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Synopsis

Objectives. Racial/ethnic disparities in heterosexual transmission of human 
immunodeficiency virus (HIV) and other sexually transmitted infections (STIs) 
have been hypothesized to be related to the high rate of incarceration and the 
shortage of men in black communities. This study tested associations of having 
multiple sex partners with these factors. 

Methods. Racial/ethnic-specific Census data on the sex ratio and the male 
incarceration rate were categorized into tertiles and matched with individual 
data from the National Health and Nutrition Examination Survey 1999–2004 
by county of residence for non-Hispanic black, non-Hispanic white, and Mexi-
can American participants. We used logistic regression analyses to examine 
whether these factors were associated with having multiple opposite-sex 
partners in the past year. 

Results. Sex ratios and incarceration rates varied greatly by race/ethnicity; 
however, we observed significant associations within each racial/ethnic group. 
Non-Hispanic black men in counties with a greater shortage of males (adjusted 
odds ratio [AOR] 5 1.9; 95% confidence interval [CI] 1.1, 3.5) and a greater 
number of incarcerated males (AOR51.6; 95% CI 1.1, 2.3) in the non-Hispanic 
black population had significantly greater odds of having two or more partners. 
Those in two low sex-ratio categories (AOR52.4; 95% CI 1.0, 5.8 and AOR54.1; 
95% CI 1.6, 10.0) and one high incarceration-rate category (AOR52.1; 95% CI 
1.2, 3.6) had significantly greater odds of having five or more partners.

Conclusion. Sex ratios and incarceration rates were associated with the 
number of opposite-sex partners in some groups. Because the risk of HIV/
STI transmission depends, in part, on the number of partners, it is important 
to determine the causal relationships among these associations to help better 
understand racial/ethnic HIV/STI disparities and improve prevention programs 
and interventions.
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It is widely recognized that black people are dispropor-
tionately impacted by the human immunodeficiency 
virus (HIV)/acquired immunodeficiency syndrome 
(AIDS) epidemic in the U.S. Non-Hispanic black 
(NHB) individuals represented 47% of new diagnoses 
of HIV or AIDS in 2006.1 Similar disparities exist for 
chlamydia, gonorrhea, syphilis, and genital herpes.2,3 
Among NHB individuals, heterosexual contact is 
reported to be the leading route of HIV acquisition 
for women and the second leading route of acquisi-
tion for men.1 The number of sexual partners is a 
principal determinant of the likelihood of acquiring 
HIV infection and other sexually transmitted infections 
(STIs).4 National data show that NHB individuals report 
more recent opposite-sex partners, on average, than 
do non-Hispanic white (NHW) or Hispanic people.5,6 
The rate of acquisition of opposite-sex partners can be 
influenced by the availability of those partners. 

The relative availability of male and female partners 
in a population is reflected in the male-to-female sex 
ratio, measured by convention as the number of men 
per 100 women.7 For studies of sexual behavior, the sex 
ratio in the reproductive age range of 15–49 years is of 
particular interest. Women tend to slightly outnumber 
men in this age range, due to their lower mortality; 
however, substantial variation in sex ratios has been 
observed cross-culturally and across time.7,8 

The national NHB population has a low sex ratio 
in the reproductive age range, reflecting a shortage 
of men, while the NHW and Hispanic sex ratios in 
this age range reflect a surplus of men: 91.8, 101.9, 
and 112.8 men per 100 women, respectively.9 Further, 
these values underestimate the shortage of men among 
NHB populations because they include inmates of 
correctional facilities. Several factors are believed to 
be responsible for the shortage of men in the NHB 
population, including low sex ratio at birth, internal 
migration and regional differences, excess male mor-
tality, and incarceration.7,10

Sex-ratio theory
Social exchange theory describes a mechanism by 
which sex ratios can affect sexual partnerships.7,11,12 
According to this theory, satisfaction with sexual and 
social relationships depends upon prior expectations, 
comparison with alternatives, investments made in 
the relationship, and the perception of reciprocity.13 
Through this perspective, male shortage can be viewed 
as increasing the bargaining power of men and reduc-
ing the bargaining power of women in intimate rela-
tionships by reducing the available alternative relation-
ships for women and increasing the available alternative 
relationships for men. Competition among women 

reduces the cost for men to have sexual partnerships 
with women, while the cost for women to have sexual 
partnerships with men is usually minimal.14 These 
potential differences in motivations and costs may 
be enhanced by social and cultural systems that limit 
alternative means for women to obtain resources. 

