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Racial/Ethnic Group Differences in the Prevalence of Sexually
Transmitted Diseases in the United States:

A Network Explanation

EDWARD 0. LAUMANN, PHD, AND YOOSIK YOUM, MA

Background: Many studies have observed that African
Americans have comparatively high rates of selected STDs,
often 10 to 20 times higher than whites and other racial/ethnic
groups, but without convineing explanation.

Goal: This study attempts to solve this puzzle using data
from a nationally representative probability sample and a
network approach.

Study design: The National Health and Social Life Survey
(NHSLS) is a nationally representative probability sample of
1,511 men and 1,921 women in the United States. Logistic
regression analysis of these data permit a multivariate analysis
of the individual risk factors associated with 8TDs. Using
loglinear analysis and 2 simulation, we also identify the effects
of sexual network patterns within and between racial/ethnic
Erolps.

Results: Logistic regression analysis of the WHSLS revealed,
even after controlling for ali the appropriate individual-level
risk factors, that African Americans are almost five timmes more
Likely to be infected by bacterial dizeases than the other racial/
ethnic groups.

Conclusions: African Americans’ higher infection rate for
bacterial diseases can be explained by the patterns of sexual
networks within and between different racial/ethnic groups.
First, infections are more widespread in the African American
populativn at large because partner choice is more highly
dissortative—meaning that “peripheral” African Americans
{who have had only one parimer in the past year) are five times
more likely to choose “core’ African Americans {whe have had
four or more partners in the past year) than “peripheral”
whites are to choose “core” whites. Secondly, sexually trans-
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mitted infections stay within the African American population
because their partner choices are more segregated (assortative
mating) than other groups. The likelihood of African Ameri-
cans having & sexually transmiited infection is 1.3 times
greater than it is for whites because of this factor alone.

AFRICAN AMERICANS HAVE substantially higher rates
of sexually transmitted diseases (STDs) than other cthnic
and racial groups in the United States.' Hispanics also
manifcst higher rates of primary and secondary syphilis and
HIV, although not as disproportionately as African Ameti-
cans.t Both groups are overrepresented among new human
immunoedeficiency virus cases.” There is some debate about
why this is the case. In a“report published in 1996, the
Centers for Disease Control and Prevention (CDC) ob-
served: “There are no known biological reasons to explain
why racial or ethnic factors alone should alter the risk for
STDs. Rather, race and ethnicity in the United States are
markers that correlate with other more fundamental deter-
minants of health status such as poverty, access to quality
health care, health care seeking behavior, illicit drug use,
and living in communities with high prevalence of STDs.™

“Three limitations of the most commonly used methods
for collecting and analyzing data on STDs have made it
difficult to account for these discrepancies. The first two
limitations are inherent in the way the data have been
collected and the last derives from the analytic approaches
that are conventionally used. First, the most commonly used
data collecting methods are usually case-based instead of
person-based, including the “contact tracing method,”™® “res-
-dential area studies,®1? and “Center for Disease Control
reports,” which are based primarily on passive surveillance
reports from diverse institutions. These methods have ser-
ous weaknesses, especially with respect to their systematic
bias against inclusion of eases from people of higher socio-
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sonomic statug. To insure privacy, people of higher socio-
cOROMIC status often tumn to private doctors who are likely
-to'place a lower priority on reporting STDs to government
éncies,1* Therefore, their prevalence rates are underesti-
ated. 1% 1% Studies have found that private physicians may
gg'pmt only 3% to 60% of gonorrhea cases they treat and that
~the majority of cases reported in the national surveillance
5};;1,:::11 are from public providers.!* For a recent example,
ccording to a 1995 cross-section survey of residents in
hicago and Cook County, more than 62% of the self
sreported cases of STDs in that 12-month period were diag-
‘nosed and treated by private doctors, whereas only 5.2%
ere diagnosed and treated in publicly funded STD elinics;
it 609 to 80% of the STD cases reported to the CDC from
hicago in that year were reported by the publicly funded
TD clinics.1%

. Second, most of the data about STDs include information
-about only infected people. Using data lacking relevant
information about the noninfected makes it impossible to
examine several critical questions. For example, do the
mfected have more sexual partners than the noninfected?
Do African Americans have higher infection rates, even
‘after controlling for the differential numbers of partners
across ethnic or racial groups? In principle, researchers have
lacked appropriate tools to examine in detail the causes for
the higher infection rates among African Americans. They
: can only speculate whether it is related to urban settings,
~. poverty level, et 1.2

The third limitation arises from deficiencies in the ana-
ytic appreach conventionally used. Most studies of the
incidence or prevalence of 5TDs focus on attributes of
individuals, such as the number of pariners, use of prosti-
futes, or frequency of condom use. Such an approach fails to
recognize two fundamental network aspects of STD dynam-
. fes. The first concerns the potential infection status of the
partners {or second-order network connectivity). For exam-
“ple, Person A may have a higher likelihood of being in-
fected than Person B despite their having the same number
of sex partners because Person A’s sex partners have had
-more sex partners than Person B's sex partners, In deter-
mining who is more vulnerable to infection, then, we have
to consider not only an individual's risk factors but also the
risk factors contributed by the other partners constituting the
sexual network. In other words, partner selection is a critical
part of the risk equation. The second network feature critical
to STD dynamics concems the existence of bridges between
suma]ly distinct subpopulations. Even though Person A may
have a higher probability of being infected than Person B,
Person B can be a much more efficient (powerful) transmit-
ter of infection if he or she has sex parmers in socially
distinct subpopulations, thereby providing a specific link or
bridge for infection to spread between the two subpapula-
tions. In this case, without Person B being infected, it is
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impossible for the one group to transmit infection to the
other.

