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Table 4 

STO Infections 

STO Infection 
Wave I - 1995 Wave II - 1996 Wave III - 2001 

n pop. % n pop. % n pop. % 

chlamydia 67 .5% 158 1.4% 344 .3% 

gonorrhea 12 .1% 49 .4% 104 .1% 

HBV 4 0% 28 .3% - - 

HIV 8 .1% 50 .4% 36 .4% 

HPV - - - - 133 1.3% 

HSV-2 11 .1% 53 .5% 161 1.6% 

syphilis 10 .1% 46 .4% 83 .3% 

trichomoniasis 10 .1% 49 .4% 27 .8% 

any STO 107 .9% 229 1.9% 700 6.6% 

 

 

Dependent Variable Descriptive Statistics 

Number of Sexual Partners 

 See Figure 4 for the number of sexual partners by population and SEM sample 

percentages. In Wave I, 51.8% of adolescent relationships included a sexual component. In 

Wave II, 58.8% of relationships included a sexual component. Progressively more 

participants engaged in sexual activities as time progressed, though most of these changes 

were from people going from 0 to 1 partners and not from individuals having sex with 2+ 

partners, as the percentage of the population that had 0 or 1 sexual partners stayed relatively 

constant over time. 
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Figure 4 

Number of Sexual Partners by Population (left) and in the SEM Samples (right) 

 

 

Number of One-Night Stands 

 See Figure 5 for the number of one-night stands by population and SEM sample 

percentages. In Wave I, 19.6% of sexual relationships were characterized as having sex only 

once. For Wave II, 18.8% of sexual relationships were characterized as one-night stands. 

Overall, few individuals engaged in one-night stands, and this variable remained relatively 

constant over time. 
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Figure 5 

Number of One-Night Stands by Population (left) and in the SEM Samples (right). 

  

Note. Note the truncated vertical axis. 

 

Average Time Until Sex 

 The amount of time until participants had sex in their relationships remained 

relatively constant over time, with sex typically introduced into relationships within 3-4 

months (Figure 6). Like relationship length, outliers were assessed separately for each time 

segment, though unlike relationship length, participants who initiated sex before the start of 

their relationship were considered valid, though only ~8% of participants reported having sex 

before their relationship started across waves. See Table 5 for descriptive statistics. 

 The distribution was similar between years, becoming slightly less normal over time. 

Though kurtosis breached normality by 2001 (Kim, 2013), these variables were 

untransformed (Tabachnick & Fidell, 2007; Van Horn, personal communication, 2017).  
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Figure 6 

Average Time Until Sex is Initiated for the Total Population and SEM Samples. 

 

 
 

 

 

Table 5 

Time Before Sex Descriptive Statistics 

Descriptive 1995 1996 1997 1998 1999 2000 2001 

Median 1 1 2 1 1 1 1 

SD 10.65 10.87 13.05 12.18 11.02 10.31 9.58 

Range -171 – 187 -120 – 204 -76 – 275 -76 – 275 -76 – 275 -76 – 275 -76 – 275 

Skew 1.49 1.61 1.52 1.53 1.55 1.58 1.69 

Kurtosis 6.55 7.70 5.97 6.02 6.06 6.38 7.33 
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Average Relationship Length 

 Across time, participants reported relationships from -54 – 297 months. Average 

relationship length became progressively longer over time (Figure 7), likely reflecting these 

individuals’ transition from adolescent into adult, pair-bonded relationships. Outliers were 

therefore assessed for each separate time segment. In 1995 at Wave I, for example, testing for 

outliers indicated that relationships longer than 50 months (just over 4 years) were outliers; 

this jives with prior reporting on lengths of adolescent relationships (Galliher, Welsh, 

Rostosky, & Kawaguchi, 2004; Haugen, Welsh & McNulty, 2008; Davila, Stroud, Starr, 

Miller, Yoneda, & Hershenberg, 2009). See Table 6 for more information on descriptive 

statistics across time. 

 Normality was assessed using absolute values of skew and kurtosis and visual 

examination of histograms (per large sample recommendations; Kim, 2013). Though skew 

was close to abnormality in 1995 (Wave I) these variables were untransformed to (a) keep 

this variable consistent over time, and (2) because transformation makes interpretability more 

difficult and is usually best used when the DV unit is meaningless (Tabachnick & Fidell, 

2007; Van Horn, personal communication, 2017). 
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Figure 7 

Average Relationship Length for the Total Population and SEM Samples. 

 

 

Table 6 

Relationship Length Descriptive Statistics 

Descriptive 1995 1996 1997 1998 1999 2000 2001 

Median 4 4 11 12 14 15 16 

SD 13.37 12.58 17.0 19.1 21.34 23.81 26.41 

Range -11 – 210 0 – 232 -54 – 249 -42 – 261 -30 – 273 -23 – 285 -13 – 297 

Skew 2.01 2.02 1.34 1.19 1.11 1.04 .99 

Kurtosis 4.55 4.54 1.84 1.32 .93 .63 .42 
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DV Correlations 

 Associations between DVs at 1995 (Wave I), 1996 (Wave II), 2000, and 2001 are 

presented in Tables 7 and 8; other years exhibit a similar pattern of results. As correlations 

are not appropriate for Poisson-distributed variables, the associations for “number of sexual 

partners” and “number of one-night stands” are presented in incident rate ratios (IRRs), 

wherein numbers greater than 1 indicate a positive association and numbers less than 1 

indicate a negative association.  

 Insofar as these variables are all related to short term mating, we should see a pattern 

of associations where number of sexual partners and number of one-night stands are 

positively related to each other but are both negatively related to time until sex and 

relationship length. However, this was not always the case. In line with predictions, number 

of partners and one-night stands were correlated, as were time before sex and relationship 

length. However, number of partners was not consistently correlated with time until sex: in 

early years, these variables were negatively associated (as predicted), but they became 

positively associated in later years (opposite of predictions). Partner numbers also was 

unassociated with relationship length. One-night stands were consistently negatively related 

to relationship length as predicted; however, this effect is likely partly driven by 

methodological coding, as one-night stands were defined as relationships that were 0 months 

long. Number of one-night stands was generally not related to time until sex. 

 This pattern of inconsistent associations suggests either (a) there were methodological 

issues in measurement, or (b) not all these variables are related to short-term mating. Either 

way, this holds implications for the rest of the results and will be discussed further in the 

discussion. 
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Table 7 

Waves I and II DV Associations 

 Number of sexual 

partners 

Number of one 

night stands 

Average time 

before sex 

Average 

relationship length 

Number of sexual 

partners 
- 2.48

***‡
 .99

*
 1.00, ns 

Number of one 

night stands 
2.83

***‡
 - 1.01, ns .93

***
 

Average time 

before sex 
.99

***
 .99, ns - .454

***
 

Average 

relationship length 
1.00, ns .91

***
 .480

***
 - 

Note. Associations with count variables are the incident rate ratios with a one-unit change of 

the predictor variable. Associations between “average time before sex” and “average 

relationship length” are Pearson correlations. Wave I is below the diagonal, Wave II is 

above. 

**
 p < .01. 

***
 p < .001. 

‡ 
“uses number of sexual partners” as outcome variable. 

 

Table 8 

Wave III DV Associations 

 Number of sexual 

partners 

Number of one 

night stands 

Average time 

before sex 

Average 

relationship length 

Number of sexual 

partners 
- 2.05

***‡
 1.01

***
 .99, ns 

Number of one 

night stands 
1.97

***‡
 - 1.04

**
 .92

***
 

Average time 

before sex 
1.01

*
 1.01, ns - .236

***
 

Average 

relationship length 
.988, ns .89

***
 .270

***
 - 
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Note. Associations with count variables are the incident rate ratios with a one-unit change of 

the predictor variable. Associations between “average time before sex” and “average 

relationship length” are Pearson correlations. 2001 is below the diagonal, 2000 is above. 

** 
p < .01. 

***
 p < .001. 

‡
 “uses number of sexual partners” as outcome variable. 

