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Introdudion
As ofthe end ofSeptember 1992, per-

sons in their 20s represented 19% of the
242 146 diagnosed cases of acquired im-
munodeficiency syndrome (AIDS) in the
United States.' Since the mean incubation
period for AIDS is approximately 10
years,2 many of these individuals were
presumably infected with the human im-
munodeficiency virus (HIV) in their late
teens. Sexual activity and drug use place
adolescents at risk of HIV infection.
Moreover, high rates of hepatitis and sex-
ually transmitted diseases among teenag-
ers increase the likelihood that infection
will occur.3 In light of these risks, reduc-
tions in sexual activity and increased con-
dom use have been promulgated as two of
the nation's primary health objectives for
15- to 19-year-olds by the year 2000.4

fHV seroprevalence rates among ad-
olescents have been determined only in
special, self-selected populations. In the
absence of widespread blood testing, al-
ternative outcome measures are needed to
evaluate AIDS prevention programs.5
HIV is of special concern in the Latino
community because AIDS prevalence per
100 000 persons among Hispanics is more
than 2.5 times the rate for non-Hispanic
Whites.6 In this study, we applied a prob-
ability model to self-reported sexual be-
haviors to assess the risk ofHIV infection
in a sample of Latino adolescents from
two urban areas. Because of the impor-
tance ofcondoms in preventing AIDS, we
also examined the validity of teens' self-
reported condom usage.

Methds
Sample

Respondents in this study lived in one
of two cities (Boston, Mass, or Hartford,

Conn) selected as sites for a community-
based HIV prevention study. These cities
had the largest Latino populations in New
England in 1980. Two methods were used
to identify individual teenagers. First,
many Latino adolescents in these sites
participated in a smoking prevention proj-
ect that had begun 3 years earlier. All
members of the households of these teens
were screened for eligibility for the HIV
study. The second identification method
involved a household enumeration of
selected blocks in Boston. The Boston
target area consisted of all 289 blocks in
the 16 census tracts in which at least
10% of the population was of Spanish or-
igin at the time of the 1980 census. Forty-
nine of these blocks had previously been
screened for the smoking survey. No fur-
ther screening was attempted in these
blocks to avoid duplicating the work that
had been done 3 to 4 years earlier. The
remaining blocks were divided into three
strata on the basis of Latino population
estimates. All blocks in the first stratum
(greater than 20% Latino households)
were selected for enumeration; the sam-
pling fractions were .10 in the second stra-
tum (10% to 20% Latino households) and
.02 in the third stratum (less than 10% Lat-
ino). Sixty-three blocks in Boston were
selected for enumeration as a result of this
stratification. No additional enumeration
was done in Hartford.

Bilingual interviewers drew a map of
each enumeration block, listed all dwell-
ings, and screened occupied households
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for eligibility. In both smoking survey
households and enumeration households,
a familywas considered to be Latino if an
informant reported that any household
member was Latino or Hispanic. All per-
sons born between September 19, 1969,
and February 28, 1975, and living in a Lat-
ino household were eligible for the study.
Personal interviews lasting approximately
30 to 40 minutes were administered to re-
spondents in their homes. Whenever pos-
sible, interviews were conducted in an
area where responses would not be over-
heard by other family members. Inter-
views were conducted by telephone in 13
cases in which home visits could not be
scheduled. Interviewing began in Septem-
ber 1989 and was completed in May 1990.

Risk Estimation
Respondents were asked several

questions about their sexual activity and
sexual partners during the 6-month period
prior to the interview.A teen's risk ofHIV
infection from sexual contact during this
period was estimated from frequency of
exposure, condom usage rates, and num-
ber of sexual partners. The following
model was used in these estimates:7,8

P = 1 - p(l -fr)a(1 - r)b+ (1 -p)J',

where P is the cumulative probability of
HIV infection,p is the prevalence ofHIV
among sexual partners,f is the proportion
of times that condoms fail to prevent HIV
transmission, r is the risk of transmitting
the virus from an infected to an uninfected
partner during a single act of heterosexual
intercourse, a is the number of exposures
in which condoms were used (per part-
ner), b is the number of exposures in
which condoms were not used (per part-
ner), and n is the number of different sex-
ual partners.