This study will try to address these limitations by using a
national probability-based sample that is person-based
rather than case-based and includes infected and nonin-
fected people in an unbiased selection process and by adopt-
ing a network analytic strategy.

Methods
Sample

The National Health and Social Life Survey (NHSLS),
conducted in 1992, is a nationally representative probability
sample of 1,511 men and 1,921 women between the ages of
18 and 39 years living throughout the United States. It
represents approximately 97% of the population in that age
group, roughly 150 million Americans. The sample com-
pletion rate was greater than 79%. Checks with high-quality
samples (such as the Census Bureau’s Current Population
Survey) suggest that the NHSLS succeeded in getting a
truly representative sample of the population. Each person
was surveyed in person by experienced interviewers, who
matched mespondents on various social attributes, for an
interview averaging 90 minutes in duration. !}

Measures
Laogistic Regression

After excluding the oversamples of African Americans
and Hispanics, we construeted a set of independent and
dependent variables as described in Table 1.

People who had no sexual partners during their lifetime
were omitted because many risk factors for them are unde-
fined. Three dependent vatiables are constructed from the
question; “There are several diseases or infections that can
be transmitted during sex. These are sometimes called ve-
nereal diseases or VD, We will be using the term sexually
transmitted diseases or STDs to refer to them.” After giving
the respondent a hand card listing each STD, sometimes

- including vernacular terms (for example, “elap™ or “drip”

for gonorrhea), interviewers asked, “As I read each STD,
tell me whether you have ever been told by a doctor that you
had it.™" Varables for each STD are coded as 1 for “ever
infected” and 0 for “never infected.”

For Netwark Analysis

To examine the network effects, we constructed a contact
matrix (who partners with whom) to reveal the network -
patterns between different population subgroups. First, we
omitted the people who only had same-sex intercourse
during the past 12 months from the data set that was used in
the logistic regression analysis. We excluded them not be-
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Dapendent Variables

Variables Ingluded STDs Mean sD ‘ N
Any STDs Any STDs, including bacterial and viral 0.18 0.39 2878
Bacterial STDs Gonarrhea, syphilis, chlamydia, nongenacoceal urathritis for 0.11 0.32 2896
men, pelvic inflammatory disease for women
Viral 5TDs Genital warts, herpes, hepatitis, HIV (AID3) Q.08 0.27 2928
incdependent Variables
Variables Description Mean S0 N
Number of partners Continuous varatile 10.75 40.50 2933
Famala Famale = 1, Male = 0 0.56 Q.50 2963
Big city” Big city = 1, Others = 0 0.22 0.4 2963
Fay for sax Evar = 1, Never = 0 0.09 0.29 2745
Beaing paid for sex Ever = 1, Never = Q 0.03 0.18 2732
Anal sax Ever = 1, Naver = 0 0.25 0.44 2766
Never married Mever = 1, Ever = Q 0.26 0.44 2926
Military service Ever = 1, Never =0 0.14 0.34 2062
Drug injectian® Ever = 1, Never =0 0.02 0.15 o742
Group zex Ever = 1, Never = 0 0.09 0.29 2787
Concurrent partners® Ever w 1, Never = (1 0.29 (.45 2963
Prepubertal intercourse® Ever = 1, Naver = 0 0.03 0.16 2958
Age Gontinuous varlable 36.79 10.86 2953
Race/ethnic graups! White = 1, African Americans = 2, Hispanic = 3 2063
Education Five categories’ 2845
Religious attendance” Almost weekly = 1, Sometimes = 2, Rarely = 3 2958
Thinking of sex Threa categories™ 2962
Saxual value orientation Four categories®™ 2824

All varablas are for lifetime duration axcept 'big ity," ‘education,’ ‘religious attendance,’ 'thinking of sex,’ and 'sexual valua orientation.' They

refer to currant status.

*'Big city' is ciefined as sither the ‘central city of 12 largest standard metropalitan statistical areas (SMSAs) or the ‘central wity of 100 largest

SMSAL",

TThe quastion is *have you aver injected drugs, that is taken drugs using a neecdle, that weren't prescriced by a doctor?’

#\Congurrent partmars’ means having several sex partners overlap in a given time period.

fwe defined ‘pubertal age' as the age at which the first menstrual period aceurred for famales and the age at which the voice changed or pubic
hair appeared for males. If they did not remember this age, we uged 12 or 13 yeam of agse.’

"White (79%), African Americans (13%), and Hispanics (#%).

TLass than high school (149), high sshoot (29%), vocational school ar 2-year degree (33%), fmished college (17%), and Master's of advanged

degree (73%).

*Frequency of attending religious services. Almost weekly = waekly or nearly avery week, Sometimes = ‘several times ayear' ta ‘2 or 3 times
a month,” Rarely = ‘never' or at most ‘about once or twice a year.” Almost weakly (28%), Sometimes (32%), and Raraly {409).
“How often do you think about sex? Never or less than once a month (8%]), Faw times a month/year (36%), and Every day or several times

a day (36%).

