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Abstract

Background:  C-reactive protein (CRP) is an inflammatory biomarker associated with all-cause mortality and morbidities such as cardiovascular 
disease. CRP is increased with HIV infection and thought to increase with age, though trajectories of CRP with aging have not been well characterized. 
We investigated trajectories of CRP in men from the Multicenter AIDS Cohort Study, according to HIV infection and HIV viral load status.
Methods:  CRP measurements from 12 250 serum samples, provided by 2132 men over a span of 30 years, were categorized by HIV status at 
sample collection: HIV uninfected (HIV−, n = 1717), HIV infected with undetectable RNA (HIV+ suppressed, n = 4075), and detectable HIV 
RNA (HIV+ detectable, n = 6458). Age-related trajectories of CRP were fit to multivariable linear mixed models; we tested for differences in 
trajectories by HIV status.
Results:  CRP increased with age in all sample groups. HIV+ detectable and HIV+ suppressed samples had higher CRP than HIV− samples 
throughout the observed age range of 20–70 years (p < .05). CRP concentrations at age 45 years were 38% (95% CI: 26%–50%) and 26% 
(15%–38%) higher in HIV+ detectable and HIV+ suppressed samples, respectively, relative to HIV− samples. HIV+ detectable samples showed 
more rapid linear increases with age (8% higher/decade, 0.3%–16%) than HIV− samples.
Conclusions:  We observed higher concentrations of CRP across 5 decades of age in men living with HIV, and steeper increases with age in 
men with detectable HIV RNA, relative to HIV− men. These results are consistent with a contribution of inflammation to the higher risk of 
age-related comorbidities with HIV infection.
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People living with HIV (PLWH) face a higher risk than HIV-
uninfected (HIV−) people for aging-associated conditions, leading 
some to postulate an accelerated aging process (1–3), although this 
has been disputed (4). Effectively treated HIV infection is char-
acterized by chronic low-level inflammation, with persistent ele-
vations of some markers of inflammation and immune activation 
despite suppression of HIV replication (5). Inflammation, in turn, 
has been associated with a higher risk of mortality and with aging-
related morbidities among both PLWH and HIV− people. C-reactive 

protein (CRP) is a marker of general inflammation that is commonly 
measured in clinical practice and has been linked with disease out-
comes in PLWH. For instance, in the Multicenter AIDS Cohort Study 
(MACS), concentrations of CRP among virologically suppressed 
PLWH predicted all-cause mortality (6) and were associated with 
HIV disease progression (7).

CRP is an acute-phase protein synthesized in the liver in response 
to proinflammatory cytokines, particularly interleukin 6. CRP binds 
to phosphocholine on necrotic and apoptotic cells, triggering the 
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complement system (8). Its concentration in plasma is highly sensi-
tive to inflammatory conditions, such as infections, and can increase 
from a normal concentration of less than 3 mg/L to over 100 mg/L 
and even 500 mg/L within days (9). Such large increases are gener-
ally transient, but concentrations can persist at high levels for longer 
periods of time in the face of some chronic infections, such as HIV, 
and inflammatory diseases, such as Crohn’s disease (7,10).

In contrast, mildly elevated CRP concentrations (3–10  mg/L) 
can persist for many years without overt disease in both PLWH 
and HIV− people and may reflect ongoing subclinical inflammatory 
processes (11). Mildly elevated CRP concentrations have been as-
sociated with cardiovascular disease (12–17), obesity (11), diabetes 
mellitus (16), frailty (18,19), and all-cause mortality (20), though 
Mendelian randomization studies suggest that at least some of these 
observed associations are not causal (15,20,21). Measurements of 
CRP exceeding 10 mg/L are usually thought to represent acute in-
flammatory events, but concentrations in this range can be associ-
ated with chronic disease (22,23).

