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1) Introduction 
a. Nature of the research problem 
Sexually transmitted infections (STI) disproportionately affect adolescents, young adults, women 
and racial/ethnic minorities, leading to significant reproductive morbidities. However, interventions 
to reduce STIs in young minority women have had limited effectiveness. This project aimed to 
improve understanding of co-occurring risk factors (i.e. syndemics) that may increase risk of STIs 
in young adults utilizing novel approaches. Modeling syndemics by sex and race identified risk 
profiles that can be utilized to develop culturally competent, targeted interventions. 

 
b. Brief overview of relevant background literature 
As adolescents and young adults (14-24 years of age) are disproportionately affected by sexually 
transmitted infections (STI) there is a significant need for targeted interventions in this group. This 
age group represents only 25% of the sexually active population, but accounts for half of all new 
reportable STIs in the United States 1. Coupled with the alarming rise in STIs in the United States, 
this is a significant public health concern. For example, from 2013-2017 the Centers for Disease 
Control (CDC) reported a 67% increase in gonorrhea and a 76% increase in syphilis. STIs are of 
particular concern to young women. For example, chlamydia and gonorrhea can lead to pelvic 
inflammatory disease and subsequent ectopic pregnancy, chronic pelvic pain or infertility and 
increase the risk of HIV infection.4 21 22.4 14  
 
The field of reproductive health includes some of the most striking health inequalities. Females, 
Blacks, Hispanics, and men who have sex with men are disproportionately affected by STIs 4. For 
example, it has been estimated that 44% of Black adolescent girls have been infected with a STI 
5 and rates of HIV in young Black women in some cities resemble rates seen in Africa 6. Despite 
this serious public health problem, effective programs that improve young adult health by reducing 
STIs have been limited 7. Health disparities are rooted in syndemics; interacting physical, mental 
and social problems contributing to health outcomes and inequalities 8. The syndemics approach 
allows for the examination of social structures, risk environments, and mental health problems 
that promote the spread of infectious disease 9,10 requiring models that test for interaction among 
concurrent diseases or health conditions. Thus, traditional approaches to prevention that treat a 
disease as independent from other diseases and social contextual factors may not be appropriate 
for the dynamic nature of STIs 11. However in STI research, a syndemic approach has been limited 
to studies that lack generalizability, focus only on HIV, have not examined biologically confirmed 
STIs, do not test for statistical interaction, or do not consider effect modification by gender or 
race/ethnicity 7,11,12. Thus, there is a critical need to examine STI syndemics in young adults from 
a wider variety of backgrounds using the appropriate statistical techniques.  

 
c. Summary of purpose, scope, and methods of the investigation 
Overview: A syndemic theoretical framework to STI risk is proposed that includes social, 
behavioral, and mental health factors that may contribute to the increased risk of STIs among 
young adults. The primary objective of this proposal was to increase our knowledge of STI 
syndemics in youth and young adults (Aim 1). Another objective is to determine if STI syndemics 
differ by gender and race/ethnicity (Aim 2).The results obtained in these studies may be used to 
make informed recommendations for STI prevention programs targeting young adults, specifically 
by gender and race/ethnicity. 
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Summary of purpose, scope and methods of study 1: The purpose of this study is to compare 
two methodological approaches to test for the syndemics of STI risk in young adults in the United 
States. Historically, HIV researchers have calculated a syndemic index or composite score by 
summing psychosocial risk factors. However, scoring methods do not allow a clear understanding 
the exact risk factors that occur simultaneously to increase risk. Latent Class Analysis (LCA) may 
better explain how risk factors co-occur to predict STIs among different subgroups. This study 
compared composite scoring (numerical summary of the number of risk factors) and LCA to 
identify syndemic profiles in 1664 men and women using the National Health and Nutrition 
Examination Survey (NHANES) from 2011-2014. A composite variable for STI was created if 
subjects were positive for Chlamydia trachomatis, Herpes Simplex Virus II, or HIV determined 
using standard protocols for diagnosis. Composite variables were created from each of these 
individual indicator variables. A new indicator was created to signify the presence of the variable 
(e.g., if depression was present, depression=1, if no depression, depression=0), then the 
indicators were summed to create a composite variable “syndemic score”. Males reporting 4-7 
indicators (31.4%) (AOR: 2.24 CI 95% 1.2-4.1) and eight or more indicators (11.5%) (AOR: 2.86 
CI 95% 1.3-6.2) had a significantly increased odds of STI after adjustments. Females also had a 
significantly increased odds of STI when they reported 4-7 (28.9%) (AOR: 1.6 CI 95% 1.0-2.5) 
and eight or more indicators (10.4%) (AOR: 2.2 CI 95% 1.2-3.9), after adjustments. Results of the 
LCA suggest that men with the highest probability of smoking and sexual risk behaviors were at 
increased odds of STI (AOR: 2.42 CI 95% 1.1-5.4), while women exhibit a syndemic of 
depression, smoking and sexual risk behaviors (AOR: 2.19 CI 95% 1.2-3.8). These findings 
suggest that the syndemic composite scoring approach showed no difference in risk between 
men and women. Latent class analysis was able to determine indicators that co-occurred in men 
and women, the prevalence of reporting those indicators, and can be useful to detail problems 
that must be addressed in intervention development. For example mental health was an important 
indicator in women but not men. Additionally, sexual risk behaviors differed between groups. 
 