TTMast conservative (6%), Consarvative (S0%), Libaral (42%), and Most liberal (2%). These are tha rounded average ta nina questions about
sexual valyes. These include premarital sex, teen sax, extramarital sex, same-gender sex, laws against pomography, sex without love,
abortion, consensual sex (any kind of sexual activity betwaen adults is okay as long as both parsons freely agree to it), and religlan-guided
sexual benavior (my religlous beliefs have shaped and guided my sexual behavior). See refarence 11, chapter 14, for details,

STD = sexually transmitted disease.

cause they are unimportant in STD transmission dynamics
but because our mathematical model requites the assump-
tion that only people engaging in opposite-sex intercourse
are included,

Second, we divided the entire sample into three groups
according to their level of sexual activity: (1) “peripherals”
are those who have had only one sexual partner in the past
12 months and who are therefore believed to be safe from
infection; (2) “adjacents” are those who have had two or
three sexual partners in the same peried; and (3) “core group
members” are those who have had at least four sexual

partners in the same 12-month period and are therefore
considered to be primarily responsible for the existence of
sexually transmitted diseases in the population over time.
Definitions ip -mathematical epidemiology have distin-
guished only between core and noncore members of a
population on the basis of their epidemiclogic function in
maintaining STDs in that population.'s:'” Prior empirical
definitions®? have distinguished among core, adjacent, and
peripheral on the basis of geographic areas treated as proxy
indicators for the underlying constructs. Qur distinctions are
operationalizations of these theoretical constructs and em-
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TABLE 2. Contact Matrix (Number of Partnerships for the Last 12 Months)’
WP WA WG AP AA ’ AC HP HA HE
1463.02
78.44 198,89
37.39 160.65 175.98
12.25 1.53 0.86 172.16
0.48 3. 216 18.93 B67.02
1.19 5.61 3.9 16.64 £9.88 44,93
33.75 1.91 2.07 224 0.39 0.93 82.32
396 4.75 8.25 0.14 1.00 3.66 4.86 2.67
0.29 4,73 7.79 0.23 2.59 432 3.14 13.80 10.41

*This table shows the estimated number of partrerships between persons in row (chooser) and column (chesen) groups, calculated according
to the procedures described in Appendix A. Bacause the estimated number of contacts for an orderad row/column combination is the same
as for its reversed order, the matrix is symmetric, and the upper right-hand entries can thus be omitted to avoid redundancy.

WF = white periphery; WA = white adjacent; WC = white core; AP = African American periphery; AA = Afflcan Ametican adjacent; AC =
African American core; HP = Hispanie periphary; HA = Hispanle adjacent; HC = Hispanic core.

pirical proxies based on individual-level data. We specified
the sexual activity groups within each of the three racial/
ethnic groups to obtain a contact matrix between nine sub-
groups. Table 2 presents this contact matrix. (See Appendix
A for the technical details about congtructing this table from
the raw data using certain assumptions.)

Analyses
Logistic Regression

Rather than trying to identify the minimum set of signif-
icant factors needed to predict infection status, we used the
backward stepwise selection method, a more exploratory
procedurc that focuses on revealing possible significant
factors, The forward selection method is less likely to un-
cover relatdonships. The backward step proccdurc starts
with all of the variables in the model. At each syccessive
step, each vanable is evaluated for entry or removal. This
process continues until no variables meet entry or removal
eriteria. We adopted the less stringent eriterion of a 204
significance leve] for entry or removal to not dismiss po-
tential significant factors. Logistic regressions for each de-
pendent variable (any STDs, bacterial STDs, and viral
STDs) were computed.'®

Log-Linear Analysis for Intraracial Network Effect

We explore two kinds of network effects. One comes
from the sexual network patterns within each racial/ethnic
group and the other comes from the sexual network patterns
between each racial/ethnic group. The first effect (intraracial
effect) can be revealed by exarnining how sexual matches
between the three sexnal activity groups within each racial
group differ across these racial/ethnic groups.

Log-linear analysis was used to estimate the population
parameters of odds-ratios reflecting racial/ethnic differences
in these matches. To find the best fitting log-linear model to
the data displayed in Table 2, we examined 12 possible

models. The results are in Table 3, The analysis assumes
that each instance of partner choice is an independent event.
Howcver, this is clearly not the case for persons who report
multiple partners, because their choices, being made by the
same persons, are dependent. Giiven the low average num-
ber of partners for most of the population, this problem may
not be a serious one.'®" :

This method is similar to “multidimensional scaling” in
statistics and diverse measures of “clique detection” in
network analysis. However, there are important differences.
First, the log-linear analysis has a substantively meaningful
built-in measure of relationship, the odds-ratio. Second,
those odds-ratios come from a log-linear model that passes
a goodness of At test to check if it actually fits the data.
Third, it is denived from parameter estimates, not just from
sample statistics.

A Simularion for the Interracial Network Effect

In addition to the intraracial network effect noted above,
we also found an interracial network effect. This comes
from the sexual matching patterns between racial/sthnic
groups rather than the patterns within racial/ethnic proups.
What happens if there are more (or fewer) sexual partner-
ships between Hispanic core and African American core

- members? Do these change the infection rates. for African

Americans, Hispanics, and whites? We examined this ques-
tion by simulating different matching patterns between the
racial/ethnic groups.

