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Abstract

Objective: The authors’ draw on neurobiological theory to posit that sexual risks might be associated with
neurological changes, specifically, those neuro-adaptive changes associated with addictions. We propose that low
levels of brain-derived neurotrophic factor (BDNF), a signaling molecule involved in cognitive, emotional, and addiction
behaviors, may play a key role in the expression of high-risk sexual behaviors.

Methods: In a prospective cohort of 400 people living with HIV (PLWH), information was collected regarding
smoking (Fagerstrom Test for Nicotine Dependence), hazardous alcohol use (men >14 and women >7 drinks/week),
sexual behaviors. To assess the role of BDNF, platelet poor plasma was obtained to measure BDNF levels and
participants were dichotomized into Groups 1 (BDNF < 5000 pg/mL) and 2 (BDNF >5000 pg/mL).

Results: Over two-thirds of the participants reported multiple risk behaviors, confirming our hypothesis that Group
1 would have a general risk-taking tendency. Individuals in Group 1 were more likely to smoke (p=0.0001) and to
drink alcohol hazardously (HAU) more days per week (p=0.04), particularly hard liquor (p=0.001). In support of our
hypothesis, Group 1 was also more likely to report sex under the influence of drugs/alcohol (p=0.003) and to exchange
sex for money (p=0.03). Men from Group 1 had multiple partners (p=0.09), and engaged in unprotected anal sex
(p=0.08) more than those in Group 2. The results from regressions showed that BDNF (p=0.05), use of antidepressants
(p=0.003), hazardous alcohol use (p=0.0001) and the BDNF x gender interaction (p=0.022) were significant predictors
of high-risk sexual behaviors. Further supporting our postulate, participants with low BDNF showed triple the risk of
herpes (p=0.05).

Conclusion: This innovative approach demonstrated for the first time that substance abuse disorders (especially
alcohol abuse), high-risk sexual behaviors, and sexually transmitted diseases occur more frequently in individuals
with low BDNF levels. These findings suggest the importance of using BDNF modifiers in preventive interventions
concerning people living with HIV. Given the limitations of the design, new studies among the general population are

needed to confirm the generalizability of the findings.
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Introduction

Although HIV cases have been reported across the nation, the
impact of the epidemic is not uniformly distributed. The Southern
United States contributes about half of the total reported cases and
Miami, ranks second for the number of both total and new HIV cases
[1]. Despite strenuous public health efforts, in the past years the annual
incidence of HIV has not declined significantly (from 130,000 in the
1980s to 50,000) 1. Accordingly, the new goal of the National HIV/
AIDS Strategy is to decrease the annual number of new infections by
25% by 2020 [2]. To achieve this milestone, ongoing research is required
to determine which factors are associated with HIV-related sexual risk
behaviors and can be affected through intervention(s). Research should
focus on identifying why some people continue to engage in high-risk
sexual practices despite sufficient knowledge of the risks. These efforts
should be intensified in geographic areas such as the South, where the
HIV epidemic is heavily concentrated. It is also critical to expand the
current prevention armamentarium with evidence-based, scalable
interventions.

Smoking, drinking, drug use and unprotected sex are some of
the many ways individuals engage in risk-taking. Unfortunately, risk
behaviors tend to present themselves in clusters [3]. Though scientists
have raised the question of whether third variables may account for

the co-occurrence of such behaviors, the literature is quite limited in
this area. Yet, according to a neurobiological theory risk taking (i.e.,
drug abuse) is associated with alterations on the cognitive system
responsible for controlling impulses, planning ahead, and using
executive functions to avoid taking unnecessary risks. This system is
related to the development of the prefrontal cortex and the increased
connectivity between cortical and subcortical regions [4].

