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Summary

Background There has been an increase in high-risk sexual
behaviour and sexually transmitted diseases (STD) during the
time period when highly active antiretroviral therapy (HAART)
became widely available. We examined whether taking HAART
increased the risk of acquiring an STD—an epidemiological
marker of unsafe sex—in people with AIDS.

Methods We did a computerised match of people in the San
Francisco STD and AIDS registries. People with AIDS who were
diagnosed before 1999 and alive in November, 1995, or later,
were classified as having had an STD after AIDS diagnosis or
not having had an STD after AIDS diagnosis. We used a Cox
proportional hazards model to see whether use of antiretroviral
therapy was associated with acquiring an STD after AIDS, after
adjustment for sex, age, race, HIV-1 risk category, and CD4
count at AIDS diagnosis.

Findings People with AIDS who had had HAART showed an
independent increase in the risk of developing an STD (hazard
ratio 4·10; 95% CI 2·84–5·94). Americans of African origin,
younger age, and higher CD4 count at AIDS diagnosis were
also associated with acquiring an STD after AIDS. The number
of people living with AIDS who acquired an STD increased over
time from 60 (0·66%) in 1995 to 113 (1·32%) in 1998
(p<0·001).

Interpretation We have shown that people on HAART are more
likely to develop an STD, an epidemiological marker of unsafe
sex. More intensive risk-reduction counselling and STD
screening for people with AIDS is needed.
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Introduction
The use of highly active antiretroviral therapy (HAART)
has substantially lowered morbidity and mortality from
HIV-1 infection1,2 and has improved the quality of life of
HIV-1 infected people.3,4 These newer treatments have also
been effective in decreasing serum5 and genital fluid
concentrations of HIV-1,5–8 thereby potentially reducing
sexual transmission of HIV-1.9–11

Several reports have documented increases in high-risk
sexual behaviour and sexually transmitted diseases (STD)
with the increased availability of HAART.12–14 There is also
evidence that uninfected individuals are less worried about
acquiring HIV-1 infection,15–20 and that there has been a
decrease in the perceived risk of sexual activity with HIV-1
infected people on HAART.21–23 Additionally, the presence
of STDs has been shown to increase genital HIV viral load24

and could affect the resistance pattern of genital HIV-1.25

Non-HIV-1 STDs are epidemiological markers for
unprotected sexual activity that may also transmit HIV-1.26

Moreover, presence of an ulcerative or inflammatory STD
increases the likelihood of HIV-1 transmission and
acquisition.27 We have therefore assessed whether taking
HAART increases the risk of acquiring an STD in people
with AIDS.

Methods
Selection of participants
AIDS surveillance in San Francisco is done by active and
passive reporting, and has been reported to be more than
95% complete.28 We did a computerised match of people in
the San Francisco STD and AIDS registries. Adults (13
years or older) who were diagnosed with AIDS before 1999
and were alive in November, 1995, or later (the time that
HAART became available) were included.29 The Centers
for Disease Control and Prevention, USA, 1993 AIDS case
definition was used. The vital status of AIDS cases was
mainly established by weekly review of local death
certificates and matches yearly with the National Death
Index. The date antiretroviral therapy began, type of
therapy used, and CD4 test results were recorded from
medical records at the time of initial case report and every
year thereafter. HAART was defined as use of a protease
inhibitor or a non-nucleoside reverse transcriptase inhibitor
before an STD diagnosis. People not receiving HAART
before an STD diagnosis were classified as having received
antiretroviral therapy other than HAART or as having
received no antiretroviral therapy before the STD.

We included people who were reported to the San
Francisco Department of Public Health with gonorrhoea,
chlamydia, syphilis (primary, secondary, and early latent),
or non-gonococcal urethritis, between Nov 1, 1995, and
Dec 31, 1998. California law requires that laboratories and
health-care providers report these STDs.

Analyses
People in the STD and AIDS registries who had the same
last name, first name, date of birth, and sex were matched
by the SAS SQL procedure. The University of California
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Committee for Protection of Human Subjects exempted the
study protocol from review because the data were matched
and analysed within the Department of Public Health as
part of routine disease surveillance. Thereby, no one outside
the department had access to the data. Infection control
practitioners consulted medical records to confirm whether
possible matches, including typographical errors in the
name or variation on names, were true matches. People
with AIDS were classified as either having an STD after
AIDS diagnosis or not having an STD after AIDS
diagnosis. STD rates by year were determined by dividing
the number of people with AIDS reported with an STD by
the number living with AIDS in every year. If someone had
more than one STD after an AIDS diagnosis, we used the
most recent STD to assess the effect of antiretroviral
treatment on development of an STD.

