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Abstract: The determinants of gay men’s frequencies of different sexual partners are examined among cohorts
of gay men by applying generaiized Poisson regression (GPR), Poisson regression (PR), and negative binomial
regression {NBR) models. The models are estimated by the method of maximum likelihood. Approximate tests
for the dispersion and goodness-of-fit measures for comparing the models are discussed. The data were col-
lected from cohorts of gay men recruited in four AIDS Community Demonstration Project Cities {Dallas, TX;
Denver, CO; Long Beach, CA; and Seattle, WA) from 1987 to 1991 Cohert participants shared information on
HIV-risk, HIV-testing history, sexual activities, attitudes, smoking status, alcoho!l and drug use, trust for HIV
prevention programs, and other social factors through questionnaires during first two visits. A total of 975 gay
men showed complete data in the baseline and first follow-up study sample based on exclusion criteria. OF this

sample, approximately 88% and 12% were white (non-Hispanic) and non-whites, respectively (
62 years, median age: 31 years). About 24% reported high risk of being exposed to the AIDS
cated moderate risk; 38% adhered to using condoms consistently; and at least 50% had multip)
partners and have had sex uader the intluence of alcohol and drugs. GPR analyses showed th

age range: 18 to
virus; 33% indi-
e male sexual
at all ages, never

being married and categories of risk are inversely significantly related to the number of different sexual partners

over time. Also, the effects of positive AIDS test results, condom use, and trust for AIDS preventio
are negatively significantly related to the number of times gay men had sex under the influence o
alcohol. HIV prevention and intervention efforts are needed and should focus on Oovercoming gay m

n programs
f drugs and
en’s barriers

to condom: use and providing them the necessary information on risky sexual behaviors and safe sex practices.

L. INTRODUCTION

In Jure 1981, the Centers. for Disease Control and
Prevention {CDC) reported that between October
1980 and May {981, five young gay men had been
diagnosed with Preumocystis carinii PREWNORIA,
an illness that is currently known by its initials,
PCP (CDC 1995h). In the next month, the CDC
reported that 26 cases of the formerly very rare Ka-
posi’s sarcoma (KS) had been diagnosed among
gay men in the prior 30 moaths (CDC 1995h).
These reports provided the first intimations of an
epidemic that would infect very farge numbers of
gay men. Almost two decades later, the HIV/AIDS
epidemic passed through the stage of being re-
garded as the “gay plague” or “gay-related immune
disorder” to a disease affecting all popuiations re-
gardless of individuals’ sexual orientations, race,
gender, nationality, or religious beliefs. Mann ef al.

(1992) reported that nonsheterosexual, ineluding ™

gay men, transmission accounts for approximately
30% of ali HIV iafections worldwide,

Studies have indicated that the first half-million
(actually 501,310) AIDS cases were reported in the
United States by October 31, 1995 (CDC 19953, b),

This number represents close to one-half or more of

all those estimated by the CDC to be infected with
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HIY by the end of 1986 (CDC 1990). Rosenberg
{1995} estimated that the tota) number of persons
ever infected with HIV was between §70,000 and
1,200,000 by the end of 1993, Levine et al. (1997}
reported that based on such statistics, there were
between 400,000 and 600,000 persons living with
HIV, but not diagnosed with AIDS at that time.
They further reported that of these half-million
AIDS cases, 31% (256,000} were men who have
sex with men (MSM) and 7% (35,000} had joint
exposure from sex with men and injection drug use
(IDU). Rosenberg (1995} cizimed that persons who
are infected with HIV are underreported in the
AIDS registry by some 18%, Thus, the implication
of this is that the number of cases in MSM category
would be around 300,000 and in MSM/IDU group
about 41,000. Levine er al. (1997) indicated that the
exact number of gay men who are infected with
HIV/AIDS might never be known. However, it is
this number that most strongly expresses the role of
the epidemic in transforming the commugities of
gay men of the HIV/AIDS generation and the suc-
cessive generations of gay inen.

Torsen and Stryker (1993) revealed that by the late
1980s, the rate of new HIV/AIDS infections among



gay men decreased, partly because those at highast
risk had already been infected, but also because
those still at risk had modified their behaviors.
Other studies have shown that HIV/ AIDS cases
among [DUs and heterosexuals have increased
dusing the last decade and that MSM continue ¢
account for the largest number of people reported
with AIDS each vear (CDC 1990, 1992, 1995¢,
£999). In 1997 alone. 21,260 AIDS cases were
reported among MSM, compared with 14,698
among IDUs and 8,112 among men and women
who acquired HIV heterosexually (CDC-NCHSTP,
1998).

