold numbers indicate a P value of < .05.

Abbreviations: Cl, confidence interval; hsCRP, high-sensitivity C-reactive protein.

HIV-infected participants alone, to investigate associations
with HIV-specific characteristics. There appeared to be little
association between age, race, or HIV-related factors and
antithrombin level, with the exception of tenofovir exposure,
which was associated with lower levels of this biomarker
(—2.6% per year of exposure; P = .020) (Table 4).

History of opportunistic infection was associated with
a higher nAPCsr, while cumulative exposure to nonnucleoside
reverse-transcriptase inhibitors (NNRTIs) and any exposure to
didanosine were independently associated with a lower nAPCsr.
We found little association between nadir CD4+ T-cell count
and nAPCsr (data not shown). An elevated nAPCsr suggests
either genetic or acquired resistance to APC and is a known risk
factor for venous thrombotic events [9]. Factors independently
associated with a lower ETP included HCV infection, cumula-
tive exposure to tenofovir, and cumulative exposure to NNRTI,
while hsCRP level, body mass index, and history of opportu-
nistic infection were associated with a higher ETP.

In both unadjusted and adjusted analyses, a higher hsCRP
level was associated with a decreased risk of having an elevated
TAT level, while exposure to tenofovir was associated with an
increased risk of having an elevated TAT level (Table 5).
Abacavir use had little association with antithrombin level,
nAPCsr, ETP, or TAT level (data not shown).

DISCUSSION

In this cross-sectional analysis of coagulation-related markers
in HIV-infected individuals, we found higher antithrombin
activity and lower ETP in both untreated and effectively
treated HIV adults, compared with uninfected controls. Trea-
ted individuals with undetectable HIV RNA levels had a lower
nAPCsr, compared with controls, while untreated individuals
had lower TAT levels. We did not find statistically significant
differences in F1+2, tissue factor, or p-dimer levels in our

study population. While the antithrombin level was higher in
the HIV-infected group, we were not able to identify any HIV-
related factors that were associated with this finding. In con-
trast, HIV-related factors, including a history of opportunistic
infection, were associated with a higher nAPCsr, while ART
exposure was associated with lower nAPCsr and ETP. Col-
lectively, these comprehensive data suggest that the coagulation
system—as defined by a series of well-validated biomarkers—is
affected by HIV infection in a complex manner. The clinical
significance of this effect is difficult to prove given the
complicated changes observed in our study and other studies
and the inability of any coagulation biomarker (including p-
dimer level, which is commonly studied in HIV disease) to
definitively characterize the degree to which coagulation is
altered in vivo. Although these limitations preclude de-
finitive conclusions, the most parsimonious interpretation
of our data is that treated HIV infection is not associated with
excess clotting (as suggested by prior studies, which relied en-
tirely on measures of D-dimer levels) but may be associated
with a lower risk of clotting (as suggested by the reduced ETP,
lower nAPCsr, and elevated antithrombin level). This obser-
vation should be interpreted cautiously and will need to be
replicated. Given the lack of consistency among biomarker
changes in this and other studies, we believe there is strong
rationale to perform well-controlled studies with hard clinical
end points as outcomes to help resolve the role of coagulation
system activation in HIV-associated morbidity and mortality.

Systemic inflammation is thought to shift the normal he-
mostatic balance to a net procoagulant state [5, 6, 10]. Thrombin
is the main effector protease in the coagulation cascade. Its
actions are varied and include anticoagulant/procoagulant, in-
flammatory, and proliferative effects [5]. Antithrombin func-
tions as a circulating inhibitor of thrombin. We found that
antithrombin activity was higher than expected in effectively

treated and untreated HIV-infected individuals. While
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antithrombin levels have previously been shown to be signifi-
cantly lower in patients with acute inflammatory conditions
such as pneumonia [11] and sepsis [12], there are scant data
on the effects of chronic inflammation on antithrombin levels.
A single small study before the era of combination antiretroviral
therapy showed normal levels of antithrombin and no associa-
tion of antithrombin with degree of immunosuppression [13].
Further studies are needed to confirm our findings of high an-
tithrombin activity among HIV-infected individuals.

ETP, a functional measure of thrombin generation in vitro,
measures the total amount of thrombin generated in response to
a standard triggering dose of tissue factor. ETP thus in-
tegrates all of the procoagulant and anticoagulant factors
affecting thrombin generation. We found that HIV-infected
individuals had a lower ETP, compared with controls. Among
individuals without HIV infection, a higher ETP is predictive
of an incident venous thrombosis event [14]. While a higher
ETP did not predict recurrent events among individuals with
a deep vein thrombosis [15], lower ETP was associated with
a decreased risk of recurrence of deep vein thrombosis [16].
A study consisting mostly of South African women with ad-
vanced HIV infection also demonstrated that, while ETP in-
creased with antiretroviral therapy, it remained significantly
lower than that in uninfected controls [7]. In contrast to our
study, a lower ETP has been reported among HIV-infected
individuals receiving antiretroviral therapy, compared with
untreated patients [17]. The clinical implications of the lower
ETP in our study and other studies remain uncertain.