In line with this model, our group has been investigating the
involvement of brain-derived neurotrophic factor (BDNF) in risk-
taking (i.e., hazardous alcohol use and smoking) in PLWH. BDNF
was selected because of its critical role in higher-order cognitive
functions, neuronal apoptosis, plasticity and mood, all of which control
risk-taking [5]. In addition, our group has demonstrated that BDNF
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homeostasis is directly altered by the human immunodeficiency virus,
and is particularly dysfunctional in patients with substance-related
addictions, such as hazardous alcohol use and tobacco dependence
[6,7]. Consistent with these BDNF roles, it is conceivable that a decrease
in BDNF signaling could profoundly alter sexual behaviors in PLWH
by interfering with cognitive function and impulse control.

Furthermore, BDNF can impact serotonin and dopamine, which
studies suggest can control sexual motivation, copulatory behavior
and time of ejaculation [8]. In despite of that, neurotrophic factors
have been typically neglected in prior decision-making and sexual
risk behavior models. Therefore, as a logical advancement of our prior
work, these analyses focused on the potential role of BDNF alterations
on sexual risk-taking behaviors in PLWH in South Florida, one of
the epicenters of the epidemic [9]. If correct, findings can explain the
close association between HIV, and alcohol and sexual risk behaviors.
Our model can also justify the adoption of generalized risk-taking as
a concept and strengthen and expand existing knowledge of HIV risk
behaviors.

Methods

Study population

The Platelet Alcohol Disorders Study (2010-2013) consists of
400 PLWH who are at least 18 years old and under regular care at
Miami’s primary open-access public health system. Non-ambulatory
patients were excluded, as well as those with major comorbidities,
including: central nervous system (CNS) opportunistic infections,
head injury with or without loss of consciousness, tumors, major
psychiatric disease, developmental disorders, severe malnutrition, or
confirmed cardiovascular or immune based disease, (i.e., malignancies/
autoimmune diseases/arthritis). Since the study was focusing on the
consequences of hazardous alcohol use, participants who had cirrhosis,
active viral hepatitis and dependent drug users were excluded.

The study was designed and conducted according to the principles
expressed in the Declaration of Helsinki. The protocol was approved
by the Institutional Review Boards at Florida International University
and the University of Miami. Those participants who provided written
informed consent, and that signed a medical release form, were
consequently enrolled and followed over a period of six months.

Participants’ assessment protocol

Upon entry to the study, information was obtained in person using
structured questionnaires. Blood was drawn for BDNF, serotonin and
immunological evaluation.

Sexual risk and protective behaviors

The questionnaire began with an introduction;-and the definition
of sexual terms to minimize ambiguity. A main partner was defined as
someone to whom the participant felt most committed (e.g. boyfriend
or girlfriend, spouse, or life partner). A casual partner was someone
to whom the participant did not feel committed or did not know very
well. A client was one with whom the participant had sex in exchange
for something, such as money or drugs (i.e., exchange sex). Participants
were instructed to think back over the past 6 and 12 months and respond
as accurately as possible. A six-month retrospective recall period was
selected because previous research has shown more reliable reports for
number of partners and sexual events over this time period, compared
to more recent behaviors [10]. Separate, but equivalent versions were
used for males and females, each with gender appropriate language.
The survey was composed of 20 multiple-choice questions regarding

sexual behaviors in the past 6 months. Some items required selection
of a single choice; others permitted checking all responses that applied.
The content domain of survey questions included number of multiple
and/or concurrent partners and type. Participants could choose having
more than one answer. Information was also collected regarding the
sero-status of the sexual partner (sero-concordant, sero-discordant,
unknown). The survey included questions about types of sexual
intercourse (oral, anal, and vaginal), frequency (always, frequently,
rarely, once, never) and condom use (always, frequently, sometimes,
never). Condom use inquiries encompassed not only frequency, but
type of partner, and condom use during anal, vaginal, or oral sex.
Consistent condom use was characterized by an “always” response.
The survey also examined alcohol and/or drug use proximal to sexual
encounters (i.e., before or during). Based on the literature, the following
were rated as high risk sexual practices: unprotected anal intercourse,
sex during menses, multiple partners, having sex for money and use of
hazardous alcohol/drugs close to intercourse.