CRP concentrations are thought to increase with age, supporting 
the notion that chronic inflammation contributes to the aging pro-
cess. Much of the evidence for these beliefs, and for CRP-outcome 
associations, comes from cross-sectional studies (24,25) or from 
studies with a single measurement of CRP preceding outcomes (26). 
Although a few studies have obtained serial CRP measurements 
within individuals over several years (27,28), most have employed 
2 measurements per individual (13,14,17,22,29). These studies have 
not provided a full understanding of the natural history of CRP with 
age, and there is a paucity of long-term longitudinal data on aging 
and CRP. Furthermore, it is unknown whether CRP concentrations 
follow similar age-related trajectories in PLWH as in comparable 
HIV− individuals. Thus, several critical research questions about the 
relationship between CRP and aging remain unanswered for both 
PLWH and HIV-uninfected people.

To address these questions, we analyzed CRP measurements from 
stored serum samples longitudinally collected from men between 
1984 and 2014 in the MACS. We report here on the age-related tra-
jectories of CRP in men living with and without HIV infection and 
on how HIV suppression by effective combination antiretroviral 
therapy (cART) may influence these trajectories. We also investigated 
whether extremely high CRP concentrations are associated with 
HIV infection, and what factors may predispose to such high values.

Method

Study Population and Sample Selection
The MACS is an ongoing prospective cohort study of HIV infec-
tion among men who have sex with men at 4 sites in the United 
States: Baltimore, MD/Washington, DC; Chicago, IL; Los Angeles, 
CA; and Pittsburgh, PA (30). Men in the cohort are evaluated at 
semiannual study visits that include standardized interviews, phys-
ical examinations, laboratory analyses, and storage of plasma and 
serum at −80°C. MACS study protocols at all sites were approved 
by their local IRBs, and all participants provided informed consent 
for all procedures.

CRP testing of stored serum from selected person-visits was per-
formed in 2 previous substudies (Supplementary Figure 1). In the first 
(5), samples from 1984 to 2009 were selected from all MACS parti-
cipants who (i) had a known date of HIV seroconversion (including 
1 sample before seroconversion and samples at 1-year intervals 
thereafter) and/or (ii) had initiated cART (including samples im-
mediately before and after antiretroviral treatment (ART) initiation 

and then at 2-year intervals thereafter). These overlapping groups 
included 10 998 person-visits. Up to 4 samples per person were also 
selected from 250 persistently HIV− men (n  =  950 person-visits). 
These included all HIV- men with active hepatitis C (HCV) infection, 
whose inclusion was intended to assess as precisely as possible the 
effects of HCV infection, which is known to reduce CRP concentra-
tions (31–33). In the second substudy, 1 sample was selected from a 
visit in 2013–2014 from all men who initiated cART after 2010 and 
who had undetectable HIV RNA at that visit (n = 182) and from 120 
demographically similar HIV− MACS participants.

For the present study, we classified participants’ samples into 3 
groups based on the participants’ status at sample provision: (i) HIV-
uninfected (“HIV−”), (ii) HIV+ with undetectable plasma HIV RNA 
(“HIV+ suppressed”), and (iii) HIV+ with detectable plasma HIV 
RNA (“HIV+ detectable”). Men could contribute samples at more 
than 1 visit and to more than one of these 3 groups. For example, 
someone who entered the MACS as HIV−, became HIV+, and later 
initiated cART and suppressed HIV replication could contribute 
data to all 3 study groups. Specific contributions of men to the 3 
groups are given in Supplementary Table 1.

CRP and Covariate Measurement/Definitions
CRP concentrations were measured by a reference labora-
tory (Quest Diagnostics, Madison, NJ) using a high-sensitivity 
immunonephelometric assay (5). Plasma HIV RNA concentration 
(HIV viral load) was quantified with the Roche Amplicor assay 
(Roche Molecular Systems, Branchburg, NJ), sensitive to 50 copies/
mL (60% of samples), the Roche COBAS Taqman assay sensitive 
to 20 copies/mL (4%), and older assays sensitive to 400 (Roche 
Amplicor 2nd generation, 35%) or 500 copies/mL (Quantiplex 
HIV RNA 2.0; Chiron Corporation, Emeryville, CA, <1%). 
Measurements below the sensitivity of the assay used for that 
sample were classified as undetectable; 96% of such samples were 
below 50 copies/mL. CD4+ T-lymphocyte counts were measured 
with flow cytometry.