To capture the pure interracial network effect, we must
separate this effect from all the other confounding and
intermingled effects; two effects are especially worth dis-
cussing, First, we must take inte account the differential
initial infection rates for each group (for example, 4% of the
whites and 5% of the Hispanics have ever been infeeted
with gonorchea, but 24% of the African Americans have
been so infected, according to the NHSLS). Second, we
must equalize the number of partners of each group because
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TAELE 3. Possible Log-Linear Models for the Contact Matrix
Log-likelihood Faarson Degrees of

Models Chi-square Chi-square Freadom® P-value
Independence’ 4878.3 78399 36 p.0
Quasi-independence® 1242.9 1754.3 27 0.0
1-dimensicnal RCS 1104.3 31418 2B 0.0
2-dimenslonal RC! 2368 285.9 -3l 0.0
3-dimensional RC 83 7.8 15 0.932
4-dimensicnal RCT 2.0 2.0 10 0.996
5-dimensional RC 0.8 0.7 :] ‘ 0,994
G-dimensional RG 0.2 0.2 3 0.978
1-dimensional quasi-RC 298.6 a1 19 0.0
2-dirmensional quasi-RC 05.8 127.5 12 0.0
3-dimenzional quasi-RC 2.4 2.2 6 0.9
4-dimensional quasi-RG 0.¢ 0.0 1 1.0

*Degreas of freedom are comrected from those suggested in the standard statistical packages (SP35
and CDAS) to reflect the fact that the data set and madels are in fact symmetric,

Tthe ‘indepandence’ model assumes independence {no relationship) between rows and columns in
the contact matrix. People choose partners regardless of race/ethniclty and activity level {periphery,
adjacent, and core}—i.e., random mixing. Observing an almost zero p-valua for this model tells us this
assumption is wrong.

*The 'quasi-' means diagonal calls are dropped in tha model. Tha ‘quasi-independence’ model thus
assumes indepandance between rows and columns axcept for the diagenal cells, This model is true
if randem mixing happens except the diagonal cells (self-selection). Again, the very small p-value teils
us this model does not fit the data (contact matrix).

5Tha *1-dimensional RG' model assurmes the log-odds ratio of ‘i versus | equals to (u; - pij"’. whera
m and p, is a parameter for | and j, respectively. Thus, the jog-odds ratio depends only on one pair of
s_*:_;‘dimansional) parameters for row (u) and solumn (u), (RC).

Hhe *2-dimansional RG* madal assumes leg-odds ratio of ' versus |' equals to {u, — p)° + (e =
)t Thus, tha leg-odds ratio depands only on twa pairs of row and column parameters,

fEven though ‘4-dimensional RC' has the best goodness of fit (highest p-value), ‘3-dimensianal RC
is the better mode!, because it requires fewer parameters for estimation (mare degreas of freedom) for
almost tho same goodness of fit. The best modeal is determined by comparing two models by a
chi-square significance test using "log-likelihood chi-square’ and 'degrees of freedom' for all the

possible pairs of medels.
RGC = raw-column effect madel,

we know that this risk factor strongly affects the infection
rates as well. For example, because the African American
core group has a higher mean number of pariners than the
other racial/ethpic core groups, it contributes to the higher
infection rate for African Americans. ‘

From a series of matrix manipulations of the contact
matrix, we can reveal the effects of different matching
patterns on the infection rates for each racial/ethnic group,
with all the other confounding effects (including the two
discussed above) removed (see Appendix B). The result is
the pure network effect regardless of initial infection rates,
number of sexual partners, age at initial intercourse, ete.

Results
Logistic Regressions for Risk Factors

Table 4 is a summary of the logistic ragression analyses
produced by the backward selection method for the people
who have had at least one sexual partner in their lifetime.
The table reports only the statistically significant odds-
ratios, indicating that the row variables were significantly
associated with the respondents’ reports of an STD (as
captioned in the column head). If there is no entry in a

row/column intersection, then the factor in question has no
significant relationship to having an STD when all the
faetors in the list are taken into account.

Two highly salient points deserve atiention. First, African
Americans have the highest infection rate for bacterial dis-
eases, whereas whites, and more educated peopie, have the
highest infection rate for viral diseases. A hipher infection
rate of viral $TDs for whites is readily evident in our data
at the zero-order level (8.4% for whites, 5.4% for African
Americans, and 4% for Hispanics). This finding needs cau-
tious interpretation, as we indicate in the discussion section.

Second, even after controlling for all the appropriate risk
factors, African Americans have the highest infection rate
for bacterial diseases. They are five times more likely to be
infected than whites or Hispanics after controlling all the
risk factors.

Log-Linear Analysis for the Intraracial Nerwork Effect

From Table 3, we can ideniify the three-dimensional
row-column (RC) effect model as the best model with a
high goodness of fit (o = 0.93). The three-dimensional RC
model for symmetric data can be represented as follows.

-
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" TABLE 4. Logistlc Regressions for STDs Ever for Lifatims

