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Abstract

Objective—Several epidemiologic studies have investigated sexually transmitted infections (STIs)
and later risk of genitourinary conditions with suggestive positive results. While these results may
reflect causal associations, other possible explanations include confounding by factors possibly
related to both STI acquisition and genitourinary condition risk, such as recognized STI risk factors/
correlates, and other factors not typically considered in relation to STIs (e.g., general health-related
behaviors or markers of such behaviors). Very few of these factors have been investigated in older
populations in which STIs and genitourinary conditions are typically studied. Therefore, we
investigated ST history correlates in one such population, the Health Professionals Follow-up Study.

Methods—We ascertained histories of potential correlates, and gonorrhea and syphilis by
questionnaire (n=36,032), and performed serologic testing for Chlamydia trachomatis, Trichomonas
vaginalis, human papillomavirus, and human herpesvirus type 8 infection in a subset (n=651).
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Results—Positive correlations were observed for African-American race, foreign birth, southern
residence, smoking, alcohol consumption, ejaculation frequency, vasectomy, and high cholesterol.
Inverse correlations were observed for social integration and routine health-related examinations.

Conclusions—These findings provide useful information on potential confounders for
epidemiologic investigations of STIs and chronic diseases, and interesting new hypotheses for STI
prevention (e.g., STI counseling before vasectomy).
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INTRODUCTION

Several epidemiologic studies have investigated sexually transmitted infections (STIs) and
later risk of genitourinary conditions, such as prostate cancer, benign prostatic hyperplasia
(BPH) and bladder cancer, with suggestive positive results (1-16). While these results may
reflect causal associations, other possible explanations for some of these findings include recall,
interviewer or selection biases, and confounding by factors possibly related to both STI
acquisition and later risk of genitourinary conditions. These factors include previously
identified risk factors or correlates of STIs, such as lower education and socioeconomic status
(SES), minority race/ethnicity, residence in a Southern U.S. state, cigarette smoking, alcohol
consumption, drug use, higher lifetime number of sexual partners, homosexual orientation, and
lower social integration (17-28). Other possible confounding factors include those not typically
considered in relation to STIs, such as general health-related behaviors (e.g., diet and exercise)
or markers of such behaviors (e.g., body mass index (BMI) and cholesterol level), that might
be correlated with recent or earlier acquisition of STIs and associated with later risk of
genitourinary conditions. Very few of either of these types of factors has been investigated in
older populations in which associations between STIs and later genitourinary conditions are
typically studied. Therefore, we investigated correlates of STI histories in the Health
Professionals Follow-up Study (HPFS), a cohort study of middle- to older-aged American male
health professionals in which information on both STI histories (gonorrhea, syphilis,
Chlamydia trachomatis, Trichomonas vaginalis, human papillomavirus (HPV) and human
herpesvirus type 8 (HHV-8) infection), and an extensive array of demographic, behavioral,
social integration and health-related characteristics has been collected. Although we previously
investigated some of these variables in relation to ST1 histories in prior prostate disease
publications (8,14,29), we have now expanded our investigation to include a much broader
range of STIs and potential demographic, behavioral, social integration and health-related
correlates.

METHODS

Study population and design

The HPFS is an ongoing cohort study of 51,529 American male health professionals aged 40—
75 at enrollment in 1986. Participants entered the study by completing a mailed baseline
epidemiologic questionnaire, including questions on demographics, lifestyle behaviors and
medical history, and a semi-quantitative food frequency questionnaire (FFQ). Since 1986,
participants have completed epidemiologic questionnaires every two years to update exposure
and disease information, and FFQs every four years to update dietary information. In 1993,
participants were additionally asked to provide a blood sample for research purposes. Between
1993-1995, 18,018 participants returned a chilled, EDTA-preserved blood specimen to the
Harvard School of Public Health by overnight courier. These specimens were centrifuged,
separated into plasma, buffy coat and erythrocyte aliquots, and stored in liquid nitrogen.
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Analysis of gonorrhea and syphilis—We selected as participants men who completed
the 1992 questionnaire, which included questions on histories of gonorrhea and syphilis. For
consistency with all other HPFS analyses, we excluded participants who did not complete the
baseline FFQ, or who were diagnosed with cancer (except non-melanoma skin cancer) before
the date of return of the 1992 questionnaire. This left 32,970 white, 278 African-American,
572 Asian, and 2,212 men of other race/ethnicity in the analytic cohort.