We chose covariates that might be expected to affect CRP con-
centrations but not lie in the causal pathway from HIV infection 
to inflammation (eg, smoking and obesity, but not chronic kidney 
disease). HCV infection was defined by the presence of HCV RNA 
in plasma. Race was assessed by self-report at baseline. Current cig-
arette smoking and injection drug use were assessed by self-report 
at each MACS study visit and dichotomized as yes/no. Obesity was 
defined as a body mass index ≥ 30 kg/m2. Hypertension was defined 
as systolic blood pressure ≥ 140 mm Hg, diastolic blood pressure ≥ 
90 mm Hg, or use of antihypertensive medications. Diabetes mellitus 
was defined as a hemoglobin A1C level ≥ 6.5%, a fasting glucose 
level ≥ 126 mg/dL, or use of antidiabetic medications.

Statistical Methods
Because the distribution of CRP concentrations was highly right 
skewed, CRP concentrations were natural log-transformed for ana-
lyses. For the 610 (5%) samples with concentrations below the 
lower limit of quantification (0.2 mg/L), we interpolated values via 
a random draw from lognormal distributions fit to CRP measure-
ments, stratified by the 3 HIV study groups.

To examine individual trajectories of CRP concentrations with 
age, we fit linear mixed-effects models to CRP concentrations, with 
age as the primary exposure of interest. For these analyses, we ex-
cluded samples from men younger than 20 (n = 7) or older than 70 
(n = 52) years at sample provision. Covariates were chosen based 
on previously reported associations with CRP and availability (eg, 
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cholesterol was omitted from models due to incomplete coverage). 
We tested for differences in the slope of CRP trajectories by HIV 
category via interaction terms and for nonlinearities in average tra-
jectory via transformations of age. We fit a separate model restricted 
to HIV+ samples to assess whether CD4+ T-cell count and HIV viral 
load were associated with CRP concentrations.

For analyses of extremely high CRP concentrations, we de-
fined thresholds (>10 mg/L, approximately the 95th percentile, and 
>30  mg/L, approximately the 99th percentile) and compared fre-
quencies of extremely high CRP values by HIV category. The time 
between samples (at minimum 6 months) was too great to determine 
whether any high CRP measurement represented a transient event 
or a more persistent inflammatory state. To test for predictors of 
extremely high CRP concentrations, including HIV status, we used 
multivariable logistic regression models adjusted for repeated meas-
ures by study participant. Statistical significance was assessed using 
α = .05 for all analyses.

Results

Characteristics of Study Population
CRP measurements were available from 12  250 stored serum 
samples contributed by 2132 MACS participants from 1984 to 
2014 (Table 1, Supplementary Table S1, Supplementary Figure 
1). About half of these samples were contributed by participants 
with detectable HIV RNA, one-third by men with undetectable 
(suppressed) HIV RNA and one-sixth by HIV− men. The median 
duration of follow-up was 5.9  years (interquartile range: 2.0–
11.5 years, maximum 29.4 years); 28% of participants had more 
than 10 years of follow-up. Participants contributed a median of 
4 samples, with 28% contributing at least 7% and 13% contrib-
uting at least 10. Approximately half (51%) of participants con-
tributed samples to more than 1 HIV study group, including 165 
who contributed to all three. Men providing HIV+ suppressed 
samples were older than men providing samples for the other 
2 groups (p < .05). Hepatitis C infection was twice as common 
among HIV− samples as among HIV+ samples (p < .05) per study 
design. Non-White race, obesity, cigarette smoking, and injection 
drug use were more common in the HIV− samples than in both 
groups of HIV+ samples (p < .05).