The values for several of the terms in
the model were drawn from recent stud-
ies. The prevalence of HIV among poten-
tial sexual partners was set equal to the
gender-specific rates found in the Centers
for Disease Control's survey of students
using university health centers.9 These se-
roprevalence rates were much higher
among male students (P = .005) than
among female students (P = .0002).
Higher male seroprevalence rates have
also been found in teenaged Hispanic ap-
plicants for military service'0 and Job
Corps entrants.11 Transmission probabil-
ities of r = .0005 from an infected woman
to an uninfected man and r = .0013 from
men to women were calculated from Pe-

terman et al.12 Condomswere assumed to
reduce transmission risk by a factor of 10
(f = .1).'3,14 Since respondents were not
asked about practices with each sexual
partner, exposure frequencies were com-
putedby dividing total exposureswith and
without condoms by the number of differ-
ent partners.

Although adolescents appear to pro-
vide reliable reports of sexual history'5
and frequency of intercourse,'6 very little
is known about the accuracy of their re-
ports of condom usage.'7 To assess the
validity of these reports, respondents
were asked whether they had any con-
doms in their possession and, if so, to
show them to the interviewer. Teens were
allowed to retrieve condoms from their
bedrooms or pocketbooks. Logistic re-
gression was used to test the relationship
between self-reportedcondom use and the
probability that a teen possessed a con-
dom at the time of the interview.

From self-reported sexual histories,
teens were classified as (1) not sexually
experienced (never had vaginal or anal in-
tercourse), (2) sexually experienced but
inactive in the prior 6 months, or (3) sex-
ually active (had intercourse one or more
times) in the previous 6 months. Three
risk groups were then defined on the basis
of the HIV infection model estimates. Re-
spondents were considered to be at high
risk if their estimated infection probability
exceeded .0001 (1 chance in 10 000) or if
they reported behaviors that would in-
crease the prevalence or transmission
rates incorporated in the model. These be-
haviors included needle sharing, anal in-
tercourse, and sexual intercourse with a
prostitute, a bisexual or homosexual man,
or an intravenous drug user. The high-risk
cut point was approximately the same as
the annual suicide risk for 15- to 19-year-
olds.4 The moderate risk group consisted
of teens with infection risks greater than
zero but less than .0001. Respondents
were assigned to the no-risk group if they
reported no sexual activity or needle shar-
ing in the previous 6 months. Character-
istics associatedwith high-risk statuswere
assessed by logistic regression.

To assess the influence of the sam-
pling procedures on survey estimates, we
also calculated sample weights and design
effects. Since most census blocks, house-
holds, and participants within households
were selected with certainty and since re-

sponse rates were similar across sub-
groups, weighted percentages for four ma-
jor outcomes differed from unweighted
rates by less than one half of a percentage
point. Design effects, attributable primar-

ily to the clustering of respondents within
households, were also small, ranging from
0.97 to 1.12 for the major outcome mea-
sures. Therefore, unweighted survey re-
sults are reported in this paper.

Resuts
Response Rates

Personal interviews were completed
with 586 Latino teenagers aged 15 to 19
years during the study's eligibility period.
The sample comprised equal numbers of
male and female adolescents. With the ex-
ception of 4 cases in Hartford and 24 in
Boston, subjects identified themselves as
Puerto Rican. Interviews were completed
with 84% of the 694 adolescents identified
in the target areas. The total number of
Hispanic 15- to 19-year-olds in these
blocks was estimated from preliminary
1990 census counts. Completion rates
based on these preliminary counts indi-
cate that 32% of all age-eligible Latino
teens in these areas were successfully in-
terviewed. The rates for the smoking
study blocks were diminished because no
attemptwas made to enumerate new fam-
ilieswho hadmoved into these areas in the
previous 3 years.

Risk Behaviors and Condom Use
Forty-two percent of the sample re-

ported having sexual intercourse in the 6
months prior to the interview. Sexual ac-
tivity rates were slightly higher among
male teens (44.8%) than among female
teens (38.9%). Twelve respondents either
had sex with high-risk partners (intrave-
nous drug users or bisexual/homosexual
men) or engaged in anal intercourse. No
one reported sexual contact with prosti-
tutes. Needle use of any kind was infre-
quent in this sample. Two respondents
claimed to have injected drugs but did not
share needles; one other subject reported
sharing a needle used for ear piercing or
tattooing.