Summary of purpose, scope and methods of study 2: Syndemic theory suggests that the 
convergence of social, environmental and ecological factors can interact to exacerbate behavioral 
health problems and are often intensified by social conditions and disparities. This study used 
LCS to determine gender and racial/ethnic specific classes for STI risk. LCA included 18 
measured socioeconomic, depression, substance use, and sexual behavioral variables from 
1,664 young adults ages 18-25 in the NHANES. Models were stratified by gender and then by 
race/ethnicity.  Logistic regression determined associations between latent class membership and 
testing positive for one or more STIs (Chlamydia trachomatis, HIV or herpes simplex virus-II). For 
each stratified analysis, classes with the lowest probability of reported risk factors in the LCA were 
the reference groups. Class 3 in females (highest probability of reporting both socioeconomic and 
behavioral factors) and class 3 in males (majority behavioral factors) had increased odds of STI 
(females: OR=2.7, 95% CI 1.6-4.5; males: OR 2.5, 95% CI 1.3-4.6).  By race for females, 
depression (highest in Hispanics), poverty and less educated households (highest in blacks and 
Hispanics) were evident in classes associated with STI. Class 1 black males (majority behavioral 
factors) had a higher odds of STI compared to low risk White males (OR=16.4 95% CI 3.7-72.0) 
However, no other associations were observed among males. Risk patterns for STI differed by 
gender and race/ethnicity. Consistent with syndemic theory, effective STI interventions need to 
address socioeconomic factors and mental health rather than individual behaviors, particularly for 
minority women 
 
Significance: Modeling syndemics by sex and race identified risk profiles that can be utilized to 
develop culturally competent, targeted interventions to reduce STIs among minorities. Findings 
from the prenatal study suggest maternal age could influence outcomes following infection that 
could influence screening recommendations. 
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d. Summary of achievements and problems encountered during the reporting period. 
There were no major problems encountered during the reporting period. In year 1, we did have a 
delay in receiving data.  However, all aims have been accomplished. This proposal resulted in 
one paper published in the Journal of Adolescent Health, one paper submitted for publication, 
and two papers in preparation and planned for submission by January 2020. The investigation 
has also resulted in two oral and two poster presentations at national and international 
conferences, one poster presentation at Texas A&M student research conference, two poster 
awards, and two invited lectures. Our investigation was also featured in two newsletters. The 
investigation also contributed to the development of one student dissertation and F31 grant 
application (NIH). Currently, we are undergoing IRB approval to collect data at Planned 
Parenthood on syndemic factors. The creation of this project was based on findings from this 
investigation and data from both project will be used to apply for a NIH R01 grant in June 2020.  
 
2)  Study Design and Methods 
a. Brief description of study design 
This cross-sectional analysis included individuals’ aged 18-25 from the National Health and 
Nutrition Examination Survey (NHANES), waves 2011-2012 and 2013-2014.  
 
b. Population studied 
Our analytic sample included men and women ages 18-25 from NHANES who had been tested 
for STIs (see below for description of STIs). In total, 1,664 participants were included in this study.  
 
c. Sample selection, recruitment and enrollment 
This was a secondary data analysis of NHANES and we did not recruit participants. The NHANES 
is a multistage probability survey that incorporates sample weights for oversampling minority 
groups, clustering and stratum to be representative of the general US population.29 Data were 
collected through collaborations with the Centers for Disease Control and Prevention and the 
National Center for Health Statistics through physical exams and household and individual 
interviews.29 Physical examinations were completed at a designated medical examination center 
(MEC), where anthropometric measures and biological samples were collected. 
 