Other risky behaviors

Ateachvisit, PLWH reported alcohol intakes for the past six months
using two brief, standardized and validated screening questionnaires:
The Alcohol Use Disorders Identification Test (AUDIT) and the
Alcohol Dependence Scale (ADS). All the assessments were preceded
by the following introduction: "Consider a 'drink' to be a 12 oz can
or bottle of beer, a 4 oz glass of wine, a wine cooler, 1 cocktail or a
shot (1.25 oz) of hard liquor (like gin or vodka).” Alcohol consumption
scores were computed by averaging cross products of quantity and
frequency of beer/wine/hard liquor. Based on the National Institute
of Alcohol Abuse and Alcoholism criteria, men who reported >14
and women >7 drinks/week were classified in the hazardous drinkers
group, while those who reported fewer drinks were included in the
non-hazardous drinkers group. Subjects reporting drinking 5 or more
drinks on the same occasion on each of 5 or more days in the past 30
days were classified as heavy drinkers and given 2 points in the risk
scale [11].

The Fagerstrom Test for Nicotine Dependence (FITND 97), a
standardized questionnaire extensively used in research, was used to
assess smoking habits [12]. The FTND incorporates questions about
the age of initiation, number of years smoking, number of cigarettes
smoked per day, and signs/symptoms of addiction.

Decision making/impulsivity

The computerized version of the Wisconsin Card Sorting Task-
64 (WCST-64) is a widely used test of executive functioning, but
particularly inhibition and shifting. In this test subjects are asked
to match a virtual card with four cards presented on the computer
screen. After the participant makes ten consecutive correct matches,
the program switches to matching on a different criterion, without
prior notification. Measures of performance include the number of
categories completed, total errors and perseverative errors. When a
participant who chooses five consecutive correct answers suddenly
matches on another criterion, this shift is considered a manifestation of
cognitive impulsivity and is called “failure to maintain set.” [13].

BDNF

Circulating levels of BDNF were selected because prior studies
have demonstrated that, although different from those in the
cerebrospinal fluid (CSF), they are correlated with CSF measures
in other CNS diseases [14]. To obtain platelet-poor plasma, blood
samples were collected in EDTA-coated tubes (plasma) (BD Diagnostic
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Systems, NJ, USA), and were stored on ice. Plasma was separated by
centrifugation at 40°C for 15 min at 1,500x g. This plasma was again
re-centrifuged at 10,000x g and aliquots of poor platelet plasma were
stored in polypropylene tubes at -80 C until assayed. BDNF levels were
measured using a commercially available ELISA kit (RandD System),
according to the manufacturer’s instructions. However, during the
standardization a sizable proportion of PLWH had BDNF values of
4000 pg/mL (ceiling effect), so the samples were 20 fold diluted. BDNF
concentration in plasma was calculated based on a standard curve. The
minimum detectable dose of BDNF is typically less than 62 pg/mL. The
repeatability of the BDNF ELISA, as measured by intra-assay precision,
was 6%, and the reproducibility as measured by inter-assay precision
was 9%. Coefficient of variation was 7.9 (CV%=SD/mean x 100%).

Covariates

Structured questionnaires were used to obtain sociodemographic
information (i.e., age, income, marital status, education) medical
history including mood disorders measured with the Beck depression
inventory II [15] and treatments (antiretroviral and antidepressants).
Participants were questioned regarding healthy behaviors such as type
of diet and their level of physical activity (regular physical activity
refers to leisure-time physical exercise). Other variables such as drug
use (i.e., club drugs) were also considered in the model.

Statistical Analyses

Descriptive statistics (e.g. minimum, maximum, median and
mean with standard deviation for each variable) and the frequency
and percentage for each categorical variable were used to summarize
the data, and to detect outliers and missing values. The normality of
the distribution of primary outcomes of interest was examined with
a normal probability plot. Natural log-transformed BDNF values
were used in the analysis; however, to be comparable with prior
publications, we are providing actual BDNF levels. Chi-square tests,
t-tests or nonparametric tests were used for unadjusted analyses, as
well as evaluation of potential confounders (where applicable).