 

 

SEM Results 

  Continuous covariates (parent education, income, age, and the baseline effects of 

relationship length and time until sex) were centered such that the intercept refers to a white 

woman who lives with both parents, does not have any STOs, and who is of an average age, 

income, and parental education. All models were run twice to find the sex-specific effects of 

each STO: once with women as the reference group and once with men as the reference 

group; the STO variables on each table refer to these sex-specific effects. Both analyses also 

controlled for the sex*infection interaction term; the interaction term included in the table 

was that when women were the reference group. 

Number of Sexual Partners 

 After removing individuals who had not had sexual debut, the number of sexual 

partners was no longer zero-inflated at any outcome year (Figure 4), nor were the outcomes 

over-dispersed, suggesting Poisson distributions were appropriate. There were 2,607 

participants in the analysis using the 1996 outcome and 3,385 participants using the 1997 – 

2001 outcomes.  

 Across waves, the most consistent predictor of number of sexual partners at follow-up 

was partner numbers at baseline (Table 9), with each additional partner at baseline predicting 
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an increase in partners by factors from 1.07 – 1.17. Men generally had fewer sexual partners 

than women (IRRs range from .71 –.91, meaning men increased their sexual partners at a rate 

of .71 compared to women), whereas parents’ education positively predicted sexual partners 

(IRR up to 1.07).  

 Several STOs predicted more sexual partners at follow-up, as is consistent with 

predictions. Women with gonorrhea had more sexual partners in later years (IRRs of 1.92, 

1.93, and 2.23), as did men in 1997 (IRR =2.91). Men with genital herpes also had more 

partners as time progressed (IRRs of 1.83, 1.97, 2.39, and 3.03), though only the last two 

years remained significant with the FDR correction, and the significant interaction terms 

indicated that this effect was different for men and women. Opposite of predictions, men 

with chlamydia also had fewer sexual partners in 1997 (IRR = .41), as did men with HBV in 

1998 and 2001 (IRRs of .20 and .18, respectively), though the effects of HBV remained 

significant with the FDR correction, and only the effect of chlamydia was significantly 

different between men and women. 

 Sensitivity analyses removing HIV did not change substantive conclusions, as HSV-2 

infections in men still predicted number of partners in 2000 and 2001, though the 1997 and 

1998 associations just missed significance. Removing HSV-2 also did not change 

conclusions, with the effects of HIV for both men and women remaining non-significant. 

Number of One-Night Stands  

 Even after excluding everyone who had not yet had their sexual debut, most 

participants had never had a one-night stand. Unfortunately, count models of any type 

(Poisson, zero-inflated Poisson, negative binomial) did not give viable results at any time 

point, with Mplus fixing all STO coefficients (and therefore precluding significance testing). 
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This typically occurs in log models when data are so highly zero-inflated that categorical 

predictors with small n’s have little or no variance in the outcome (Witkiewitz, personal 

communication), as is the case here.  

 An examination of the STO categories suggested part of the problem was 

multicollinearity with the STO*sex interaction term. Although bivariate correlations between 

predictors were not overly large, there were so few people with each STO that had ever had a 

one-night stand that the interaction terms were not giving additional information beyond the 

STO predictors. For example, only one individual with syphilis ever had a one-night stand, 

and they were co-infected with several other STOs. In other cases, nobody with the STO had 

a one-night stand, as is the case with gonorrhea in 1997. The interaction terms were therefore 

removed from further analyses with this DV.  

 Unfortunately, removal of the STO interaction terms did not solve the Poisson 

regression problems. Instead, the results of two other imperfect analysis techniques are 

presented here, with results compared to create a coherent story. The first is a log-

transformation on the DV, which has been used in other studies (e.g., Penke & Asendorpf, 

2008) to approximate normality. Although binary categorization (had/did not have any 

number of one-night stands) or inverse transformation may be more appropriate when data 

are so highly abnormal (Tabachnik & Fidel, 2007), the binary categorization did not work 

because of cells with no data (e.g., nobody with gonorrhea had a one-night stand), and the 

results from the inverse transformation did not substantively differ from those of the log-

transformation. However, results should be interpreted with caution for two reasons: one, 

skew and kurtosis remained unacceptably high, and two, the STO results are based on a very 

small number of people with any one-night stands. 
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 The second analysis technique is elastic net regression, which identifies predictors of 

number of one-night stands. Researchers typically use elastic net regression (or its cousins, 

ridge regression and lasso regression) when the goal is prediction rather than “the truth.” For 

example, an alcohol researcher might use elastic net regression to make predictions about 

who is most likely to relapse: the focus is not on uncovering all the factors that go into 

relapse, but on finding a working model that predicts who is going to relapse in the future. 

 Elastic net works by introducing variance into the regression model to counteract the 

bias of over-fitting. In the original sample, the model will explain less variance compared to 

a regular regression model, but the lack of over-fitting means the model will more accurately 

predict outcome in future samples. Elastic net is particularly useful when you have a large 

number of parameters that may or may not be useful in predicting your dependent variable: 

variables that don’t improve predictive power are dropped (their coefficients set to zero), 

with all non-zero coefficients considered valuable in predicting future behavior, no matter the 

coefficient size. This is a fundamentally different approach than frequentist testing; however, 

it still identifies predictors of the dependent variable, as any variable with a non-zero 

coefficient is a predictor of the DV. Again, this technique runs into one of the same problems 

as log-transforming the DV, as STO estimates are based on a small number of people with 

any one-night stands. 

 Elastic net regression was run in R with package “glmnet” (Hastie & Qian, 2014) 

within the Poisson family of distributions. Alpha (the balance between ridge and lasso 

regression) was set to .5, as the comparison of deviance at different alpha levels indicated 

little substantive change between alpha increments, including both ridge (alpha = 0) and lasso 

(alpha = 1) regression. Cross-validation was then used to determine the λ parameter that 
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minimized the deviance, with this λ value used to find the model coefficients (see the 

Appendix for deviance λ graphs and coefficient tree graphs). 

 Results for the log-transformation and elastic net are available in Tables 10 and 11, 

respectively. Both techniques suggested that individuals of non-white ethnicities had fewer 

one-night stands compared to white individuals, though results are not consistently 

significant across time. Though the elastic net suggested that living situation was a predictor 

of one-night stands, these results are generally not corroborated by the log-transformation. Of 

the other covariates, parents’ education was the most consistent positive predictor of one-

night stands, though age and marriage somewhat negatively predicted one-night stands. 

 Of the STO variables, several STOs negatively predicted number of one-night stands, 

which is the opposite of predictions. Elastic net suggested that chlamydia negatively predicts 

one-night stands, with regression corroborating this at two of the time points. Elastic net 

suggested that gonorrhea, HIV, and HSV-2 may be negatively predictive of one-night stands, 

though the log regression only suggested this trend for HIV and HSV-2, and results were not 

consistent across time. Elastic net also suggested that all STOs except trichomoniasis and 

Hep B negatively predicted one-night stands in 1998, though because these results were not 

consistent across time or corroborated by the log-transformation, they should be interpreted 

with caution. Interesting, Hep B greatly positively predicted one-night stands in 1998; 

however, this is likely to be a statistical anomaly: examination of the data suggested this 

effect was driven by one person with Hep B who had two one-night stands that year, with all 

other Hep B+ individuals having no one-night stands. 

Time Until Sex is Initiated 



STO INFECTION AND SEXUAL BEHAVIOR  74 

 Across all time points, baseline sexual behavior was again the most consistent 

predictor of time until participants initiate sex (Table 12). Consistent with predictions, men 

with syphilis, gonorrhea, and trichomoniasis generally initiated sex in their relationships 

more quickly (by over a year, 2-3 months, and 2-3 months, respectively), whereas men with 

hepatitis B or HSV-2 waited longer before initiating sex, which is the opposite of predictions. 

However, these wait times differed greatly, with HSV-2 positive men waiting about 4 months 

longer than normal, whereas HBV positive men waited over a year longer before initiating 

sex. In general, STO infections in women were not related to time until initiating sex, though 

the interaction effect was only significant for HBV, HSV-2, and syphilis; for gonorrhea and 

trichomoniasis, the effects of both men and women were not significantly different from each 

other. 