d. Instruments used 
A composite variable for our STI outcome was created if participants had a laboratory diagnosis 
of one of three STIs (Chlamydia trachomatis, Herpes Simplex Virus II, or HIV). Participants were 
considered STI negative if they did not test positive for any of these STIs. Chlamydia trachomatis, 
Herpes Simplex Virus II and HIV were the STIs with the most complete data across all cycles of 
NHANES in both men and women and were therefore included for analysis. Urinary and serum 
samples were obtained during the Physical Examination component of NHANES and used for 
STI testing.  Human papillomavirus, Hepatitis C, gonorrhea and syphilis were not included due to 
lack of consistent tests for males and females, or inconsistent testing across all NHANES cycles.13 
Variables included ≥5 people living in the household (no=1-4, yes=5+), foreign-born head of 
household (no=US, yes=foreign-born), poverty index ratio <1.3, head of household education 
≤high school graduate and unmarried head of household marital status.  These parameters were 
selected as they are considered to be primary indicators of poverty among young adults.14 The 
following variables were included as behavioral health indicators. Mental health was assessed 
using the 9-item Patient Health Questionnaire (PHQ-9). The PHQ-9 is a widely used and well-
validated screener of depression severity and symptoms in youth.15 There were 9 questions 
assessing depressive symptoms in the two weeks before the survey with four response categories 
(0-3) denoting the occurrence and frequency of depressive symptoms. These were summed for 
an overall score ranging from 0 to 27,16 where 10 or greater was considered the threshold for 
depression.16  The drug use questionnaire (DUQ) administered through the NHANES assessed 
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ever use of marijuana or hashish, cocaine, heroin, and methamphetamine. We created one 
variable for marijuana or hashish and another variable for illicit drug use (cocaine, crack cocaine, 
heroin, or methamphetamine). Participants were asked, “Have you ever, even once, used 
marijuana or hashish?” (yes/no) and “Have you ever used cocaine, crack cocaine, heroin, or 
methamphetamine?” (yes/no). Other drug use questions from NHANES were not included due to 
significant missing data (>50%). The alcohol use questionnaire assessed frequency of alcohol 
consumption in the past year. Three categories based on a version of alcohol use by Tsai et al. 
2012 were used. (1) Abstainers, those who had < 12 drinks in their lifetime; (2) moderate alcohol 
users, men who have ≤2 drinks per day and women who have ≤1 drink per day; and (3) excessive 
alcohol users, men who have ≥5 drinks in one day or women who have ≥4 or more drinks in one 
day. 17 These categories were used to created two variables 1) moderate alcohol use (yes/no) 
and excessive alcohol use (yes/no). Serum cotinine levels, the primary metabolite of nicotine and 
biomarker for active and passive smoking, indicated smoking status. Cotinine levels of  >3ng/ml 
indicated smokers and ≤3ng/ml indicated nonsmokers.18  Participants indicated if they had ever 
had sex (yes, no). Those who answered yes were asked a number of questions regarding sexual 
history. Variables in the LCA included sexual debut <15 years old, oral sex, anal sex, >2 sexual 
partners in past year (categorized using the reported number of partners in the past year), a 
partner ≥5 years older (categorized using the reported number of partners 5 years or older) and 
no circumcision for males.  Inconsistent condom use was defined using the number of times a 
participant reported sex without a condom categorized as 1) no=never in the past year and 2) 
yes=any report of sex without a condom in the past year.  
 
e. Statistical techniques employed 
Exploratory and univariable analyses were conducted to determine the distribution and frequency 
of each variable. Due to the NHANES design, variables are weighted to account for oversampling, 
nonresponse in the survey, and the probability design following the guidelines provided in the 
survey documentation 19. Principal component analysis 20  was performed on variables that were 
similar indicators of socioeconomic status and sexual risk behaviors to reduce potential 
multicollinearity issues. All analyses incorporated sample weights to account for NHANES survey 
design. Model selection was achieved by examining common measures of model fit including the 
G2 likelihood ratio chi square test, the Akaike Information Criterion (AIC), Bayesian Information 
Criterion (BIC) and entropy.21 
 