We used a Cox proportional hazards model to identify
whether use of antiretroviral treatment was associated with
acquiring an STD after AIDS, after adjustment for sex, age,
race, HIV-1 risk category, and CD4 count at AIDS
diagnosis. We characterised treatment use by summing
person-time spent in each treatment category (no
treatment, antiretroviral treatment other than HAART,
HAART use). Time-dependent variables for treatment
were used so patients could be reclassified if they moved
into a different treatment category during follow-up.
People who did not develop an STD were censored at the
time of their death, last known follow-up, or Dec 31, 1998,
whichever was most recent. People with no follow-up
information were excluded from the analysis. 

Results
There were 11 832 people living with AIDS in San
Francisco between 1995 and 1999. We excluded 316
people who did not have any follow-up information in the
AIDS registry. The race, age, and sex of those excluded
did not differ significantly from those included. Of the
remaining 11 516 people, 233 (2%) were diagnosed with
an STD after the date of their AIDS diagnosis. Most STD
diagnoses were in men who have sex with men. The most

common STDs were gonorrhoea, diagnosed in 196 cases
(84%) and non-gonococcal urethritis, diagnosed in 17
(7%) people. 12 cases of chlamydia (5%) and eight cases
of syphilis (3%) were identified. Of the gonorrhoea cases,
128 (65%) were urethral, 39 (20%) rectal, and four (2%)
were pharyngeal gonorrhoea. The remaining gonorrhoea
cases were other types of gonorrhoea such as cervical or
from a non-specified site.

The number of people living with AIDS who had
acquired an STD increased over time from 60 (0·66%) of
9043 in 1995, 60 (0·70%) of 8542 in 1996, 74 (0·89%) of
8315 in 1997, to 113 (1·32%) of 8551 in 1998 (p<0·001).

In bivariate and multivariate analyses, having ever been
on HAART was associated with an increased risk of STD
(table 1). In the multivariate model, younger age,
Americans of African origin, and a higher CD4 count at
AIDS diagnosis were also independently associated with
developing an STD after AIDS. Interaction terms between
HAART use and other variables in the multivariate model
were not significant.

Discussion
Several studies have reported increases in unsafe sex with
the advent of HAART.12–14 We have confirmed these
findings and shown that people on HAART are actually
more likely to develop an STD.

One possible reason that HAART is associated with
developing an STD is that people on such treatment are
likely to feel better and have an increased interest in
sex,3,4,30 which lent support to our finding that a higher
CD4 count at time of AIDS diagnosis (a marker of better
health) was also associated with increased risk of acquiring
an STD after AIDS. Additionally, people on HAART and
their partners might feel that HAART makes HIV-1
transmission less likely. Also, patients with AIDS being
reated with HAART might seem healthy, causing others to
assume that they are HIV-1 negative.

Our findings in a population of mainly homosexual men
is in accord with other STD trends in San Francisco. As
the availability of HAART was increasing there was a

STD after AIDS No STD after AIDS Bivariate relative hazard (95% CI) Adjusted relative hazard (95% CI)

Total 233 (100%) 11 283 (100%) . . . .

Risk category
Men who have sex with men 213 (91%) 9779 (87%) 1·34 (0·85–2·12) 1·17 (0·66–2·08)
Other risk categories 20 (9%) 1504 (13%) Referent Referent

Race/ethnicity
White 160 (69%) 7860 (70%) Referent Referent
Americans of African origin 41 (17%) 1645 (15%) 1·36 (0·97–1·92) 1·56 (1·09–2·23)
Other 32 (14%) 1778 (16%) 1·03 (0·71–1·51) 0·89 (0·61–1·32)

Sex
Male 226 (97%) 10 696 (95%) 1·58 (0·74–3·35) 1·64 (0·65–4·11)
Female 7 (3%) 587 (5%) Referent Referent