With respect to heterosexual dyads, social exchange 
theory can be contextualized by consideration of the 
theory of gender and power.15 This theory describes 
the power imbalance between men and women that 
occurs at different levels of social organization, includ-
ing families, institutions, workplaces, communities, 
cultures, and societies. Major social structures that 
characterize the gendered relationships between 
men and women are the sexual division of labor, the 
sexual division of physical and psychological power, 
and the structure of intimate relationships, including 
social behavioral and relationship norms. A shortage 
of men can serve to further diminish women’s dyadic 
power. The limited dyadic power of women in sexual 
relationships has been recognized as a central issue 
in prevention.16–18 

Dyadic power is also shaped by social structures that 
constrain sexual partnership formation. For example, 
in male-dominated societies, high sex ratios can lead to 
increased female sex work.7 In addition, psychological 
factors and social factors such as cultural norms regard-
ing marriage can modify the relationship between sex 
ratios and partner acquisition. In this way, sex-ratio 
theory is compatible with social determinants models of 
STI transmission that posit ecological or social factors 
interacting with epidemiologic factors and behaviors 
to influence risk.19 Low sex ratios may be a “cause of 
one of the causes” of HIV/STI transmission. Sex ratios 
vary as a result of factors outside of individual control. 
If living in an area with a low sex ratio leads to hav-
ing more sexual partners, then the area sex ratio can 
be considered a social determinant of health, as the 
number of sexual partners is a principal determinant 
of HIV/STI acquisition, particularly for people who 
live in high-prevalence areas.4 

Empirical studies
Low sex ratios have been found to be a barrier for mar-
riage and have been investigated with regard to effects 
on family formation, crime, and female sex work.14,20–23 
More recently, public health researchers, motivated by 
interest in understanding racial HIV/STI disparities, 
have studied sex ratios.

Qualitative data suggest that some black women 
perceive that male shortage facilitates female partner 
acquisition for men.24–30 Several qualitative studies 
have examined the sex ratio among black people as a 
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potential determinant of concurrent sexual relation-
ships and HIV/STI risk.25,26,28 These studies suggest 
that male shortage, as well as high rates of incarcera-
tion, unemployment, and poverty, with roots in racial 
discrimination, support partnership concurrency and 
lead to more dense sexual networks and higher rates 
of HIV/STI transmission.25,26,28

Quantitative studies of sex ratios, sexual behavior, 
and STI rates in the U.S. have had mixed results. One 
ecological study found that a bivariate association 
between sex ratios and syphilis rates was accounted 
for by other factors in adjusted analyses.31 A recent 
clinical study found that sex ratios calculated at the 
census-tract level were not associated with the number 
of partners among men and were positively associ-
ated among women.32 The average sex ratio among 
tracts was only 78.6. Further analysis indicated that 
this association was due to an increase in exchanging 
sex for money or drugs among women in tracts with 
higher sex ratios. However, it is unclear how well census 
tracts represent the geographic area people use when 
considering the availability of potential partners.33 The 
association between sex ratios and sexual risk behavior 
has also been studied quantitatively in international 
settings, with results generally supporting a negative 
association.34–36 

Some quantitative studies have focused not on the 
sex ratio itself, but on incarceration.37–42 Several eco-
logical studies of incarceration rates and STI and AIDS 
prevalence rates have been published or are available 
as working papers, with results generally supporting 
a positive association.43–45 Having a partner who was 
incarcerated has also been found to be positively 
associated with having multiple, concurrent, and trans-
actional sex partners, and having had a recent HIV/
STI diagnosis.41,42,46,47 

Another important factor for HIV/STI transmis-
sion is the mixing between individuals at the core and 
periphery of sexual networks.48 A sexual network refers 
to the chain of individuals representing one’s sexual 
partners and the partners of one’s partners. Individuals 
at the periphery of a sexual network have one partner, 
while individuals who have more partners form a net-
work core.49 Individuals at the core are important for 
HIV/STI transmission, if they are infected, because 
they contact more partners than those at the periphery. 
Mixing between individuals with similar characteristics 
is referred to as “assortative,” while mixing between 
individuals with dissimilar characteristics is referred 
to as “disassortative.” Sexual partnerships tend to be 
assortative on important demographic characteristics, 
including race/ethnicity, age, religion, and education.50 
Survey data show that heterosexual partnerships among 

NHB and NHW women are more than 80% assortative 
by race/ethnicity, while those among Hispanic and 
Asian women are 63% and 59% assortative, respective-
ly.51 Due to racially assortative mixing, the likelihood 
among African Americans that individuals in the 
periphery of a network will have partners in the core 
of a network is five times that of white people.49 This 
network mixing makes infections among individuals 
in the periphery more likely, particularly if core indi-
viduals are male, because transmission from males to 
females is more efficient.4 

Using population data stratified by race/ethnicity, 
it is possible to test the associations of sex ratios in 
assortative and disassortative racial/ethnic groups with 
sexual partner acquisition. This study analyzed popula-
tion measures matched with survey data to test, at the 
national level, the associations of male shortage and 
high incarceration rates with the number of opposite-
sex partners. 

METHODS

Data sources
Individual cross-sectional data from the National 
Health and Nutrition Examination Survey (NHANES) 
1999–2004 were combined for analysis. NHANES data 
were collected in two-year sampling waves, using a 
stratified, multistage, clustered design to produce a 
representative sample of the U.S. population. To facili-
tate racial/ethnic comparisons, we oversampled some 
demographic groups, including NHB and Mexican 
American populations. We collected the data through 
in-home survey and mobile examination centers for 
biological assessments and surveys of data considered 
sensitive, such as sexual behavior. Sexual behavior 
questionnaires were administered via audio computer-
assisted self-interview procedures. 