Study 1: Composite variables were created from each of these individual indicator variables. A 
new indicator was created to signify the presence of the variable (e.g., if depression was present, 
depression=1, if no depression, depression=0), then the indicators were summed to create a 
composite variable “syndemic score”. A score of 1 was assigned for the presence of greater than 
5 individuals in the home, head of households with high school or less education, non-US country 
of origin head of households, unmarried head of households, low income, depression, regular 
alcohol use, any drug use including marijuana, smoking, and sexual behavioral risk factors (range 
= 0-12). Final scores were trichotomized (0-3, 4-7, 8 or more) to combine scores with lower 
numbers of individuals reporting each value. The frequencies and percentages of the syndemics 
were calculated and then univariable and multivariable logistic regressions adjusting for age and 
race/ethnicity determined the association between the syndemic score and STI in men and 
women. The same set of indicators used to create the syndemic composite score were entered 
into a LCA. Analyses for men and women were performed separately using PROC LCA version 
1.3.2, SAS V9.4, Cary NC 22. Missing data were handled with the maximum likelihood expectation 
maximization procedure and assumed to be missing at random in PROC LCA. The association 
between class membership and STIs was obtained using logistic regressions for STI in men and 
women. Adjustments included the same covariates (race/ethnicity and age) as the composite 
analysis regression. 
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Study 2: The LCA was completed using the SAS LCA Procedure, version 1.3.2.22 Prior to 
developing LCA models, we determined if the same construct was being measured between 
genders using measurement invariance. In this sample, measurement invariance did not hold 
because the difference between the freely estimated model and the constrained model displayed 
significant differences in responses between genders (p<0.0001).  Our goal is to identify targets 
for interventions within groups to better increase the precision of STI prevention activities. Thus, 
the following models are presented in the results: 1) overall model by gender of behavioral health 
and syndemic risk and 2) models by gender with multiple group classes of race/ethnic (non-
Hispanic white, non-Hispanic black, and Hispanic) differences.  For all gender and race/ethnicity 
LCA models, associations between class membership and prevalence of STI were determined 
using multinomial logistic regression calculating odds ratios (OR) and 95% confidence intervals 
(CI). Classes with the lowest probabilities of reported socioeconomic and behavioral health 
variables in the LCA were used as reference groups. 
 
f. Detailed Findings  
The composition of the sample was relatively diverse in age (mean: 21.1, SD: 2.4) and race (32% 
Non-Hispanic White, 26% Non-Hispanic Black, 25% Hispanic, 12% Asian, and 5% other). 
Roughly, 1930% reported a head of household that was foreign born, 36% reported a head of 
household with some college education, and 58% had unmarried heads of household. STI 
positivity was 9%, the prevalence of depression was 7%, regular alcohol use was 44%, and 
smoking was 29%. Ever using marijuana was 42% and ever using cocaine, heroin, or 
methamphetamine was 8%. Majority of the sample reported ever engaging in oral sex (68%) and 
inconsistent condom use (76%), while smaller proportions reported anal sex (27%), older partners 
(30%), and more than 1 partner in the past year (30%). 
 
Males reporting 4-7 indicators (31.4%) (AOR: 2.24 CI 95% 1.2-4.1) and eight or more indicators 
(11.5%) (AOR: 2.86 CI 95% 1.3-6.2) had a significantly increased odds of STI after adjustments. 
Females also had a significantly increased odds of STI when they reported 4-7 (28.9%) (AOR: 
1.6 CI 95% 1.0-2.5) and eight or more indicators (10.4%) (AOR: 2.2 CI 95% 1.2-3.9), after 
adjustments. When individual scores were analyzed separately, Women with seven indicators 
(7.5%) had significantly increased odds of STI (AOR: 2.4 CI 95% 1.3-4.7), however no other 
significant relationships were found. However, men reporting five (8.5%) (AOR: 3.0 CI 95% 1.3-
7.0), seven (7.4%) (AOR: 3.5 CI 95% 1.5-8.3), and eight (6.8%) (AOR: 3.0 CI 95% 1.2-7.5) 
indicators were at significantly increased odds of STI. 
 
