
HIV Infection and Awareness among Men Who Have Sex
with Men–20 Cities, United States, 2008 and 2011
Cyprian Wejnert*, Binh Le, Charles E. Rose, Alexandra M. Oster, Amanda J. Smith, Julia Zhu,

Gabriela Paz-Bailey for the NHBS Study Group"

Division of HIV/AIDS Prevention, National Center for HIV, Viral Hepatitis, STD and TB Prevention, Centers for Disease Control and Prevention, Atlanta, Georgia, United

States of America

Abstract

Over half of HIV infections in the United States occur among men who have sex with men (MSM). Awareness of infection is a
necessary precursor to antiretroviral treatment and risk reduction among HIV-infected persons. We report data on
prevalence and awareness of HIV infection among MSM in 2008 and 2011, using data from 20 cities participating in the 2008
and 2011 National HIV Behavioral Surveillance System (NHBS) among MSM. Venue-based, time-space sampling was used to
recruit men for interview and HIV testing. We analyzed data for men who reported $1 male sex partner in the past 12
months. Participants who tested positive were considered to be aware of their infection if they reported a prior positive HIV
test. We used multivariable analysis to examine differences between results from 2011 vs. 2008. HIV prevalence was 19% in
2008 and 18% in 2011 (p = 0.14). In both years, HIV prevalence was highest among older age groups, blacks, and men with
lower education and income. In multivariable analysis, HIV prevalence did not change significantly from 2008 to 2011 overall
(p = 0.51) or in any age or racial/ethnic category (p.0.15 in each category). Among those testing positive, a greater
proportion was aware of their infection in 2011 (66%) than in 2008 (56%) (p,0.001). In both years, HIV awareness was
higher for older age groups, whites, and men with higher education and income. In multivariable analysis, HIV awareness
increased from 2008 to 2011 overall (p,0.001) and for all age and racial/ethnic categories (p,0.01 in each category). In
both years, black MSM had the highest HIV prevalence and the lowest awareness among racial/ethnic groups. These
findings suggest that HIV-positive MSM are increasingly aware of their infections.
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Introduction

Men who have sex with men (MSM) are at increased risk of

HIV infection. MSM are the only group for which the annual

number of diagnoses of HIV infection increased from 2007 to

2010 from 28,077 to 30,573 [1]. Male-to-male sexual contact

accounted for 65% of all HIV diagnoses reported in 2011 [1].

Further, CDC estimates that the number of incident HIV

infections (new HIV infections, whether diagnosed or not)

increased 12% among MSM from 2008 to 2010 [2]. Of the

47,500 estimated incident HIV infections in 2010 in the United

States, 63% were estimated to have occurred among MSM [2].

Among MSM, blacks are disproportionately affected by HIV.

Black MSM accounted for 42% of all estimated incident HIV

infections attributed to male-to-male sexual contact in 2010 [2].

Efforts to reduce the number of new HIV infections among

MSM currently include efforts to increase awareness of one’s HIV

infection status. HIV-infected persons who are not aware of their

HIV infection status are more likely to engage in behaviors that

place their partners at risk of HIV transmission [3]; moreover,

estimates indicate that this group accounts for the majority of

sexual HIV transmissions in the United States [4]. For this reason,

increasing the proportion of HIV-infected persons who are

diagnosed, and are therefore aware of their HIV serostatus, is

one of the key objectives of the U.S. National HIV/AIDS

Strategy, released in July 2010 [5].

CDC’s National HIV Behavioral Surveillance System (NHBS)

was initiated in 2003 to monitor HIV-associated behaviors by

conducting surveys in populations at high risk of HIV infection,

including MSM [6]. During the first round of NHBS among MSM

(2003–2005), HIV testing was piloted in five of 15 participating

cities [7]; HIV testing was incorporated as a routine part of NHBS

operations in all 21 cities participating in 2008 [8] and in all 20

cities that participated in NHBS in 2011. By conducting HIV

testing, NHBS provides data to monitor HIV prevalence overall

and among various subgroups and to determine how prevalence

changes over time. By matching HIV test results with survey data,

it is also possible to calculate what proportion of HIV-positive

participants are aware of their HIV infection and how this changes

over time in similar populations. We used NHBS data to

determine HIV prevalence and awareness of infection among

MSM interviewed in 20 cities and compare HIV prevalence and

awareness among MSM interviewed in 2008 and 2011.
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Methods

NHBS staff members working in 20 metropolitan statistical

areas (MSAs) with the largest burden of acquired immune

deficiency syndrome (AIDS) collected cross-sectional behavioral

data and conducted HIV testing among MSM in 2008 and 2011

using venue-based, time-space sampling (VBS). The 20 MSAs

(referred to as ‘‘cities’’ hereafter) sampled in both 2008 and 2011

were: Atlanta–Sandy Springs–Marietta, GA; Baltimore–Towson,

MD; Boston–Cambridge–Quincy, MA–NH: Boston–Quincy Di-

vision; Chicago–Joliet–Napierville, IL: Chicago–Joliet–Napierville

Division; Dallas–Fort Worth–Arlington, TX: Dallas–Plano–Irving

Division; Denver–Aurora–Broomfield, CO; Detroit–Warren–Li-

vonia, MI: Detroit–Livonia–Dearborn Division; Houston–Sugar

Land–Baytown, TX; Los Angeles–Long Beach–Santa Ana, CA:

Los Angeles–Long Beach–Glendale Division; Miami–Ft. Lauder-

dale–Pompano Beach, FL: Miami Division; New Orleans–

Metairie–Kenner, LA; New York–Northern New Jersey–Long

Island, NY–NJ–PA: New York–White Plains–Wayne Division;

New York–Northern New Jersey–Long Island, NY–NJ–PA:

Nassau–Suffolk Division; New York–Northern New Jersey–Long

Island, NY–NJ–PA: Newark–Union Division; Philadelphia–Cam-

den–Wilmington, PA–NJ–DE–MD: Philadelphia Division; San

Diego–Carlsbad–San Marcos, CA; San Francisco–Oakland–

Fremont, CA: San Francisco–San Mateo–Redwood City Division;

San Juan–Caguas–Guaynabo, PR; Seattle–Tacoma–Bellevue,

WA: Seattle–Bellevue–Everett Division; and Washington–Arling-

ton–Alexandria, DC–VA–MD–WV: Washington–Arlington–

Alexandria Division.

NHBS VBS procedures have been previously published [9,10]

and are briefly summarized here. First, NHBS staff identified

appropriate venues (e.g., bars, social organizations, sex venues)

and days and times when men frequented those venues. In 2008,

only venues in which 75% of men attending were MSM were

eligible for inclusion; in 2011, because venues had become more

integrated by sexual orientation, this threshold was lowered to

50%. Second, venues and corresponding day/time periods were

chosen randomly each month for recruitment events. Third, staff

members systematically approached men to screen for eligibility at

each recruitment event. Men eligible to be interviewed were aged

$18 years, residents of a participating city, able to complete the

interview in English or Spanish, and willing and able to provide

informed consent. Additionally, in 2011, only men who reported

having ever had oral or anal sex with another man were

interviewed. Although eligibility criteria differed, the same analysis

criteria were used for both years in this analysis. After participants

provided informed consent, trained interviewers conducted

anonymous face-to-face interviews using a standardized question-

naire about demographics, HIV-associated behaviors and use of

prevention and testing services. Participants who completed the

interview were given the option complete an HIV test. HIV testing

was performed by collecting blood or oral specimens for either

rapid testing in the field or laboratory-based testing followed by

laboratory confirmation. Participants received incentives for

participating in the interview and the HIV test. The incentive

format (cash or gift card) and amount varied by city based on

formative assessment and local policy. A typical incentive included

$25 for completing the interview and $25 for providing a specimen

for HIV testing. Although incentives varied across cities, each of

the 20 cities used the same incentive amounts in 2008 and 2011.

Ethics Statement
Activities for NHBS were approved by local institutional review

boards (IRB) for each of the 20 participating cities. NHBS

activities were determined to be research in which the Centers for

Disease Control and Prevention were not directly engaged and,

therefore, did not require review by CDC IRB [11,12]. All

participants were explicitly assured during the recruitment process

of the anonymous nature of the survey and the HIV testing. No

personal identifiers were collected during enrollment, interview, or

testing. All participants provided verbal informed consent to take

part in the interview and to be tested for HIV. Verbal consent was

documented electronically on the survey instrument by interview-

ers for all participants and on hard copy as required by local IRBs.

Because data collection was anonymous, written consent was not

possible and participant names or other personal identifiers were

not linked to any NHBS instruments. All consent procedures,

including verbal consent, were approved by local IRBs (see

supplemental material, Text S1, for specific IRB information).

Measures
The two main outcomes in this analysis are HIV prevalence and

awareness of infection. During the interview, participants were

asked questions to determine if they had previously tested positive

for HIV. After the interview, all participants were offered HIV

testing. A nonreactive rapid test was considered a definitive

negative result; a reactive (preliminary positive) rapid test result

was considered a definitive positive only when confirmed by

supplemental laboratory testing (e.g., Western blot, immunofluo-

rescence assay, or nucleic acid amplification test) [13–15].

Participants with a confirmed positive HIV test result who

reported having previously tested positive for HIV were consid-

ered to be aware of their infection. Demographic variables (age,

race/ethnicity, education, and income) were analyzed as categor-

ical variables.

Analysis
Participants were excluded from this analysis if they did not

report having had sex with another man during the previous 12

months; did not have a definitive positive or negative NHBS HIV

test result; reported being HIV-positive, but had a negative NHBS

HIV test result at the time of interview; did not complete the

interview; or were determined by the interviewer to have provided

responses with questionable validity. Unadjusted prevalence ratios

(PRs) were calculated to explore differences across time and racial

categories. Univariate analysis of racial disparities in prevalence

and awareness of HIV-positive status was conducted separately for

2008 and 2011 data and using combined 2008 and 2011 data with

similar results (results not shown). To further assess potential

changes in HIV prevalence and awareness over time, we used a

Poisson model with a robust standard error [16] calculated using

PROC GENMOD in SAS v.9.3.2. Two models were used, one

with HIV prevalence as the outcome and another with HIV

awareness as the outcome. Each initial model included demo-

graphic variables (age, race/ethnicity, education, and income) as

well as venue type (bars/clubs, sex venues, other venues), city,

sexual identity, outness (‘have you told anyone you are attracted to

men?’ Yes/No), and the interactions of these variables with

interview year as fixed effects. Interaction terms of each variable

with interview year were used to calculate adjusted prevalence

ratios (aPR) comparing the outcome in 2011 to 2008 for each

independent variable stratum. The interaction terms of venue

type, outness, and sexual identity with interview year were

evaluated for both models using a score test. Interaction terms

for venue type with year were significant and included in both

models of HIV prevalence and awareness. Outness and sexual

identity were retained in the final models as controls; however

interaction terms for outness and sexual identity with year did not
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contribute significantly to either model and were excluded.