Analysis of C. trachomatis, T. vaginalis, HPV and HHV-8 infection—We selected
as participants incidence-density sampled controls from our previous nested case-control study
of STIs and prostate cancer (8,30). As part of that study, we required controls to have completed
the baseline FFQ, provided a blood sample in 1993-95, and been alive and free of a diagnosis
of cancer (except non-melanoma skin cancer) as of the date of diagnosis of the case to which
the control was matched. We also required controls to have had at least one prostate specific
antigen (PSA) test between the date of blood draw and case diagnosis, and we individually
matched controls to cases by age, year, time and season of blood draw, and PSA testing history
before blood draw. Due to the low number of non-white controls (n=40), we only included
white controls in the analysis (n=651).

The Harvard and Johns Hopkins Bloomberg Schools of Public Health ethical review boards
approved this study.

Assessment of possible STI correlates

Most of the variables explored were assessed on the 1992 or prior questionnaires. These
included previously identified STI correlates, such as 1) demographic and geographic variables
(e.g., race/ethnicity, place of birth); 2) risk-taking behavioral variables (e.g., cigarette smoking,
alcohol consumption) measured both earlier in life, and thus nearer the likely time of STI
acquisition, and later in life; and 3) measures of social integration. We assessed social
integration by components of the Berkman-Syme social network index. This index measures
four types of social connections: marital status, sociability (number of and contact with close
friends and relatives), religious group affiliation, and social or community group membership
(31). We also explored general health-related behaviors or markers of such behaviors (e.g.,
physical activity, BMI), because we hypothesized that unhealthy behaviors (i.e., unprotected
sexual activity and other unhealthy behaviors) might be correlated. Further rationale for the
choice of each specific variable is provided in the Results section. We explored each variable
in relation to each STI, even if the hypothesis was specific to one STI, to keep the analyses
consistent across infections.

Assessment of STls

Gonorrhea and syphilis—We obtained information on histories of gonorrhea and syphilis
from the 1992 questionnaire, which asked participants to report whether they had ever had a
diagnosis of syphilis, gonorrhea, or neither. We then categorized gonorrhea and syphilis
separately as: no, yes, or unknown for men who did not respond to the STI question.

C. trachomatis, T. vaginalis, HPV and HHV-8 infection—We assessed histories of C.
trachomatis, T. vaginalis, HPV and HHV-8 infection by plasma IgG antibody detection using
specimens provided in 1993-5. We assessed C. trachomatis serostatus by the Ani Labsystems
C. trachomatis IgG enzyme immunoassay (Ani Labsystems, Helsinki, Finland), T. vaginalis
by an in-house enzyme-linked immunosorbent assay (ELISA) (8), HPV-16, -18 and -33 by
three in-house ELISASs (32) and HHV-8 by an in-house monoclonal antibody-enhanced
immunofluorescent assay (33). Further details of testing are described in previous publications
(8,30).
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Statistical analysis

We calculated means and proportions of variables by each STI, and compared these values by
t-tests and Pearson’s Chi-squared (or Fisher’s exact) tests, respectively. We assessed trends in
proportions by the Cochran-Armitage trend test. We investigated confounding by age and
identified correlates, and mediation by marital status by linear or logistic regression, as
appropriate. When assessing the presence or absence of correlations, we gave greater weight
to patterns of correlations across STIs than to the statistical significance of individual
correlations because of the large number of statistical comparisons made and the varying
sample size of each STI analysis.

To investigate whether the age of participants influenced observed correlations, we stratified
the analyses by age in 1992 (<65, >65 years) to assess whether stronger correlations were
observed among younger men than among older men, the latter of whom may have been
depleted of men with higher variable values due to premature death (e.g., men who died of
lung cancer due to heavy smoking). This analysis also allowed us to investigate whether secular
trends in STI prevalence or self-reporting, or antibody waning since the likely time of STI
acquisition (usually adolescence/early adulthood) affected the results. To investigate whether
our cancer exclusion criterion influenced observed correlations, we repeated the self-reported
analysis retaining men with cancer in 1992. We also repeated this analysis using the same
inclusion/exclusion criteria as the nested prostate cancer case-control study to determine
whether differing criteria affected observed correlations. Finally, to investigate whether we
missed correlates due to the lower expected extent of STI history in the HPFS than in other
study populations (i.e., one or two episodes of infection versus several episodes), we repeated
the analysis comparing men with a history of >2 STIs to those without a history of STIs.