 The sensitivity analyses did not change substantive results for HIV, as there was still 

no relationship between HIV infection and time until sex even when removing herpes from 

the model. Removing HIV made the effect of herpes on men only significant in 1998, with 

the 1997 and 1999 associations becoming non-significant. 

Relationship Length 

 Across all time points, baseline sexual behavior was again the strongest predictor of 

relationship length (Table 13). Individuals who were married and older individuals had 

longer relationships. Men with hepatitis B, women with syphilis, and women with herpes 

generally had shorter relationships by over 2 years (consistent with predictions), though the 

effects from syphilis did not remain significant with the FDR correction. Men with 

chlamydia also had somewhat shorter relationships in 1997. Women with HIV had longer 

relationships by over 3 years, and both men and women with gonorrhea had longer 
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relationships in 1997 and 2001, respectively, which is the opposite of predictions. In general, 

the interaction terms were significant when either men or women had significant effects, 

suggesting that these effects differed between men and women. 

 However, sensitivity analyses suggested that the high HIV – HSV-2 correlation 

obfuscated results. When HSV-2 was removed from the model, the HIV predictors for both 

women and men became insignificant across all time points, suggesting there is no 

relationship between HIV infection and relationship length. When HIV was removed from 

the model, HSV-2 effects on women and men were not significant at any time point, 

suggesting that HSV-2 does not predict relationship length. 

 

 Table 9 

Predictors of Number of Sexual Partners by Outcome Year 

Variable  

1996 1997 1998 1999 2000 2001 

b (se) b (se) b (se) b (se) b (se) b (se) 

Intercept -.03 -.14 -.06 .05 .15 .19 

Ethnicity       

Hispanic .02 (.07) -.13 (.06)
*
 .06 (.06) .04 (.06) -.05 (.08) -.05 (.09) 

Black -.02 (.05) -.26 (.08)
***

 -.11 (.08) -.08 (.08) -.07 (.06) -.04 (.06) 

Native .10 (.19) .14 (.36) -.45 (.32) -.14 (.35) -.09 (.23) -.33 (.29) 

Asian -.27 (.14)
 †
 -.22 (.13)

†
 -.15 (.16) -.26 (.13)

*
 -.22 (.12)

†
 -.16 (.15) 

Other .36 (.17) -.51 (.25)
*
 -.59 (.18)

***
 -.28 (.26) -.35 (.14)

*
 -.49 (.13)

***
 

Man -.09 (.05) -.34 (.06)
***

 -.26 (.05)
***

 -.15 (.04)
***

 -.18 (.05)
***

 -.12 (.05)
*
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Living Situation       

Bio/Step-parent .13 (.06)
*
 -.04 (.07) -.02 (.07) -.03 (.06) -.05 (.07) -.09 (.08) 

Single parent .10 (.05)
*
 .09 (.06) .01 (.05) .00 (.05) .05 (.05) .05 (.05) 

Other parent .07 (.10) -.06 (.13) -.12 (.10) -.01 (.10) -.03 (.12) -.05 (.15) 

Age .06 (.02)
***

 .03 (.02)
†
 .03 (.02)

†
 .00 (.02) -.02 (.02) -.05 (.02)

**
 

Married -.10 (.07) .08 (.05) .08 (.06) -.01 (.05) -.07 (.06) -.11 (.06) 
†
 

Attractive -.02 (.03) .03 (.03) .02 (.03) .00 (.03) .02 (.03) .06 (.03) 
†
 

Parents’ education .03 (.02)
 †
 .04 (.03)

†
 .07 (.02)

***
 .07 (.02)

***
 .05 (.02)

**
 .03 (.03) 

Income (log) .01 (.05) .06 (.09) .07 (.07) .10 (.07) .05 (.08) .04 (.09) 

Religiosity -.01 (.01) .01 (.01) .00 (.01) .00 (.01) .00 (.01) .00 (.01) 

Baseline partner 

#s 
.16 (.02)

***
 .14 (.03)

***
 .11 (.02)

***
 .08 (.02)

***
 .07 (.03)

**
 .08 (.02)

***
 

STOs       

chlamydia       

women - .02 (.18) -.20 (.21) -.19 (.19) -.20 (.18) -.17 (.17) 

men - -.88 (.32)
**

 .03 (.38) -.27 (.38) -.19 (.35) -.30 (.34) 

interaction - -.90 (.35)
** 

.23 (.40) -.08 (.42) .01 (.40) -.14 (.39) 

gonorrhea       

women - -.19 (.44) .42 (.51) .65 (.32)
*
 .66 (.27)

*
 .80 (.20)

***
 

men - 1.07 (.31)
**

 .15 (.29) -.12 (.47) -.06 (.61) .31 (.70) 

interaction - 1.26 (.51)
* 

-.26 (.56) -.76 (.55) -.72 (.64) -.49 (.29) 

HBV       

women - .03 (.27) .57 (.37) -.15 (.27) .11 (.40) -.16 (.29) 
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men - -1.78 (.94)
†
 -1.63 (.70)* -.42 (.50) -.90 (.68) -1.72 (.83)* 

interaction - -1.81 (.93)
† 

-2.20 (.87)
* 

-.27 (.52) -1.01 (.79) -1.56 (.88)
† 

HIV       

women - .19 (.57) .09 (.42) .09 (.36) -.01 (.36) -.01 (.31) 

men - -.45 (.49) -.33 (.35) -.13 (.33) -.42 (.38) -.86 (.48)
† 

interaction - -.64 (.72) -.42 (.55) -.22 (.50) -.41 (.52) -.85 (.56) 

HSV-2       

women - -.24 (.35) .04 (.13) -.04 (.11) -.09 (.13) -.14 (.14) 

men - .50 (.37) .61 (.27)* .55 (.24)
*
 .87 (.32)

**
 1.11 (.39)

**
 

interaction - .74 (.48) .57 (.30)
† 

.58 (.26)
* 

.96 (.34)
** 

1.25 (.42)
** 

syphilis       

women - -.42 (.57) -.30 (.62) -.15 (.45) -.49 (.47) -.60 (.38) 

men - .36 (.52) -.06 (.43) -.02 (.38) .13 (.33) .10 (.39) 

interaction - .78 (.77) .25 (.72) .13 (.58) .62 (.57) .70 (.52) 

trichomoniasis       

women - -.55 (.31)
†
 -.65 (.33)

*
 -.16 (.15) .06 (.15) .13 (.13) 

men - -.36 (.45) -.11 (.52) -.04 (.53) -.23 (.52) .04 (.33) 

interaction - .19 (.55) .53 (.63) .13 (.56) -.29 (.57) -.09 (.37) 

Any STO       

women .10 (.14) - - - - - 

men .30 (.21) - - - - - 

interaction .20 (.26) - - - - - 
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Man .03 (.54) .39 (.51) .34 (.44) -.04 (.40) .03 (.37) .22 (.35) 

Living Situation       

Bio/Step parent .64 (.94) -.39 (.92) -.36 (.81) .24 (.68) .43 (.72) .31 (.57) 

Single parent -.56 (.56) -.60 (.54) -.60 (.48) -.59 (.44) -.49 (.38) -.34 (.33) 

Other parent -1.37 (.64)
*
 -3.17 (1.84)

†
 -2.87 (1.53)

†
 -2.27 (1.39) -2.27 (1.31)

†
 -2.70 (1.38)

*
 

Age .06 (.20) -.38 (.21)
†
 -.24 (.19) -.10 (.18) -.06 (.14) -.01 (.13) 

Married -.05 (1.14) .89 (.65) .09 (.58) -.31 (.56) -.23 (.51) .59 (.47) 

Attractive .41 (.29) -.38 (.25) -.05 (.22) .10 (.19) .00 (.20) .17 (.17) 

Parents’ 

education 
.01 (.17) .14 (.23) .17 (.21) .18 (.20) .14 (.19) .15 (.14) 

Income (log) -.73 (.73) 1.00 (.83) -.04 (.68) -.71 (.64) -.74 (.57) -.87 (.50) 
†
 