Because the goal of this analysis was to describe HIV prevalence

and awareness and how these indicators may have changed across

time among demographic subsets of the MSM population,

behavioral and other risk factors were not considered in this

analysis. VBS sampling weights were not available for these data

(VBS sampling weights are currently under development for future

NHBS data collection cycles). Venue type and city were included

in each model to account for some of the methodological

complexities associated with VBS.

Results

Table 1 shows response rates for various stages of recruitment in

2008 and 2011. In the 20 cities included in this analysis, a total of

11,988 and 12,123 men were screened for participation in NHBS

in 2008 and 2011, respectively. In 2008, 86% of men screened

were eligible to complete the interview; however of men who were

screened in 2008, 79% met 2011 eligibility criteria, meaning that

they both met 2008 eligibility criteria and reported ever having sex

with another during the interview. In 2011, 82% of men screened

met the same 2011 eligibility criteria. Of those who completed the

interview, 91% (in 2008) and 94% (in 2011) consented to HIV

testing. Of those who consented to HIV testing, 84% (in 2008) and

91% (in 2011) met inclusion criteria for this analysis. The majority

of men excluded from this analysis either did not consent to HIV

testing (889 in 2008; 588 in 2011) or did not report having sex with

another man in the past 12 months (1,173 in 2008, 514 in 2011);

reasons are not mutually exclusive. Characteristics of the full

analysis sample are presented in Table 2. A total of 7,847 MSM

interviewed and tested in 2008 were included in analysis of HIV

prevalence (Table 3), of which 1,520 had a confirmed HIV

positive result and were included in analysis of awareness (Table 4).

Similarly, 8,423 men interviewed and tested in 2011 were included

in our analysis of HIV prevalence (Table 3). Of those, 1,556 had a

confirmed HIV-positive test result during the NHBS interview and

were included in our analysis of HIV awareness (Table 4).

Minor differences in eligibility from 2008 to 2011 resulted in a

larger sample of MSM included in this analysis from 2011 than in

2008, but did not alter the sample compositions. Table 2 shows

demographic characteristics of MSM interviewed in 2008 and

2011. Both samples were diverse with respect to age, race/

ethnicity, education, and income. In both 2008 and 2011, the

largest groups were MSM aged 40 years or older (30% in 2008;

31% in 2011), whites (43% in 2008; 40% in 2011), those with a

college degree or higher education (37% in 2008; 36% in 2011),

and those with household income less than $20,000 annually (30%

in 2008; 32% in 2011). In both years, the majority of MSM had

told someone they were attracted to men (93% in both 2008 and

2011), identified as homosexual (80% in 2008; 82% in 2011), and

were recruited in bars or clubs (66% in 2008; 65% in 2011). The

demographic distributions of data collected in 2008 and 2011 are

nearly identical. In most cases, the sample distributions vary by less

than two percentage points. The largest differences (five percent-

age points or fewer) occurred for age: 28% of the 2008 sample was

aged 30–39 while only 23% of the 2011 sample was aged 30–39;

and race: 43% of the 2008 sample was white while only 40% of the

2011 sample was white. While large sample size resulted in

statistically significant differences (p,0.05) for whites, blacks, and

MSM aged 30–39, the absolute similarities in the distribution of

demographic variables suggest the samples collected in 2008 and

2011 are comparable. Further, the multivariable models adjust for

any differences across years for these variables.

Table 3 shows HIV prevalence results for 2008 and 2011.

Overall, 19% of MSM interviewed in 2008 and 18% of MSM

interviewed in 2011 tested positive for HIV infection. In both

years, HIV prevalence was higher in men of older age and lower in

men with higher education and income. HIV prevalence was

highest among black MSM (29% in 2008; 30% in 2011) and MSM

interviewed in Baltimore (38% in 2008; 43% in 2011). Figure 1a

shows black MSM were nearly twice as likely to be HIV infected

as white MSM (combined 2008, 2011 data PR = 1.99, p,0.0001).

Table 3 also shows results from a multivariable model that

compared HIV prevalence in 2011 to that in 2008. Overall, HIV

prevalence in 2011 was not statistically different from 2008

(p = 0.51). No significant differences in HIV prevalence were

observed across time by age, race/ethnicity, or education in the

multivariable model (p.0.15). However, there was a significant

decrease in prevalence for MSM earning over $75,000 annually

(14% in 2008; 10% in 2011; p = 0.03). Significant differences

(p,0.05) in prevalence across time were observed in four cities:

Atlanta, GA; Houston, TX; Nassau-Suffolk, NY; and New York

City, NY.

Data on awareness of HIV status among 1,520 MSM from 2008

and 1,556 MSM from 2011 who tested positive for HIV infection

are presented in Table 4. Overall, 56% of MSM who tested

positive for HIV infection in 2008 and 66% of MSM who tested

Table 1. Response rates of men who have sex with men– National HIV Behavioral Surveillance System, 20 Cities, United States,
2008 and 2011.