Distributions of CRP Concentrations
Median CRP concentrations were 0.9  mg/L in HIV− samples, 
1.2 mg/L in HIV+ suppressed samples, and 1.2 mg/L in HIV+ de-
tectable samples (Figure 1A). CRP concentrations increased with 
age in all 3 HIV categories (Figure 1B, Supplementary Table S2). 
Distributions of these concentrations among HIV+ detectable and 
HIV+ suppressed samples were nearly identical, with HIV+ detect-
able samples being the highest after age 40, and both were signifi-
cantly higher than those in the HIV− group across all decades of age 
(from unadjusted linear mixed-effects models).

Factors Associated With CRP Values and Trajectories
A multivariable mixed-effects model was fit to the natural log of 
CRP measurements, incorporating age and the square of age, and 
allowing for differences in the effects of age by HIV category. Results 
are displayed in Table 2 and Figure 2. Age is centered at 45 years; 
for example, the estimated intercept term for HIV− men (0.061) im-
plies a CRP concentration of 1.06 mg/L for an HIV− man at age 45 
with reference values of covariates. Compared with HIV− men, men 
in both HIV+ categories had higher estimated CRP concentrations 
at age 45 (32% higher for HIV+ detectable men [95% CI: 26% to 
50%]; 26% higher for HIV+ suppressed men [15% to 38%]).

Estimated CRP concentrations increased with age at a diminishing 
rate within each HIV category, peaking at 60 years in HIV− men, 
67  years in HIV+ suppressed men, and 76  years in HIV+ detect-
able men. For HIV− men, the estimated linear component of change 
per decade was 17% (10% to 25%), and the estimated change per 
decade squared was −5% (−9% to −1%). The estimated linear com-
ponent of change was significantly steeper in HIV+ detectable men 
(25% per decade, or an absolute difference of 8% [95% CI: 0.3% 
to 16%]) compared with HIV− men. HIV+ suppressed men also ex-
hibited a faster linear increase than HIV− men, with a 5% absolute 
difference per decade, but this difference was not significant (95% 
CI: −3% to 13%). There were no statistically significant differences 
between groups in the age-squared term. The predicted CRP concen-
trations for HIV− men with reference values of covariates (Figure 2) 
were 0.62 mg/L at age 25, 1.06 mg/L at age 45, and 1.17 mg/L at age 
65. For men with detectable HIV RNA, the corresponding figures 
were 0.79, 1.46, and 2.00 mg/L, and for men with suppressed HIV 
RNA, they were 0.74, 1.34, and 1.68 mg/L.

Table 1.  Characteristics of Person-Visits in the Study Population

 HIV-Negative HIV+ Suppressed HIV+ Detectable Total

Person-visits 1717 4075 6458 12 250 

Men contributing person-visits* 738 1237 1413 2132 
Visits per person† 2 (1, 4) 3 (1, 4) 3 (2, 6) 4 (3, 7)
Age in years† 42 (34, 50) 48 (42, 54) 41 (35, 48) 44 (37, 50)
HIV RNA copies/mL (log10)

† — — 4.2 (3.3, 4.8) 4.2 (3.3, 4.8)
CD4+ cells/μL† — 595 (428, 798) 469 (298, 677) 519 (345, 734)
CRP (mg/L)† 0.9 (0.4, 2.2) 1.2 (0.6, 2.9) 1.2 (0.6, 2.9) 1.2 (0.6, 2.8)
Non-White race 562 (33%) 1307 (20%) 1031 (25%) 2900 (24%)
Smoking at visit 669 (39%) 2206 (34%) 1117 (27%) 3992 (33%)
Injection drug use 85 (5%) 146 (2%) 84 (2%) 315 (3%)
Hepatitis C infection 263 (15%) 437 (7%) 298 (7%) 998 (8%)
Obesity 266 (15%) 608 (9%) 465 (11%) 1339 (11%)
Diabetes 124 (7%) 255 (4%) 370 (9%) 749 (6%)
Hypertension 373 (22%) 1369 (21%) 907 (22%) 2649 (22%)