Each sexually active respondent was
asked to estimate the total number of sex-
ual exposures in the previous 6 months
and the number of times condoms were
used. The mean number of exposureswas
25.3 (range = 1 to 200); the median was
10. While 26% of these teens claimed to
have used condoms every time they had
intercourse, nearly half never used con-

doms during this period (Table 1). Fre-
quency of condom use was inversely as-

sociated with intercourse frequency. The
proportion of respondents reporting that
theyused condoms each time theyhad sex
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declined rapidly as the number of expo-
sures increased, while the percentage of
teens who never used condoms was
higher among those who had sex five or
more times than it was among those hav-
ing sex less often.

Validity ofCondom Usage Reports
To assess the validity of the condom

use data in this study, respondents were
asked whether they had any condoms in
their possession at the time of the inter-
view. Excluding 13 telephone interviews,
5.5% of the sexually inexperienced teens,
14.3% of those who were experienced but
recently inactive, and 27.9% of the sexu-
ally active subjects displayed condoms to
the interviewer. The results of a logistic
regression analysis of the probability that
sexually active subjects possessed con-
doms are shown in Table 2. Both self-
reported behaviors were positively asso-
ciated with condom possession: the odds
of showing a condom to the interviewer

-9
10

were 3.0 times higher for those who said
they had ever purchased condoms and 2.3
times higher for those who claimed to
have used condoms in the past 6 months
than were the odds for other teens. Pos-
session was not influenced by previous
participation in the smoking survey, by
demographic factors (age, gender, or site),
or by demand characteristics of the inter-
view situation (interviewer gender or
whether an older adult or ayounger sibling
was present in the room at the time of the
interview).

HIVInfection Risk Estimates
The distribution ofestimates from the

HIV infection probability model is shown
in Figure 1 for sexually active teens. These
estimates ranged from 1.0 x 10-8 for male
subjects using a condom the only time
they had intercourse to .00115 for female
subjects who had sexual relations 200
times without using condoms. In general,
the risk estimates produced by this model

were considerably higher for female ado-
lescents than for male adolescents. More
than 76% of the sexuaLly active female
subjects in the sample had infection prob-
abilities exceeding .00001 (1 chance in
100 000), compared with only 3% of the
male respondents. The reasons for this dif-
ference are that HIV is presumed to be
more prevalent among potential sexual
partners of female teens and the virus is
transmitted more efficiently from men to
women than vice versa.

HIVRisk Groups
Respondents are classified by high-,

moderate-, and no-risk categories in Table
3. Overall, 8% of the sample fell in the
high-risk group. Nearly all of the 46 high-
risk subjects were female; the 3 male sub-
jects in this group reported sexual contact
with another man. Another 33.9% of the
sample, the moderate risk group, was sex-
ually active but had predicted infection
risks smaller than .0001. The majority of
teens (58% of the total) were classified as
not at risk because they did not report any
sexual contact or needle sharing during
the previous 6 months. The gender-spe-
cific risk group distributions were similar
in Boston and Hartford.

Table 4 shows the estimated effects
of selected demographic characteristics
on the probability that a respondent was a
member of the high-risk group. Female
respondents were much more likely to be
at high risk than were male respondents,
and this probability increased with age.
Respondents who reported that they lived
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with sexual partners were also more likely
to be in the high-risk group. Those living
with partners tended to have sex more of-
ten and to use condoms less often than
other teens.

Sexually active teens were not asked
specifically about condom use at last in-
tercourse. On the basis of the percentage
of exposures in which condoms were
used, 28% (40/145) ofthose who used con-
doms less than half the time were in the
high-risk group, compared with 6% (6/97)
ofthose usingcondoms during at least half
of all exposures. Of the 113 respondents
who had not used condoms in the past 6
months, only 24% fell in the high-risk
group.

Discussion
The results of this study suggest that

a small proportion of Latino adolescents
maybe at substantial risk ofHIV infection
even over time periods as short as 6
months. Forty-two percent of the teens in
this study reported being sexually active
in the 6-month period prior to the inter-
view, and 8% ofthe samplewas estimated
to have HIV infection risks exceeding
.0001 for that period. Nearly all ofthis risk
was attributable to heterosexual inter-

course; only one teen reported sharing
needles, and few sexual contacts involved
anal intercourse or high-risk partners.