2008 2011

No. (%) No. (%)

Approached 27,257 39,792

Screened, of approached 11,988 (44) 12,123 (30)

Met 2008 eligibilitya and consented to interview, of screened 10,282 (86) – –

Met 2008 & 2011 eligibilityb and consented to interview, of screened 9,518 (79) 9,881 (82)

Completed NHBS interview, of eligible during interview year and consented to interview 10,233 (100) 9,828 (99)

Consented to HIV testing, of completed interview 9,344 (91) 9,240 (94)

Met analysis inclusion criteriac, of consented to testing 7,847 (84) 8,423 (91)

aAll men were eligible for participation in NHBS in 2008.
bOnly men who reported ever having sex with another man were eligible for interview in NHBS in 2011.
cLimited to men who reported sex with a man in the past 12 months, had a valid HIV test result, and provided valid interview data.
doi:10.1371/journal.pone.0076878.t001
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positive in 2011 reported being aware of their HIV infection at the

time of interview. In 2008 and 2011, awareness of infection was

higher in men of older age and higher education and income.

White MSM had the highest percentage aware (74% in 2008; 86%

in 2011), while black MSM had the lowest percentage aware (41%

in 2008; 54% in 2011). In the combined data, black MSM were

40% less likely to be aware of their infection than white MSM

(PR = 0.60, p,0.0001), as shown in Figure 1b. In addition to black

MSM, the lowest percentages of HIV-positive men who were

aware of their infection were observed among MSM interviewed

in Baltimore (27% in 2008; 31% in 2011) and San Juan, Puerto

Rico (28% in 2008; 23% in 2011). In the multivariable model,

overall awareness of positive HIV status was significantly higher in

2011 than in 2008 (aPR = 1.43, p,0.0001). In the same model,

awareness was significantly higher in 2011 than 2008 for all

demographic subgroups considered in the model. In most cases,

the difference is highly significant (p,0.001). The largest increases

in awareness occurred among MSM aged 18–24 years

(aPR = 1.65, p = 0.0002) and MSM of other race or multiple

races (aPR = 1.67, p,0.0001). Eighteen of 20 cities experienced an

increase in awareness, indicated by an aPR.1.0. Of those, the

increase was statistically significant (p,0.05) in 13 cities.

Discussion

HIV prevalence among MSM sampled in 20 U.S. cities

remained stable from 2008 to 2011. Awareness of HIV infection

among HIV-infected MSM increased overall and among all age,

race/ethnicity, education, and income strata. Consistent with

other reports [1], minority MSM, especially black MSM,

experienced a disproportionate burden of HIV in both years.

Further, in both years, black MSM were most likely to be HIV-

infected and least likely to be aware of their infection. Minority

MSM remain an important target for efforts that promote testing

and reduce risk and stigma associated with HIV.

Several aspects of these results require further discussion. First,

given that persons living with a diagnosis of HIV are living longer

and that new infections continue to occur [1,2], we might expect

to see increasing, not stable, prevalence. However, the increase in

prevalence we would expect based on increased persons living with

a diagnosis of HIV is likely too small to detect in NHBS over a

three-year time span. Purcell et al. [17] estimate there were

between 4.3 and 5.4 million MSM living in the United States in

2008. The number of MSM living with a diagnosis of HIV

Table 2. Characteristics of men who have sex with men–
National HIV Behavioral Surveillance System, 20 Cities, United
States, 2008 and 2011.

2008 2011

No. (%) No. (%)

Age (yrs)

18–24 1,834 (23) 2,182 (26)

25–29 1,470 (19) 1,626 (19)

30–39 2,163 (28) 1,978 (23)

$40 2,380 (30) 2,637 (31)

Race/Ethnicity

Hispanic/Latino 2,035 (26) 2,227 (26)

Black 1,849 (24) 2,216 (26)

White 3,355 (43) 3,338 (40)

Othera 603 (8) 622 (7)

Education

Less than high school graduate 518 (7) 479 (6)

High school diploma or equivalent 1,851 (24) 2,056 (24)

Some college or technical college 2,585 (33) 2,876 (34)

College degree or higher education 2,893 (37) 3,011 (36)

Annual Household Income

0 to $19,999 2,370 (30) 2,688 (32)

$20,000 to $39,999 2,003 (26) 2,084 (25)

$40,000 to $74,999 1,901 (24) 1,966 (23)

$75,000 or more 1,467 (19) 1,553 (18)

Outnessb

Yes 7,315 (93) 7,856 (93)

Sexual Identity

Homosexual 6,308 (80) 6,874 (82)

Bisexual 1,434 (18) 1,427 (17)

Heterosexual 95 (1) 97 (1)

Venue Typec

Bars/Clubs 5,156 (66) 5,516 (65)

Sex Venues 512 (7) 569 (7)

Other Venuesd 2,179 (28) 2,338 (28)

City

Atlanta, Georgia 343 (4) 502 (6)

Baltimore, Maryland 447 (6) 403 (5)

Boston, Massachusetts 198 (3) 345 (4)

Chicago, Illinois 516 (7) 440 (5)

Dallas, Texas 461 (6) 414 (5)

Denver, Colorado 449 (6) 486 (6)

Detroit, Michigan 312 (4) 412 (5)

Houston, Texas 436 (6) 494 (6)

Los Angeles, California 478 (6) 495 (6)

Miami, Florida 526 (7) 499 (6)

Nassau-Suffolk, New York 242 (3) 317 (4)

New Orleans, Louisiana 354 (5) 412 (5)

New York, New York 462 (6) 483 (6)

Newark, New Jersey 80 (1) 189 (2)

Philadelphia, Pennsylvania 440 (6) 514 (6)

San Diego, California 490 (6) 429 (5)

Table 2. Cont.