We obtained population data from the 2000 U.S. 
Census9 and matched individual data from NHANES 
with county-level data (by participant county of resi-
dence) from the Census through a special arrangement 
with the National Center for Health Statistics. 

Sample population
A total of 31,126 participants were examined in 
NHANES 1999–2004. Participants were questioned 
regarding their sexual behavior if they were aged 14–59 
years, provided separate consent for the sexual-behavior 
questionnaire, were not mentally impaired, and could 
understand survey instructions in either English or 
Spanish. Questions regarding the number of sexual 
partners in the past year were limited to participants 
who were aged 18–59 years and reported ever having 
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had sex. For this study, we included the 8,041 partici-
pants who fit the criteria for questions regarding the 
number of sexual partners in the past year, and who 
were NHB, NHW, or Mexican American. A total of 
669 participants were excluded because they were of 
other or mixed race/ethnicity, including non-Mexican 
American Hispanic individuals. 

Study measures
The main outcome variable was having had more than 
one sexual partner in the past year. We also examined 
the variable of having had five or more partners in the 
past year. We selected the dichotomous coding of hav-
ing had five or more partners in the past year because 
a high rate of partner acquisition is one definition of 
being at the core of a sexual network, and individuals 
at the core play an important role in HIV/STI trans-
mission within and between populations.4,49,52–54 Other 
NHANES data included in the analyses were data collec-
tion wave, age, education level, family income, marital 
status, and place of birth (U.S.- or foreign-born).

We obtained several population measures from the 
Census. We calculated sex ratios by selecting the popu-
lation in the reproductive age range (15–49 years) in 
the county of residence, dividing the number of males 
by the number of females, and multiplying the result by 
100. Correctional facility populations were subtracted 
before calculating sex ratios. 

We calculated two sex ratios for each racial/eth-
nic group—matched (assortative) and disassortative. 
Matched sex ratios were calculated using population 
data regarding county residents of the same race/
ethnicity as the participant. Disassortative sex ratios 
were calculated using population data regarding county 
residents who were of a racial/ethnic group other than 
that of the participant. To avoid unreliable calcula-
tions based on small numbers, we excluded sex ratios 
if the number of county residents of the racial/ethnic 
category of interest was less than 1,000. 

The rate of men aged 18–64 years in correctional 
facilities per 10,000 population was used as a measure 
of male incarceration. This age range was used as a 
proxy for the 15–49 years age range, for which data 
were not available by sex and race/ethnicity. To facili-
tate comparisons, we categorized sex ratios and cor-
rectional facility rates by tertiles of the weighted, race/
ethnicity-stratified distributions. Tertile categorization 
allows for the examination of nonlinearity of effects, 
while maximizing statistical power. Other Census data 
included in the analyses were region (Northeast, South, 
Midwest, or West), poverty rate, and county size code—
an ordinal variable reflecting the population size.

Based on analyses of national data on population 
benchmarks, such as births, deaths, and immigration, 
the Census 2000 was known to have undercounted NHB 
men.55 Therefore, we used estimates of undercounting 
to adjust county population data for sensitivity analyses, 
as described in the next section.56 

Statistical analysis
We analyzed the data with SUDAAN® version 9.057 
using guidelines provided by NHANES.58,59 SUDAAN 
produces parameter estimates and standard errors that 
are adjusted for complex sampling and shared variance 
within geographic units, using a Taylor series lineariza-
tion expansion method.60 Sample means and standard 
error values were adjusted for the unequal probability 
of selection, nonresponse, and post-stratification. 
Separate analyses for men and women were planned, 
because we hypothesized sex ratios to have differential 
effects on sexual behavior. 

We assessed associations using weighted logistic 
regressions. Although the outcome measures were com-
mon, and the odds ratios should not be interpreted 
as relative risks, we used logistic regressions because 
procedures for weighting and adjustment for sampling 
were not available with other methods that could assess 
nonlinear effects. 

We evaluated the significance of the overall tests 
comparing trichotomous sex-ratio and correctional 
facility rate variables using Satterthwaite adjusted 
F-statistics. To test the significance of the difference 
between each tertile category and the reference group, 
we used a t-test for each corresponding beta coefficient 
to evaluate the null hypothesis that beta50. Control 
variables were evaluated for inclusion in adjusted 
models with partial likelihood ratio tests.61 