To account for the number of AIDS incidences,
studies have examined the sexual behavior of
MSM, the primary mode of transmission of AIDS
(CDC 1999). Many gay or bisexual men would not
he alive today had it not been for rigorous preven-
tion efforts. Many members of the gay COMIMUNILY
find it overwhetming to be living in the midst of an
epidemic and that cultural and spiritual issues often
overcome the ability or desire fo remain uninfected
(Van Gorder 1995).

Dilley et al. (1998) reported in a cohort study of
gay men that one in three of the participants in the
study had lost a partner to AIDS and that a signifi-
cant number of gay men, 25%, continued to engage
in high risk sexual activity. Dilley ¢t al. also re-
ported that high-risk activity occurred amonag men
who were knowledgeable about AIDS and under-
stood the risk of their actions. They concluded that
the men in the study sample engaged in these high-
risk activities, regardless of whether their primary
partner was himself HIV infected.

A CDC-sponsored study of gay men in Saa Fran-
cisco from 1994 to 1997 showed increases in usn-
safe sexual behavior among MSM in San Fran-
cisco, resulting in increased risk for HIV infection
and transmission (CDC 1999). Among the study
participants, it was found that one-third of MSM
reported unprotected anal intercourse (UAD with
multiple partners during the previous six months.
Additionally, substantial numbers of men inter-
viewed in 1997 reporsed not knowing the HIV in-
fection status of all their partners. Due {0 recent
reports of increased rectal gonorrhea and the find-
ings of this study, it 1s now suggested that there is
an increased absence of safe sex behaviors found
among men who have sex with.men (CDC 1599).

In this study, participants are from four geographic
locations in the United States: Seattle, Washington
(32%); Denver, Colorado (21 %Y, Dallas, Texas
(299); and Long Beach, California (18%]). They
were recruited as a result of mass advertisement in
gay magazines and the use of posters boards in gay
and lesbian communities. These efforts were fa-
cilitated via laboratories for investigation of be-
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havioral changes, established by the National Cen-
ters for Prevention Services (NCPS) AIDS Com-
munity Demonstration projects and funded by the
CDC. Two questionnaire Instruments were devel-
oped and used to generate the data. The instru-
ments are the initial (or baseline) visit questionnaire
and the first follow up Visit Questionnaire. Trained
staff conducted the interview with the study partici-
pants.

The data collection timelines ranged from Novem-
ber 30, 1987 to December 6, 1991 The original
data included 4,244 initial respondents, with 2,087
at first foliow-up, An overwheiming decreasing
trend has been observed in subsequent foliow-up
visits because some participants died or got bored
or disinterested due to fremendous exposure to pre-
vention or educational HIV/AIDS programs in the
iate 1080s. In this study, 975 respondents were
included at baseline and at first foillow-up due to
exclusion criteria. Records were excluded from the
analysis if there was missing information for any of
the fotlowing variables: ¢3501, c4001, and ¢3401.
{See Table 1 for partial listings of variable defini-
tions and Table 2 for descriptive statistics of se-
lected variables.)

The study generated, for the first time. detailed
nonlinear {e.g., PR, NBR, and GPR) analyses of
such data. The models were used to assess the rela-
tionship between potential risk factors and
HIV/AIDS status.of a cohort of gay men, The main
objective was to determine whether gay men modi-
fied their sexual behaviors between baseline and
first foliow-up time periods.

The dependent count variates included: number of
different sexual partners and number of first-time
sexual partners. The independent or explanatory
variates included, among others, demographic vari-
ables (age, racefethnicity, and marital status}, be-
haviaral risk, perceptions among gay men of HIV
testing, exposure to risky sexual activities and
drug/alcohol use, condom use, and seat belt use,
Some explanatory variables were significantly cor-
related with others,

2. MODELS

Non-linear regression models {e.g., PR, NBR, and
GPR) for assessing the relationships between the
aumber of gay men’s sexnal partners and exposure
to risky sexual behaviors are presented. These
models are based on fundamental distributions:

Poisson and generalized Poisson distributions.

2.1 POISSON REGRESSION MODEL



Suppose Y is a discrete random variable having
independent response values yq, ys...., v, which
follow a Poisson distribution . Then the Poisson
regression (PR) model of ¥ given x; may be defined
as follows:

{U.{C (X- ﬁ)}i\, elf.ﬁ(c‘,(k‘, N
v, !

!

Plyi ) (1)

where i= 1,2, ..., y,=0, 1,2, ..., and where
_)SE:{XH, X o oo x[»p_)’ is a p-dimensicnal vector of
explanatory variables, B= (B, B4, ..., Bp)' is a p-
dimensional vector of unknown parameters, and ¢;

denotes some measure of exposure.