2008 2011

No. (%) No. (%)

San Francisco, California 474 (6) 431 (5)

San Juan, Puerto Rico 313 (4) 335 (4)

Seattle, Washington 352 (4) 351 (4)

Washington DC 474 (6) 472 (6)

Total 7,847 8,423

aIncludes: American Indian or Alaska Native, Asian, Native Hawaiian or Pacific
Islander, other race, or multiple races.
bParticipants were asked if they had ever told anyone they were attracted to
other men (Yes or No).
cVenue type refers to the type of venue the participant was recruited from.
dOther venues include gyms, restaurants, parks, street locations, social
organizations, and other places where MSM congregate.
doi:10.1371/journal.pone.0076878.t002
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Table 3. HIV prevalence among men who have sex with men– National HIV Behavioral Surveillance System, 20 Cities, U.S., 2008
and 2011.

2008 2011

Total
HIV
Positive (%) Total

HIV
Positive (%)

Prevalence
Ratio 95% CIa p-value aPRb 95% CIa p-value

Age (yrs)

18–24 1,834 194 (11) 2,182 252 (12) 1.09 0.92–1.30 0.33 1.06 0.85–1.31 0.62

25–29 1,470 215 (15) 1,626 244 (15) 1.03 0.87–1.22 0.77 0.95 0.78–1.16 0.63

30–39 2,163 459 (21) 1,978 381 (19) 0.91 0.80–1.02 0.12 0.9 0.76–1.05 0.18

$40 2,380 652 (27) 2,637 679 (26) 0.94 0.86–1.03 0.19 0.93 0.8–1.07 0.30

Race/Ethnicity

Black 1,849 531 (29) 2,216 665 (30) 1.04 0.95–1.15 0.37 1.09 0.94–1.27 0.25

Hispanic/Latino 2,035 356 (17) 2,227 342 (15) 0.88 0.77–1.01 0.06 1 0.83–1.2 1.00

White 3,355 530 (16) 3,338 459 (14) 0.87 0.78–0.98 0.019 0.93 0.79–1.09 0.37

Otherc 603 103 (17) 622 84 (14) 0.79 0.61–1.03 0.08 0.82 0.62–1.08 0.17

Education

Less than high school graduate 518 131 (25) 479 113 (24) 0.88 0.48–1.59 0.67 0.89 0.69–1.15 0.36

High school diploma or equivalent 1,851 434 (23) 2,056 453 (22) 0.94 0.75–1.19 0.63 0.94 0.8–1.11 0.48

Some college or technical college 2,585 547 (21) 2,876 587 (20) 0.94 0.84–1.05 0.29 0.98 0.84–1.14 0.78

College degree or higher education 2,893 408 (14) 3,011 402 (13) 0.96 0.87–1.07 0.49 1.02 0.87–1.2 0.81

Annual Household Income

0 to $19,999 2,370 625 (26) 2,688 660 (25) 0.93 0.85–1.02 0.14 1.01 0.87–1.16 0.93

$20,000 to $39,999 2,003 380 (19) 2,084 417 (20) 1.05 0.93–1.19 0.40 1.06 0.9–1.25 0.46

$40,000 to $74,999 1,901 291 (15) 1,966 296 (15) 0.98 0.85–1.14 0.83 1.01 0.84–1.22 0.90

$75,000 or more 1,467 207 (14) 1,553 158 (10) 0.72 0.59–0.88 0.001 0.77 0.61–0.98 0.03

City

Atlanta, Georgia 343 22 (6) 502 133 (26) 4.13 2.69–6.35 ,.0001 4.95 3.15–7.76 ,0.0001

Baltimore, Maryland 447 169 (38) 403 172 (43) 1.13 0.96–1.33 0.15 0.91 0.73–1.14 0.42

Boston, Massachusetts 198 24 (12) 345 35 (10) 0.84 0.51–1.37 0.48 0.84 0.52–1.34 0.46

Chicago, Illinois 516 93 (18) 440 84 (19) 1.06 0.81–1.38 0.67 0.97 0.74–1.28 0.84

Dallas, Texas 461 119 (26) 414 105 (25) 0.98 0.78–1.23 0.88 0.93 0.72–1.18 0.54

Denver, Colorado 449 70 (16) 486 71 (15) 0.94 0.69–1.27 0.68 0.89 0.65–1.22 0.46

Detroit, Michigan 312 44 (14) 412 71 (17) 1.22 0.86–1.73 0.26 1.11 0.77–1.6 0.57

Houston, Texas 436 113 (26) 494 84 (17) 0.66 0.51–0.84 0.001 0.72 0.54–0.95 0.02

Los Angeles, California 478 89 (19) 495 84 (17) 0.91 0.70–1.19 0.50 1.06 0.8–1.41 0.68

Miami, Florida 526 133 (25) 499 114 (23) 0.90 0.73–1.12 0.36 0.93 0.73–1.19 0.58

Nassau–Suffolk, New York 242 19 (8) 317 9 (3) 0.36 0.17–0.79 0.01 0.44 0.2–0.95 0.04

New Orleans, Louisiana 354 76 (21) 412 67 (16) 0.76 0.56–1.02 0.07 0.8 0.59–1.1 0.17

New York, New York 462 132 (29) 483 92 (19) 0.67 0.53–0.84 0.0007 0.65 0.51–0.83 0.0006

Newark, New Jersey 80 15 (19) 189 47 (25) 1.33 0.79–2.23 0.29 1.2 0.7–2.04 0.51

Philadelphia, Pennsylvania 440 48 (11) 514 62 (12) 1.11 0.78–1.58 0.58 0.81 0.56–1.18 0.27