Based on preliminary analyses, we included the 
following variables in all adjusted models: matched 
and disassortative sex ratio and correctional facility 
rate tertile indicators, data collection wave, age group, 
family income, marital status, place of birth, region, 
poverty rate, and county population size. There was 
little evidence of multicollinearity, except between 
education and family income. Family income was 
retained, as it was typically more strongly associated 
with the outcome. To test the sensitivity of the analyses 
to potential differential Census undercounting, we 
repeated the analyses for NHB individuals using data 
adjusted for undercounting. We also repeated the 
main analyses with a model-based approach using SAS® 
PROC GLIMMIX (version 9.1.3)62 to test the sensitivity 
of effects to the choice of statistical procedures.
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RESULTS

A total of 1,951 NHB, 4,095 NHW, and 1,995 Mexi-
can American participants had valid data and were 
included in the analysis. Participant characteristics 
are presented in Table 1. Geographic and contextual 
data are presented in Table 2. There were stark racial/
ethnic differences in matched sex ratios. Linear regres-
sion of the matched sex ratios showed strong racial/
ethnic group differences (F5198.5; degree of freedom 
[df]52, 30; p0.0001), with NHB respondents having 
lower sex ratios than their NHW and Mexican American 
counterparts, and Mexican Americans having higher 
sex ratios than NHW and NHB respondents. Correc-
tional facility rates also varied greatly by race/ethnicity 
(F540.6; df52, 30; p0.0001), with NHB respondents 

having higher correctional facility rates than NHW and 
Mexican American respondents, and Mexican Ameri-
cans having higher correctional facility rates than NHW 
respondents. Pearson correlations between the logged 
values of matched sex ratios and correctional facility 
rates were modest among NHW and NHB respondents, 
and somewhat greater among Mexican Americans: 0.12, 
–0.24, and 0.41, respectively.

Logistic regression results, stratified by race/eth-
nicity and sex, are presented in Tables 3 and 4. To 
facilitate comparisons, the tables present odds ratios 
(ORs) and adjusted odds ratios (AORs) for tertiles of 
matched and disassortative sex ratios and male correc-
tional facility rates. The reference groups for sex-ratio 
categories represent the groups with the highest sex 

Table 1. Weighted NHANES 1999–2004 participant characteristic percentages, stratified by race/ethnicity and sex

Characteristic

Non-Hispanic black Non-Hispanic white Mexican American

Men 
(n5945)

Women 
(n51,006) 

Men 
(n51,903)

Women 
(n52,192)

Men 
(n5939)

Women 
(n51,056)

Weighted 
percent

Weighted 
percent

Weighted 
percent

Weighted 
percent

Weighted 
percent

Weighted 
percent

Data collection wave
  1999–2000 27.6 30.1 30.2 29.9 28.2 31.8
  2001–2002 37.6 33.8 36.1 36.3 34.7 29.8
  2003–2004 34.8 36.2 33.7 33.8 37.1 38.4

Age group (in years)
  18–29 31.8 30.4 25.1 24.7 44.8 42.3
  30–39 26.7 28.4 26.3 25.2 27.2 26.8
  40–59 41.5 41.2 48.6 50.1 28.0 30.9

Marital status
  Never married 37.9 35.7 20.8 14.6 25.7 18.9
  Widowed, divorced, separated 12.6 25.3 10.4 15.5 6.1 12.6
  Married/cohabiting 49.5 39.0 68.8 70.0 68.2 68.6

Education
  High school 31.1 27.2 10.5 10.9 49.4 46.3
  High school graduate/GED 26.8 24.8 28.2 25.1 24.5 21.7
  High school 42.1 48.0 61.3 64.1 26.1 32.0

Family income
  ,Poverty level 21.6 28.0 8.0 11.3 23.6 28.9
  1–4 times poverty level 53.7 53.3 44.5 44.1 61.9 58.5
  4 times poverty level 24.7 18.7 47.5 44.6 14.5 12.6

Place of birth
  Outside the U.S. 10.0 6.7 4.5 3.7 60.2 52.2
  U.S. 90.0 93.4 95.5 96.3 39.8 47.8

More than one partner in past year
  Yes 40.5 21.3 15.0 10.3 22.2 11.5
  No 59.6 78.7 85.0 89.7 77.9 88.5

Five or more partners in past year
  Yes 13.5 4.1 3.0 1.7 5.7 1.8
  No 86.5 95.9 97.1 98.3 94.3 98.3

NHANES 5 National Health and Nutrition Examination Survey

GED 5 general equivalency diploma
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ratio, while the reference groups for the male cor-
rectional facility rate categories represent the groups 
with the lowest rate. The range of values within each 
group is also displayed.

As shown in Table 3, in adjusted analysis among 
NHB men, those in the middle matched sex-ratio group 
had almost twice the odds of having had more than 
one partner in the past year as those in the highest 
matched sex-ratio group (AOR51.9; 95% confidence 
interval [CI] 1.1, 3.5). In addition, NHB men in the 
middle correctional facility rate group had 60% greater 
adjusted odds of having had more than one partner 
in the past year than those in the lowest correctional 
facility rate group (AOR51.6; 95% CI 1.1, 2.3). There 
were no significant sex-ratio or correctional facility rate 
group effects among NHB women. 