Age at AIDS diagnosis (years)
<25 11 (5%) 269 (2%) 3·11 (1·62–5·99) 4·09 (2·10–7·95)
25–29 37 (16%) 1118 (10%) 2·68 (1·76–4·08) 3·01 (1·97–4·60)
30–34 65 (28%) 2496 (22%) 2·14 (1·49–3·07) 2·38 (1·65–3·43)
35–39 67 (29%) 2626 (23%) 2·09 (1·46–2·99) 2·20 (1·53–3·16)
40+ 53 (23%) 4774 (42%) Referent Referent

CD4 count at AIDS diagnosis (cell/�L3)
0–50 9 (4%) 1392 (12%) Referent Referent
51–200 123 (53%) 5923 (52%) 1·95 (0·99–3·84) 2·17 (1·10–4·27)
201+ 72 (31%) 2678 (24%) 2·07 (1·04–4·16) 2·42 (1·20–4·86)
Missing 29 (12%) 1290 (11%) 1·44 (0·68–3·08) 2·19 (1·01–4·72)

Use of antiretroviral therapy‡
No therapy 96 (11%) 10 071 (21%) Referent Referent
Used HAART§ 144 (17%) 7809 (17%) 3·66 (2·57–5·22) 4·10 (2·84–5·94)
Used any other antiretroviral therapy 621 (72%) 28 760 (62%) 1·35 (0·94–1·95) 1·36 (0·94–1·97)

*STDs reported in November, 1995, or later. †Living with AIDS in November, 1995, or later. ‡For the therapy variables only, numbers�person-years. §Any protease inhibitors or non-
nucleotide reverse transcriptase inhibitors.

Association between demographic and treatment characteristics and acquisition of an STD* in people with AIDS†
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doubling in male rectal gonorrhoea in San Francisco—
from 72 cases in 1994, to 158 cases in 1998. The largest
outbreak of syphilis in homosexual men in San Francisco
since the early 1980s was in 1999.31 The increased risk of
STDs among Americans of African origin in our study is
consistent with the four to ten times higher rate of STDs
seen among Americans of African origin in San Francisco
than in white people.32

Younger age was also significantly associated with
acquisition of an STD after AIDS, corresponding to
reports that young people are less concerned about HIV-1
infection and AIDS.33,34

Our study had several limitations. As with any
observational study, causality cannot be assumed.
However, we required that development of the STD was
after the initiation of HAART. Moreover, our finding that
rates of STDs among people with AIDS increased each
year despite an overall decrease in STDs in San Francisco32

strongly suggests that HAART or some other factor
associated with HIV/AIDS explains this rise in STDs
among people with AIDS. Because most STD diagnoses
were in men who have sex with men, our results might not
be generalisable to areas in which most AIDS cases are
among people in other risk groups. Since some physicians,
especially those in the private sector, treat some people
empirically without diagnostic testing or reporting, our
study probably underestimates STDs in the community.
But, since patients treated by private physicians are also
most likely to be on HAART (unpublished data),
underestimation of STDs among patients in the private
sector would diminish the association between diagnosis of
an STD and ever having been on HAART. In addition, in
1998, screening practices for chlamydia were changed.
Public STD clinics began screening homosexual men
without symptoms for chlamydia. To assess whether these
changes in screening could have biased our results, we
repeated our analysis excluding all chlamydia cases
(n=12). Results were unchanged (data not shown). 

Unfortunately, we do not know what proportion of sexual
partners of people with AIDS are also HIV-1 infected.
However, in a multisite study, which included San Francisco,
investigators noted that in newly HIV-1 infected homosexual
men, most seroconverters reported their most risky sexual
activity as unprotected sex with partners of unknown HIV-1
status.35 Moreover, unprotected sex with another HIV-1-
positive person could result in superinfection with a drug-
resistant strain of the HIV-1 virus.36,37 Finally, STDs
themselves cause morbidity, especially among individuals who
are immunocompromised, and many studies have shown that
having an ulcerative or inflammatory STD increases the
likelihood of HIV transmission and acquisition.27

By definition, patients with AIDS receiving HAART
know their HIV status and have continuing contact with
the health-care system. To enhance HIV-1 prevention,
more intensive risk-reduction counselling and routine
STD screening for people with AIDS is needed. 

Contributors
Susan Scheer contributed to the study conception and design, analysed
and interpreted the data, and wrote the paper. Priscilla Lee Chu did the
computerised match and contributed to data analysis and drafting of the
paper. Jeffrey Klausner contributed to interpretation of the data, drafting
the paper, and provided the data from the STD registry. Mitchell Katz
contributed to study design, interpretation of the data, and drafting of the
paper. Sandra Schwarcz contributed to study conception and design,
interpretation of data, and drafting of the paper.