San Diego, California 490 87 (18) 429 74 (17) 0.97 0.73–1.29 0.84 1.05 0.78–1.41 0.74

San Francisco, California 474 111 (23) 431 94 (22) 0.93 0.73–1.19 0.56 1.03 0.79–1.33 0.84

San Juan, Puerto Rico 313 36 (12) 335 30 (9) 0.78 0.49–1.23 0.29 0.66 0.4–1.1 0.11

Seattle, Washington 352 52 (15) 351 68 (19) 1.31 0.94–1.82 0.11 1.24 0.89–1.72 0.21

Washington DC 474 68 (14) 472 60 (13) 0.89 0.64–1.22 0.46 0.86 0.63–1.19 0.37

Total 7,847 1,520 (19) 8,423 1,556 (18) 0.95 0.89–1.01 0.14 0.96 0.84–1.09 0.51

aConfidence interval.
bAdjusted prevalence ratio; Model includes: all variables shown & their interactions with year, venue type & interaction with year, outness, & sexual identity as fixed
effects. Referent = 2008.
cIncludes MSM reporting American Indian or Alaska Native, Asian, Native Hawaiian or Pacific Islander, other race, or multiple races.
doi:10.1371/journal.pone.0076878.t003
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Table 4. HIV awarenessa among HIV-infected men who have sex with men– National HIV Behavioral Surveillance System, 20 Cities,
U.S., 2008 and 2011.

2008 2011

HIV
Positive Aware (%)

HIV
Positive Aware (%)

Prevalence
Ratio 95% CIb p-value aPRc 95% CI p-value

Age (yrs)

18–24 194 61 (31) 252 123 (49) 1.55 1.22–1.98 0.0004 1.65 1.27–2.13 0.0002

25–29 215 91 (42) 244 139 (57) 1.35 1.11–1.63 0.0022 1.38 1.12–1.71 0.003

30–39 459 249 (54) 381 254 (67) 1.23 1.10–1.37 0.0002 1.41 1.21–1.65 ,0.0001

$40 652 453 (69) 679 516 (76) 1.09 1.02–1.17 0.0079 1.29 1.11–1.49 0.0007

Race/Ethnicity

Black 531 219 (41) 665 357 (54) 1.30 1.15–1.47 ,.0001 1.37 1.15–1.62 0.0004

Hispanic/Latino 356 194 (54) 342 216 (63) 1.16 1.02–1.31 0.020 1.33 1.12–1.58 0.001

White 530 394 (74) 459 394 (86) 1.15 1.08–1.23 ,.0001 1.36 1.18–1.58 ,0.0001

Otherd 103 47 (46) 84 60 (71) 1.57 1.22–2.01 0.0005 1.67 1.29–2.17 ,0.0001

Education

Less than high school graduate 131 64 (49) 113 71 (63) 1.77 1.13–2.77 0.012 1.44 1.12–1.85 0.005

High school diploma or equivalent 434 204 (47) 453 258 (57) 1.21 0.93–1.56 0.15 1.42 1.21–1.68 ,0.0001

Some college or technical college 547 322 (59) 587 390 (66) 1.21 1.07–1.38 0.0033 1.40 1.2–1.63 ,0.0001

College degree or higher education 408 264 (65) 402 312 (78) 1.13 1.03–1.24 0.0089 1.45 1.24–1.69 ,0.0001

Annual Household Income

0 to $19,999 625 328 (52) 660 415 (63) 1.20 1.09–1.32 0.0002 1.45 1.25–1.68 ,0.0001

$20,000 to $39,999 380 202 (53) 417 275 (66) 1.24 1.10–1.39 0.0003 1.53 1.29–1.81 ,0.0001

$40,000 to $74,999 291 175 (60) 296 203 (69) 1.14 1.01–1.29 0.034 1.35 1.14–1.61 0.0007

$75,000 or more 207 144 (70) 158 128 (81) 1.16 1.04–1.31 0.011 1.38 1.15–1.66 0.0005

City

Atlanta, Georgia 22 10 (45) 133 82 (62) 1.36 0.84–2.19 0.21 1.77 1.07–2.93 0.03

Baltimore, Maryland 169 45 (27) 172 54 (31) 1.18 0.84–1.65 0.33 1.37 0.96–1.94 0.08

Boston, Massachusetts 24 17 (71) 35 30 (86) 1.21 0.91–1.62 0.20 1.44 1.08–1.92 0.01

Chicago, Illinois 93 44 (47) 84 61 (73) 1.53 1.19–1.97 0.0008 1.72 1.33–2.24 ,0.0001

Dallas, Texas 119 55 (46) 105 74 (70) 1.52 1.21–1.92 0.0003 1.83 1.42–2.37 ,0.0001

Denver, Colorado 70 56 (80) 71 55 (77) 0.97 0.82–1.15 0.71 1.22 0.99–1.51 0.07

Detroit, Michigan 44 13 (30) 71 41 (58) 1.95 1.19–3.22 0.0083 2.26 1.36–3.76 0.002

Houston, Texas 113 87 (77) 84 57 (68) 0.88 0.74–1.05 0.17 1.25 1.01–1.56 0.04

Los Angeles, California 89 60 (67) 84 65 (77) 1.15 0.95–1.38 0.14 1.37 1.1–1.7 0.004

Miami, Florida 133 73 (55) 114 80 (70) 1.28 1.05–1.55 0.014 1.43 1.15–1.78 0.001

Nassau–Suffolk, New York 19 14 (74) 9 7 (78) 1.06 0.68–1.64 0.81 1.40 0.92–2.13 0.12