We did not observe any significant sex-ratio or cor-
rectional facility rate effects on the odds of having had 
more than one partner in the past year among NHW 
men. In unadjusted analysis among NHW women, those 
in the middle correctional facility rate group were less 
likely to have had more than one partner in the past 
year, compared with those in the lowest correctional 
facility rate group; but these effects did not remain 
significant in adjusted analysis. 

Mexican American men in the middle disassortative 

sex-ratio group had more than twice the odds of having 
had more than one partner in the past year as those in 
the highest disassortative sex-ratio group in adjusted 
analysis (AOR52.3; 95% CI 1.1, 5.0). Mexican Ameri-
can men in the highest correctional facility rate group 
had more than twice the adjusted odds of having had 
more than one partner in the past year as those in the 
lowest correctional facility rate group (AOR52.1; 95% 
CI 1.2, 3.4). Mexican American women in the lowest 
disassortative sex-ratio group had more than three 
times the adjusted odds of having had more than one 
partner in the past year as those in the highest disas-
sortative sex-ratio group (AOR53.8; 95% CI 1.7, 8.5), 
and those in the highest correctional facility rate group 
had more than twice the adjusted odds of having had 
more than one partner in the past year as those in 
the lowest correctional facility rate group (AOR52.1; 
95% CI 1.1, 4.2).

Logistic regression results for having had five or 
more partners in the past year among men are pre-
sented in Table 4. An insufficient number of women 
reported having had five or more partners in the past 
year for analysis. NHB men in the lowest and middle 
matched sex-ratio groups had more than twice and 
more than four times the odds of having had five or 
more partners in the past year as the highest matched 

Table 2. Weighted geographic and contextual characteristics of the counties of residence  
for NHANES 1999–2004 participants, stratified by race/ethnicity

Characteristic

Non-Hispanic black  
respondents

Non-Hispanic white  
respondents

Mexican American  
respondents

Mean (SE) Mean (SE) Mean (SE)

Matched sex ratioa 84.8 (0.61) 99.5 (0.40) 113.1 (2.60)
Disassortative sex ratiob 101.8 (0.71) 100.8 (1.65) 100.3 (2.60)
Matched male correctional 
  facility ratec

565.5 (59.40) 94.4 (14.80) 172.0 (26.86)

Region (percent [SE])
  Northeast 16.6 (4.08) 18.4 (2.78) 1.5 (0.80)
  Midwest 21.7 (4.38) 25.3 (2.43) 9.5 (3.41)
  South 55.5 (5.29) 36.4 (3.30) 34.7 (8.02)
  West 6.2 (0.99) 19.9 (2.60) 54.3 (6.84)
County size coded 19.7 (0.17) 18.6 (0.22) 20.4 (0.23)
Poverty ratee 14.8 (0.64) 11.5 (0.53) 14.1 (1.00)

aMatched sex ratio was calculated using the male and female population of the race/ethnicity of the participant in the county of residence. 
bDisassortative sex ratio was calculated using the male and female population among racial/ethnic groups other than that of the participant in 
the county of residence.
cMatched male correctional facility rate refers to the number of men in correctional facilities per 10,000 population of the race/ethnicity of the 
participant in the county of residence. 
dCounty size code indicates population size (range for this study is 11: 2,000–2,499 to 23: >5 million).
ePoverty rate refers to the family income of the participant, relative to the poverty level for a family of a given size, as defined by the U.S. 
Census Bureau.

NHANES 5 National Health and Nutrition Examination Survey

SE 5 standard error
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Table 3. Logistic regression results for the odds of having had multiple partners in the past year  
by sex-ratio and correctional facility rate tertile groups among non-Hispanic black, non-Hispanic white,  
and Mexican American male and female participants, NHANES 1999–2004 

Characteristic

Non-Hispanic black men Non-Hispanic black women

OR (95% CI) AORa (95% CI) OR (95% CI) AORa (95% CI)

Matched sex ratiob

  76.0 to 81.0 1.2 (0.7, 1.8) 1.2 (0.8, 1.9) 0.9 (0.6, 1.4) 0.9 (0.5, 1.5)
  81.1 to 83.7 1.5 (0.9, 2.5) 1.9 (1.1, 3.5)c 1.0 (0.6, 1.5) 1.3 (0.6, 2.5)
  83.8 to 137.3 1.0 1.0d 1.0 1.0
Disassortative sex ratioe

  90.6 to 99.6 1.1 (0.7, 1.8) 0.7 (0.5, 1.2) 1.1 (0.7, 1.6) 1.3 (0.8, 2.0)
  99.7 to 103.2 1.0 (0.6, 1.6) 1.1 (0.7, 1.7) 0.7 (0.4, 1.1) 0.7 (0.4, 1.1)
  103.3 to 117.0 1.0 1.0 1.0 1.0d