Notes: CRP = C-reactive protein. Percentages and distributions apply to all samples within the specified group.
*Some men contributed visits to more than 1 category.
†Median (interquartile range).
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There was no immediately apparent decline in CRP concentra-
tions among the subset of participants (n = 514) who transitioned 
from the HIV+ detectable to the HIV+ suppressed group in visits 

within 2 years of one another; the median change was 0 mg/L (inter-
quartile range: −0.8, 0.9). However, when we restricted the HIV+ sup-
pressed group to men who were consistently suppressed (n = 1240 
person-visits from men contributing at least 3 HIV+ samples after 
first becoming HIV+ suppressed, at least 75% of which had undetect-
able HIV RNA), the intercept and slope of serum CRP concentra-
tions were lower than in the primary analysis, so that the estimated 
trajectory in this group was similar to that among the HIV− group 
(summary of sensitivity analyses in Supplementary Table S3; details 
of this analysis in Supplementary Table S4, Supplementary Figure 2).

As expected, HCV infection was associated with considerably 
lower CRP concentrations (−39%, 95% CI: −46% to −32%), and 
this was independent of age and HIV status. We fit a model with 
interaction terms between HCV infection status and age to test 
whether CRP trajectories differed depending on whether men were 
infected with HCV; the effect estimates were not statistically sig-
nificant and did not support effect modification by HCV infection 
status. Obesity (30% higher, 95% CI: 20% to 40%) and cigarette 
smoking (17% higher, 95% CI: 11% to 25%) were associated with 
higher CRP concentrations independently of age and HIV status.

The median CRP concentration in the first HIV+ visit among men 
who seroconverted during follow-up (n = 497) was quite similar to 
that among HIV− samples (0.9 mg/L, interquartile range: 0.5, 2.1), 
contrary to what might be expected if these samples were provided 
during the acute HIV infection phase. Furthermore, when we ex-
cluded these samples from the primary analysis, results did not change 
appreciably (Supplementary Table S5, Supplementary Figure 3).

Among HIV+ samples, we fit a linear mixed-effects model with 
a quadratic function of age to test for associations between CRP 

Table 2.  Fixed Effect Estimates From Linear Mixed-Effects Model of 
Natural Log of C-Reactive Protein (mg/L) Concentrations Over Time

  
Coeffi-
cient 95% LL

95% 
UL

HIV− (ref.) Intercept (age 45, 
ref.)

0.061 −0.032 0.154

 10 y of age (ref.) 0.158 0.095 0.221
 Square of age term 

(ref.)
−0.054 −0.098 −0.011

HIV+, 
suppressed

Effect on intercept 
term

0.232 0.138 0.325

 Effect on 10 y of 
age term

0.048 −0.028 0.125

 Effect on squared 
age term

0.008 −0.048 0.064

HIV+, 
detectable

Effect on intercept 0.319 0.232 0.405

 Effect on 10 y of 
age term

0.075 0.003 0.146

 Effect on squared 
age term

0.016 −0.034 0.066

Other fixed 
effects 

Non-White race 0.056 −0.032 0.144

 Current smoking 0.161 0.102 0.219
 Injection drug use 0.046 −0.076 0.169
 Current hepatitis 

C infection
−0.500 −0.618 −0.382

 Obesity 0.261 0.182 0.340
 Diabetes 0.069 −0.023 0.162
 Hypertension 0.045 0.000 0.091

Notes: 95% LL = lower limit of 95% confidence interval, 95% UL = upper 
limit of 95% confidence interval; CRP = C-reactive protein. Bold indicates p < .05.

Figure 2.  Predicted C-reactive protein (CRP) concentrations across age, by 
HIV category, from linear mixed-effects model. Transparent bands represent 
95% confidence intervals. Predicted values are displayed for men with 
reference values of covariates in model (White race, nonsmoking, not using 
injection drugs, no HCV infection, no obesity, no diabetes, no hypertension).

