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Abstract

High community incarceration rates have been shown to be associated with high rates of HIV and 

sexually transmitted diseases (STDs). Proposed mechanisms underlying this association include 

transmission by recently released inmates and community disruption through a skewed sex ratio or 

changes in sexual networks resulting from the absence of individuals removed by incarceration. To 

continue exploring the relationship between incarceration and STDs, we studied the 2006 rates of 

gonorrhea at the census tract level in Guilford County, North Carolina (NC) with the previous 

year’s level of incarceration as the exposure of interest. We replicated an analysis conducted in 

Durham, another NC county, but unlike in Durham we found no meaningful association. However, 

when quadratic and cubic exposure terms were added to the model to allow for a non-linear effect 

of incarceration, incarceration levels were significantly associated with rates of gonorrhea (p = 

0.03). This indicates that the effect of incarceration on gonorrhea rates differs based on the level of 

incarceration in an area. Through the use of a spatial model, we also found evidence of the 

incarceration-gonorrhea association varying across the county. The association between 

incarceration and gonorrhea varies by the rate of incarceration and geographically.

Incarceration rates have been shown to be correlated with several markers of community 

health at the county level such as rates of human immunodeficiency virus (HIV) infection, 

bacterial sexually transmitted diseases (STDs), and teenage pregnancy (1,2). The association 

between incarceration and STDs was also explored at the census tract level in Durham 

County, North Carolina (NC) (3). Census tracts may more clearly approximate the 

geographical areas affected by high rates of incarceration. The multivariable models used in 

that study found several significant relationships between incarceration and STDs even after 

controlling for age distribution, percent African American and percent living below poverty 

(3). The models incorporated a one year lag under the assumption that the effects of 

incarceration rates on gonorrhea are not immediate (2,3).

There are at least two proposed mechanisms by which incarceration may affect the rate of 

HIV/STDs in the community. The first is the effect that individuals released from prison 

may have as they a) may engage in high risk behaviors or b) are more likely than other 

members of the community to be infected with HIV/STDs. Social service providers of men 

released from prison have described encounters with men who felt they needed to “make-up 

for lost time,” who post-release may have been more likely to have sex with “riskier” 
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partners, and who encountered the destabilizing influence of diminished economic potential 

in the face of trying to find work as ex-offenders (4). In interviews conducted in California, 

Mississippi, Rhode Island and Wisconsin from1999–2000, one in four (27%) ex-offenders 

reported sex with multiple partners in the week after they were released (5). One in four 

(24%) recently released 18–29 year old men also had either an STD or hepatitis C virus (6). 

Finally, one in four (26%) HIV-positive ex-offenders reported unprotected sexual activity 

with their partners within 45 days of their release (7).

The second mechanism proposed is social disruption of the community resulting from 

“forced migration” of individuals into the prison system (1–3). Because men are 

incarcerated in greater numbers than women, incarceration can result in a skewed sex ratio 

which in turn may alter sexual networks or sexual behaviors such as concurrent partnerships 

or transactional sex (1–3). In ethnographic interviews with female partners of prisoners or 

ex-offenders, Thomas et al. found that some women relied on finding “substitute partners” to 

maintain financial solvency while their primary partner was in prison; said one woman 

interviewed, “They were doing that all the time. Keep money going while he was out.” (3)

In order to better understand whether the relationship between incarceration and STDs at the 

census tract level could be replicated in another NC county, we conducted portions of the 

Durham analysis in Guilford County. Guilford was selected because it has a demographic 

composition similar to Durham with both urban and rural populations (Table 1). Guilford 

typically experiences higher rates of incarceration, as measured by prison entries, than does 

Durham; Durham typically has higher STD rates with the exception of syphilis (8,9). 

Finally, Guilford was selected because the county was under consideration as a site of a 

future cohort study on the effects of incarceration on families; this current analysis provides 

preliminary data for such a study.

Methods

We received information from the North Carolina Department of Corrections for year 2005 

incarcerations for 5,324 prison inmates who had listed an address from Guilford County as 

their most recent residence. In addition to a home address, each individual’s information 

included dates of prison entry and exit and whether the individual was still in prison at the 

end of the year. North Carolina state STD data from 2006 were used with permission from 

the Guilford County Health Department. We received 1,083 reports of gonorrhea.

We used ArcGIS (version 9.1) to map the addresses of inmates and cases of gonorrhea to a 

census tract. If the individual’s home address was able to be matched by the software (and 

could thus be plotted on the map by its latitudinal and longitudinal coordinates), the 

individual was included in the analysis. Match scores, which range from zero to 100 and 

reflect the degree of similarity between the individual’s address and a county reference file, 

were generated by ArcGIS for each address. All individual information was then aggregated 

to the census tract level.

A total of 4022 (76%) of the prison inmate addresses matched to a location in Guilford 

County in ArcGIS, of which 3851 were matched with a score of 80–100; 171 were matched 
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with a score of < 80. The census tract distribution of incarceration rates is presented in 

Figure 1.

We were able to map 728 addresses (67%) of the cases of gonorrhea with a match score of ≥ 

80. There were no notable differences between cases with addresses that were able to be 

matched and those unable to be matched (Table 2). The census tract distribution of 

gonorrhea rates is presented in Figure 2.