2.2 NEGATIVE BINOMIAL REGRESSION
(NBR) MODEL

Let Y, Yo, ...,Y be a set of n independent random
vartables where Y; follows a NBD with mean my;

and dispersion parameter k. denoted by
Y; ~ NB(m; k). We have

Plk+yv)
v 1 T(k)

k £
m, +k

.
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PO =y)= m. 4k

fori=1,2, .., nwherey; =0, 1,2, .and

my, & > 0. The density function (2} is equivalent to
(k+y -1 !kkmi""’

v Wk = DIk +m)*

As k — oo, the NB converges in distribution to the

P(Yi= y) = (3)

}
Poisson, Let o= /i When ot= 0, there is equi-

dispersion; and when o > 0, there is over-dispersion
Consider the model:

In m, = fix, ot fx, (4)
where Kip» o X, are the values of p explanatory
variables Koo X, which are associated with the

random varizble Y;, and By, ..., fp are p unknown
parameters.

GENERALIZED POISSON REGRESSION
{GPR) MODEL

2.3

The GPR model is a natural extension of the
Peisson regression model.. Let Y be a general-
ized Poisson random variable depending on x,.

Observe tha_t _the_ g—zx_p_eg;;ed va_l_t_u;_of the GPD is

given by
6
S (=4

U = G, (5)
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where ¢ =
and @ =& ,then the pdf of Y
1-4) P
P(¥=ylx;} = N ’
fory=(0,12,..

(6

0, fory>m when @ < |
or otherwise where U = 1L (%) > 0 and

J7,
@ > max {-1/2, i- z’) denotes the square root of

the index of dispersion and 1 is the largest positive
integer for which 1+ m{g¢ -1) > 0, when 1 < L.
When © = 1, the GPR model converges to the
Poisson regression model; when @ >1, the GPR
model represents count data with over-dispersion;

and when §/2 < @ < I, the GPR model represents

count data with under-dispersion provided u > 2.
The GPR model is an outgrowth of both the GPD
model and the Poisson regression model. Note that

2 D
Hoom e
(I-4)
Consider the parametric transformation, A= of.
Thus,

&
(1—oab)
and then solve for 8. The new expression for 6
shows that 8 is a function of 1L and o. Thus, we

have a restricted GPR mode] with response vari-
able, Yi’ a generalized Poisson random variable

,u = (8)

whose expected value, [1, is a function of the ex-
planatory variables, x;. The probability function of

this restricted GPR model Y; given x; is defined by

¥i ¥i— — (e, )
i (1+0@f,-)’ i o ﬁzﬂgf
4o v !
%)

where yv; =40, 1, 2, ..., o is the dispersion parame-

.fj(yf!/af!a) '”_““[

ter; when o > 0, V(Y,x;) > B(Yjx;} lie., over-
dispersion]; when o < 0, VY, lxp) < B(Y Ix;) [ie.,
under-dispersion]; when o =0, V(Y lx;) = B(Y lx;}
X

where x; is a (k-1)-dimensionai vector of explana-
tory variables and f; is a k-dimensiona! vector of
Tegression parameters.

The expected value of Y; for any given x,

i
is defined by

lie., equi-dispersion}; and g, = Wiz



B{Yilx) = ;. {(10)
The variance of Y; for any given x; is de-
fined by

V(Yilx) = il 149 (it)

3. RESULTS

With regards to demographic factors, over 80% of
the respondents were White, single/never married,
and refated or acquainted with victims of
HIV/ATIDS, When analyzing behavior characteris-
tics, it was found that over 97% and 99% of the gay
men drank alcehol and used drugs, respectively.
This is a clear indication of a high-risk group; how-
ever, approximately 75% rated themselves as mod-
erate or low-risk for AIDS exposure. Alse, nearly
75% of the respondents indicated they have fewer
sex partaers as a resuit of an interest in reducing
risk for AIDS. Descriptive findings from the fol-
low-up data indicate that 91% of the respondents
were related or acquainted with HIV/AIDS victims;
95% reported using seat belts regutarly. At follow-
up, 97% of the respondents reported consistent (al-
ways) use of condoms during sexual activity, an
increase from the baseline data that shows 50%.
Additionally, 87% of the respondents reported they
trust organizations of AIDS research and preven-
tion programs,