Religiosity .06 (.11) .02 (.15) .13 (.13) .17 (.11) .09 (.10) .08 (.10) 

Baseline  .31 (.06)
***

 .27 (.05)
***

 .24 (.05)
***

 .20 (.05)
***

 .18 (.04) 
***

 .15 (.04)
***

 

STOs       

chlamydia       

women - -.40 (1.74) -3.49 (3.98) -2.98 (3.51) -4.14 (3.36) -4.21 (3.22) 

men - -6.97 (3.42)
* 

-3.04 (2.33) -3.17 (1.79)
† 

-2.94 (2.17) -2.05 (2.73) 

interaction - -6.56 (3.68)
† 

.45 (4.82) -.19 (4.16) 1.20 (4.13) 2.17 (4.14) 

gonorrhea       

women - -1.66 (1.63) -1.09 (1.98) -2.03 (1.83) -1.82 (1.69) -1.32 (1.56) 

men - -5.64 (3.06)
† -14.62 

(8.32)
† 1.67 (.81)

* 
-2.48 (.79)

**
 -2.10 (.69)

** 

interaction  -3.99 (3.55) 
-13.54 

(8.55) 
3.69 (2.07)

†
 -.66 (1.91) -.78 (1.77) 

HBV       
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women - 1.14 (4.98) 1.44 (3.83) -.96 (2.51) -1.20 (2.10) -1.80 (1.88) 

men - 
30.74 

(5.01)
***

 

35.27 

(7.83)
***

 

26.47 

(3.24)
***

 

17.79 

(2.58)
***

 

18.67 

(3.11)
***

 

interaction - 
29.59 

(.708)
***

 

33.83 

(8.61)
***

 

27.43 

(4.14)
***

 

19.00 

(3.53)
***

 

20.47 

(3.61)
***

 

HIV       

women - 7.22 (4.36)
†
 9.34 (3.75)

*
 3.91 (4.12) 3.67 (4.09) 3.53 (3.42) 

men - 
-8.72 

(3.68)
**

 
-2.58 (4.40) -3.51 (3.06) -1.54 (2.38) -.65 (2.34) 

interaction - 
-15.95 

(5.48)
**

 

-11.92 

(5.57)
*
 

-7.42 (4.75) -5.21 (4.27) -4.19 (3.80) 

HSV-2       

women - .45 (1.75) -.49 (1.58) -.84 (1.40) -.90 (1.43) -.20 (1.03) 

men - 4.58 (1.11)
**

 
4.45 

(1.03)
***

 
3.67 (.97)

***
 2.39 (1.22)

* 
1.35 (.93) 

interaction - 4.13 (1.99)
**

 4.95 (1.75)
**

 4.51 (1.68)
**

 3.28 (1.85)
†
 1.57 (1.44) 

syphilis       

women - 8.96 (6.71) 8.00 (5.75) 8.34 (4.81)
†
 8.08 (4.57)

†
 7.89 (4.22) 

†
 

men - 
-19.03 

(4.51)
***

 

-24.87 

(5.70)
***

 

-23.59 

(4.84)
***

 

-13.68 

(2.77)
***

 

-13.63 

(2.95)
***

 

interaction - 
-27.99 

(8.00)
***

 

-32.87 

(7.96)
***

 

-31.92 

(6.84)
***

 

-21.76 

(5.30)
***

 

-21.53 

(5.15)
***

 

trichomoniasis       

women - -5.82(4.79) -7.40 (3.35)
*
 -4.03 (3.43) -4.00 (3.46) -6.56 (3.96)

†
 

men - -2.76 (1.31)
*
 -.03 (4.43) 

-3.52 

(1.20)
** 

-2.06 

(.62)
*** 

-2.27 

(.55)
*** 

interaction - 3.07 (4.91) 7.37 (5.68) .42 (3.53) 1.93 (3.50) 4.29 (4.00) 

Any STO       

women -1.08 (.60)
 †
 - - - - - 

men .20 (.92) - - - - - 
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interaction 1.28 (1.08) - - - - - 

Note. Numbers are in months. Effects that are significant when using the FDR correction are 

in red. To find the gender-specific effects of each STOs, models were run twice, first using 

women as the reference group, then using men. Interaction terms were calculated using 

women as the reference group. 

†
p < .10. 

*
p < .05. 

**
p < .01. 

***
p < .001. 

 

Table 13 

Predictors of Relationship Length by Outcome Year 

Variable / sample 

size 
1996 1997 1998 1999 2000 2001 

n 1,694 1,798 1,887 2,015 2,104 2,167 

 
b (se) b (se) b (se) b (se) b (se) b (se) 

Intercept 12.30 17.64 21.76 25.69 28.68 (1.10) 30.97 (1.17) 

Ethnicity       

Hispanic .04 (1.04) -.38 (1.23) .72 (1.37) 1.44 (1.45) 2.32 (2.10) 1.35 (2.31) 

Black -.33 (.80) 1.02 (1.17) -.71 (1.30) 1.10 (1.70) .87 (1.82) 3.37 (2.03) 
†
 

Native 3.57 (3.47) 1.51 (2.92) -.12 (7.56) -6.53 (9.00) 
-11.72 

(7.00)
†
 

-7.46 (8.32) 

Asian 3.57 (2.29) .00 (3.34) -.76 (3.78) -3.29 (2.55) -.19 (2.76) 3.00 (3.42) 

Other -.94 (2.74) 4.08 (5.11) 5.97 (5.87) -.04 (6.58) -2.86 (6.29) 3.98 (7.51) 

Man 
-2.00 

(.59)
***

 
-.74 (1.00) -2.13 (.97)

*
 

-3.25 

(1.10)
**

 
-1.76 (1.38) 

-2.38 (1.44) 
†
 

Living Situation       

Bio/Step parent -.54 (1.00) .32 (1.13) .01 (1.38) -1.17 (1.49) -.16 (1.58) -.43 (2.08) 
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Single parent -.83 (.70) 1.27 (.97) 1.28 (1.12) .37 (1.15) -1.25 (1.38) -2.11 (1.49) 

Other parent -.70 (1.14) -.17 (2.17) 1.17 (2.40) -.33 (2.30) -.57 (2.83) .62 (3.56) 

Age 1.34 (.25)
***

 1.28 (.32)
***

 1.03 (.40)
**

 1.30 (.36)
***

 1.30 (.48)
**

 1.38 (.61)
*
 

Married 
9.76 

(2.53)
***

 
2.13 (1.03)* 

5.56 

(1.09)
***

 

10.19 

(1.35)
***

 

14.99 

(1.67)
***

 

23.29 

(1.94)
***

 

Attractive -.23 (.31) -.15 (.43) -.23 (.52) .24 (.52) .45 (.73) .41 (.74) 

Parents’ 

education 
-.38 (.26) .07 (.40) -.38 (.45) -.39 (.49) -.45 (.52) -.24 (.61) 

Income (log) -.37 (.95) -1.09 (1.25) -2.54 (1.34)
†
 

-6.05 

(1.59)
***

 

-7.46 

(1.68)
***

 
-7.23 (2.13) 

Religiosity .08 (.10) -.21 (.22) -.14 (.21) -.32 (.26) -.50 (.33) -.69 (.50) 

Baseline length .47 (.04)
***

 .58 (.05)
***

 .62 (.06)
***

 .59 (.07)
***

 .56 (.08)
***

 .46 (.09)
***

 

STOs       

chlamydia       

women - 5.55 (2.49)
*
 6.76 (4.34) -.03 (4.76) 4.28 (5.33) -4.26 (5.35) 

men - -5.23 (3.30)
*
 -5.55 (4.36) -1.44 (4.72) -.82 (8.28) 1.77 (8.58) 

interaction - 
-10.76 

(4.94)
*
 

-12.32 

(6.46)
†
 

-1.41 (6.42) -5.10 (9.85) 6.03 (10.60) 

gonorrhea       

women - -.09 (3.76) -4.21 (4.80) 3.47 (4.65) 9.77 (5.62)
†
 

20.65 

(6.39)
***

 

men - 
13.28 

(2.33)
***

 