We used a one-year lag between the incarceration data and gonorrhea data because such a 

temporal sequence is more consistent with a causal relationship than is a cross-sectional 

analysis. Moreover, in a previous study, a one-year lag yielded the strongest correlation (2).

We obtained demographic characteristics (age, sex, and race distributions) for each of the 98 

census tracts in Guilford County from the US Census Bureau (10). We used the census tract 

populations as denominators to calculate proportions of these characteristics in each tract. 

Information on the proportion of the tract population living in poverty was obtained from the 

Public Health Disparities Geocoding Project Monograph (11).

We used Stata/IC version 10 to conduct a non-spatial statistical analysis. Because the data 

were over-dispersed, negative binomial models were more appropriate than traditional 

Poisson regression. Our exposure of interest was the proportion of census tract person-time 

in prison calculated as: the total number of days spent in prison over the course of 2005 for 

individuals whose reported residence was within a census tract, divided by the census tract 

population from the 2000 census multiplied by 365 days. We adjusted for three variables: the 

proportion of the tract who self-identified as African-American in the census data, the 

proportion living below the poverty level, and the age structure of the census tract 

(categories: 0–21, 22–39, 40+ years). These covariates were also used in the analysis of the 

Durham data (3).

We ran two separate models; one that included a single exposure term (proportion of census 

tract person-time in prison) to replicate the Durham analysis and a second model that 

included the exposure term, the exposure term squared and the exposure term cubed. This 

second model, a third-order polynomial model, allowed the relationship between 

incarceration and gonorrhea rates to vary non-linearly, which allows for the possibility of a 

threshold effect). This type of model has been used by criminologists to investigate threshold 

effects of incarceration on crime (12).

To assess the accuracy of our geocoding we conducted a validation study of 50 randomly 

identified addresses from the incarceration and STD data sets. With a geographic positioning 

system (GPS) and a printout of only the addresses and the census tract in which ArcGIS had 

placed the address, we drove to each location to confirm that it was a residential address and 

that the census tract assigned by ArcGIS was correct.

An important relationship between incarceration and STDs could be obscured if associations 

were to vary across census tracts. To determine if there was heterogeneity in effects, we 

conducted a geographically weighted regression with GWR (geographically weighed 

regression) software (version 3.0) to generate local parameter estimates. The coordinates 
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used in the model were the centroids of each census tract which were provided to us by the 

US Census Bureau. The GWR software is unable to accommodate negative binomial 

regression. We used a Poisson model because it is better suited to rates than Gaussian and 

logistic models, the other two options provided by the software. A formal significance test of 

the degree of variation between local parameter estimates is not available for Poisson 

regression in GWR, however it is possible to determine the presence of heterogeneous 

effects by comparing two values: two times the standard error of the global parameter 

estimate generated by GWR and the range of local estimates (upper quartile – lower 

quartile). If the range is the larger value, it indicates the relationship varies over space. The 

model could only accommodate two covariates; we selected the proportion of tract 

population that was African-American and the proportion of the population in poverty.

The University of North Carolina’s Public Health and Nursing institutional review board 

approved this study.

Results

Proportions of census tract person-time in prison ranged from zero to 2.34% with a median 

of 0.32%. Census tract rates of gonorrhea ranged from zero to 927 per 100,000 person-years 

with a median of 125 per 100,000 person-years.

Maps of the rates of incarceration and STDs revealed similar patterns and the proportion of 

census tract person-time in prison and the rate of gonorrhea in the tracts were highly 

correlated (r = 0.79). However, in the model that replicated the Durham analysis, there was 

no significant association (beta = 12.20 (95% CI: −35.71, 60.11)). This beta coefficient 

reflects a rate difference of approximately 1.29 (95% CI: −3.67, 6.25) cases of gonorrhea per 

100,000 person-years when comparing the STD rates at the 75th percentile of incarceration 

(689.7 days per 100,000 person-days per tract) and the 25th percentile (100.3 per 100,000 

person-days per tract), or an exposure contrast ratio of 1.07 (95% CI: 0.81, 1.43).

The third-order polynomial model, however, revealed that taken together, the exposure terms 

quantifying the amount of incarceration in the tract significantly predicted the rate of 

gonorrhea. The estimates generated by the individual terms (the proportion of census tract 

person-time in prison, that value squared and that value cubed) cannot be interpreted in 

isolation and using them to calculate rate differences can be misleading. These types of data 

are best shown in graphical form; the results are presented in Figure 3. As the amount of 

incarceration increased along the observed distribution of the proportion of census tract 

person-time in prison, the model-predicted rates of gonorrhea did not follow a linear path. 

Initially, increasing the proportion of census tract person-time in prison increased the 

predicted rate of gonorrhea. However, at a certain point (when roughly 1% of the census 

tract person-time was spent in prison), the curve began to flatten and the predicted rates of 

gonorrhea remained similar as incarceration increased. At an incarceration level of roughly 

2% of census tract person-time in prison, the model-predicted rates of gonorrhea returned to 

being sharply increased by increasing levels of incarceration.
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All but one (98%) of the 50 addresses selected for the geocoding validation study were 

residential; 47 (94%) were placed by ArcGIS in the correct census tract.