- NETWORK EXPLANATIONS OF RACIAL AND ETHNIC DIFFERENTIALS IN STD

Any Bacterial Viral

# of partners 1.0 1.00 1.02
# of partners)'(# of partners) {1.00)— ©{1.00)-
Female 3.01 2.37 4,07
Ethnicity - . *
African American 2,16 455 0.52
Hispanics 0.62 o.aot 0.49
Whites 1.00 1.00 1.00
Big city 1,32 1.30
Pay for zax £2.58 2.76 1.67
Being paid for sex 1.56 1.68
Anal 1.42 1.47 1.47
Nevar married 1.42
Military servies 1.37 1.683
Drug injection 1.73 2.00
Group s8x
Concurrant partners 2.33 227 2.55
Frepubertal sex 168 217
Age 1.10 1.12
(age)iage) {1.00)— (1.00)-
Education .
Less than high scheol ' 1.07t
High scheool grad, 072
Voecational school or 2=
year degres 1.00
Finished college, 4 to 5
year degres 1.297
Mastaer's dagrea or '
advanged 1.68
Religious attendance v * *
Almoszt 0.59 0.48 0.62
Sometimes 0.80 o.a3t 0.54
Rerely 1.00 1.00 1.00
Thinking of sex - . "
Naver or lass than a
month 073 0.64
Few times a month/week 1.00 1.00
Every day or sevaral imes
a day 1.19 1.41
Sexual value arientation .
Most conservative 0.51
Conservative 1.00
Liberal 1477
Maost libaral 1.1
Total number of cases 2402 2417 2444
STD (34) 18.3% 11.3% 7.89%
Pseudo R? .14 0.17 0.13

Al valigs are odds-ratios (alpha = 0.2).

Feference categorias are italicized.

(1.00)—: Rounded odds-ratio is 1.00, but actual adds-ratio s lass
than 1. .

“Theseo ara shanificant but a single odds-ratle cannot he calculated.
Instead, each category has an odds-ratio.

TNot significantly differant from the refarence catagory at alpha =
0.2, 2aauthcn.lgh the category as a whole is slgnlficant at aipha

3
In(Fy) = v+ v + Y+ E Dy fbig bty
Eat

where F; is an expected frequency for the cell of the contact '

matrix (i = 1,2, 3,. .,%andj=1,2,3,...,9 in Table
2,
3o, the log odds-ratio of ‘i vs j° becomes

312 995 =184 P.B8-14
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Fan)

3
In(8) = ln(ﬁ = 2, (gt — )

k=1

The odds-ratio is obtained by taking the exponential of
this value. Baged on this best fitting log-linear model, Table
5 presents the odds-ratios between the nine subgroups. It
reveals that there is a huge racial/ethnic difference for the
odds ratios betwegn “periphery versus core” groups. In the
African American population, there are many more sexual
matches between periphery and core. For whites, if they are
peripheral (instead of being core), they are 180 times more
likely to have white peripheral partners (rather than white
core partners). However, if they are African American pe-
ripherals, they are only 33 times more likely to have African
American peripheral partners (rather than African American
core pariners).

This is an intraracial network effect in the sense that the
network effect comes only from the network patterns be-
tween different activity groups inside each racial/ethnic
group. However, there is another network effect working
purely between racial/ethnic groups.

A Simulation for the Interracial Network Effect

TUsing a simulation strategy, we can derive cstimates of
the “relative infection prevalence™ for cach racial/ethnic
group. “Relative infection prevalence™ is calculated by di-
viding the proportion of infected people in a particular
group by the proportion of that group in the population as a
whole. For example, if it is less than 1 for whites, it means
that whites are less infected with respect to their population
size. Figure 1 shows the “relative infection prevalence”™ for
each racial/ethnic group.

The Z-axis represents “relative infection prevalence.”
The X-axis shows the amount of contacts from the African
American core to the Hispanic core and the Y-axis repre-
sents the amount of contacts batween the white core and
the Hispanic cort. The intersection of the X and Y coordi-
nates at level ‘3’ depicts the actual (current) matching
patterns, according to our data. Larger values than 3 means
that thers are more interracial contacts between the African
American core and the Hispanic core (with respect to the
X-axis) or between the white core and the Hispanic corc
{with respect to the Y-axis). A unit increase means an 1.5%
increase.

Discussion

Before disenssing the findings, we should note several
important limitations in the data generated in the NHSLS,
First, sclf-reports of STD status are subject to undemeport-
ing biases arising from personal concerns about social stig-
matization, failures of recall (especially for disease episodes
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Flulntive Infaciion prevainss K Wit
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Fig. 1. Relative infection prevalenca. For each x-axls. and
y-axis, '3' shows the current matehing amount. Larger than
‘3' means mora matches with Hlspanic core group than tha
current. Smaller than *3' means less matches with Hispanic
core group than the current. Z-axls represents “relative in-
fection prevalance.”
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TABLE 5. Odds-Ratios Between Nine Sutigroups”

WP VWA wG AP AA AC HP HA HC
wpe
WA 47.8
WG 180.4 13
AP 1761.7 9365.0 75280.4
AA 278851.1 1543.4 2644.0 34.2
AC 41459.2 3694 5283 25 1.1
HP 103.4 4886.2 4446.4 2889.3 32945.3 4660.0
HA 22811 80.1 26.2 17483.3 323.5 66.0 208
HC 180057 144.2 39.3 32880.7 154.5 381 1348 1.2

“This table displays the odds-ratios between row (chooser) and eolumn {chosen) groups. For example, ook at the odds-ratio betwesan WC and
WP. White care mambers are 180 times more likely to have white core partners than they are ta have white periphery partners. Or, in the case
of HP and WA, Hisparic parlpherals are 4,986 times more llkely to have Hispanic periphery partners than whita adjacent partners. Because the
odds-ratio for an ordered row/cslumn combination is the same as for its revarsed order, the matrix is symmetri¢ and the upper rlght-hand
antries can thus be omitted to avoid redundancy. Diagonal cell odds-ratics are also omitted, because they are undefined.