Latent Class Analysis approach 
A five class model was selected for males and a four class model for females, based on the 
distinction between identified classes and interpretability. For males, class one – Some Sexual 
Risk Behaviors --(20%) was the second largest class and reported the highest probability of 
having an unmarried head of household (86%), having oral sex (96%) and inconsistently using 
condoms (86%). Class two – Depressed Smokers with Sexual Risk Behaviors -- (17%) indicated 
the highest proportion depression (9%), smoking (79%), anal sex (58%), having partners that 
were 5 years or older (53%), and having two or more partners in the past year (71%). Participants 
in class three – Low Socioeconomic Status -- (10%) reported the highest probabilities of five or 
more people in their household (63%), a less educated head of household (72%), and having a 
foreign-born head of household (100%). The Lower Risk Behaviors and Demographic Factors 
group, class four (33%), was the largest class for men and reported the highest proportion of low-
income status (73%). This class was used as the reference category for regression. Finally, class 
five – Alcohol and Substance Users – (19%) reported the most regular alcohol use (69%), early 
sexual debut (87%) and ever using any illicit drugs (79%). When compared to men in the Lower 
Risk Behaviors and Demographic Factors class, only males in the Some Sexual Risk Behaviors 
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class had significantly increased odds of STI (AOR: 2.81 CI 95% 1.4-5.7) after adjustments. Men 
in the Alcohol and Substance Users class had a significantly decreased odds of STI when 
compared to men with lower risk behaviors (AOR: 0.20 CI 95% 0.05-0.90). No other associations 
were found among men. 
 
For females, class one – Depressed Smokers with Sexual Risk Behaviors -- (32%) was the 
largest class and was comprised of women reporting the highest probabilities of having an 
unmarried head of household (74%), being depressed (24%), smoking (64%), an early sexual 
debut (57%), older partners (43%), two or more partners in the past year (47%), and inconsistent 
condom use (87%). Among women in class two (17%)—High Demographic Risk Factors and 
Alcohol Use—household indicators such as five or more individuals in the household (68%), a 
head of household that was less educated (79%) and was foreign born (64%) were the highest 
reported along with regular alcohol use (69%). Class three – Drug Users-- (21%) reported the 
highest conditional probability of ever using any illicit drug. Lastly, class four –Moderate Risk 
Behaviors – (30%) reported the highest probability of oral sex (99%) and low income status (67%); 
this class was selected as the reference for regression. Compared to women with Moderate Risk 
Behaviors, women in the Depressed Smokers with Sexual Risk Behaviors group were at 
significantly increased odds of STI (AOR: 2.82 CI 95% 1.7-4.8) after adjustments. No other 
significant associations were found among women.  
 
Female by Race 
Among young non-Hispanic white women, those in class 1 displayed a syndemic pattern. Women 
in class 1 had the highest reported probability of 5+ individuals in their household (24%), head of 
household having a high school education or less (36%); low income (49%) and unmarried (76%) 
head of household, depression (30%) and excessive alcohol use (16%). Furthermore, they 
reported the highest probability of smoking (82%), age at first sex < 15 (59%), oral sex (100%), 
anal sex (62%), partners 5 years or older (53%), more than 2 partners in the past year (51%), 
inconsistent condom use (91%), and ever using marijuana (97%). When compared to non-
Hispanic white women in class 2, who reported the lowest probability of indicators, non-Hispanic 
white women in class 1 were at significantly increased odds of STI (OR=2.9 95% CI 1.3-27.2). No 
other associations among non-Hispanic white women were observed. 
 
Black women in class 1 reported the highest probability of less educated heads of household 
(64%), poverty (81%), depression (26%), and excessive alcohol use (24%). Class 1 black women 
also had the highest probability of reporting smoking (100%), older partners (43%), inconsistent 
condom use (96%) and ever using marijuana (89%). Class 2 women reported the lowest 
probability of indicators and class 3 displayed a behavioral risk profile. When compared to 
reference class 2 in Black women, no associations were observed. Black women in class 1 were 
at increased odds of STI (OR=9.9 95% CI 2.1-46.3) when compared to reference class 2 white 
women. Similar to Black women, Hispanic women in class 1 had a syndemic profile, while class 
2 had the lowest probability of reported indicators and class 3 had a behavioral risk profile. 
Hispanic women in class 1 had the highest chance of reporting heads of household that had a 
high school education or less (71%) and that were unmarried (90%), a high probability of reporting 
low income (70%), and depression (41%). They also reported the highest probability of excessive 
alcohol use (18%), smoking (63%), oral sex (100%), older partners (49%), and marijuana use 
(86%).  Interestingly, Hispanic women in class 1 had the lowest chance of reporting foreign-born 
head of households (33%) when compared to Hispanic women in class 2 (66%) and in class 3 
(55%). Hispanic women in class 1 had increased odds of STI when compared to Hispanic women 
in class 2 (OR=4.2, 95% CI 1.4-12.8) and white women in class2 (OR=9.5, 95% CI 1.8-51.3).  
 