Of the 36,032 eligible participants, 2.5% of white, 22.3% of African-American, 1.9% of Asian
and 2.6% of participants of other race/ethnicity reported a history of gonorrhea, for an overall
lifetime prevalence of 2.7%. 0.2% of both white and non-white participants reported a history
of syphilis. The proportion of men with unknown histories of gonorrhea and syphilis did not
vary appreciably by race (data not shown). All further analyses were limited to white
participants because the reported lifetime prevalence of STls differed greatly by race, and
sufficient numbers of African-American or Asian men were not available to perform stratified
analyses. Among white participants, the reported lifetime prevalence of gonorrhea decreased
with increasing age, that of syphilis remained relatively constant with age, and the likelihood
of not responding to the STI question increased with age (Table 1).

For the analysis of serologically detected STIs (n=651), 3.2% of white participants were
seropositive for C. trachomatis, 9.2% for T. vaginalis, 8.8%, 5.7%, and 6.4% for HPV-16, -18,
and -33, respectively, 16.6% for any of the three tested HPV types, and 18.1% for HHV-8. The
prevalence of these STIs did not vary significantly with age (Table 1).

When we examined correlations among STIs, a self-reported history of gonorrhea was
positively correlated with a history of syphilis and HHV-8 seropositivity. C. trachomatis and
T. vaginalis seropositivity were both positively correlated with HPV infection, and T.
vaginalis seropositivity was also weakly positively correlated with HHV-8 infection. With
respect to HPV seropositivity, each HPV type (16, 18 and 33) was strongly positively correlated
with each other type, and HPV-16 was also weakly positively correlated with HHV-8 infection
(Table 2).
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Geographic correlates

As HHV-8 seroprevalence is higher in certain parts of Africa and the Mediterranean (34), we
investigated each infection in relation to foreign birth and Southern European ancestry. Men
with histories of gonorrhea, syphilis and C. trachomatis infection were more likely to have
been born in a foreign country than men without histories of infection, whereas no appreciable
difference was observed by Southern European ancestry. Men with histories of gonorrhea and
syphilis, but none of the serologically detected STIs, were also more likely to report living in
the South at a young age (Table 3).

Risk-taking behaviors

With respect to early adulthood risk-taking behaviors, men with histories of gonorrhea and
syphilis, but none of the serologically detected STIs, were more likely to report smoking
cigarettes at a young age than men without histories of infection. Those with a history of
gonorrhea were also more likely to report early alcohol consumption. These correlations
attenuated after mutual adjustment. With respect to frequency of ejaculation from ages 20-29,
a possible correlate of early life frequency of sexual activity and consequent exposure to STIs,
men with histories of gonorrhea, syphilis and HPV infection reported higher frequencies than
men without histories of infection (Table 3). No appreciable difference was observed by
adolescent/early adulthood height, BMI, body habitus and physical activity (data not shown).
We investigated these factors because we hypothesized that physical appearance and
athleticism might influence opportunity for sexual relationships earlier in life when men are
more likely to acquire STIs.

With respect to later adulthood risk-taking behaviors, men with histories of gonorrhea and
syphilis, but none of the serologically detected STIs, were more likely to report cigarette
smoking than men without histories of infection. In general, total reported alcohol consumption
was higher and habitual consumption of >3 drinks per day was more common among men with
than without histories of STIs. These correlations attenuated for gonorrhea and syphilis, but
not for serologically detected STls, after mutual adjustment. Reported ejaculation frequency
from ages 40-49 and in 1991 was higher among men with histories of gonorrhea, syphilis and
possibly HPV infection. Although not very pronounced, blood donation in the past 30 years
was inversely correlated with histories of each infection. We investigated this variable as a
surrogate for high STI-risk behaviors not asked about on HPFS questionnaires (e.g., injection
drug use and male sexual contact) because these behaviors do not meet eligibility criteria for
blood donation. No appreciable difference was observed by history of blood transfusion, which
has been proposed as a risk factor for HHV-8 infection (35). Finally, men with histories of
each infection, except syphilis and HHV-8, were more likely to report having had a vasectomy
(Table 3). When we stratified this analysis by marital status, similar results to overall were
observed among never-married men, married men who divorced or separated during follow-
up, and men in stable marriages. No additional notable difference was observed by age at
vasectomy. Too few men had vasectomies after 1992/blood draw to investigate the temporality
of this correlation (data not shown).