Figure 1.  (A) C-reactive protein (CRP) distributions in samples by HIV 
category. (B) CRP distributions in samples by decade of age, stratified by 
HIV category. Data are shown as violin plots with quartiles shaded by color 
and width representing density. Black diamonds indicate 25th, 50th, and 75th 
percentiles. Red diamonds indicate means. Vertical labels on left indicate ln 
values, and labels on right indicate linear values.
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concentrations and continuous measures of HIV disease status (HIV 
viral load and CD4+ T-cell counts). We excluded 551 samples (4%) 
due to missing CD4+ T-cell count or HIV viral load. Results are 
shown in Supplementary Table S6. As in the previous model, CRP 
concentrations increased at a diminishing rate with age. Lower 
CD4+ cell counts were associated with higher CRP concentrations 
(4% higher CRP per 100 fewer CD4+ cells/μL, 95% CI: 3% to 5%); 
CRP concentrations and log HIV viral load were positively asso-
ciated (0.8% increase per log10 copies of HIV RNA), but the 95% 
confidence interval included the null (−0.0% to 1.6%).

Extremely High CRP Concentrations
Extremely high CRP concentrations, defined as >10  mg/L, were ob-
served in 524 samples, with a few (n = 10) measuring over 100 mg/L. 
Eighty-one percent of study participants had no samples with extremely 
high CRP concentrations, whereas some men had up to 8 such values, 
though the total number of samples available for each individual 
varied considerably. Factors associated with a given sample having an 
extremely high CRP concentration are given in Table 3. Significantly 
higher odds of an extremely high CRP concentration were estimated 
for both HIV+ detectable (odds ratio [OR]: 1.74, 95% CI: 1.22 to 2.48) 
and HIV+ suppressed samples (OR: 1.50, 95% CI: 1.04 to 2.15) rela-
tive to HIV− samples, and for those who previously had an extremely 
high CRP measurement relative to those who had not (OR: 2.78, 95% 
CI: 2.14 to 3.62). Additional statistically significant predictors of ex-
tremely high CRP values were older age, non-White race, and smoking.

When we considered the higher threshold of >30 mg/L (observed in 
129 samples, Table 3), larger estimated ORs were obtained comparing 
HIV+ detectable and HIV+ suppressed samples to HIV− samples, al-
though the estimate for HIV+ suppressed samples was not statistically 
significant. Again, having a previous CRP measurement of this magni-
tude and older age were statistically significant predictors of extremely 
high CRP concentrations at this higher threshold. To evaluate the in-
fluence of these extremely high CRP values on our primary results, 
we fit our linear mixed-effects model after excluding CRP values > 
30 mg/L; results were very similar to those obtained without this ex-
clusion (Supplementary Table S7, Supplementary Figure 4).

Discussion

This study is, to the best of our knowledge, the first to detail long-term 
trajectories of CRP in a population of people living with HIV. It is 

also one of the largest analyses of CRP, comprising 12 250 measure-
ments in 2132 men over a span of 30 years, including up to 4 meas-
urements in HIV− men. In contrast to most earlier studies, in which 
CRP was measured at only 1 or 2 time points, more than a quarter 
of participants contributed 7 visits or more. We found that CRP con-
centrations increased with age in all 3 groups defined by HIV status 
(ie, HIV−, HIV+ suppressed, HIV+ detectable) and that the magni-
tude of this increase was large, with concentrations increasing by 
more than 60% in each group from age 30 to 60. Consistent with 
previous evidence, HIV infection was strongly associated with higher 
CRP concentrations independently of age (5,32). In a novel finding, 
estimated age-related increases were steeper among men living with 
HIV relative to HIV− men. Notably, we observed a flattening of CRP 
trajectories with age regardless of HIV status, but this leveling off 
occurred later among both HIV+ groups.

Among HIV+ samples, lower CD4+ cell count was significantly 
associated with higher CRP, which is consistent with the previously 
reported result that HIV progression is associated with greater inflam-
mation (34). As expected, CRP concentrations were positively associ-
ated with smoking, obesity, and hypertension and negatively with HCV 
infection. Men with detectable HIV RNA at a given study visit had 
an estimated 74% higher odds of having a CRP concentration greater 
than 10 mg/L—and nearly 3 times the odds of having a CRP measure-
ment greater than 30 mg/L—relative to HIV− men. This may reflect the 
higher risks of infection and other acute inflammatory states associated 
with chronic HIV replication and impaired immune function.