Males by Race 
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Non-Hispanic white men in class 1 had the highest probability of reporting a head of household 
with a high school education or less (34%) and who was unmarried (69%), as well as reporting 
being low income (49%). Class 1 white men also reported of the highest probability of excessive 
alcohol use (23%), smoking (62%), oral (99%) and anal sex (62%), multiple partners (65%), 
inconsistent condom use (89%) and ever using marijuana (89%) or illicit drugs (29%). When 
compared to white males in class 3, lowest probability of reported indicators, there was no 
association with STI (OR=1.3 CI 95% 0.2-8.1).  Among black men, those in class 1 had the highest 
probability of reporting excessive alcohol use (14%), smoking (86%), age at first sex < 15 (71%), 
oral sex (92%), anal sex (36%), multiple partners in the past year (69%), inconsistent condom 
use (82%), marijuana use (99%) and other illicit drug use (2.7%). Black men in class 3 had the 
fewest indicators but still had the highest probability of reporting  low income (69%), a head of 
household that was unmarried (85%), and depression (11%). Black males in class 1 had a 
significantly increased odds of STI compared to class 3 white males (OR=16.4 95% CI 3.7-72.0) 
and class 3 black males (OR=4.8 95% CI 1.7-13.4). Among Hispanic males, class 1 had the 
highest probability of reporting a head of household that was a high school graduate or less (82%) 
and that was unmarried (56%), the highest probability of reporting low income (70%), and a 
foreign-born head of household (77%). They also reported the highest probability of depression 
(8%), excessive alcohol use (23%), smoking (51%), older partners (43%), greater than 2 partners 
(64%), and ever using marijuana (91%) or other illicit drugs (26%). No associations with STI were 
observed with this group.  
 
g. Discussion and Interpretation of Findings 
Using the syndemic scoring method, the most common approach utilized in syndemics research, 
we found that the odds of STI increased as the syndemic score increased for both men and 
women. A syndemic scoring approach may reveal risk related to multiple, simultaneously 
occurring conditions in a specific group. However, syndemic scoring methods are unable to 
determine which specific psychosocial factors are related to the increased risk of infection, nor 
their relative prevalence among certain groups. A latent class analysis was used in the present 
study to examine behavioral and social indicators to determine which variables were co-occurring 
to increase the risk of STI. In men, the LCA revealed a class that consisted of co-occurrence of 
unmarried head of households, oral sex, and inconsistent condom use that increased their odds 
of STI. However, males with a higher probability of regular alcohol use, early sexual debut and 
ever-trying drugs had a decreased odds of STI. Men in this class also reported the least 
inconsistent condom use, oral or anal sex of any group suggesting their risk taking may be related 
to alcohol and other substances. Among women, a syndemic of depression, smoking and an 
unmarried head of household co-occurred with sexual risk behaviors to increase the risk of STI. 
This syndemic was particularly informative because we observed specific characteristics of the 
women who were at increased odds for STI. The difference in characteristics reported by gender 
highlights the importance of addressing mental health in STI prevention among women.26  
 
Race/ethnicity and gender are inextricably linked to social disadvantage and morbidity in this 

country. We found that non-Hispanic young white women in class 1 seemed to exhibit similar 
behaviors to class 1 Black and Hispanic women, but the odds of STI compared to lower risk white 
women in class 3 were 9.9 and 9.5 for Blacks and Hispanics, compared to 2.9 for whites. The 
probability of reporting social indicators was also higher among minority women.  In other words, 
minority women appear to have lower behavioral risk factors but had a high odds of STI. Thus, 
targeting specific sexual risk behaviors may not decrease STIs, particularly among minority 
women. Based on the syndemic approach, interventions for minority women should focus on 
environmental stressors, social engagement, and access to health and social resources.28  
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h. Conclusions to be drawn from findings (with reference to data supporting each), including 
potential public health impact 

LCA was useful in determining the exact indicators that co-occurred, the prevalence of reporting 
those indicators among the men and women at greatest risk of infection, and could be useful to 
detail specific factors that must be addressed in interventions. Although black women had a higher 
odds of STI than women from other racial/ethnic groups, they reported similar behaviors. Thus, 
behavioral interventions may not be sufficient to reduce STI in these communities. 
 
i. Explanation of study limitations 
Syndemic scoring approaches tell little about the relationship between indicators to influence 
increasing risk. Furthermore, one required assumption of this approach is that the variables 
included are of the same importance, as each one contributes an equal amount to the composite 
score 29.  The latent class approach has no normality assumptions, but ignores some uncertainty 
that may arise in class predictions 29.  Other limitations to this study include the cross-sectional 
nature of this study design (limits inferences about timing of the syndemics). The smaller sample 
size of some racial/ethnic groups contributed to wide confidence intervals and may have reduced 
power to detect statistically significant associations. The sample of “other” race groups (such as 
Asian Americans) was too small to be included in the analysis. The gender of the sexual partners 
of participants included in this study was missing for over 50% of individuals, and thus not 
included. Moreover, we are unable to make any causal inference regarding the relationship 
between latent classes and STI risk because of the cross-sectional design of the analysis.   
 