Health-related behaviors

No appreciable pattern was observed by adult BMI, body habitus, level of physical activity or
use of sunscreen. In general, men with histories of infection were less likely to report routine
(i.e., not for symptoms) health screening, particularly physical and digital rectal examinations,
than men without histories of infection. These differences persisted after additionally

considering examinations for symptoms. They attenuated slightly after adjustment for marital
status. Although not different by blood pressure, men with histories of infection were generally
more likely to have had a diagnosis of high cholesterol than men without histories of infection.
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No appreciable difference was observed by diet, including total energy, total fat, animal fat,
red meat, fish, fruit, vegetable, and calcium intake (Table 3 and data not shown).

Social integration

In general, men with histories of each infection, except HHV-8, were less likely to have ever
been or to currently be married, to attend religious meetings/services, irrespective of their
religious affiliation, and to participate in group activities than men without histories of
infection. These latter differences attenuated slightly after adjustment for marital status. Few
differences were observed by participation in social sports, such as tennis, squash or
racquetball. Men with histories of each infection, except HHV-8, were also less likely to report
having children, close relatives or friends and less likely to report seeing their children, close
relatives or friends regularly than men without histories of infection. These differences
attenuated when only men with at least one child, close relative or friend were considered and
when the results were adjusted for marital status. In general, men with histories of each infection
were also less likely to consume meals prepared at home, a possible marker of either marital
support or time spent with their spouse/family. These results were largely unchanged after
adjustment for marital status. When we combined information from several of the above-
mentioned variables to form a modified version of the Berkman-Syme social network index,
men with histories of each infection, except HPV and HHV-8, had lower mean indices,
suggesting lower social integration, than men without histories of infection (Table 4 and data
not shown).

With the exception of attenuated correlations mentioned above, similar results were generally
observed when we adjusted each identified correlate for the other correlates. Additionally, none
of the identified correlates influenced previously observed associations between specific STIs
and prostate cancer, the most thoroughly investigated genitourinary outcome in the HPFS (8,
29,30). Similar inferences were also obtained when we 1) stratified the analyses by age in 1992;
2) repeated the self-reported analysis retaining men with cancer in 1992; 3) repeated the self-
reported analysis excluding men who did not meet the nested case-control study inclusion/
exclusion criteria; and 4) compared men with a history of >2 STls to those without a history
of STls (data not shown).

DISCUSSION

In this cohort of older, professional American men, we identified several correlates of ST
histories, including some previously observed in other typically higher STI-risk populations,
such as African-American race, foreign birth, southern residence (26), cigarette smoking (26,
28), greater alcohol consumption (26,27), higher ejaculation frequency as a crude surrogate
for higher frequency of sexual activity and greater opportunity for exposure to STIs, and lower
social integration (17-25). Additional identified correlates included having had a vasectomy
or a diagnosis of high cholesterol, and having a lesser degree of routine health-related
examinations. Smoking and alcohol consumption correlations attenuated after mutual
adjustment, and social integration and health-related examination correlations attenuated after
adjustment for marriage. Importantly, none of the identified correlates confounded previously
observed associations between specific STIs and prostate cancer in the HPFS.

To our knowledge, our study is the first to observe a correlation between having had a
vasectomy and STIs. However, as our analysis was cross-sectional, there are several possible
explanations for this correlation, some more likely than others. First, although STIs are
typically acquired in adolescence/early adulthood (36) whereas vasectomies are usually
performed after 30 years of age (37), STI acquisition is unlikely to have precipitated having a
vasectomy. Another possibility is confounding by factors common to both ST1 acquisition and
vasectomy. We believe that a general aversion or allergy to condoms is unlikely to be such a
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factor because it ignores the abundance of female birth control options. Another unlikely
possibility is confounding by marital status because similar results to overall were observed
among never-married men, married men who divorced or separated during follow-up, and
stably married men. A final possibility is that men with vasectomies no longer rely on condoms
within or outside of their marriages. If this last possibility is true, then it may be important to
counsel men about the need for continuing STI prevention possibly in and certainly outside of
their marriages after vasectomy.

Before conducting this study, we hypothesized that men with STI histories would be more
likely to report other unhealthy behaviors or markers of such behaviors than men without
histories of STIs. While we did not observe correlations for all behaviors/markers examined,
we did observe that men with histories of STIs were more likely to report cigarette smoking,
heavy alcohol consumption, and high cholesterol, and less likely to report routine health-related
examinations than men without histories of STls. The latter health-related examination
correlations attenuated after adjustment for marital status, suggesting that they may have been
mediated by being married, while the remaining correlations did not. These remaining
correlations may imply a general lesser attention to personal health among men with than
among men without STI histories. While not obviously translatable to public health practice,
these correlations may be important for future epidemiologic studies of STIs and chronic
diseases, as they may confound observed associations.