10.73 

(5.62)
†
 

8.82 (14.47) 1.27 (7.81) .13 (12.65) 

interaction - 
13.36 

(3.91)
***

 

14.94 

(7.27)
*
 

5.35 (15.27) -8.50 (9.76) 
-20.52 

(14.56) 

HBV       

women - 1.72 (5.17) 1.06 (9.55) 
14.47 

(10.41) 

21.92 

(13.37) 

26.60 

(13.96)
†
 

men - 
-25.11 

(3.61)
***

 

-23.34 

(5.14)
***

 

-36.61 

(8.74)
***

 

-19.59 

(12.88) 
2.62 (22.52) 

interaction - 
-26.83 

(6.10)
***

 

-24.40 

(11.04)
*
 

-51.08 

(14.17)
***

 

-41.51 

(21.26)
†
 

-23.97 

(29.50) 
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HIV       

women - 
16.06 

(12.52) 

31.15 

(18.60)
†
 

41.50 

(12.11)
***

 

42.39 

(12.26)
**

 

48.10 

(11.67)
***

 

men - 
-18.73 

(13.49)
*
 

-20.78 

(16.20) 

-22.75 

(16.08) 

-14.34 

(18.95) 

-21.69 

(17.60) 

interaction - 
-34.80 

(14.48)
*
 

-51.93 

(17.70)
***

 

-64.26 

(23.89)
**

 

-56.74 

(27.22)
*
 

-69.79 

(22.82)
**

 

HSV-2       

women - -2.71 (2.01) 
-16.78 

(8.13)
*
 

-40.31 

(3.01)
***

 

-35.90 

(3.69)
***

 

-36.46 

(3.80)
***

 

men - 
14.43 

(14.23) 

19.91 

(14.19) 

23.84 

(13.64)
† 

21.49 

(17.06) 

26.10 

(18.32) 

interaction - 
17.14 

(14.29) 

36.68 

(15.00)
*
 

64.15 

(13.99)
***

 

57.38 

(17.42)
***

 

62.55 

(18.69)
***

 

syphilis       

women - 
-23.11 

(11.49)
*
 

-24.77 

(14.03)
*
 

-18.47 

(13.46) 

-30.70 

(15.60)
*
 

-35.36 

(16.31)
*
 

men - 6.06 (10.10) 
10.29 

(12.96) 
5.78 (16.57) 

-15.24 

(14.86) 
-1.18 (.988)  

interaction - 
29.17 

(12.89)
*
 

35.06 

(17.76)
*
 

24.25 

(23.30) 

15.46 

(23.52) 

34.18 

(18.77) 
†
 

trichomoniasis       

women - .82 (12.18) 3.43 (13.51) -2.53 (13.32) 
-7.51 

(12.18) 
-8.06 (13.26) 

men - .37 (3.82) 2.53 (6.63) 8.99 (12.51) 
26.72 

(12.81)
* -.61 (17.70) 

interaction - -.46 (12.99) -.91 (15.09) 
11.52 

(18.24) 

34.23 

(17.77)
†
 

7.45 (22.54) 

Any STO       

women -1.27 (1.63) - - - - - 

men -.25 (3.87)      

interaction 1.02 (4.37) - - - - - 

Note. Numbers are months. Effects that are significant when using the FDR correction are in 

red. To find the gender-specific effects of each STOs, models were run twice, first using 
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women as the reference group, then using men. Interaction terms were calculated using 

women as the reference group. 

†
p < .10. 

*
p < .05. 

**
p < .01. 

***
p < .001. 

 

Instrumental Variable Analysis Results 

 The first step in instrumental variable (IV) analysis is to test if the instrumental 

variable is associated with the outcome variable(s); without a moderate correlation, IV 

analysis won’t work, even with large sample sizes (Duke University: Causal Inference 

Bootcamp: Your Guide to Instrumental Variables). Associations between immune system 

functioning and outcome sexual behaviors are available in Table 14; unfortunately, immune 

system functioning was not strongly related to any of the DVs. 

 Immune system functioning was negatively related to number of sexual partners in 

1996 but positively related in 1998. Neither association was strong, and associations with all 

other years were non-significant. Immune system functioning was significantly negatively 

related to relationship length in 1996, but the correlation was too weak for IV. It was not 

related to number of one-night stands or time until sex at any time point. Given this pattern of 

no or small associations, immune system functioning is likely not related to sexual behavior. 

Instrumental variable analysis was therefore not pursued further. 
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Table 14 

Immune Functioning Associations with Outcome Sexual Behaviors 

Outcome sexual 

behavior 
1996 1997 1998 1999 2000 2001 

Number of sexual 

partners 
.97

*
 1.02 1.04

*
 1.00 .99 .99 

Number of one-night 

stands 
.92 1.24 1.21 1.08 1.04 1.02 

Time until sex .05 -.03 -.07 .11 -.04 .01 

Relationship length -.09
**

 -.01 .04 .05 -.07 .01 

Note. Associations with time until sex and relationship length are correlations, associations 

with number of partners and number of one-night stands are presented in incident rate ratios 

(IRRs), with IRRs less than 1 indicating a negative association and IRRs greater than 1 

indicating a positive association.  
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Discussion 

 This study explored the effects of STO infection, specifically HIV and genital herpes, 

on short-term sexual behavior. We predicted that compared to STO-free individuals, 

individuals who had acquired each STO at baseline would have shorter relationships, less 

time in each relationship until sex is initiated, more sexual partners, and more one-night 

stands at follow-ups. Overall, we found mixed results, with genital herpes and gonorrhea 

predictive of more sexual partners, though it is unclear whether these results reflect true 

manipulation by STOs. The following subsections delve further into the STOs with the most 

consistent pattern of results. 

HSV-2 

 Genital herpes had results most consistent with predictions, as men with HSV-2 had 

more sexual partners at follow-ups, even after controlling for partner numbers at baseline, 

and sensitivity analyses suggested that this effect was not inflated by the high correlation 

with HIV. The increases in numbers of sexual partners was also quite large, with incidence 

rate ratios suggesting that these men acquired sexual partners at a rate of up to 3 times that of 

other individuals. Insofar as this represents manipulation, the manipulation took several years 

to “kick in,” as the effects were only marginally significant immediately following infection 

but became stronger and statistically significant as time progressed. Moreover, none of these 

men indicated another STO infection at Wave III (other than HIV), suggesting that these 

effects were not due to manipulation by a co-infecting STO. 

 However, the latency effect of manipulation may be an artifact of data collection: at 

Wave III data collection, individuals were asked to recall the past 5 years of relationship 

experiences, with the study DVs reconstructed from this single interview. Memory degrades 
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with time, particularly for relatively unimportant events (Beckett, Da Vanzo, Sastry, Panis, & 

Peterson, 2001; De Nicola & Giné, 2012; Wu et al., 2001); if participants had minor 

relationships (such as flings) that occurred during those years, they would be less likely to 

correctly remember them in 2001, and thus their number of sexual partners during 1997-98 is 

under-reported. Indeed, as noted earlier, having HSV-2 at Wave II was associated with 

having relationships that were not able to be placed in time because participants forgot all 

relevant dates, suggesting these individuals had their partner numbers under-count. 

 It is also worth noting that increased partner numbers were only found for men with 

HSV-2, not women, with significant interaction effects indicating that these gender 

differences were significant.  However, because missing relationships were associated with 

women with HSV-2, their partner numbers are likely to be under-reported. In fact, women 

with genital herpes had much shorter relationships than average, which is consistent with 

predictions. This association suggests two divergent paths. One, women with HSV-2 also had 

more partners at follow-ups but were under-count due to methodological flaws or mistakes in 

reporting their relationship length. For example, if a woman had a relationship that ended in 

2001, but she incorrectly indicated that it ended in 1999, this partner would not have been 

counted for the years of 2000 and 2001.  In this case, HSV-2 did not manipulate men and 

women differently. However, it is also possible that even with the inclusion of these missing 

relationships, women with HSV-2 would not have had more sexual relationships, and thus 

HSV-2 does differentially manipulate based on gender. In this case, it is striking that insofar 

as this difference is due to manipulation, it affected men and not women. Theoretically, if we 

expect men to be more short-term orientated than women (as explained in the introduction), 

we would expect that if these men could have obtained more sexual partners at baseline, they 
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would have done so, yet this effect exists even when controlling for baseline behavior. Thus, 

if the increased number of partners is due to manipulation by HSV-2, either (a) the men were 

not as short-term orientated at baseline as previously hypothesized, and an increase in their 

short-term desire changed their sexual behavior such that they had more sexual partners, or 

(b) this manipulation is acting through channels other than increasing short-term mating 

orientation. 