Correctional facility ratef

  42.3 to 299.9 1.0d 1.0d 1.0 1.0
  300.0 to 496.5 1.6 (1.1, 2.4)c 1.6 (1.1, 2.3)c 0.9 (0.6, 1.3) 0.7 (0.4, 1.2)
  496.6 to 2,753.0 1.0 (0.6, 1.6) 0.8 (0.5, 1.4) 0.9 (0.6, 1.3) 0.9 (0.5, 1.4)

Characteristic

Non-Hispanic white men Non-Hispanic white women

OR (95% CI) AORa (95% CI) OR (95% CI) AORa (95% CI)

Matched sex ratiob

  89.9 to 98.0 1.3 (0.8, 2.2) 1.4 (0.9, 2.2) 1.3 (0.9, 1.9) 1.2 (0.7, 2.2)
  98.1 to 100.2 1.4 (0.9, 2.0) 1.5 (0.9, 2.5) 1.5 (1.0, 2.3) 1.2 (0.7, 2.1)
  100.3 to 111.8 1.0 1.0 1.0 1.0
Disassortative sex ratioe

  79.1 to 95.8 1.0 (0.7, 1.5) 0.9 (0.6, 1.4) 1.5 (1.0, 2.2) 1.3 (0.7, 2.4)
  95.9 to 106.1 1.1 (0.7, 1.6) 1.3 (0.8, 2.1) 0.8 (0.5, 1.1) 1.1 (0.7, 1.8)
  106.2 to 126.2 1.0 1.0 1.0 1.0
Correctional facility ratef

  10.2 to 44.4 1.0 1.0 1.0d 1.0
  44.5 to 64.0 0.9 (0.6, 1.3) 1.0 (0.6, 1.7) 0.6 (0.4, 0.9)c 0.9 (0.6, 1.4)
  64.1 to 1377.7 1.0 (0.6, 1.6) 0.8 (0.6, 1.3) 0.8 (0.6, 1.1) 0.8 (0.6, 1.1)

continued on p. 77

sex-ratio group, in adjusted analysis (AOR52.4; 95% CI 
1.0, 5.8 and AOR54.1; 95% CI 1.6, 10.0, respectively). 
NHB men in the middle correctional facility rate group 
had more than twice the odds of having had five or 
more partners in the past year as those in the lowest 
correctional facility rate group (AOR52.1; 95% CI 1.2, 
3.6). NHW men in the middle correctional facility rate 
group had more than three times the odds of having 
had five or more partners in the past year as those in 
the lowest correctional facility rate group, in adjusted 
analysis (AOR53.3; 95% CI 1.9, 5.9). Among Mexican 
American men, having had five or more partners in 
the past year was not associated with sex-ratio or cor-
rectional facility rate groups. Results of analyses that 
used a cutoff value of four or six or more partners in 
the past year were similar (data not shown).

Results of models for NHB respondents based on 
data adjusted for estimates of Census undercounting 
were similar (data not shown). Results of model-based 

analyses using SAS PROC GLIMMIX were also similar 
(data not shown); however, these models were more 
sensitive to multicollinearity and were run using a 
reduced number of control variables.

DISCUSSION

These results show that NHB men in counties with a 
shortage of NHB men and a high NHB male incar-
ceration rate are more likely to have more than one 
opposite-sex partner than those in counties with more 
balanced sex ratios. Male shortage and incarceration 
rates are also associated with having five or more part-
ners—an indication of central position within a sexual 
network. Because these results are cross-sectional, more 
research is needed to assess causality among these asso-
ciations, but one possibility is that low sex ratios lead 
some men to have more partners by increasing female 
partner availability, and male incarceration further 
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Characteristic

Mexican American men Mexican American women

OR (95% CI) AORa (95% CI) OR (95% CI) AORa (95% CI)

Matched sex ratiob

  83.3 to 105.3 1.0 (0.6, 1.6) 0.7 (0.3, 1.4) 3.0 (1.3, 6.8)c 1.4 (0.4, 5.8)
  105.4 to 114.1 0.8 (0.5, 1.1) 0.6 (0.3, 1.0) 1.8 (1.0, 3.4) 1.7 (0.9, 3.2)
  114.2 to 196.8 1.0 1.0 1.0d 1.0
Disassortative sex ratioe

  89.2 to 96.9 1.1 (0.7, 1.8) 1.4 (0.9, 2.2) 0.8 (0.4, 1.7) 3.8 (1.7, 8.5)g

  97.0 to 100.0 1.2 (0.7, 1.9) 2.3 (1.1, 5.0)c 0.6 (0.3, 1.1) 0.7 (0.3, 1.6)
  100.1 to 112.2 1.0 1.0 1.0 1.0h