WP = white pefiphery; WA = white adjacent; WG = white core; AP = African Amarican periphery; AA = African American adjacent; AG =

African American core; HP = Hispanic periphery; HA = Hispanic adjagent; HC = Hispanic sore.

more remote in time), and even lack of knowledge that the
respondent had a particular sexually transmitted infection
because it was clinically asymptomatic or was never diag-
nosed. Considerable effort was expended in minimizing
undemeporting by devising an interview protocol that gave
a maximum sense of privacy and confidentiality, persuaded
the respondent of full disclosure for public health reasons,
and provided memory aids to facilitate respondent recall.
Even if these procedures were especially effective, and we
believe they were, we must still acknowledge that the self-
reports understate the prevalence of STDs to a substantial
but unknown extent, as shown in a comparison study of
self-reported survey data with surveillance data.'®

Second, there may be systematic biases in vnderreporting
related to particular attributes of the respondents. For ex-
ample, we might expect that better-educated people may be
more knowledgeable and comfortable about disease labels
and can recall them mere accurately than less-educated
persons, who may have less facility and familiarity in talk-
ing about such matters. However, countering this advantage
in knowledge and recall may be a greater sensitivity to the
social stigma associated with reporting a sexually transmit-
ted infection on the part of better-educated persons aspiring
to middle class standing.

Third, to construct the contact marrix, we estimated cach
partner’s activity level by averaging two partners’ reported
number of partners, as specified in Appendix A. We did not
have complete information about all the respondents’ part-
nering activity because time limitations prevented direct
questions from being asked about more than two pariners
© reported by the respondent in the past year. Moreover, in
relying entirely on the respondent’s report of his/her own
number of partners and the pariner(s)’ other partners, we
necessarily introduce an unknown level of inaccuracy in
estimating the contact matrix.

Logistic Regressions for Risk Factors

First, we found that whites are more likely to be infected
with viral STDs. This pattern contrasts sharply with the
image of STD prevalence sugpgested by figures reported by
the CDC that imply higher prevalence of certain viral dis-
eases among lower socioeconomic groups.*!2 This result
implies the possibility of systematic bias in the reported data
to the CDC. However, there are several other possible
intcrpretations.

First, given that tests for viral §TDs tend to be more
costly than tests for bacterial STDs and viral 5TDs are less
asymptomatic than bacterial STDs, we should expect some
bias in the likelihood of diagnosing viral STD= in the
direction of persons of higher sociceconomic status, If this
were the case, self-reported data would indicate that whites
have a higher infection rate than African Americans when,
in fact, African Americans have the higher rate, One study
using nationally based biomarker data from the National
Health and Nutrition Surveys,*® for example, has shown that
African Amercans are more likely than whites to be in-
fected by herpes simplex virus type 2.

Second, this racial/ethnic difference might arise from
African’ Americans engaging in more risky sex (for exam-
ple, sex without condoms). We did not include a “sex
without condom™ variable in the logistic regression becanse
of the lack of relevant data. However, we observe no racial
or ethnic difference in this variable, at least for the past 12
months. Table 6 shows this data.

Third, 2 number of variables in the logistic regression are
highly associated with reporting an $TD but are not con-
ventionatly interpreted as STD risk factors—such as gender,
concurrent partners, educational attainment, religious atten-
dance, and thinking of sex. In other words, how can one
explain how “thinking about sex” frequenitly or being a

college graduate might themselves increase the probability
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TABLE 6. Mean Frequency of Unprotected Sexual Events
{Mo Cendom) With a Nonspouse or Noneshabitant

African
White American Hispanic
Feripheral 86383 12.5 (43.4) 5.8 (25.9)
Adjacent 54.7 (102.2) 34,4 (71.3) 27.6 (86.2)
Core 57.3(112.3) 18.6 (48.3) 59.1 (153.7)

Standard deviations are in parenthesis,

of being infected with an 3TD? Qur basic conjecture 15 that
prople with a higher probability of being infected in these
“non-risk factor” categories have partners who are more
sexually active than the sex partners of the people in the
lower “non-risk factor™ categories. For example, the reason
women have higher odds than men (with the same number
of partners) for being infected is that, in general, women's
male pannecrs have higher numbers of partners than men’s
female partners. Ti is therefore possible that women have a
higher infection rate than men with the same number of sex
partners. (This gender difference is also surely rooted in
biolopgic considerations as well, such as differential duration
of exposure to the pathogen in question.*') In the next
section, we examine the case for race/ethnicity.

Log-Linear Analysis for the Intraracial Network Effect

Here we can find one clear explanation for why Afrnican
Americans have higher infeetion rates, even afier control-
ling for most risk factors, We found that, even though
African American peripheral people have, by defnition,
only one partner, the chance that their partners are in the
core is five times higher than it is for white peripheral
people (180/33 = 5) and four times higher than for Hispanic
peripheral peopie (133/33 = 4). Therefore, even after con-
trolling for the number of partmers as a major risk factor,
African Americans necessarily have higher infection ratcs
than whites or Hispanics. For African Americans, then,
infections are not limited to the core but overflow to the
periphery because of this strong dissortative mating pattern.
This is apparent if we consider the fact that infection is
concentrated in the core and the core group is such a
powerful transmitter because of ity high partner turnover
rate. This can be seen as a special case of the general
proposition that a high number of sexual linkapes between
subgroups will lead to extensive dissemination through the
population rather than to confined infections within the
subgroups. This proposition has been tested and supported
by many papers, -