Overall, there is some evidence to suggest that HSV-2 manipulates the sexual 

behavior of men. Given that HSV-2 is one of the most likely manipulators based on theory, 

this finding warrants future research, with follow-up interviews regularly conducted to get a 

more accurate picture of the latency of this manipulation, as well as to confirm if this effect is 

specific to men or if it affects both men and women. 

Gonorrhea 

 Men with gonorrhea also had more sexual partners in the year immediately following 

infection, and they also had significantly more partners than women. Though this effect 

didn’t last through time (and thus may be a statistical/methodological artifact), this is also 

consistent with manipulation predictions. As gonorrhea infections can be cleared with 

antibiotics (or fevers due to other illnesses), gonorrheal manipulation would have to be 

relatively fast-acting, with manipulative effects disappearing once the infection is cleared. 

Interestingly, however, gonorrhea infections in women also predicted greater numbers of 

sexual partners at further-follow-ups (1999 – 2001). Moreover, only two of these participants 

had acquired another STO by the Wave III interview, suggesting that the increase in sexual 

partners was not due to manipulation by a co-infecting STO. However, it is worth noting that 

both the effects for gonorrhea for men and women coincided with longer relationship 
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durations, and thus these individuals’ counts of sexual partners could be artificially inflated 

due to incorrect relationship timelines. For example, if a relationship ended in 1999 but the 

participant indicated it ended in 2001, this partner would have been incorrectly counted in the 

partner counts for 2000 and 2001. 

HIV 

 Generally, HIV infection was not associated with any of the sexual behaviors, with 

the exception of HIV infections in women predicting very long relationships (+3 years more 

than average). This is the opposite of predictions. In this case, perhaps this effect is driven by 

women making conscious choices: once women find out they are HIV-positive, they are 

more reluctant to engage in sex with new partners and are more likely to remain in 

committed relationships with individuals who are already aware of their seropositive status. 

This could also explain why individuals with HIV are somewhat less likely to engage in one-

night stands. However, these effects appear at least partly driven by the high correlation with 

HSV-2, as the effects on relationship length disappeared once HSV-2 was removed from the 

model. It is therefore unclear what the true effect HIV has on relationship length. 

It is particularly surprising that individuals with HIV did not have more sexual 

partners after infection given that a viable proximate mechanism of manipulation, the 

dopaminergic system, has already been identified for HIV. Moreover, HIV infections were 

not systematically related to missingness, so it is unlikely that number of sexual partners for 

individuals with HIV is under-reported, and sensitivity analyses suggested that the 

correlation with HSV-2 did not obfuscate results. 

Chlamydia 
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 The effects of chlamydia were generally opposite of expectations. Chlamydia 

infection in men predicted fewer sexual partners in 1997 (though this effect did not remain 

significant with the FDR correction), and individuals with chlamydia had fewer one-night 

stands according to both the elastic net and log-transformation analyses. However, this 

decrease in number of sexual partners for men in 1997 could be due to incorrect reporting, as 

these men also reported shorter relationship than average in 1997. The effects for partner 

numbers and relationship length also did not last over time, potentially suggesting (a) these 

effects were due to misreporting, or (b) men with chlamydia experienced “trigger-shyness” 

shortly after infection, where they were less likely to become involved with romantic 

partnerships due to their recent infection, and already existing partnerships were made more 

unstable because of the infection (per Newton & McCabe, 2005; Newton & McCabe, 2008). 

However, like HSV-2, having chlamydia at Wave II was associated with having relationships 

with missing dates, so it is possible that these effects are due entirely to partner numbers 

being under-reported. 

Other STOs 

 No other STOs had effects that told an obvious story. Men with HBV had much 

shorter relationships than average but waited much longer before initiating sex with no 

effects on number of sexual partners, though elastic net indicated one year where HBV had a 

huge effect on number of one-night stands. Similarly, women with syphilis had somewhat 

shorter relationships, and men with syphilis had sex more quickly in their relationships. 

Again, none of these effects translated into differences in partner numbers. Overall, these 

effects likely represent methodological problems in recalling and reporting relationship dates, 
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which affected the dependent variables of relationship length and time until sex is initiated, 

rather than reflecting any effects of manipulation. 

Measured DVs as Indicators of Short-Term Mating Behavior 

 Unfortunately, the inconsistent pattern of correlations between the dependent 

variables calls into question the use of these variables as indicators of short-term mating 

behaviors. Because number of sexual partners is the standard-bearer of short-term mating 

behavior and is the focal behavior of most other STO-sex research, its inconsistent 

correlations with the other DVs are likely indicative of problems with these other variables. 

Relationship Length 

 It is perhaps not surprising that relationship length was not related number of sexual 

partners, as this variable has not been used as an indicator of short-term mating in past 

research. Yet even if relationship length is not indicative of short-term mating, its inclusion 

did give us two important insights.  

 First, it suggests that the two count variables could be misreported. As iterated when 

discussing the STOs, one of the STOs that predicted more sexual partners (gonorrhea) was 

also related to longer reported relationships, and STOs that predicted fewer sexual partners 

(chlamydia) were related to shorter reported relationships. Because the number of sexual 

partners variable was re-constructed from the interview rather than asked point-blank, an 

incorrectly reported relationship length could artificially inflated or deflate the partner 

numbers recorded for the time segment. Thus, its inclusion here is important to understand 

the potential limitations of using this data set. 

 Secondly, its relationship with HIV (individuals making conscious choices to remain 

with partners who know their infection status) highlights a major barrier faced by 
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manipulating STOs: given the shame felt by the infected individual and stigma from the 

community (Bender & Hill, 2018; Haapa, et al., 2018; Wong et al., 2012), once an individual 

is aware of their STO infection, they may be hesitant to becoming involved with new 

partners because of the need to share their infection status (Newton & McCabe, 2008; 

Swanson & Chenitz, 1993), and thus we should see a decrease in partner numbers post-

infection. The fact that we see increases in partner numbers for several STOs is surprising 

and indicates the strength of this manipulative effect. 

Time in Relationship Until Sex 

 The time that individuals are in relationships until they initiate sex was either not 

related to number of sexual partners or was positively related, which is opposite of 

predictions. Insofar as individuals who are short-term mating oriented feel comfortable 

having sex with individuals outside of long-term relationships, we should expect them to 

have sex with their partners more quickly into their relationships, yet this was only 

marginally true here. Perhaps this variable is not related to short-term mating, despite its use 

in prior literature (Penke & Asendorpf, 2008; Schmitt, 2005a). However, there are two 

alternate explanations that may also explain the results. 

 First, the date a relationship began is much murkier than the end date, which usually 

has a specific break-up (Carver et al., 2003; Guerrero & Mongeau, 2008). But when do you 

consider your relationship to have started? You meet someone new, spend time with them as 

friends (or individuals to whom you’re attracted but haven’t told yet), and it eventually 

transitions into a romantic relationship. But at what point do things “become official?” 

Because of this uncertainty, people may use sex to define the start of a romantic relationship. 

Indeed, across all time points, the modal time until sex is 0 months, meaning that most 
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participants did not wait at all until having sex with their partner, suggesting that this is not a 

good indicator of short-term behavior. 