All but 3 of the 46 teens in the high-
risk group in this study were female. The
risk for women is elevated because HIV
prevalence is higher among the potential
sexual partners of female adolescents9-'1
and because the virus is transmitted more
efficiently from an infected man to a wom-
an.18 19 The cumulative infection risk for a
woman having sex without condoms can
exceed .0001 in as few as 16 exposures.

ThevalidityoftheHIV risk estimates
used in this study depends on the specifi-
cation of the probability model, the accu-
racy of its component rates, and respon-
dents' willingness to report sexual
behavior accurately. Certain aspects of
transmission, such as a partner's potential
infectivity or the subject's immunocom-
petence, were not considered in the
model. However, Schneider et al.20 found
that assessments produced by interactive
personal computer software based on this
risk equation yielded high levels of sensi-
tivity and specificity for subjects ofknown
serostatus. The model assumes a constant
probability oftransmission for all couples.
If per contact infectivity is instead heter-
ogeneous, then HIV risk would depend
more on the number of sexual partners
and less on frequency of contact.21 It
should also be noted that respondents liv-
ing with their partners were more likely to
be in the high-risk group than those not
living with partners. To the extent that
HIV is less prevalent among live-in part-
ners, the risk of infection may be over-
stated in these cases.

Sexually active respondents who
said they purchased condoms or claimed
to have used them recently were two to
three timesmore likely than others to have
condoms with them at the time of the in-
terview. No age- or gender-related effects
were detected thatwould reflect social de-
sirability influences in the responses of
these Latino teens, nor were subjects re-
luctant to show condoms to the inter-

viewer when other family members were
present in the room or when the inter-
viewer was of the opposite gender.

In much of the recent survey work
with adolescents, condom use has been
measured by a single item referringonly to
use at last intercourse.22-25The results of
this study suggest that this item is a poor
surrogate for HIV risk because it does not
consider either consistency of use or de-
gree of exposure. Some Latino teens who
used condoms each time they had inter-
course were nevertheless at a compara-
tively high risk of infection because of a
large number of exposures. Many respon-
dents who never used condoms, on the
other hand, had very low infection risks
because they engaged in intercourse only
once or twice in 6 months. Infection prob-
ability models may therefore provide a
more accurate portrait of HIV risk in se-
lected populations, aswell as more precise
estimates of the effects of AIDS preven-
tion programs, than categorical condom
usage items. O

Acknowledgments
This research was supported by grant 5 RO1
HD25026 from the National Institute of Child
Health and Human Development.

We would like to thank Sonja M. Mc-
Kinlay for her helpful comments on an earlier
version of this manuscript.

References
1. HIVIAIDS Swveillance Report. Aflanta,

Ga: Centers for Disease Control; 1992 (Oc-
tober):12.

2. Longini I, Clark W, Byers R, et al. Statis-
tical analysis of the stages ofHIV infection
using a Markov model. Stat MedJ 1989;8:
831-843.

3. Greenblatt RM, Lukehart SA, Plummer
FA, et al. Genital ulceration as a risk factor
for human immunodeficiency virus infec-
tion. AIDS. 1988;2:47-50.

4. HealthyPeople 2(KO: NatonalHealthPr-
motion andDiseasePrevention Objectives.
Washington, DC: US Dept of Health and
Human Services; 1991. DHHS publication
PHS 91-50212.

5. Coyle SL, Boruch RF, Turner CF, eds.
Evaluating AIDS Preventon Programs.
Washington, DC: National Academy
Press; 1991.

6. HW/AIDS Surveillance Report. Adlanta,
Ga: Centers for Disease Control; 1991 (Jan-
uary):1.

7. FinebergHV. Education to prevent AIDS:
prospects and obstacles. Science. 1988;
239:592-596.

8. Weinstein MC, Graham JD, Siegel JE,
Fineberg HV. Cost-effectiveness analysis
of AIDS prevention programs: concepts,
complications, and illustrations. In: Turner
CF, Miller HG, Moses LE, eds. AIDS:
Sexal Behavwor and Intravenous Drug
Use. Washington, DC: National Academy
Press; 1989:471-499.