Therz i1s a tradeoff for this. If the outflow from the
African American core is too high, the African American
core cannot maintain STDs over time because the ransmis-
sion power of their partners (the number of partners of their
partners) is too weak {the amount of second-order transmis-
sion is too low). However. the current amount of outflow
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from the African Amencan core 15 not sufficiently targe to
¢liminate its role as a core group. We ean confirm thix
proposition by testing whether the African American core is
actually functioning as a core group in the sense that they
are the primary actors in sustaining disease transmission, If
we calculate the basic reproduction rates of gonorrhea as an
example, with appropriate parameters concerning transmis-
sion probabilities and recovery rates, after the case in Gar-
nett and Anderson® we find that the core groups in our
analysis are real cores in the sense that their basic repro-
duction rates are all greater than I and the basic reproduc-
tion rate for the whole population is also greater than 1.
according to the model proposed by Jacquez, Simon, and
Koopman.'7

A Simuldation for the Interracial Network Effect

Another network reason why African Americans have 2
higher infection rate can be found in this interracial effect.
Figure | shows that, as intcrracial contacts between the
African American core and the Hispanic core increase, the
relative infection prevalence of the African American pop-
vlation decreases, given the white matching pattern. Also,
more contacts of the white core with the Hispapic core
increase the relative infection prevalence for the African
Americans, given the African American matching patrern.
In peneral, if a given non-Hispanic group has more sexual
matches with an Hispanic group, its infection rate decreases
whereas the other two racial groups’ infection rates in-
crease. We can interpret this result as follows: more matches
with Hispanics provide an efficient way to transmit infec-
tions to the other racial/cthnic groups. If a group has fewer
maiches with the Hispanic core, then the group becomes
more segregated from the other racial/ethnic groups, and
this inereases the infection rate for that group and decreases
the infection rate for the other groups. Otherwise, if there
are more matches, the group has an effective channel to
relay infection to the other racial/ethnic groups.

Whites have relatively more sexual contacts with Hispan-
ics than African Americans have, as can be observed in
Table 5. Every odds-ratio between whites and Hispanics is
smaller than or almost equal to the comesponding one
between African Americans and Hispanics. Note these
odds-ratios are obtained after controlling population size,
This network pattern makes the white infection rate low and
the African American infection rate high. Once infected.
whites can spread infection Lo the other racial/ethnic groups
more effectively than African Americans can. This is why
the relative infection prevalence of African Americans is
1.26 whereas it is only 0.97 for the whites for the current
matching pattern in which Hispanics are closer to whites.
Therefore, the likelihood of African Americans having a
sexnally rransmitted infection is 1.3 (= 1,26 / .97) times
greater than it is for whites, because of this factor alone.

F.11-14
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In summary, relatively high sexual contacts between the
African American core and the African American periphery
{dissortative mating within the African American popula-
tion) has a network effect that makes infections overflow
mte the entire African American population from the Afri-
can American core—an intraracial network effect. At the
same time, African Americans are somewhar distant from
the other racial/ethnic groups (assortative mating of African
Americans in the whole population), so infections stay
inside the African American population—an interracial ef-
fect.

Conclusion

With respect to our most important results, we found,
ficst, that, in addition to the usual behaviorsl risk factors,
one can identify a variety of social and attitudinal items that
provide stable and consistent predictors of 8TD prevalence
and incidence that could be usefuily combined with the 5TD
surveillance system to provide more comprehensive, sffec-
tive, and targeted intervention strategies for population sub-
groups at risk

Secondly, we demonstrated the critical role social net-
work patterns play in accounting for the known differentials
in rates of infections across racial and ethnic groups. In
particular, we found that the relatively high sexual contacts
between the African American core and its periphery facil-
itate the spread of infection overflow into the entire African

American population: the so-called intraracial network ef- -

fect. These infections remain inside the African Ameriean
population because African Americans are highly segre-
gated from the other racial and ethnic groups: the so-called
interracial network effect. These network effects cannot be
detected in regressions that include only individual-level
risk factors.
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APPENDIX A: Constructing the Contact Matrix

First, we construct the contact matrix for the past twelve
months for each gender from the raw data, as follows.

MATRIX A Mala Respondents to Famale Partnars (Row 1o
Column): Number of Partnarships

African

White Amaricans  Hispanic
Peripharal  White 659 3 ]
African American 10 55 0
- Hispanie 15 a 34
Adjacent White 261 2 [
: African Amerlcan 2 68 3
Hispanis 20 0 28
Core White 287 1] 10
African Amarlean 14 133 12
Hispanic 15 1 -
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MATRIX B. Female Respondents to Male Partners (Row to
Calumn); NMumber of Fartners
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MATRIX D, Female Respondents to Male Partnaers (Row to
Column): Row %

African
White  Americans  Hispanic

Paripheral  White a2 12 16
African American 1 135 4
Hispanic 33 1 56
Adjacent White 182 2 5
Aftican Armerican 0 60 0
Hispanic 3 1 15
Care White 121 9 1
African Amarican o] 44 1}
Hisparic 2 9 13

These two matrices lack one critical piece of information.
MNeither table includes any information about the level of
gexual activity for partners. We do not know, for example,
how many partnerships were formed between, say, white
core members and white adjacent members. To remedy this
deficiency, we constructed the following two mixing matri-
ces that show the percentages of partnerships across activ-
ity-level subgroups,