These results are concordant with the hypothesis that increased in-
flammation is a feature of aging and that HIV infection may exacerbate 
this aspect of aging (1–3); however, the question of whether HIV infec-
tion causes accelerated physical aging is beyond the scope of this article. 
The similarity of estimated CRP trajectories overall between visits with 
detectable and suppressed HIV RNA highlights the need to develop 
treatments and promote behavioral modifications to reduce the chronic 
low-level inflammation associated with treated HIV infection. Notably, 
however, when we restricted the HIV+ suppressed group to visits only 
from men who achieved a consistent state of suppression over time, we 
found that the estimated CRP trajectory was more similar to that ob-
served among HIV− men; this result suggests that sustained viral sup-
pression may lower chronic inflammation.

A primary strength of the study is a cardinal characteristic of the 
MACS cohort in general: the ability to compare results between a large 
number of men living with HIV and HIV− men from a similar source 

Table 3.  Odds Ratios for Extremely High C-Reactive Protein Concentrations

Defined as >10 mg/L Defined as >30 mg/L

OR 95% LL 95% UL OR 95% LL 95% UL

HIV− (ref.) — — — — — —
HIV+, suppressed 1.50 1.04 2.15 1.88 0.84 4.20
HIV+, detectable 1.74 1.22 2.48 2.84 1.29 6.25
Previous extremely high CRP 2.78 2.14 3.62 5.55 3.43 8.98
10 y of age 1.27 1.14 1.42 1.39 1.15 1.68
Non-White race 1.34 1.08 1.65 1.42 0.94 2.16
Current smoking 1.24 1.02 1.50 0.88 0.61 1.26
Injection drug use 0.93 0.52 1.67 0.94 0.29 3.01
Current hepatitis C infection 0.89 0.62 1.28 1.12 0.58 2.17
Obesity 1.07 0.80 1.43 0.51 0.26 1.03
Diabetes 1.12 0.76 1.65 1.18 0.61 2.27
Hypertension 1.03 0.84 1.28 1.15 0.77 1.71

Notes: 95% LL = lower limit of 95% confidence interval; 95% UL = upper limit of 95% confidence interval; CRP = C-reactive protein; OR = odds ratio. Bold 
indicates p < .05.
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population over a long time span. This comparison allows inference 
about the effects of chronic HIV infection and its treatment, independ-
ently of what may be expected as men age. The uniformity of CRP meas-
urement is an additional advantage. CRP is also known to be highly 
stable in storage at −80°C for over a decade, and CRP concentrations 
exhibit low intraindividual variability over short durations (27,35). 
However, the study also has some limitations. Irregular and relatively 
long (~6 months) intervals between measurements present challenges to 
interpretation, as does the lack of data on comorbidities that may acutely 
affect single CRP measurements (eg, a recent mild illness). Results may 
have been subject to some survivor bias, as participants with morbidities 
related to either HIV or aging may have been less likely to contribute sam-
ples over time. The number of samples from HIV− men was smaller than 
that from HIV+ men, although it was not small compared with previous 
longitudinal studies of CRP. The study period does not include modern 
cART regimens such as those containing integrase strand transfer inhibi-
tors, which also limits generalizability. As this was an observational study, 
we may not have adequately adjusted for differences across HIV groups 
that were related to CRP concentrations. Finally, this study included only 
men; studies of CRP trajectories in women are needed.

CRP is commonly measured in clinical settings and is a known 
predictor of morbidity and mortality. Better understanding of its 
age-related dynamics in HIV infection will provide context for ob-
served departures from expected trajectories. A next step is to esti-
mate how CRP trajectories and clinical outcomes are related to one 
another among PLWH. The detailed picture presented here of how 
CRP changes with age in men, and how this is associated with HIV 
status, provides a necessary first step to this end.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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