Creating binary or categorical variables to measure the frequency
of different types of risky sexual behaviors only covers a limited
domain of sexual risk and lacks statistical power. To address this, we
created a sexual-risk composite variable with an index that ranges from
no sexual risk (a score of 0) to 10. One point was added according to
the degree of risk involved. For example, having unprotected vaginal
sex contributed 1 point to the total score, while having sex during
the menses or anal sex contributed 2 points. Having sex for money
contributed 2 points, and number of partners contributed between
0 and 4 points, where 0=“no partner in the past 6 months” or “only
had a monogamous relationship in the past 6 months”. Two to five
non-concurrent partners contributed 2 points, while multiple clients
contributed up to 4 additional points if no protection was used.

General linear models were used to evaluate the independent
association between high-risk behaviors (i.e. alcohol consumption,
unprotected sex, sex for money) and BDNF. Variables adjusted for
potential confounding effects included age, BMI, time of HIV diagnosis,
and treatment. The validity of model assumptions was evaluated using
analysis of residuals. P values less than 0.05 (2-tailed) were considered
significant. Data analyses were performed using Statistical Package for
the Social Sciences version 18.

Results

Group characteristics

The sample included both males (73%) and females (27%),
ranging in age from 21 to 50 years (42 * 6 years). Most participants

were African-Americans (67%) or Hispanics (25%), with a smaller
proportion of Caucasians (4%) and Caribbeans (4%). Among the 400
PLWH, there was a wide range of BDNF levels in circulation, from
298 to >20,000 (mean 8384 + 6366 pg/mL). BDNF levels differed by
gender, with women exhibiting the highest levels (9958.9 + 6578 vs.
7470 + 6068 pg/mL, p=0.001). Participants were dichotomized into
two groups using the mean of the group as a cut-oft point at 5000 pg/
mL: Group 1=low-BDNF (< 5000 pg/mL), and Group 2=high-BDNF
values (>5000 pg/mL). Please note that using a higher cutoff for women
reached stronger p=values, but we did not uncover new relationships.
Therefore, we decided to use a single cutoff point to simplify the
presentation of the results.

Overall nutritional status, determined by levels of serum albumin,
was within normal range for 99% of the participants (4.3 + 0.4). No
significant differences in nutritional status were noted between
experimental cases and controls.

With regards to their clinical status, most had received a diagnosis
of HIV infection more than a decade ago, and 74% had more than
200 CD4 cell counts (306 + 14 cells/mL), and almost half exhibited
undetectable viral loads. There were 28 participants who were not
receiving antiretroviral therapy at baseline, but the distribution of
treatment did not differ between the groups. As illustrated in Table 1,
a sizable proportion of study participants were receiving treatment for
depression. However, neither the depression status of the participants,
nor the proportion of them receiving treatment was different between
the groups.

Alcohol and smoking

Male hazardous alcohol users (HAU) were more likely to be
smokers (OR=3.0, 95% CI 1.6-5.6, p=0.0001). Female HAU’s were
also twice as likely to smoke (OR=2.2, 95% CI: 1.1-4.8, p=0.013).
Since evidence from animal studies suggests that nicotine may induce
increased alcohol consumption, we examined this association. Smokers
consumed alcohol more days in the week (2.9 + 2.5 vs. 1.8 + 0.4 days,
p=0.001). Smokers also consumed more per occasion (4.9 + 0.33 vs. 3.0
+ 0.39 standard drinks, p=.0001) (Table 2).