Table 3 (baseline) shows significant and positive
estimated dispersion parameters from NBR and
GPR models. This is an indication that NBR or
GPR models, rather than PR models, may be used
to fit the data. From the goodness-of-fit measures
in all models, GPR outperformed NBR and PR. In
Table 3, respondents who rate themselves as high
or moederate risk for AIDS exposure tend to have a
significant positive effect on the number of sexual
partners in the last three months. Further, respon-
dents who report sexual encounters while under the
intluence of drugs or alcohof, binge drinking, or
having tried drugs show significant positive contri-
bution toward the number of sexual partners. Also,
those who are reguiar smokers or heavy drinkers
have a significant negative impact on the number of
sexual partners. Respondents who have primary
partner, engage in risky sexual activity with at least
one one-time sex partner, interest in reducing risk
of AIDS, consistent condom use during sexual ac-
tivity, or believe/trust their partners are less Hkely
to have more sexual partners. Significant pesitive

effects on the number of sexual partners were found:

among respondents who have risky sexual activity
with at least one occasional sex partner, or always
used condoms during sexual activity, whether in-
sertive or receptive. Respondents in the age groups
17-20, 20-30, or 30-40 were observed (o have sig-
nificant negative influences on the number of sex
partners in year, prior to learning about AIDS.
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Also, respondents who are single/never married
have a significant negative impact on the number of
sex partpers. Respondents who rate themselves
high-risk for AIDS exposure or are re-
lated/acquainted to HIV/AIDS victims had a sig-
nificant positive effect on the number of sexual
partners.

The relationship between the number of sexual
partners and the need for sexual behavior modifica-
tion in year prior to learning about AIDS was nega-
tive and significant. Respondents who have tried
drugs were found to likely have multiple sexual
partners. Also, respondents who indicate interest in
reducing risk for AIDS were likely to have multiple
sexual partners,

In the follow-up analyses, respondents whe rate
themselves high or moderate risk for AIDS expo-
sure have a significant positive impact on the num-
ber of sexual partners in last three months. Also,
respondents who have sexual encouaters while un-
der the influence of drugs/alcahol, have wried drugs,
or believe their sexual partners had affairs contrib-
ute to an increase in the number of sexual partners
in the last three months, Moreover, respondents
who use seat belts regularly or those who trust in
organizations of AIDS research and prevention
programs tend to show significant negative effects
on the number of sexual partners in last three
months. Respondents who rate themselves as high
or moderate risk respondents, have tried drugs,
partner-with IV drug users, or participate in sexual
activity under the influence of drugs/alcohol show a
positive refationship with the number of firse-time
sexual partners. Respondents who trust in organi-
zatlons of AIDS fesearch and prevention programs
tend to show significant negative relationship with
the number of first-time sexual partners.

The number of iterations {range: 3 to 19) for the
PR, NBR, and GPR models from the SAS/ Fortran
programs showed that the GPR models (range: 3 to
8} were competitive in generating non-linear solu-
tions, More details of this data analysis are given in
Wulu (1999).

4, CONCLUSION

The following covariates positively influence the
frequency of male sexual partners for the cohort of
gay men: drug-use, binge drinking, age, marital
status, multiple sexual partners, and high/moderate
risk individuals. Gay men who reported consistent
condom use, smoking, heavy drinking, trust in
HIV/AIDS prevention programs, fidelity with part-
aer, and willingness to reduce AIDS cases are less
likely to increase male sexual partners. In light of
this, we recommend that HIV prevention and inter-
vention efforts are needed and should focus on



overcoming gay men’s barriers to condom use and
providing them the necessary information on risky
sexual behaviors and safe sex practices.
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Table 1. Gay men's sexual behavior variable definition
{short list) .

Baseline Dependent/Response Variables
C3501 Number of male sexual partners in the last three months

5401 Number of male sexual partners in year prior to learning
about AIDS

Baseline Independent/Predictors or Covariates

C40C]  Number of sexual encounters while under the influence

of drugs or alcohol

Respandents between |7 and 20 yeass of age

Respondents between 20 and 30 years of age

Respondents between 30 and 40 years of age

White respondents h S

Single/never masried respondenis

Resposdents whe rated themselves as high-risk for

AIDS exposure

Respondents who rated themselves as moderate risk for

AIDS exposure

Respondents who rated themselves as Jow-risk for

AIDS exposure

REL_AIDS Respondents who know or are related to HEV/AIDS
victim(s)

AGE1
AGE2
AGE3

MARL
RISKi

RISK2

RISK3

Table 2. Gay men’s sexual behavior descriptive
statistics (short list)

(Sample Size=975)

Variable Proportion of I's Mean Std Dev(SDN. Min  Max
Baseline Dependent/Response
C3501 41559 5.2686 { 5
5401 15.0359 32.3393 0 350
Baseline Independent/Predictors or Covarigles
C400) 4.6051 84050 0 85
AGE] 0.033
AGE2 0.518
CAGE3 RS
RACE! 0.878
MARI 0.858
RISKI 0.236
RISK2 - 0.334
RISK3 0.401
REL _AIDS 0.858
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