References
1 Palella FJ, Dalaney KM, Moorman AC, et al. Declining morbidity and

mortality among patients with advanced human immunodeficiency
virus infection. N Engl J Med 1998; 338: 853–60.

2 Detels R, Munoz A, McFarlane G, et al. Effectiveness of potent
antiretroviral therapy on time to AIDS and death in men with known
HIV infection duration. JAMA 1998; 280: 1497–503.

3 Nieuwkerk JP, Gisolf EH, Colebunders R, Wu A, Danner SA,
Sprangers MA. Quality of life in asymptomatic and symptomatic HIV
infected persons in a trial of ritonivur/saquinivir therapy: the
Prometheus Study Group. AIDS 2000; 14: 181–87.

4 Nabulsi A, Revicki D, Conway D, Maurath C, Mills R, Leonard J.
Quality of life consequences of adding ritonivir to current antiviral
therapy for advanced HIV patients. XI International Conference on
AIDS. Vancouver, Canada: July 1996 [abstract LB.B.6046 ed].

5 Gupta P, Mellors K. Kingsley L, et al. High viral load in semen of
human immunodeficiency virus type-1 infected men at all stages of
disease and its reduction by therapy with protease and nonnucleoside
reverse transcriptase inhibitors. J Virol 1997; 71: 6271–75.

6 Vernazza PL, Gilliam BL, Flepp M, et al. Effect of antiviral treatment
on the shedding of HIV-1 in semen. AIDS 1997; 11: 1249–54.

7 Vernazza PL, Gilliam BL, Dyer J, et al. Quantification of HIV in
semen: correlation with antiviral treatment and immune status. AIDS
1997; 11: 987–93.

8 Vernazza PL, Troiani L, Flepp MJ, et al. Potent antiretroviral
treatment of HIV-1 infection results in suppression of the seminal
shedding of HIV. AIDS 2000; 14: 117–21.

9 Haase AJ, Schacker TW. Potential for the transmission of HIV-1
despite highly active antiretroviral therapy. N Engl J Med 1998; 339:
1846–48.

10 Vernazza PL, Eron JJ, Fiscus SA, Cohen MS. Sexual transmission of
HIV: infectiousness and prevention. AIDS 1999; 13: 155–66.

11 Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and
heterosexual transmission of human immunodeficiency virus type 1:
Rakai Project Study group. N Eng J Med 2000; 342: 921–29.

12 Centers for Disease Control and Prevention. Increases in unsafe sex
and rectal gonorrhoea among men who have sex with men—San
Francisco, California, 1994–95. MMWR Morb Mortal Weekly Rep
1999; 48: 45–48.

13 Ekstrand ML, Stall RD, Paul JP, Osmond DH, Coates TJ. Gay men
report high rates of unprotected anal sex with partners of unknown or
discordant status. AIDS 1999; 13: 1525–33.

14 Osmond D, Charlebois E, Page-Shafer K, Stall R. Sheppard H.
Increasing risk behavior has not led to higher HIV incidence rates in
the San Francisco Young Men’s Health Study: 1993–1998. XII
International AIDS Conference. Geneva Switzerland: July 1998
[Abstract 23115 ed].

15 Dilley JW, Woods WJ, McFarland W. Are advances in treatment
changing views about high-risk sex? N Engl J Med 1997; 337: 501–02.

16 Murphy S, Miller L, Appleby R, Marks G, Mansergh G. Antiretroviral
drugs and sexual behavior in gay and bisexual men: When optimism
enhances risk. XII International Conference on AIDS. Geneva
Switzerland: July 1998 [Abstract 14137 ed].

17 Remien RH, Wagner G, Carballo-Dieguez A, Dolezal C. Who may be
engaging in high-risk sex due to medical treatment advances? AIDS
1998; 12: 1560–61.

18 Remien RH, Wagner G, Carballo-Dieguez A, Dolezal C. HAART,
attitudes, and risk behaviors among serodiscordant male couples. XII
International AIDS Conference. Geneva Switzerland July; 1998
[Abstract 643/14136 ed].

19 van der Straten A, Gomez CA, Saul J, Quan J, Padian N. Sexual risk
behaviors among heterosexual HIV serodiscordant couples in the era of
post-exposure prevention and viral suppression therapy. AIDS 2000;
14: F47–F54.