Alcohol and risk behaviors

There were significant links between different risky behaviors.
When we assessed specific associations between alcohol uses as a

Variable BDNF Group 1| BDNF Group 2 P Value
Age 4357 42+6.7 0.7
Men 75% 70% 0.1
Women 25% 30%
African American 58% 70%
Black Caribbean 2% 3% 02
Hispanic 28% 23%
White 12% 4%
Education (years of school) 11.6+2.0 10.9+3.0 0.6
Albumin g/dl 4.0+0.6 41+05 0.9
Platelet Counts 186 + 66 241.8+ 139 0.001
CD4 cell counts 302 + 196 391 + 248 0.01
Viral Load Log 3.1+1.2 28+13 0.02
Antiretroviral 91% 93% 0.8
Beck Depression Score 15.9+11.2 16.4 +£12.7 0.6
Antidepressants 33% 41% 0.1

Note: Demographic characteristics were expressed as percentages by BDNF

group
Biological measures were presented as means and standard deviations

Table 1: Sociodemographic and clinical characteristics by BDNF groups.
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primary independent variable (categorized as non-HAU, HAU, heavy
drinking) and several risky sex outcomes, HAU were more likely to be
associated with a general risk-taking tendency. Indeed, when compared
to non-HAU, HAU’s scored higher in both sexual risk behaviors (3.1
+ 1.9 vs. 2.6 + 1.8, p=0.001), and overall risk scores (5.2 + 2.1 vs. 3.2 +
1.9, p=0.01).

Male HAU were more likely to have sex with casual friends
(OR=1.21, 95% CI: 1.0,1.4, p=0.01). HAU males were also more likely
to always/frequently have sex under the influence of alcohol (OR=1.68,
95% CI: 1.0-2.9, p=0.03). HAU men were three times more likely not
to use a condom when having sex with females (OR=3.1, 95% CI: 1.5-
6.12, p=0.0005), yet the same trend was not observed when having sex
with males.

Female HAU were less likely to report that they never had sex
under the influence of alcohol (OR=0.26, 95% CI: 0.12-0.55, p=0.0001).
Of special concern, the majority of females (73%) did not use condoms
consistently during sexual intercourse.

BDNF and addictions

Notably, participants in the low-BDNF group were more likely to
be hazardous drinkers (OR=1.6, 95% CI: 1-2.4; p=0.01). Individuals in
Group 1 drank more days (2.8 £ 0.2 vs. 2.3 £ 0.2 days/week, p=0.04),
and were also more likely to drink liquor than those in Group 2 (1.6 +
0.2 vs. 0.8 + 0.1 drinks/occasion, p=0.001).

Compared to Group 2, Males in Group 1 were three times more
likely to be smokers (OR=3.1, 95% CI: 1.6-5.6, p=0.0001) and a similar
trend was observed for females (OR=2.2, 95% CI: 1.1-4.8, p=0.013)
(Table 3).

Brain derived neurotrophic factor and high risk sexual
behaviors

Over one-third of the sample (35%) reported either no sexual
partners or only one. The remaining 65% had between two and one

hundred partners in the past six months. Nearly half of the sample
(48%) reported exchanging sex for money. A significantly higher
proportion of HIV infected women than men were reporting having
sex for money (36% versus 67%, p=0.0001).

Of concern, only 14% of them reported consistently using condoms,
while 41% reported frequently being under the influence of drugs or
alcohol during their sexual encounters. Despite years of education,
high-risk sexual practices were common among this sample of PLWH,
with 18% reporting unprotected sex during menses. Over half of the
men (55%) reported anal sex with women, and the remaining 18% with
men.

We also assessed specific associations between BDNF as a primary
independent variable and several risky sex practices. As shown in Figure
1 and in support of our main hypothesis, risky behaviors were more
prevalent in the low BDNF group (Group 1). We found that Group
1 was 1.4 times more likely to report sex under the influence of drugs
or alcohol than Group 2 (OR=1.4, 95% CI: 0.9-2.26, p=0.003). Only
24% of the men and women reported regular condom use during the
prior six months. Noteworthy, men in Group 1 tended to have multiple
partners in the past 6 months (OR=2.1, 95% CI: 1-6.1, p=0.09), but
were less likely to use condoms during anal sex (OR=2.3, 95% CI: 1-6.9,
p=0.05) compared to Group 2. Men and women from Group 1 were
three times as likely to report engaging in unprotected sex for money
(OR=3.6; 95% CI: 1-14.6, p=0.03).