Correctional facility ratef

  0.0 to 89.8 1.0 1.0d 1.0 1.0d

  89.9 to 145.4 1.1 (0.7, 1.8) 1.5 (0.9, 2.7) 1.5 (0.8, 3.2) 0.9 (0.5, 1.8)
  145.5 to 1,628.2 1.2 (0.8, 2.0) 2.1 (1.2, 3.4)g 2.3 (1.3, 4.1)g 2.1 (1.1, 4.2)c

aAORs are adjusted for data-collection wave, age group, marital status, place of birth, family income, geographic region, county size, poverty 
rate in the county of residence, and the other two characteristics in the table. 
bMatched sex ratio was calculated using the male and female population of the race/ethnicity of the participant in the county of residence. 
cDifferent from the reference group, p0.05 
dSatterthwaite-adjusted overall F-statistic significant at the p0.05 level
eDisassortative sex ratio was calculated using the male and female population among racial/ethnic groups other than that of the participant in 
the county of residence.
fCorrectional facility rate refers to the number of men in correctional facilities per 10,000 population of the race/ethnicity of the participant in the 
county of residence. 
gDifferent from the reference group, p0.01
hSatterthwaite-adjusted overall F-statistic significant at the p0.01 level

NHANES 5 National Health and Nutrition Examination Survey

OR 5 odds ratio

CI 5 confidence interval

AOR 5 adjusted odds ratio

Table 3 (continued). Logistic regression results for the odds of having had multiple partners in the past year  
by sex-ratio and correctional facility rate tertile groups among non-Hispanic black, non-Hispanic white,  
and Mexican American male and female participants, NHANES 1999–2004 

increases that availability by dissolving existing part-
nerships of men who are incarcerated. Sex ratios and 
incarceration rates are associated with other factors that 
may be causally related to these findings, such as dif-
ferential mortality, employment-related internal migra-
tion, and military service. High incarceration rates may 
also be acting on behavior indirectly, by undermining 
neighborhood social cohesion and control.63 

Notably, these associations were stronger for NHB 
men grouped in the middle categories. The effects were 
smaller and mostly nonsignificant for men in the lowest 
sex-ratio category and highest correctional facility rate 
category. We conjecture that the non-monotonicity of 
these associations could reflect systematic sampling 
bias, due to counties with the greatest male shortage 
and highest incarceration rates containing more unsta-
bly housed men, who may have more sex partners and 
may be less likely to be sampled. 

The lack of comparability of sex-ratio and incarcera-
tion rate exposures among racial/ethnic groups limits 

the interpretation of results. Sex ratios and incarcera-
tion rates in the counties of residence were so different 
by race/ethnicity that separate analyses were required. 
Both the middle and low matched sex-ratio tertiles for 
NHB respondents represent low ranges compared with 
those of NHW and Mexican American respondents. 
Similarly, middle and high correctional facility rate 
tertiles for NHB respondents represent high ranges 
compared with those of NHW and Mexican American 
respondents. Male shortage appears to characterize 
most counties where NHB people live and few counties 
where NHW or Mexican American people live. 

Surprisingly, Mexican American men and women 
were more likely to have more than one partner 
where disassortative sex ratios were low, while associa-
tions with matched sex ratios were nonsignificant, in 
adjusted analyses. These associations may reflect more 
social contacts between Mexican Americans and non-
Hispanic individuals than there is between races.64 The 
greater likelihood of having more than one partner 
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Table 4. Logistic regression results for the odds of 
having had five or more partners in the past year by 
sex ratio and correctional facility rate tertile groups 
among non-Hispanic black, non-Hispanic white, 
and Mexican American male NHANES 1999–2004 
participants 

Characteristic

Non-Hispanic black men

OR (95% CI) AORa (95% CI)

Matched sex ratiob

  76.0 to 81.0 1.9 (1.0, 3.9) 2.4 (1.0, 5.8)c

  81.1 to 83.7 3.1 (1.7, 5.6)d 4.1 (1.6, 10.0)d

  83.8 to 137.3 1.0e 1.0f

Disassortative sex ratiog

  90.6 to 99.6 1.1 (0.6, 2.1) 0.5 (0.2, 1.1)
  99.7 to 103.2 0.6 (0.3, 1.3) 0.5 (0.3, 1.1)
  103.3 to 117.0 1.0 1.0
Correctional facility rateh

  42.3 to 299.9 1.0 1.0e

  300.0 to 496.5 2.3 (1.4, 3.9)d 2.1 (1.2, 3.6)c

  496.6 to 2,753.0 1.5 (0.7, 3.1) 0.9 (0.5, 1.8)

Characteristic

Non-Hispanic white men

OR (95% CI) AORa (95% CI)

Matched sex ratiob

  89.9 to 98.0 0.9 (0.5, 1.7) 0.9 (0.4, 1.9)
  98.1 to 100.2 1.2 (0.8, 2.0) 1.5 (0.7, 2.9)
  100.3 to 111.8 1.0 1.0
Disassortative sex ratiog

  79.1 to 95.8 0.7 (0.4, 1.2) 0.7 (0.4, 1.2)
  95.9 to 106.1 1.2 (0.7, 2.0) 1.0 (0.5, 2.0)
  106.2 to 126.2 1.0 1.0
Correctional facility rateh

