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found significant pleiotropy (p = 5.31E − 28) and a posi-
tive genetic correlation (cor = 0.17, p = 0.002) for SZ and 
HIV infection. Pleiotropic SNPs with opposite effect direc-
tions (antagonistic) and SNPs with the same effect direction 
(synergistic) were enriched for distinctly different biological 
functions. SZ PRS computed with antagonistically pleio-
tropic SNPs consistently predicted RSB score with nomi-
nal significance, but SZ PRS based on either synergistically 
pleiotropic SNPs or all SNPs did not predict RSB. The 
epidemiologic correlation between schizophrenia and HIV 
can partly be explained by overlapping genetic risk factors, 
which are related to risky sexual behavior.

Introduction

Schizophrenia (SZ) is a debilitating psychiatric disorder 
that—among its many other symptoms—impairs social 

Abstract Schizophrenia (SZ) and HIV infection are serious 
disorders with a complex phenotypic relationship. Observa-
tional studies have described their comorbidity; their genetic 
correlation is not well studied. We performed extensive anal-
ysis in search of common genetic factors for SZ and HIV, 
and their relationship with risky sexual behavior (RSB). 
Summary statistics from genome-wide association studies 
of HIV infection and schizophrenia were obtained and 2379 
European Americans were genotyped and assessed for RSB 
score. Genetic relationships between traits were analyzed 
in three ways: linkage disequilibrium (LD) score regres-
sion to estimate genetic correlation; GPA (Genetic analysis 
incorporating Pleiotropy and Annotation) to test pleiotropy 
and identify pleiotropic loci; polygenic risk scores (PRS) 
of SZ and HIV to predict RSB using linear regression. We 
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and interpersonal skills (Seeman 1997). In 2002, the cost 
associated with SZ was estimated to be $62.7 billion in 
the United States (Wu et al. 2005). Infection by the human 
immunodeficiency virus (HIV) also poses a serious threat 
to public health and social and economic development. 
In 2013, there were about 2.1 million new HIV cases, 35 
million people living with HIV, and 1.5 million acquired 
immunodeficiency syndrome (AIDS)-related deaths world-
wide (Hall et al. 2015). In the United States, it was esti-
mated that 1.2 million people above age 13 were infected 
by HIV at the end of 2012 (Hall et al. 2015). Risky sexual 
behavior (RSB) is a major determinant of HIV transmis-
sion (Marks et al. 2005).

The relationship between SZ and human immunode-
ficiency virus (HIV) infection is complicated epidemio-
logically and genetically and has long been studied. For 
instance, schizophrenia patients were found to be 1.5 times 
as likely to be HIV infected as non-schizophrenics among 
Medicaid recipients (Blank et al. 2002). The relationship 
between SZ and HIV infection is further complicated by 
substance dependence (Walkup et al. 2008). Helleberg 
et al. (Helleberg et al. 2015) found increased HIV diagno-
ses in SZ cases with a history of substance dependence and 
that compared with non-HIV-infected people, individuals 
infected with HIV had an incidence rate ratio (IRR) of 2.26 
for SZ with a history of substance dependence and 4.09 
IRR without a history of substance dependence (Helleberg 
et al. 2015). Apart from the possibility that one of these 
traits sometimes leads to another (by virtue of behavior), 
the correlated incidence rates also signal the possibility 
of common genetic or environmental factors for HIV and 
SZ. Besides epidemiological studies, considerable effort 
has been made from genetic and molecular studies towards 
understanding the role played by the immune system in SZ 
(Muller and Schwarz 2010). For example, a mega-analysis 
on SZ carried out by the Psychiatric Genomics Consor-
tium (PGC) detected 108 loci associated with SZ; among 
these, genes with important roles in immunity are enriched 
(Schizophrenia Working Group of the Psychiatric Genom-
ics 2014). The genetic relationship of immune system 
regulation and SZ further complicates understanding the 
comorbidity of SZ and HIV infection.