Risky behaviors and impulsivity

Almost half of the study’s population was hazardous alcohol users
(48%), with a median intake of 2 8 * 4 alcoholic drinks weekly. Of
particular concern, 37% of study participants scored above 8 on the
AUDIT.

The alcohol beverage preference was similarly distributed:
liquor was the most commonly consumed alcoholic beverage (45%)
and most liquor users (60%) only drank liquor. One third of the

Coefficients?

Unstandardized Coefficients

B Std. Error
BDNF -8.133E-007 0.000
HAU 0.115 0.055
Gender -0.310 0.058
Antidepressants 0.150 0.057

a. Dependent Variable: SEXMONEY

Table 2: Multivariate analyses.

Unstandardized Coefficients

Model
B Std. Error

Smoking -1.388 0.249
Hazardous Alcohol Use -1.658 0.230
BDNF 6.976E-005 0.000
BDNF * Gender -4.713E-005 0.000

interaction
Antidepressants -.690 0.228
Age -.036 0.018

Standardized

Coefficients
t Sig.

Beta
-0.010 -0.197 0.844
0.104 2.083 0.038
-0.270 -5.309 0.000
0.131 2.633 0.009
Standardized Coefficients .
T Sig.
Beta

-0.288 -5.577 0.000
-0.365 -7.196 0.000
0.211 1.935 0.050
-0.251 -2.295 0.022
-0.151 -3.029 0.003
-0.096 -1.927 0.055

Table 3: Multivariate analyses.
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Odds Ratio

1s p=0.01 p=0.01

Hazarodus Alcohol Smoking

Sex Under the Effect of

m BDNF Group 1  BDNF Group 2

p=0.003 p=0.03

Sex for Money

Alcohol or drugs

Figure 1: Sexual risks by BDNF groups.

participants consumed beer and 21% preferred wine. HAU and Non
HAU were similar in their sociodemographic, behavioral and clinical
characteristics.

On the Wisconsin Card Sorting Test-64 (WCST), when heavy
drinkers were compared to those who drank less, groups differed
significantly in the number of correct responses (62.17 + 16.5 vs. 67.0
+ 17.8, p=0.06). Heavy drinkers had more total errors (61.9 + 21.9 vs.
54.39 + 24.19, p=0.03). They also had more perseverative errors (49.04
+15.9vs.43.56 + 17.5, p=0.04), but the failure-to-maintain- set variable
was similar.

Although hazardous alcohol use was associated with poor
performance on the WCST, WCST was less strongly associated with
high-risk sexual behaviors. Only those reporting having sex most
of time under the influence of drugs/alcohol had differences in the
number of trials (121.4 £ 13.9 vs. 126.3 £ 7.1, p=0.05). Those reporting
multiple partners also tended to have a higher percentage of errors 88.2
+ 18 vs. 79.3 + 15.1%, p=0.08). No significant difference was observed
between Groups 1 and 2 on any WCST scores in the multivariate
analysis of covariance (MANCOVA) (Correct, p=0.82; Perseverative
Errors, p=0.90; Fail to maintain the set, p=0.72; Learning, p=0.47;
Categories completed, p=0.32).

Final analyses

Multiple regression analysis was used to test if BDNF status
significantly predicted participants' ratings of engaging in high-
risk sexual behaviors. This was defined as two or more concomitant
risks (i.e., unprotected anal or vaginal sex during menses, multiple
partners, sex for money or having sex under the influence of drugs).
BDNF (p=0.05), use of antidepressants (p=0.003), hazardous alcohol
use (p=0.0001) and the BDNF x gender interaction all were significant
predictors of high-risk sexual behaviors.

The multivariate analyses showed that three predictors explained
30% of the variance in engaging in sex for money. These variables were
hazardous alcohol use (f=.104, p=0.038), being female, and not taking
antidepressants, (p=-0.136, p=0.009). Neither age, income, education,
impulsivity, nor BDNF remained in the model.

Discussion

Enhanced understanding of the factors associated with sexual risk-
taking, will be useful in designing new HIV prevention interventions.