j. Comparison with findings of other studies, highlighting this study’s new contributions to the 

literature 
Studies of syndemics are focused on HIV and are primarily amongst MSM77-79 and sexual 
minorities.73 75 Examinations of syndemics among women in the context of HIV risk have also 
been conducted.72 81 82 Although syndemics are well examined in the HIV literature, other STIs 
and young adult populations have been relatively overlooked. One study of 199 Canadian 
adolescent women ages 13-17 determined that a syndemic of depression, substance use and 
sexual risk taking was associated with any STI risk.84 Another longitudinal study of 125 young 
adult Mexican-American women determined that the prevalence of HSV-2 was 56.8% in this 
population, and a syndemic  of co-occurring genital herpes, injection heroin use, Hepatitis C, 
previous sexual violence, incarceration, and mental illness was determined.85 No other studies of 
this kind have been conducted in this population. Although women and minorities remain amongst 
the highest reported cases of STI/HIV, few studies have used nationally representative data to 
examine the utility of common statistical methods to identify syndemics of STIs in young men and 
women. As seen in the current study, different methodological approaches provide different 
information that can be used for targeted prevention among vulnerable groups. Extending beyond 
examining individual STI risk factors to determine unique patterns of socioeconomic, substance 
use, mental health, and sexual behavior associated with increased odds of STI by gender and 
race/ethnicity is a unique aspect of this study. To our knowledge, this is the first study to examine 
syndemics using LCA among young adults outside of the context of HIV and within a nationally 
representative sample. Furthermore, unlike many prior studies, we had access to data on 
biologically confirmed STI, rather than relying on self-report.  
 
k. Possible application of findings to actual MCH populations and health care delivery situations, 

including recommendations when appropriate 
These findings suggest that LCA was more informative in determining the exact indicators that 
co-occurred in men and women to increase risk of STIs. This is particularly relevant to inform 
public health program design and targeted interventions to reduce STIs. This project is highly 
relevant to young adult minority women. Co-occurring risk factors for STIs differed by gender and 
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race. Understanding the syndemics of STIs in adolescents and young adults may provide a 
unique opportunity to develop effective and culturally appropriate interventions that target high 
risk, hard to reach groups. 
 
3) List of products (peer reviewed articles, books, chapters in books, conference 

presentations, etc.). 
Peer reviewed publications  
1. Hill AV, De Genna NM, Perez-Patron MP, Gilreath TD, Tekwe C, Taylor BD. Identifying 

syndemics for sexually transmitted infections among young adults in the United States. 
Journal of Adolescent Health, 2019 Mar;64(3):319-326. PMID: 30447953 

 
Conference abstracts 
1. Hill AV, Gilreath TD, De Genna NM, Perez-Patron M, Tekwe CD & Taylor BD. Examining 

Statistical Methods for Determining Syndemics for Sexually Transmitted Infection Risk. 
Accepted for Oral presentation at the American Public Health Association annual meeting: 
2019 Nov 2-6, Philadelphia, PA. 

2. Hill AV, Gilreath T, Perez-Patron M, Taylor BD. Syndemic patterns of risk for sexually 
transmitted infections. Poster Presentation to the STI & HIV 2019 World Congress (Joint 
Meeting of the 23rd ISSTDR and 20th IUSTI), Vancouver, Canada. 

3. Hill AV, De Genna NM, Perez-Patron MP, Gilreath TD, Tekwe C, Taylor BD. Identifying 
syndemics for sexually transmitted infections among young adults in the United States: A 
latent class analysis. Poster Presentation at the 2018 APHA meeting, San Diego, CA 

4. Hill AV, De Genna NM, Perez-Patron MP, Gilreath TD, Tekwe C, Taylor BD. Identifying 
syndemics for sexually transmitted infections among young adults in the United States: A 
latent class analysis. Oral Presentation at the 2018 CDC STD Prevention Conference, 
Washington DC. 

 
Student training opportunities (dissertation and student research week): 
1. Hill AV. Determining Syndemics for sexually transmitted infections in young adults. 