 Second, though related to point one, these inconsistent results may be due to the slight 

discrepancy between “time in relationship until sex is initiated” and the question used in prior 

research (Schmitt, 2005a), which more closely translates to “how long after meeting someone 

would you feel comfortable having sex with them?” Whereas both long-term and short-term 

oriented individuals may feel comfortable having sex quickly after becoming romantically 

involved (given that sexual satisfaction is an integral component of successful long-term 

relationships; Mark & Lasslo, 2018), only short-term oriented individuals are likely to accept 

new sexual partners quickly after meeting them. Indeed, some participants were asked a 

question very similar to this in the Wave III interview (“How long had you known <partner> 

when you first had sex with him/her?”). Unfortunately, this question was not asked at Waves 

I or II and was only asked of a subset of participants at Wave III, and thus could not be used 

across the board. 

 It should be noted that while we did find some STOs to be predictive of shorter times 

until sex was initiated, these results generally did not match up to the other DVs, and thus it 

is difficult to interpret these as real effects rather than methodological artifacts.  

The Problem with One-Night Stands 

 Number of one-night stands was highly correlated with number of sexual partners as 

expected. Unfortunately, this DV ran into its own set of problems with model analysis. This 

was likely due in part because there were so few people who had ever had a one-night stand. 

Though this might reflect reality, it might also be due to under-reporting, which seems 

particularly likely when comparing the numbers constructed from the Wave III interview to 
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those reported at the Wave II interview. Participants had to remember five years of 

relationships and sexual behaviors, so they were more likely to forget the dates associated 

with these relationships at Wave III than at Wave II (Smith & Thomas, 2003; Wu et al., 

2001). Indeed, of the relationships that could not be placed in time due to missing dates, they 

were more likely to be one-night stands than relationships that could be placed, suggesting 

that the counts for both “one-night stands” and “number of sexual partners” are under-

reported. 

 However, it is telling that insofar as STOs were related to one-night stands, they were 

negatively related. This is entirely opposite of predictions. In light of this finding, perhaps we 

are looking at the wrong mechanism to expand transmission opportunities. Expanding partner 

numbers would certainly give the STO more transmission opportunities to uninfected hosts; 

however, given that the transmission probability for most sexual acts is very low (CDC: HIV 

Risk Behaviors), an STO that increases the frequency of sexual acts, particularly sexual acts 

with relatively high transmission risks, might be just as successful of a manipulator as those 

that increase the raw number of sexual partners. In this case, STOs would not be best served 

by their host engaging in one-night stands, which require substantial host mating effort 

compared to the number of transmission opportunities afforded to the STO. Instead, STOs 

would more quickly spread though-out the population if they had hosts that maximized 

frequency of sexual acts for the required mating effort. That is, STOs should neither push for 

monogamous long-term relationships (little way to spread through the population) or one-

night stands, but concurrent partnerships or serial short-term relationships (e.g., summer 

flings) in which partners frequently have sex. 
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Although Add Health did record frequency of sexual acts, this data is likely too 

subject to bias to give valid results. Firstly, Add Health did not ask about all sexual acts at all 

Waves of data collection, and thus, for example, individuals who frequently had oral sex but 

infrequently had anal sex would have been coded as to not have frequently engaged in sex 

with their partner. Secondly, individuals are much worse at recalling the frequency of events 

compared to remembering whether an event took place or not (e.g., people can accurately tell 

you they had sex with a particular partner, but they cannot accurately report how many times 

they did so; Durant & Carey, 2002; Graham, Catania, Brand, Duong, & Canchola, 2003; 

McFarlane & Lawrence, 1999). Moreover, the reliability in frequency reporting decreases as 

the recall period increases (Kauth, St Lawrence, & Kelly, 1991), meaning there would be 

much more bias in the events reported at Wave III than those reported at Waves I and II. 

Future studies that investigate STOs manipulating frequency of sexual acts should therefore 

use another method of data collection such as diary studies, which are the gold standard for 

accuracy in reporting difficult-to-recall events (Bonke, 2005; Coxon, 1999; Ellis-Davies, 

Sakkalou, Fowler, Hilbrink, & Gattis, 2012; Graham et al., 2003). 

Study Strengths 

 Despite the problems with our dependent variables and the difficulties in studying 

sexual behavior and STO infection in general (the personal nature of the questions, the low 

incidence / prevalence of many STO infections, and the ethical constraints on 

experimentation), there were several strengths to this study, including the sample size and 

external validity. This paper therefore represents an important first step in investigating the 

causal relationship between STOs and outcome sexual behavior, including number of sexual 

partners. 
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 First, this study used an extant data set rather than collecting new data, which reduces 

the burden on participants and provides an important first step for further study in this area. 

The data is also nationally representative, which increases external validity and strengthens 

the claim that these effects are wide-spread and not reflective of a small, weird study sample. 

Moreover, the dataset was large. Even though exclusions reduced the dataset from the 10,828 

participants with longitudinal data, no analyses had fewer than 1,000 participants, and many 

analyses had several thousand more. 

 Data collection relied on participant self-report; though this method is not bias-free 

(see below), there are certain advantages. Firstly, participants completed the questions 

pertaining to sexual health on their own, which has been shown to increase honest reporting 

(Ghanem et al., 2005). Secondly, prior research has found that people are generally reliable 

reporters of their sexual histories (Durant & Carey, 2002; Hearn, O’Sullivan, & Dudley, 

2003; McLaws, Oldenburg, Ross, & Cooper, 1990; Schrimshaw, Rosario, Meyer-Bahlburg, 

Schard-Matlick, 2006).  

 Lastly, data collection was not designed specifically around this study. Although this 

does come with many limitations (see below), it does mean that questions of interest were 

embedded among many other irrelevant questions, and thus it is unlikely that participants 

would have guessed the study hypotheses and changed their behavior accordingly (Cozby & 

Bates, 2018). 

Study Limitations  

 This study provides the first steps in showing that HSV-2 and gonorrhea in particular 

may be manipulating their hosts to increase their number of sexual partners as means of 
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increasing their transmission opportunities. However, as with any study, it is not without its 

limitations. 

 Methodological issues in design represent the largest study limitations. Firstly, 

because this was secondary data analysis, dependent variables of interest had to be 

reconstructed from other variables that were more prone to recall error. That is, instead of 

asking participants “how many sexual partners did you have in the past year?” or “in the past 

year, how long were your relationships on average?,” all variables were reconstructed from 

participants’ self-reported relationship start and end dates, and thus any participants who 

incorrectly entered these dates would be mis-reporting all dependent variables. This is 

particularly true for the years 1997 – 2000, which were reconstructed from recall in 2001. 

Memory degradation over time suggests that these years are most prone to recall error; 

moreover, date recall is worse when associated with non-important events (Smith & Thomas, 

2003; Wu et al., 2001), suggesting that short-term relationships during these years (the 

relationships in which we are most interested) were less likely to be accurately reported. By 

asking participants the dependent variables point blank (e.g., asking them “how many sexual 

partners did you have in 1997?”), we could have eliminated some of the difficulty in placing 

the relationships in time. Moreover, directly asking these questions likely would have led to 

more accurate relationship lengths and time until sex is initiated, as people are generally 

better at remembering an occurrence’s duration rather than translating this time period into 

specific dates (Duncan & Hill, 1985; Smith & Thomas, 2003; Wu et al., 2001). 

 However, directly asking the questions of interest would not have completely 

eliminated the difficulty in recall, which is the second methodological flaw. While prior 

research has found that people are generally good at remembering how many sexual partners 
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they had during a specific time period (see above), this accuracy depends on their number of 

partners, with those who are monogamous and abstainers having the best recall, but under-

reporting increases with increasing partner numbers (Jaccard, McDonald, Wan, Guilamo-

Ramos, Dittus, & Quinlan, 2004). Since we have the least accurate picture of individuals 

with the most sexual partners, even modest under-reporting by this group is likely to bias 

results towards non-significance. This also suggests that of the STOs that did significantly 

affect partner numbers (gonorrhea and HSV-2), the effect sizes are likely to be under-

reported. Data collection methods such as diary studies may be better suited to characterizing 

the behavior of those with more than one sexual partner.  