While it is tempting to attribute coagulation abnormalities
to chronic inflammation in the setting of HIV infection, our
results demonstrate little relationship between hsCRP level
and coagulation factors; in fact (as shown in Table 3), ad-
justment for hsCRP level does not attenuate the effect of HIV
infection. One possibility is that hsCRP level may not be
the best assessment of inflammation among HIV-infected in-
dividuals, compared with other immunologic measures. For
example, in the FRAM study, HIV RNA levels were not sig-
nificantly associated with hsCRP level [18]. Also, antiretroviral
therapy has been consistently shown to decrease levels of most
markers of immune activation and inflammation [19, 20], but
it has a limited effect on hsCRP level and in some controlled
studies resulted in increased levels [8, 21]. Hence, it is not
possible with our current data to investigate whether elevations
in levels of inflammatory markers known to be affected by HIV
infection predict alterations in the coagulation system.

In contrast to other studies [7, 15, 22], our study revealed
a lower nAPCsr among individuals with effectively treated HIV
infection. The differences between our findings and those of
Jong et al may be attributable to differences in the study
population, as the treatment response was highly variable
[22]. Interestingly, 6% of HIV-infected adults in our study

had a nAPCsr of 0, compared with none of the controls
(P = .22). To our knowledge, there has never been a de-
scription of patients with abnormally low nAPCsr. Additional
larger studies will be needed to explore this finding, which
has not been previously reported among HIV-infected in-
dividuals.

Collectively, we found that patients with treatment-suppressed
HIV infection have increased antithrombin activity and in-
creased APC sensitivity. Both of these findings reflect a shift in
the balance of procoagulant and anticoagulant factors toward
more inhibition of thrombin rather than increased thrombin
generation or activity. This is supported by the observation
of a lower ETP, which is an ex vivo measurement of co-
agulation that incorporates many of the varied factors af-
fecting thrombin generation. The clinical implications of
these findings are unclear.

Our study has important limitations. Most notably, our study
included only men, and we had a relatively small number of
control subjects. This could explain the discrepancy between
our study and the SMART study in terms of D-dimer levels.
However, although our control group was small, we found
D-dimer levels that were consistent with those reported in other
large cohort studies (ie, ARIC, MESA, CHS) [23-25], sug-
gesting that our trends were not influenced by unusually high
levels of D-dimers in our control group. Of note, after unit
conversion, the b-dimer levels in our HIV-infected individuals
(308 fibrinogen equivalent units [FEU] in treated individuals,
and 361 FEU in untreated individuals) are below the range of
those reported at study entry for HIV-infected individuals in
the SMART study (0.26 pg/mL, or 520 FEU), suggesting our
HIV-infected group was relatively healthier [2]. However, the
fact that we did not detect differences in D-dimer levels between
HIV-infected patients and controls should offer caution in
terms of overinterpreting the findings for the other markers in
our study. In particular, the ETP results show that the potential
for thrombin generation is decreased in plasma from HIV-
infected individuals. This is seemingly at odds with the prior
literature showing an increase in D-dimer levels in similar
subjects. However, an elevation in D-dimer levels (as seen by
others) and low ETP (our primary observation) could occur in
at least 2 settings. First, high D-dimer levels might reflect an
increase in fibrinolytic activity without a change in thrombin
generation or fibrin formation. This is a testable hypothesis and
one our group would like to address in the future. Second, it is
also possible that low ETP occurs as the result of increased
coagulation system activity in vivo, with consumption of pro-
coagulant factors resulting in an artifactually lower ETP in the
in vitro assay. However, if this were the case, one would expect
to see an increase in levels of D-dimers, TAT, and F1+2, all of
which are in vivo markers of coagulation system activity, and
we did not observe increases in any of these markers.
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In conclusion, among treated and untreated HIV-infected
men, antithrombin activity (an inhibitor of thrombin) was
high, compared with that in uninfected controls, while the
ETP (an in vitro assessment of thrombin generation) was
lower. The nAPCsr was lower among treated men, compared
with controls, while the TAT level was lower in untreated in-
dividuals, compared with controls. Little difference was found
in other coagulation markers, including p-dimers, tissue factor,
and F1+2. Overall, coagulation markers were similar between
treated and untreated HIV-infected individuals. These findings
warrant further investigation, as the interplay between throm-
bosis and inflammation in the setting of HIV infection is clearly
complex. Longitudinal studies with clinical end points are
needed to determine the degree to which HIV disease alters the
risk of clotting.
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