20 Lehman JS, Hecht FM, Wortley P, Lansky A, Stevens M, Fleming P.
Are at-risk populations less concerned about HIV infection in the
HAART era? 7th Conference on Retroviruses and Opportunistic
Infections. San Francisco: 2000. 

21 Kravcik S, Victor G, Houston S, et al. Effects of antiretroviral therapy
and viral load on the perceived risk of HIV transmission and the need
for safer practices. J Acquir Immune Defic Syndr 1998; 19:
124–29.

22 Kelly JA, Hoffman RG, Rompa D, Gray M. Protease inhibitor
combination therapies and perceptions of gay men regarding
AIDS severity and the need to maintain safer sex. AIDS 1998;
12: F91–F95.

23 Vanable PA, Ostrow DG, McKirnan DJ, Taywaditep KJ, Hope BA.
Impact of combination therapies on HIV risk perceptions and sexual
risk among HIV-positive and HIV-negative gay and bisexual men.
Health Psychol 2000; 19: 134–45.

24 Cohen MS, Hoffman IF, Royce RA, et al. Reduction of concentration
of HIV-1 in semen after treatment of urethritis: implications for
prevention of sexual transmission of HIV-1. Lancet 1997; 349:
1868–73.

25 Ping LH, Cohen MS, Hoffman I, et al. Effects of genital tract
inflammation on human immunodeficiency virus type 1 V3 populations
in blood and semen. J Virol 2000; 74: 8946–52.



For personal use only. Reproduce with permission from The Lancet Publishing Group.

ARTICLES

THE LANCET • Vol 357 • February 10, 2001 435

26 Wasserheit JN. Epidemiological synergy: Interrelationships between
human immunodeficiency virus infection and other sexually
transmitted diseases. Sex Transm Dis 1992; 19: 61–77.

27 Fleming DT, Wasserheit JN. From epidemiological synergy to public
health policy and practice: the contribution of other sexually
transmitted diseases to sexual transmission of HIV infection. Sex
Transm Infect 1999; 75: 3–17.

28 Schwarcz SK, Hsu LC, Parisi MK, Katz MH. The impact of the 1993
AIDS case definition on the completeness and timeliness of AIDS
surveillance. AIDS 1999; 13: 1109–14.

29 Hammer S. Advances in antiretroviral therapy and viral load
monitoring. AIDS 1996; 10 (suppl 3): 1–11.

30 Miller M, Meyer L, Boufassa F, et al. Sexual behaviour changes and
protease inhibitor therapy. AIDS 2000; 14: F33–39.

31 Klausner JD, Wolf W, Fischer-Ponce L, Zolt I, Katz MH. Tracing
a syphilis outbreak through cyberspace. JAMA 2000; 284: 447–49.

32 San Francisco Department of Public Health, Sexually Transmitted
Disease Prevention and Control Services, San Francisco Sexually
Transmitted Disease Annual Summary, 1998 Reported Morbidity, San
Francisco, CA, September 1999.

33 Ekstrand ML, Coates TJ. Maintenance of safer sexual behaviors and
predictors of risky sex: the San Francisco Men’s Health Study. Am J
Public Health 1990; 80: 973–77.

34 Boyer CB, Kegeles SM. AIDS risk and prevention among adolescents.
Soc Sci Med 1991; 33: 11–23.

35 Buchbinder S, Donnell D, Self S, et al. Risk behaviors reported by
newly infected MSM: implications for prevention interventions. XII
International AIDS Conference. Geneva, Switzerland: July 1998
[Abstract 33180].

36 Otten RA, Ellenberger DL, Adams DR, et al. Superinfection of
HIV-2-infected pigtail macaques using two distinct isolates:
identification of a window period for susceptibility.
XI International AIDS Conference. Vancouver, Canada: July 1996
[Abstract Mo A 403].

37 Pieniazek D, Janini ML, Ramos A, et al. Mixed infections with HIV-1
strains of different phylogenetic subtypes: implications for the
evolution of the HIV/AIDS pandemic. 3rd Conference on Retroviruses
and Opportunistic Infections. Washington, DC: Jan–Feb 1996 [Abstract
#rd 148].


	Effect of highly active antiretroviral therapy on diagnoses of sexually transmitted diseases in people with AIDS
	Introduction
	Methods
	Selection of participants
	Analyses

	Results
	Discussion
	References