 The last methodological design issue was that the data were self-report. Although 

there are several strengths to this method (see above) other studies have found that not all 

individuals are created equal when reporting sexual events. For example, girls are more 

reliable reporters of sexual activities than boys, with white girls being the most consistent 

reporters and African and Asian American boys being the least consistent reporters 

(Upchurch, Lillard, Aneshensel, & Li, 2002). Thus, the sexual behaviors reported by men 

may be more suspect than those reported by women. This is compounded by potential under-

reporting by women and over-reporting by men (Meston, Heiman, Trapnell, & Paulhus, 

1998) due to a gender-specific sexual double-standard, though this effect could be moderated 

by the fact that individuals were asked detailed questions about their relationships, and thus 

men may be less likely to artificially inflate the number of partners. Women, however, could 

still be consistently under-reporting their partner numbers; this could potentially explain the 

gender-specific effects of HSV infection on number of sexual partners, and general lack of 

effects of manipulation in women. 
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 There are also limitations due to reasons other than methodology, specifically in 

issues surrounding STO rates and data collection. Firstly, STO infection was assessed using 

self-report and not serological testing; given that individuals are generally only tested for 

STO infection if they display physical symptoms or report engaging in risky sexual behaviors 

to health professionals, it is likely that some individuals in the control group (individuals that 

did not report any STOs) were infected with asymptomatic STOs. To get more accurate rates 

of STO incidence and a true control group, serological testing is needed. 

 Secondly, HPV is a potential manipulator, but infections were not assessed until 

Wave III. Not only does this preclude the possibility of testing HPV as a manipulator, it 

means that any individual could be infected or co-infected with HPV. If HPV does 

manipulate sexual behavior, the STO-free control group is not entirely STO-free, and thus 

their sexual behavior is skewed towards short term mating. Moreover, any individuals with 

co-infections could have effects driven by their HPV infection and not their listed infection. 

However, of individuals who indicated they had been diagnosed with HPV at Wave III, only 

two had an STO at Wave II. 

 Third, even with using a nationally representative data set with thousands of 

individuals, STO infection numbers are small. The imbalance of STO positive and negative 

individuals means we are likely under-powered to detect real effects of infection on 

manipulation. Future studies could work around this issue by over-sampling STO+ 

individuals and limiting the participation of STO- individuals. That approach was not done 

here in order to keep results nationally representative. 

 Lastly, the high rate of co-infection between HIV and HSV-2 made it difficult to 

assess the true effects of these STOs on short-term behaviors. This is particularly frustrating 
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given that these two STOs are the most likely to manipulate our sexual behavior (Sarafin et 

al., in prep). The current study addressed this problem with sensitivity analyses, but this 

method is imperfect because leaving one STO predictor out of analyses means we are not 

controlling for its effects. Future studies should over-sample individuals without co-

infections (e.g., people who only have HIV and people who only have HSV-2) so we can get 

a more accurate picture of their effects on sexual behavior. 

Future Directions 

 To my knowledge, this study is the first to use STO infection status as a predictor of 

follow-up sexual behavior. However, temporal precedence does mean the infection caused 

the sexual behavior; even if it did, this would still not definitely prove that STOs were 

manipulating that behavior; as discussed with HIV-positive women, effects in sexual 

behaviors might be caused by STO-positive individuals making conscious or unconscious 

choices about their sexual behaviors in light of their new STO status. There are some next 

steps in research before we can claim manipulation. 

 First, we must expand this study to show true causality. Even though HSV-2 

predicted number of sexual partners at follow-up even after controlling for baseline behavior, 

there are still myriad extraneous factors that could be causing this change in sexual behavior, 

and the limitations of secondary data analysis meant that I could only control for a limited 

number of confounding factors. Future studies that collect their own data should try to 

control for a greater number of confounding factors such as self-efficacy and consistency of 

condom use (Carlson & Soller, 2019; Fairfortune, Stern, Richardson, Koutsky, & Winer, 

2019). 
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 The case for causality could also be improved with instrumental variable analysis, as 

this statistical method would estimate the true causal effect of infection on outcome sexual 

behavior. In this study, that approach was unsuccessful due to a poor instrument (and the 

limitations in secondary data analysis on selecting a stronger one). Future studies should 

more carefully collect instrumental data; given the ethical constraints in establishing 

causality here, instrumental variable analysis is likely to give us the best estimation of the 

true causal effect. 

 Once causality is more definitively established, the next step is to disentangle the 

effect as manipulation vs. the effect as host-driven choices. Here, research into the proximate 

mechanisms of manipulation may help. For STOs to be manipulating behavior, there must be 

underlying changes in host physiology (such as increased T or dopamine); if we can identify 

any such changes and show that they are specifically driven by the infection, this would 

strengthen the case that the STO is manipulating sexual behavior. However, if the infection is 

unrelated to the molecular/physiological changes that drive host behavior, any behavioral 

changes are likely to be due to host intentions and not due to manipulation. 

Broader Impacts 

 Though preliminary, these results speak to the broader impacts of understanding 

manipulation of human behavior by STOs. Firstly, tying behavioral changes to specific STO 

infection can help with disease diagnosis. That is, just as health care providers recommend 

that people get tested for STOs when they notice physical symptoms that may never 

manifest, individuals can watch for and notify health care professionals of any behavioral 

changes. This approach would be particularly useful in low-income countries where 

providers use syndromic management to diagnose STO infection, or in wealthier countries 
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like the U.S., where individuals put off testing due to geographical or financial inaccessibility 

(Aral, 2001).  

 Secondly, understanding the causal link to go from infection to behavior (rather than 

the other way around) may help reduce the stigma around STO+ status, which in turn could 

help stop STO spread. Communities that understand that the behavior is a response to the 

infection, not the cause of it, may be less likely to “slut-shame” STO+ individuals. Framing 

STO+ individuals as “victims” rather than “perpetrators” may also help public health 

campaigns that encourage STO testing: if individuals do not hold themselves responsible for 

their infection status, a positive STO test may not be viewed as a threat to the person’s 

identity as a responsible actor, and individuals may be more likely to get tested when they 

suspect infection or have been with a new partner. Moreover, research indicates that 

individuals respond better to new information when they do not feel personally attacked by it 

(Lazer et al., 2018); STO+ individuals who understand that STOs manipulate their hosts 

towards certain short-term behaviors are less likely to feel shame and guilt and are more 

likely to respond openly to learning of their infection status than individuals who feel that 

infection is their fault. A reduction in blame by health care providers may also lead to 

increased patient retention and better outcomes, as STO+ individuals may avoid treatment 

because of provider shaming (Ford et al, 2013; Tilson et al., 2004). 

 This reduction in slut shaming may be especially beneficial to infected women, who 

are disproportionately blamed for their own and their partners’ STO diagnoses (Blackstock et 

al., 2012; Giffin, & Lowndes, 1999; Valentine, 2008), and who unfortunately suffer greater 

physical consequences of untreated STOs (e.g., infertility; Aral, 2001). However, given that 

we already know that women are more likely to acquire an STO from their male partner than 
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vice versa (Aral, 2001), and we still blame women, I am not holding out hope that this new 

piece of information will suddenly make people stop hating women. A girl can dream, 

though.  

 Lastly, a better understanding of this causal link may lead to people being happier 

with their sexual lives. Individuals with more knowledge of sexual health and behavior report 

higher sexual satisfaction with their partners and sex lives (Higgins, Mullinax, Trussell, 

Davidson Sr, & Moore, 2011; Marzieh, Fatemeh, Ozra, & Siamak, 2011); adding to this 

literature will add another tool in the toolbox to empower individuals to make the best 

choices for themselves.  
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Conclusions 

 This study provides the first evidence that certain STOs, specifically HSV-2 and 

gonorrhea, may manipulate human behavior such that their host has more sexual partners and 

the STOs have more transmission opportunities. Though these conclusions are limited due to 

methodology, they underscore the need for further research and provide a clearer direction 

for future studies.  
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Appendix  

Elastic Net Graphs 

Figures A1 & A2: Deviance (left) and Coefficient Tree (right) for Elastic Net, 2001 

       

 

Figures A3 & A4: Deviance (left) and Coefficient Tree (right) for Elastic Net, 2000 
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Figures A5 & A6: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1999 

       

 

Figures A7 & A8: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1998 
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Figures A9 & A10: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1997 

       

 

Figure A10 & A11: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1996 
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