Dissertation for the fulfillment of DrPH at Texas A&M University 

2. Hill AV, Perez-Patron M, Tekwe CD, Gilreath T, & Taylor BD. Identifying syndemics for 

sexually transmitted infections among young adults in the United States: A latent class 

analysis. Poster p.resented at Texas A&M School of Public Health Student Poster Contest: 

2018 April 2-3, College Station, TX, U.S.A. 

Awards 
1. Sexual and Reproductive Health Section Student Poster Award, November 2018 American 

Public Health Association, San Diego, CA., U.S.A. 
2. Placed 1st in the Student Research Week poster competition, April 2017 Texas A&M 

University School of Public Health, College Station, TX, U.S.A. 
 
4) Provide a complete list of actual or tentative titles and authors of manuscript activities 

to date.  Include manuscripts that are being planned, in progress, submitted, under 
review or revision, accepted for publication, Epub ahead of print, or in print.     
Publications submitted or in progress 

1. Hill AV, Gilreath TD, De Genna NM, Perez-Patron M, Tekwe CD, Taylor BD. Examining 
Statistical Methods for Determining Syndemics for Sexually Transmitted Infection Risk. 
Submission 7-31-19 

2. Hill AV, De Genna NM, Perez-Patron M, Taylor BD. Syndemics for sexually transmitted 
infection risk in youth 14-18 years. In preparation  
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3. Hill AV, De Genna NM, Perez-Patron M, Taylor BD. Incorporating contextual variables in 
syndemic risk assessment for sexually transmitted infections. In preparation  

 
5) Dissemination activities and plans beyond peer-reviewed publications 
Invited Lectures 
1. Hill AV, Perez-Patron M, Tekwe CD, Gilreath T, & Taylor BD. Identifying syndemics for 

sexually transmitted infections among young adults in the United States: A latent class 
analysis. 2019 State of Michigan HIV & STD Conference, 2019 August 13-14, Detroit, MI. 

2. Hill AV, Perez-Patron M, Tekwe CD, Gilreath T, & Taylor BD. Identifying syndemics for 
sexually transmitted infections among young adults in the United States: A latent class 
analysis. The University of Pittsburgh, 2018 December 18-19, Pittsburgh, PA. 

 
Newsletters  
1. “Texas A&M Graduate Students win APHA Sexual and Reproductive Health Section Poster 

Award”. Association of Schools and Programs of Public Health (ASPPH) Weekly Friday 
Newsletter. 

2. “Texas A&M Researchers Study how Multiple Ecological Factors Affect STI Risk.” Association 
of Schools and Programs of Public Health (ASPPH) Weekly Friday Newsletter. 

 
6) Describe plans to continue this line or program of research through additional external 

funding 
In FY2 of the grant, data from this proposal was used for student Ashley Hill’s F31 NIH application, 
however, this was not funded.  Currently, the data from this study was used to develop a proposal 
and agreement with Planned Parenthood for primary data collection of syndemic risk factors 
among women 18-25 seeking STI screening (pending IRB approval). We plan to recruit 100 
participants. The objective is to establish that we are able to recruit participants so that we can 
apply for a R01 application in June 2020 to continue with the syndemic work. Additionally, one of 
the investigators received a R01 (R01DA046401-01A1) and is measuring many of our variables 
of interest in adolescent pregnant girls. Once pilot data is obtained this will be a source to apply 
for a R01 to examine syndemics in pregnant adolescents. 

 
7) Research Grants Impact Analysis  
MCHB is working to demonstrate the impact of funded research grants to a variety of 
stakeholders. Using the table below, provide some information on the impact of your research 
grant: 

No. 
of 
Research 
Sites1 

Total 
No. of 
Studies1 

Total 
No. of 
Participants 
ever 
Enrolled 

No. of 
Peer-
Reviewed 
Publications2 

No. of 
Non-Peer 
Reviewed 
Publications3 

Total 
No. of 
Researchers 
Involved in 
Research4 

Total 
No. of 
Trainees 
Mentored5 

No. 
of 
External 
Funding 
Apps 
Submitted 

No. 
of 
External 
Funding 
Apps 
Received 

1 1 1664 1 
 

8 5 1 
DrPH 

student, 
NH-Black 
female 

1 0 

Footnotes: 1Limit data report from study inception to date; 2Includes only published papers; 3Includes 
conferences workshops, webinars, community dissemination products; 4Includes all Investigators, Co-
Investigators, Affiliates, and Researchers; 5includes pre and postdoctoral mentees, if available, include 
demographic information. 
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