The betas for the incarceration variable in the GWR analysis ranged from −65.17 (lower 

quartile) to 37.94 (upper quartile). The range of local parameter estimates (103.11) was far 

greater than two times the standard error of the global estimate (23.89) indicating that the 

relationship between incarceration and gonorrhea rates varies across space. Additionally, the 

range of betas spanned the null, meaning that in certain census tracts incarceration appeared 

to decrease the rate of gonorrhea, while in other tracts it increased it. The census tract 

distribution of the local beta coefficients is presented in Figure 3.

Discussion

Our findings help illuminate the relationship between incarceration and STDs on an ecologic 

level. Our findings were inconsistent with the previous study in Durham County, NC, in 

which 2001 incarceration rates were linearly associated with 2002 gonorrhea rates with a 

beta of 5.40 (p=0.02) in a linear model. However, the results from our third-order 

polynomial model and the evidence from our spatial analysis indicate there is a non-linear 

association in Guilford County.

Clear et al. found a threshold effect between incarceration levels and crime (12). Their 

results suggest “a tipping point” of effects, in which low concentrations of incarceration 

improve community stability while high concentrations weaken it. We examined whether a 

similar threshold applied to the relationship between incarceration and gonorrhea rates. 

Evidence for a non-linear effect in Guilford was present in the parameters generated by the 

third-order polynomial model. Taken together, the three exposure terms contributed 

significantly to the prediction of census tract level gonorrhea rates.

The GWR analysis indicated that the relationship between gonorrhea rates and incarceration 

varied across census tracts. This finding suggests that characteristics of the communities that 

we were unable to control for may affect that relationship. Drug use appears frequently in 

the literature as an important issue not only in terms of its role in risky sexual behavior and 

its use by individuals recently released from prison, but also through the degree it affects 

those “left behind” (4,5,7). We were unable to assess the possible differences in its effect 

across census tracts. Other factors that we did not control for and that may have contributed 

to or distorted the relationship between incarceration and STDs include condom use and 

health care availability.

Our use of an ecologic model reflects the early state of the science of community health 

effects of incarceration and our interest in the rates of STDs within the entire community, 

not only among those individuals who went to prison. However, even aggregate-level 

associations are better understood with the addition of individual-level data. Additionally, 

interpretations of ecologic data require a number of assumptions (13). The use of summary 

measures to control for confounding provides no opportunity to consider joint distributions 

of covariates. For example, race-based income distribution was an important predictor of 

gonorrhea rates in counties throughout southeastern states (14); separate, aggregate 
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measures of race and poverty cannot capture the effects of such a variable. In future studies, 

multilevel approaches will be especially helpful in advancing our understanding of the 

mechanisms by which incarceration affects community health.

This study is the first to report a non-linear effect of incarceration on STDs, a result that 

closely follows the findings and underlying theory presented by Clear et al. (12). This is also 

the first time a spatial analysis has been used to describe the variation of the incarceration-

gonorrhea association across space. Additional investigation of the non-linear relationship 

between incarceration levels and community health outcomes is warranted and researchers’ 

efforts may best be focused on areas in which incarceration rates are the highest.
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Figure 1. 
Geographic distribution of the proportion of census tract person-time in prison divided into 

quartiles in Guilford County, NC, 2005.
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Figure 2. 
Geographic distribution of gonorrhea rates divided into quartiles in Guilford County, NC, 

2006.
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Figure 3. 
Third-order polynomial model-predicted rates of gonorrhea across observed exposure 

distribution, controlling for the proportion of the tract that is African-American, the 

proportion living below the poverty level, and the age structure of the census tract 

(categories: 0–21, 22–39, 40+ years). Guilford County, NC, 2005.
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Figure 4. 
Geographic distribution of the local beta estimates for the census tract person-time in prison 

variable controlling for percent of tract African-American and percent of tract population in 

poverty, divided into quartiles in Guilford County, NC, 2005.
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Table 1

Characteristics of Guilford and Durham Counties, NC.

County

Guilford Durham

2005 Population 429,603 232,573

Census tracts (number) 98 53

African American (%) 29.9 37.2

Poverty (%) 14.9 12.9

2005 Incarceration* (%) 322.6 147.5

Proportion of census tracts with percent person-time in prison ≥ 0.5% (%) 35.71 38.46

2006 Gonorrhea Rate per 100,000 244.2 317.4

*
As measured by rate of prison entry per 100,000. Guilford data are from 2005; Durham data are from 2002 and includes only the 52 tracts used in 

their analysis.
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Table 2

Characteristics of Laboratory-Confirmed Cases of Gonorrhea from Guilford County, NC from 2006 that could 

be matched at ≥ 80 (n = 728) and could not be matched at that level (n = 355).

Characteristics Matched Not Matched

Mean Age (in years) 26.5 27.0

Male (%) 50.6 53.5

African American (%) 86.7 83.7

White (%) 12.5 16.1

Other/unknown race (%)   0.8   0.3

Hispanic (%)   2.3   3.4
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