Another notable correlation that deserves further mention is that between social integration
and STI history. Although this correlation has been previously observed in several high-risk
populations (17-25), our study is the first, to our knowledge, to observe such a correlation in
an older low-risk population. Whether this correlation reflects a relation between low early life
social integration (with persistent low social integration) and early acquisition of STls, or low
later life social integration and later life acquisition of STIs (e.g., because of riskier partner
choices, such as commercial or casual sex partners) is difficult to discern, but merits further
investigation given the paucity of data in older populations. Interestingly, while correlations
between measures of social integration and STIs were observed consistently across most STIs,
they were not observed for HHV-8. This pattern was unexpected for marital and parental status
because HHV-8 seroprevalence is frequently higher among homosexual men (38), and thus
might be expected to be inversely related to being married or having children. We could not
directly investigate this hypothesis because HPFS participants were not asked about sexual
orientation. The lack of correlation for other measures of social integration was less unexpected
because homosexual orientation has not been observed to be associated with global social
support (39) and because, unlike the other predominantly sexually transmitted infections
considered in this analysis, HHV-8 is believed to have other important routes of transmission,
such as via saliva (40), which might be less associated with social integration. In general,
although we did not expect HHV-8 infection to share all of the same correlates as other STIs,
we included it in this analysis because it is believed to be sexually transmissible and thus might
share some correlates with the other STls.

Just as some correlates were observed for all STIs except HHV-8 infection, other correlates
(i.e., age, southern residence, smoking, and ejaculation frequency) were observed for self-
reported but not serologically detected STIs. This difference may be explained by several
possible reasons. First, these two groups of STIs may have different epidemiology. Gonorrhea
and syphilis are currently localized to populations with high-risk health behaviors, and have
been for several decades, whereas C. trachomatis, T. vaginalis, HPV and HHV-8 infection are
more evenly spread in the U.S. population than gonorrhea and syphilis (26). Second,
assessment of gonorrhea and syphilis relied on participant recall and willingness to report STI
histories, whereas assessment of other STIs relied on biomarker detection. Therefore,
associations between gonorrhea, syphilis and certain correlates may have been observed simply
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because participants who were willing to report their ST histories may have also been willing
to report other less socially desirable characteristics. Alternatively, the sensitivity of assessing
self-reported histories of gonorrhea and syphilis, two frequently symptomatic, well-recognized
STls, may have been greater than for serologic detection of other STIs because of waning
antibody titers over time, an initially weak immune response, or other problems with test
sensitivity, thereby resulting in a possibly lesser degree of non-differential misclassification
and attenuation towards the null. However, why either of these two possible explanations would
apply to only certain correlates and not others (e.g., alcohol consumption) is unclear. Finally,
although the inclusion/exclusion criteria for the analyses of self-reported and serologically
detected STIs differed, we do not believe these differences influenced the results because
similar results were observed for self-reported STIs using the nested-case control study
requirements as when using the original requirements.

With respect to the generalizability of our findings, we suspect that STI histories in our study
population likely reflect a small number of lifetime episodes of infection, given the education,
SES and racial/ethnic distribution of participants. Therefore, some of the observed correlates
and the strength of these correlations may be more reflective of correlations with minimal STI
history than extensive history. We attempted to evaluate this hypothesis by repeating the
analyses comparing men with a history of >2 STIs to those without a history of STIs. No
additional correlates were identified in this analysis, although the distribution of STIs among
men with a history of >2 STls was fairly narrow (range: 2-4; median=2). A further
consideration in interpreting observed correlations is the possibility that a certain proportion
of participants may have been educated under the G.I. and subsequent veterans’ bills.
Therefore, their STI histories may be more reflective of war/military training exposures than
their prior or subsequent lifetime risk behaviors. Although these considerations may potentially
affect the generalizability of our findings to younger high-risk populations, they should not
affect their generalizability to other study populations of older men in which STIs and later
genitourinary conditions are typically explored. Additionally, our choice of variables, while
limited to those frequently collected in chronic disease-focused studies rather than STI studies
(e.g., diet questions rather than drug use questions), may also be more relevant to study
populations typically used to explore STIs and chronic diseases.

In summary, we observed several similar STI correlates in our cohort of older male health
professionals as in other typically higher STI-risk populations (e.g., social integration), as well
as several newly identified correlates (vasectomy, health-related markers/examinations). These
findings provide useful information on potential confounding variables for epidemiologic
investigations of STIs and later chronic diseases, and possible interesting new hypotheses for
STI prevention (e.g., STI counseling before vasectomy).
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