New Orleans, Louisiana 76 56 (74) 67 46 (69) 0.93 0.76–1.15 0.51 1.19 0.94–1.5 0.15

New York, New York 132 63 (48) 92 57 (62) 1.30 1.02–1.65 0.033 1.54 1.2–1.99 0.0008

Newark, New Jersey 15 11 (73) 47 31 (66) 0.90 0.62–1.30 0.57 0.83 0.54–1.28 0.41

Philadelphia, Pennsylvania 48 14 (29) 62 43 (69) 2.38 1.48–3.81 0.0003 2.67 1.65–4.32 ,0.0001

San Diego, California 87 52 (60) 74 52 (70) 1.18 0.94–1.48 0.16 1.43 1.1–1.85 0.01

San Francisco, California 111 90 (81) 94 89 (95) 1.17 1.05–1.29 0.0028 1.34 1.13–1.6 0.001

San Juan, Puerto Rico 36 10 (28) 30 7 (23) 0.84 0.36–1.94 0.68 0.77 0.3–1.97 0.59

Seattle, Washington 52 44 (85) 68 55 (81) 0.96 0.81–1.13 0.59 1.12 0.91–1.38 0.28

Washington DC 68 40 (59) 60 46 (77) 1.30 1.02–1.66 0.033 1.72 1.31–2.25 ,0.0001

Total 1,520 854 (56) 1,556 1,032 (66) 1.18 1.12–1.25 ,0.0001 1.43 1.24–1.64 ,0.0001

aHIV aware defined as MSM with a confirmed HIV-positive test result who reported a previous HIV-positive test result during NHBS interview.
bConfidence interval.
cAdjusted prevalence ratio; Model includes: all variables shown & their interactions with year, venue type & interaction with year, outness, & sexual identity as fixed
effects. Referent = 2008.
dIncludes MSM reporting American Indian or Alaska Native, Asian, Native Hawaiian or Pacific Islander, other race, or multiple races.
doi:10.1371/journal.pone.0076878.t004
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increases by approximately 20,000 each year (new infections [2]

minus deaths [1]), which would produce an absolute increase in

prevalence of less than one-half of one percent of the MSM

population over three years. If the size of the MSM population is

increasing, as is the rest of the U.S. population [18], the expected

increase would be further reduced. One important difference

between the population of HIV-infected MSM and NHBS is the

age distribution; NHBS captures a younger sample of MSM. In

2008, an estimated 80% of MSM living with HIV in the United

States were 35 years or older. In NHBS, 56% of MSM included in

this analysis were aged 40 years or older. Consequently,

prevalence measured in NHBS may not be affected by the

increased life expectancy of persons living with HIV, as NHBS

captures a young sample of MSM and older HIV-positive MSM

may be less likely to be captured by our sampling strategy.

Second, we observed significant increases from 2008 to 2011 in

awareness, defined as the percentage of MSM with a positive HIV

test result who reported having previously tested positive for HIV,

in all demographic subgroups after accounting for possible

differences in sample composition due to venue type, sexual

identity, outness, and city. It is not possible to fully exclude a

methodological change contributing to this finding. However,

most aspects of the sampling methodology, including the

questionnaire items assessing awareness and prevalence, were

unchanged from 2008 to 2011. One major change in methods was

the inclusion of sexual behavior questions during eligibility

screening. Requiring disclosure of sexual behaviors at the time

of screening could have differentially selected participants that

were more comfortable with disclosing their sexuality. However,

once participants agreed to be screened, response rates at each

Figure 1. Prevalence and awareness of HIV status among MSM. (A) HIV prevalence of MSM interviewed in 2008 and 2011 by race/ethnicity.
Compared to white MSM, black MSM were nearly twice (PR: 1.99) as likely to be HIV positive. (B) Awareness of HIV infection among MSM interviewed
in 2008 and 2011 by race/ethnicity. Compared to white MSM, black MSM were 40% (PR: 0.60) less likely to be aware of their HIV infection status. *PRs
(prevalence ratios) based on combined 2008, 2011 data. Separate analysis of 2008 and 2011 data produced similar results for prevalence and
awareness in both 2008 and 2011 (not shown). CI: 95% confidence interval.
doi:10.1371/journal.pone.0076878.g001
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stage of interview were consistent from 2008 to 2011. While

procedures for approaching and recruiting men to be screened did

not change from 2008 to 2011, a lower percentage of men

approached in 2011 agreed to be screened than in 2008. It is

possible an altruism bias (such that more altruistic MSM were

more likely to participate) favored men who were more likely to be

aware of their infection. However, the two samples were consistent

with respect to all other variables considered and it is unlikely that

such an altruism bias would greatly affect awareness and no other

variable in the analysis.

Our results suggest that HIV-positive venue-attending MSM

living in cities with high AIDS burden are increasingly aware of

their infection. Because only two time points are available, we are

not able to determine whether this represents a trend; future

NHBS data will allow for trend analysis to determine if awareness

continues to increase among MSM. However, the demographic

characteristics of participating men in 2008 and 2011 are nearly

identical, suggesting comparable populations of MSM were

sampled during each year.