Toward this end, our first inquiry was designed to answer the question,
“to what extent can BDNF and serotonin status be directly related to
sexual risk behaviors?” The current study demonstrated for the first
time, that BDNF status was able to predict HIV risk behavior 6 months
following initial assessment in PLWH. Risk taking behaviors in general
have been associated with imbalances of neurochemicals in the brain
including BDNF, dopamine and serotonin. Notably all these substances
in addition to controlling cognition, also help with mood regulation
[16]. This may explain why in our final models of sexual risk behaviors,
both BDNF and the use of antidepressants were significant predictors.
Given that depression was not directly related to risky behaviors, it
could be proposed that mood stabilizers improve executive function
and impulse control aside from treating mood disorders. This finding
requires further investigation, but regardless of the mechanism
treatment should be prioritized in this population.

While it is known that people living with HIV traditionally exhibit
more than one risk behavior, researchers still analyze risk factors in
isolation [16]. However, risk factors are more likely to occur in clusters.
For example, research has been consistently showing that HIV infected
populations across the globe are more likely to report higher use of
alcohol and tobacco than the general population. The literature is
also consistent in reporting that alcohol users more infrequently use
condoms [17-19]. Yet the biological mechanism explaining these
observations is largely unknown. In this regard, our data indicates
that BDNF appears to play an important role in several of these risky
behaviors. More specifically, low BDNF levels were related to hazardous
alcohol use and smoking behaviors, suggesting that neurotransmitters
are critical to the chain of risk-taking behaviors that are prevalentamong
people living with HIV. Results are not fully unexpected when ones
consider that BDNF is highly expressed in brain regions controlling
drug behaviors are also regulating other behavioral, sensory, cognitive,
and emotional experiences [20]. This implies that dysregulation of key
molecular signals, like BDNF and serotonin, could also influence other
functions, such as sexual behaviors. These results may explain why
HAU are less likely to use condoms and tend to engage in risky sexual
practices. Findings are highlighting a unique opportunity for designing
more global risk reduction strategies integrating biological principles
and behavioral interventions.

For the same reason, our findings may aid in explaining why there
is a link between smoking and HIV transmission [21-23]. First, an
HIV infected smoker with altered BDNF levels will be more likely to
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engaging in other risky behaviors. Second, our group has previously
shown that subjects with altered BDNF are more likely to have higher
viral loads, and poorer immune status [24], and both may contribute to
the explanation of these observations.

Of interest, we have found that alcohol behaviors are significantly
related to BDNF levels. Altered BDNF levels can result from the direct
effect of the virus on neurotrophic homeostasis, but based on models of
addiction, it may also be the result of the drug-based alterations to the
brain’s neurotransmitter systems. Deficits in response inhibition were
evident in the alcohol-hazardous group, yet impulsivity as measured
by the Wisconsin Card-Sorting Task was not strongly associated with
risky sexual behaviors or BDNF levels.

That being said, the limitations in the current study should be
considered when interpreting the results. The study relied on self-
reported assessments of sensitive behaviors and the frequencies
of behavior. Even though the information was collected using
computerized, reliable, and validated interviewing procedures, it
should still be considered the lower-bound estimates of actual rates. In
addition, the results are limited to those receiving care in South Florida,
cautioning against generalizing the results to other settings. We have a
large proportion of minorities, but since the inclusion of race/ethnicity
did not modify the analyses, we feel very confident about the results
that reflect more or less the socio demographics of the HIV epidemic in
the USA. Finally, our original design does not include a healthy control
population, as future studies need to be performed among the general
population to confirm our findings. Acknowledging these limitations,
we believe that our study findings support the immediate development
of biological interventions based on BDNF, to attain global risk
reduction interventions for PLWH.

In summary, our emerging data highlights the functional
significance of BDNF status on both drug abuse (alcohol and smoking),
as well as HIV transmission risk behaviors. Results suggest that high-
risk taking individuals may have a biological makeup that may permit
to identify such people so they can be targeted. Nonetheless, we suggest
that further research be conducted to establish the validity of these
findings in other populations.
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