1398 American Journal of Public Health October 1993, Vol. 83, No. 10



9. Gayle HD, Keeling RP, Garcia-Tunon M,
et al. Prevalence of the human immunode-
ficiency virus among university students.
N EngIJ Med. 1990;323:1538-1541.

10. Burke DS, Brundage JF, Goldenbaum M,
et al. Human immunodeficiency virus in-
fections in teenagers: seroprevalence
among applicants for US military service.
JAMA4. 1990;263:2074-2077.

11. St. Louis ME, Conway GA, Hayman CR,
Miller C, Petersen LR, Dondero TJ. Human
immunodeficiency virus infection in disad-
vantaged adolescents: findings from the US
Jobs Corps. JAMA. 1991;266:2387-2391.

12. Peterman TA, Stoneburner RL, Allen JR,
Jaffe HW, Cunran JW. Risk of human im-
munodeficiency virus transmission from
heterosexual adults with transfusion asso-
ciated infections. JAAL4. 1988;259:55-58.

13. Fischl MA, Dickinson GM, Scott GB, Ki-
mas N, Fletcher MA, Parks W. Evaluation
of heterosexual partners, children, and
household contacts of adults with AIDS.
JAMA4. 1987;257:640-644.

14. Hearst N, Hulley SB. Preventing the het-
erosexual spread of AIDS: are we giving

our patients the best advice? JAMA4. 1988;
259:2428-2432.

15. Kahn JR, Kalsbeek WD, Hofferth SL. Na-
tional estimates of teenage sexual activity:
evaluating the comparability of three na-
tional surveys. Demography. 1988;25:189-
204.

16. Catania JA, Gibson DR, Marin B, Coates
TJ, Greenblatt RM. Response bias in as-
sessing sexual behaviors relevant to HIV
transmission. Eval Prog Plann. 1990;13:
19-29.

17. Miller HG, Turner CF, Moses LE, eds.
AIDS: The Second Decade. Washington,
DC: National Academy Press; 1990:178.

18. Padian N, Marquis L, Francis DP, et al.
Male-to-female transmission of human im-
munodeficiency virus. JAMA. 1987;258:
788-790.

19. Padian NS, Shiboski SC, Jeweli NP. Fe-
male-to-male transmission of human im-
munodeficiency virus. JAMA4. 1991;266:
1664-1667.

20. Schneider DJ, Taylor EL, Prater LM,
Wright MP. Risk assessment for HIV in-
fection: validation study of a computer-

Latino HIV Risk

assisted preliminary screen. AIDS Educ
Prev. 1991;3:215-229.

21. WileyJA, Herschkorn SJ, Padian NS. Het-
erogeneity in the probability of HIV trans-
mission per sexual contact: the case of
male-to-female transmission in penile-vag-
inal intercourse. Stat Med 1989;8:93-102.

22. Sonenstein FL, Pleck JH, Ku LC. Sexual
activity, condom use and AIDS awareness
among adolescent males. Family Plann
Perspect. 1989;21:152-158.

23. Goodman E, Cohall AT. Acquired immu-
nodeficiency syndrome and adolescents:
knowledge, attitudes, beliefs, and behav-
iors in a New York City adolescent minor-
ity population. Pediatrics. 1989;84:36-42.

24. Weisman CS, Nathanson CA, Ensminger
M, Teitelbaum MA, Robinson JC, Plichta
S. AIDS knowledge, perceived risk and
prevention among adolescent clients of a
family planning clinic. Fam Plann Per-
spect. 1989;21:213-217.

25. Rotheram-Borus MJ, Koopman C. Sexual
risk behaviors, AIDS knowledge, and be-
liefs about AIDS among runaways. Am J
Public Health. 1991;81:208-210.

............

..............

4

3.5

.........

2.5

2

............................. 1.5
.............

2

o.5

...........................
.......... 7

.......

...... esta ura nt
...............

...M NONSMOKING SECTION::.. OKING SECTIO
x Xe

FIGURE 2 co ri ib i of nicoUne In the snxAdng and no4nmicing sec-
d" of grAm Al" uer" ,NM, rooftucarft.

...... ..........
.............. :. " ..........
................... ................

........................... ......... ..
.... .......

October 1993, Vol. 83, No. 10 American Journal of Public Health 1399