Unfortunately we do not have complete information
about the partners’ level of sexual activity because limita-
tions prevented direct questions from being asked about ail
partners reported by the respondent in the past year, it
allowed questions about only the primary and secondary
partner. Averaging these two partners’ reported number of
partners, excluding the respondent, we assigned all the
partners to the periphery if the average was rero, to the
adjacent sub-population if the average was between zero
and two (including two), and to the core if the average was
greater than two. Even though this assumption seems
strong, the resultant tables are consistent with James Koap-
man’s observation of a campus contact matrix that mani-
fested strong racial differences in the patterns of matching
(F. Koopman, written c¢ammunication, Naovember 1996),
Second, we ¢an now construct the following mixing matrix
using this assumption,

MATRIX C. Male Respondents to Femala Partnars (Row to
Column): Row %

Paripheral Adjacent Cora

White: P 895,22 2.69 2.09

A 25.28 4535 2957

G B.75 47.47 43,77

Afrlcan American; P 83.85 3.08 3.08
A 24,66 53.42 21.92

¥ 14.89 56.03 29.08

Hispanic: P 93,88 o] 812

A 35.71 16.67 47.62

c a 34,78 85.22

Feripheral Adjacent Core
Whita: P 84.73 3.29 1.98
A 24 26 44 85 30.88
c 1523 43.15 a41.82
African Americar; P 59.29 7.4 3.57
A 16.28 51.16 3256
C 22.58 50 27.42
Hispanie: P 20 3.33 6.87
A 0 40 &0
c 3.57 46,43 50

Third, we integrated Matrix A and Matrix C into one
matrix. We assumed the row percentages in C applicable to
each cell in A, regardless of the pariners” race/ethnicity.
Therefore, among 659 white female partners of white pe-
ripheral male respondents, 3% are peripheral. Also, among
the 9 Hispanic female partners of the white peripheral male
respondents, 95% are peripheral. We then constructed a
9-by-9 matrix (Matrix M} representing contacts from men to
women. In the same way, we computed another 9-by-9
matrix from B and D representing contacts from women o
men (Matrix F). Fourth, the two matrces (M and F) must,
in principle, give us the same information. For example, if
there are 100 partrerships between the white male core and
the white female peniphery, then there must also be 100
partnerships between the white female periphery and the
white male core. What discrepancies we observe arise from
sampling variability. We propose to resolve these discrep-
ancies by averaging the male-to-female and femnale-to-male
estimates to obtain a single contact matrix. We then com-
puted the final 9-by-8 symmetric contact matrix (Matrix C)
by using the equation C = 112 [[M + F} + (M + F)'].

APPENDIX B: A Simulation of Different Matching
Patterns Between Race/ethnic Groups

Our goal in this simulation is to show the effects of
different matching patterns between racial/ethnic groups,
with the two effects (the differential initial infection rates
and the different numbers of partners for each subgroup)
removed from the pure interracial network effect, First, we
transform Matrix C (Table 2) into the transformation Matrix
T by the following equation.

T=[Cy 2 ¢l (1)

Therefore, equation (1) constructs T as a transposed ma-
trix of the row stochastic matrix of C. Then, every one of the
nine groups has the same number of partners because of the
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“row stochastic™ procedure, and the transformation matrix T
becomes the mixing matrix from column to row,

Using T, we can calculate each group’s propertion of
infected people at time 2 from each group’s proportion of
infected people at time 1 (the sum of the each group’s
proportions must be 1), Eguation (2) shows this relation,
where r, and r, are column vectors representing each
group's proportion of infected people at time ! and time 2,
respectively.

Ty =1y (2)

Also, because T is a “regular” matrix, it must have a.

“stable™ proportion for ach group that does not change over
time. The following equation shows the relationship be-
tweer T and the “stable™ proportion for each group, s
{where 5 is a column vector representing each group's stable
proportion of infected people).

Ts =3 ()]

One of the useful properties of s is that it does not depend
on the injtial r,. S0 we also eliminate the differential initfal
infection rates for each group. We can solve s from equation
(3) and the following cquation (4).

k4]
=1 )

After getting s, we divide 5 into 3 parts according to the
following equation (5).

3 a ]
285V, 2s=Vn O&=y (5)

im] i=4 i=7
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Using this equation, we get y,, y,, and y; for each
ractal/ethnic group, representing each ractal/ethnic group’s
proportion of infected people. So if y; = 0.6, then 60% of
the infected people are whites. If we standardize these with
regard to each racial/ethmic group’s populaton size, we
finally get z, z,, and z, for each racial/ethnic group.

This i3 done by the following equation (6) (each denom-
inator is each group's proportion of the whele population
represented in the contact martrix C).

zZ, = y 07966, z; = y /01277, z; = y/0.0736 (6)

If z, is less than 1, it means that the white community has
an under-represented number of infected people: and if it is
preater than one, it means there is an over-reprosentation of
infected people for whites. We call this the “relative infec-
tion prevalence.”

We calculated a series of 2, 2, and 25 from a simulation
that changes the two matching patterns simultaneousty to
see what the eifects of these changing matching patterns on
the infection rates are. First, there is a change in the amount
of contacts between the African American core and the
Hispanic core. This means there is a change in Ty and Ty ¢
(We assume the same amount of change in Ty 4 and Tg,g 50
that the sum of each column will be one.) Second, the
amount of contacts between the white core and the Hispanic
core (Ts o and Ty ;) are also changed at the same time. (For
the samne reason, this entails the same amount of change in

) T3_3 and Tg'g.)

Now we can estimate the differential “relative infection
prevalence” for each group based on a set of different
matching patterns. These results do not depend on the initial
infection rates or the numbers of partners for each subgroup.

TAOTAL F.14