Our finding that the percentage aware increased substantially

from 2008 to 2011 can be interpreted in two ways. One

interpretation is that a higher proportion of HIV-infected MSM

had been diagnosed in 2011 than in 2008, meaning that fewer

were unaware of their infection. Recent HIV case surveillance

data show an increase in the number of HIV diagnoses

attributable to MSM from 2008 to 2011 [1]. Our results show

stable HIV prevalence but a substantial increase in awareness of

infection, suggesting the increase in observed HIV diagnoses in

case surveillance data may, in part, be due to a higher proportion

of HIV infections being diagnosed rather than solely to an increase

in the number of individuals infected with HIV. While the two

analysis populations are not directly comparable, the relative

increase in awareness presented here is consistent with the increase

in persons living with a diagnosis of HIV as reported by case

surveillance [1]. Such an interpretation suggests recent efforts to

increase HIV testing among MSM, such as CDC’s Expanded

Testing Initiative [19] which funded expanded HIV testing in

jurisdictions covering 17 of the 20 NHBS cities (cities not covered:

Denver, CO; San Juan, PR; and Seattle, WA) from 2007 to 2010,

and other testing efforts [20,21] might be having a favorable effect

on HIV testing and awareness of infection. An analysis of NHBS-

MSM data, similar to that presented here, found a significant

increase in testing in the past 12 months among MSM from 2008

to 2011 [22].

Another possible explanation for increased awareness in our

analysis is that, for some reason, MSM with diagnosed HIV

infection were more willing to disclose their HIV status to

interviewers in 2011 than in 2008. NHBS operational procedures

and questions regarding HIV status did not change between 2008

and 2011. However, participants may have been more open about

their status in 2011 if stigma associated with HIV infection or

homosexuality is decreasing, for which some evidence exists

[23,24].

Further research is needed to determine definitively whether the

observed increase in awareness is due to an increase in the

proportion of HIV-positive MSM who are diagnosed and aware of

their infection or an increase in the proportion of HIV-positive

MSM who are willing to disclose their HIV infection status or

some combination of these two factors. However, both outcomes

can represent progress in the fight against HIV. Increasing the

proportion of HIV-infected individuals who know their infection

status is a critical step toward treatment and prevention of

transmission, and a key benchmark of the U.S. National HIV/

AIDS Strategy [5]. Similarly, an increase in the proportion of

HIV-positive MSM willing to reveal their infection status suggests

decreased stigma against HIV and may signal increased willing-

ness among HIV-positive MSM to seek treatment for their

infection or to be open about their infection with partners or

others. Both internalized and external stigma are known to

negatively impact the health of HIV-positive individuals through

delayed medical care-seeking and decreased adherence to

antiretroviral medication [25]. Further, HIV-related stigma

negatively affects prevention efforts by promoting avoidance of

HIV testing among uninfected and undiagnosed individuals and

reducing the likelihood of disclosure of HIV status to others by

diagnosed HIV-infected persons [25–30]. Finally, the two

explanations are not mutually exclusive. Reduced stigma may

increase testing, resulting in increased diagnoses or increased

testing could result in greater acceptance and reduced stigma.

The analysis presented here is subject to several limitations.

First, MSM were recruited in cities with high AIDS burden and

results may not be generalizable to all cities or all MSM. Cities

with high AIDS burden are often the focus of increased prevention

and testing campaigns, initiatives, and resources [19,31]. Further

research is needed to determine whether the observed increase in

awareness is occurring nationwide or is limited to areas with

increased HIV prevention resources. Second, our measure of

awareness is based on self-reported data and may be subject to

reporting bias. Third, data are not weighted to account for the

complex sampling methodology required to locate, recruit, and

interview MSM. VBS sampling weights are currently under

development for future NHBS cycles. While weighting is not

available for data presented here, variables typically correlated

with VBS sampling weights (race/ethnicity, venue type, age, and

city) were included in the analysis model to adjust for sampling

differences and clustering. One potential implication of unweight-

ed analysis is that point estimates may be biased by over- or under-

represented subgroups of the population. Researchers should use

caution when interpreting point estimates, especially those for the

total sample. Multivariate analysis of differences across years

should not be affected by unweighted analysis, especially given the

consistency of data distribution across years. Unweighted analysis

may also underestimate standard error of the estimates [32].

However, the magnitude of the results reported here is such that

the conclusions would not change even if standard error were

substantially underestimated. A fourth limitation of this analysis is

that the survey population is limited to MSM who attend venues;

MSM who do not attend venues may, or may not, differ from the

survey population on key outcomes. For example, older MSM

(who are also more likely to be HIV-infected) may be less likely to

attend venues than younger MSM. Fifth, the analysis presented

here is limited to two time points and may not represent a trend.

Sixth, it is not possible to completely rule out the possibility of a

systematic or methodological bias in our results. However, as is

stated throughout this text, most NHBS procedures remained

unchanged from 2008 to 2011 and those that did change do not

appear to have resulted in different samples. Consequently, a

methodological bias is unlikely. Finally, the analysis presented here

did not include risk behaviors. Analysis of associations between

prevalence, awareness, risk behaviors, and how these interact

across time is beyond the scope of this analysis.

Conclusion

The analysis presented here suggests measurable progress is

being made in the fight against HIV among MSM. We found

stable HIV prevalence and significant increases in awareness of

infection overall and in all demographic subgroups considered.
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The findings raise questions about whether ongoing efforts to

increase the proportion of HIV-infected MSM who are aware of

their status and decrease HIV related stigma might be having a

favorable impact on MSM in cities with the highest burden of

AIDS. Despite these gains, continued racial/ethnic disparities

remain among MSM, especially for black MSM, who were most

likely to be HIV infected and least likely to know about their

infection.
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