  10.2 to 44.4 1.0f 1.0e

  44.5 to 64.0 2.5 (1.5, 4.2)d 3.3 (1.9, 5.9)d

  64.1 to 1377.7 1.3 (0.6, 2.7) 1.2 (0.6, 2.7)

continued on p. 79

black women and greater employment discrimination 
toward black men.10 Recent work demonstrates that 
substantial employment discrimination still occurs.65 
Mortality rates for black males due to homicide and 
injuries are also high, relative to other groups.66,67 

CONCLUSION

Further research is needed to determine how these 
factors are related to male shortage or incarceration 
rates among NHB populations, and whether they 
are independently associated with the number of 
partners. Because the likelihood of HIV/STI trans-
mission depends, in part, on the number of partners, 
it is important to determine the causal relationships 
among these associations to better understand racial/

among Mexican American men and women in counties 
with the highest Mexican American male correctional 
facility rates may reflect greater partnership dissolution 
and, subsequently, increased partner availability, similar 
to the results for NHB men. 

It is not clear why this association was significant 
among Mexican American women but not among NHB 
or NHW women. Several factors may confound racial/
ethnic comparisons. For example, 62% of Mexican 
American men and 53% of Mexican American women 
were born outside of the U.S., compared with 10% 
or less among NHW and NHB men and women. Sex 
ratios and correctional facility rates varied less for NHW 
respondents than for the other groups. Still, NHW 
men in the middle correctional facility rate group were 
more likely to have five or more partners than those 
in the low correctional facility rate group, similar to 
results among NHB men. Correctional facility rates 
were positively associated with having two or more, or 
five or more partners among men of each racial/ethnic 
group studied. The lack of a significant association with 
matched sex ratios among women does not preclude 
the possibility that some women increase their number 
of male partners in response to low sex ratios, while 
others have fewer male partners or none.

Limitations
This study had several limitations. Participants may have 
underestimated or exaggerated their numbers of part-
ners. In addition, data on other factors that are impor-
tant for HIV/STI transmission, such as condom use in 
the past year, were not collected. Because NHANES 
was not designed to test contextual hypotheses, aspects 
of the design and sampling may have limited the reli-
ability of the results. Additionally, in many counties, 
there were relatively small numbers of NHB people or 
Mexican Americans, precluding further stratification by 
age groups. Also, although the racial/ethnic differences 
found in matched sex-ratio and incarceration measures 
were themselves noteworthy, they made the compari-
son of effects at the same exposure levels impossible. 
Furthermore, results of analyses of data from Mexican 
Americans may not be generalizable to other Hispanic 
groups. In addition, because the Census counts inmates 
where the correctional facility is located, not where the 
offense occurred, the measure of incarceration may 
contain substantial error. 

The number of partners may also be related to fac-
tors associated with sex ratios that were not assessed 
in this study. For example, Du Bois noted that Phila-
delphia and other cities had a shortage of black men 
relative to black women more than 100 years ago, which 
he attributed to greater employment opportunities for 
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Characteristic

Mexican American men

OR (95% CI) AORa (95% CI)

Matched sex ratiob

  83.3 to 105.3 0.9 (0.4, 1.9) 0.9 (0.2, 4.3)
  105.4 to 114.1 0.6 (0.2, 1.4) 0.6 (0.1, 2.5)
  114.2 to 196.8 1.0 1.0
Disassortative sex ratiog

  89.2 to 96.9 1.8 (0.8, 3.8) 1.4 (0.6, 3.6)
  97.0 to 100.0 1.2 (0.5, 2.9) 1.7 (0.4, 6.4)
  100.1 to 112.2 1.0 1.0
Correctional facility rateh

  0.0 to 89.8 1.0 1.0
  89.9 to 145.4 1.2 (0.5, 3.0) 1.8 (0.8, 4.1)
  145.5 to 1,628.2 0.7 (0.4, 1.3) 0.9 (0.2, 3.4)

aAORs are adjusted for data-collection wave, age group, marital 
status, place of birth, family income, geographic region, county 
size, poverty rate in the county of residence, and the other two 
characteristics in the table. 
bMatched sex ratio was calculated using the male and female 
population of the race/ethnicity of the participant in the county of 
residence. 
cDifferent from the reference group, p0.05
dDifferent from the reference group, p0.01
eSatterthwaite-adjusted overall F-statistic significant at the p0.01 
level
fSatterthwaite-adjusted overall F-statistic significant at the p0.05 
level
gDisassortative sex ratio was calculated using the male and female 
population among racial/ethnic groups other than that of the 
participant in the county of residence.
hCorrectional facility rate refers to the number of men in correctional 
facilities per 10,000 population of the race/ethnicity of the 
participant in the county of residence. 

NHANES 5 National Health and Nutrition Examination Survey

OR 5 odds ratio

CI 5 confidence interval

AOR 5 adjusted odds ratio

Table 4 (continued). Logistic regression results for 
the odds of having had five or more partners in the 
past year by sex ratio and correctional facility rate 
tertile groups among non-Hispanic black, non-Hispanic 
white, and Mexican American male NHANES 1999–
2004 participants 
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