People with SZ are less likely to be sexually active 
(Carey et al. 1999, 2001) and have lower fertility than the 
general population, especially males (Bundy et al. 2011). 
However, SZ patients also have impaired judgment, and 
those who are sexually active have a higher rate of risky 
sexual behaviors than sexually active comparison sub-
jects (Coverdale and Turbott 2000; Ramrakha et al. 2000). 
A study of 95 SZ patients found that 44 % were sexually 
active in the preceding 6 months, and of these, 62 % had 
multiple sexual partners (Cournos et al. 1994). Finding a 
partner is prerequisite to engaging in risky sexual behavior, 

and to the extent that behaviors seen in SZ decrease this 
possibility, SZ may decrease the risk of HIV exposure and 
infection. On the other hand, because SZ is also associated 
with decreased judgment, a situation that might result in 
sexual activity could result in a greater incidence of risky 
behavior. Finally, HIV is also associated strongly with drug 
use, another behavior that is elevated in SZ.

While there are many reports on the epidemiologi-
cal relationships between HIV, SZ, and RSB, their genetic 
relationships are not well studied. There has been a recent 
accumulation of genomics datasets and the development 
of increasingly powerful statistical methods designed to 
perform integrative genomics analysis. In this study, we 
obtained publically accessible GWAS summary statistics 
relevant to SZ and HIV infection and estimated their genetic 
correlation and level of pleiotropy using two independ-
ent methods, linkage disequilibrium (LD) score regression 
(Bulik-Sullivan et al. 2015) and Genetic analysis incor-
porating Pleiotropy and Annotation (GPA) (Chung et al. 
2014). We also used data regarding RSBs collected by us 
in a sample recruited for study of the genetics of drug and 
alcohol dependence (Polimanti et al. 2016). Using these 
data, we explored the shared genetic relationships between 
SZ and HIV infection from two perspectives: genetic cor-
relation, which characterizes the global correlation between 
the genetic effect sizes of two phenotypes, and pleiotropy, 
which refers to the phenomenon that a single locus may 
influence multiple phenotypes, regardless of the effect 
directions. We also studied the genetic relationship of SZ 
and HIV with RSB. The results of our study could help to 
increase our understanding of the biology of these traits.

Materials and methods

Our overall analysis procedure is summarized in Fig. 1. We 
first explored the shared genetic etiology of SZ and HIV 
infection through LD score regression and GPA using sum-
mary statistics from publically available GWAS data. We 
then tested whether HIV or SZ risk could independently 
predict RSB using our own cohort comprising 2379 Euro-
pean Americans (EAs) for whom genotype and RSB data 
were available. 2321 of these individuals passed genotype 
quality control and 1057 individuals had non-missing RSB 
scores. We also removed 55 individuals with SZ or HIV 
infection, leaving 1002 individuals for inclusion in poly-
genic risk score analysis. Detailed analysis procedures are 
described below.

Study recruitment and genotyping

A total of 2379 EA subjects (1400 males and 979 females) 
were included in this study. Recruitment was conducted in 
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five centers in the Eastern United States, as described else-
where (Gelernter et al. 2014a; Xie et al. 2013). The institu-
tional review board at each center approved the study and 
written informed consent was obtained from all partici-
pants. DNA was extracted from blood or cell lines (or saliva 
for some subjects whose blood could not be obtained), and 
genotyped on the Illumina HumanOmni-Quad v1.0 micro-
array. Detailed information about the genotyping and qual-
ity control pipeline is available in our published GWAS 
(e.g. Gelernter et al. 2014a, b). Multiple sample quality 
control procedures were performed, such that ten indi-
viduals were removed due to discordant sex information 
between self-reported and genotypic information; 46 sub-
jects were removed due to excessive heterozygosity; two 
subjects were removed for genotype missing rates >0.02. 
Subjects that passed these quality control procedures (2321 
individuals) were later used to calculate polygenic risk 
scores for SZ and HIV infection.

Assessment of risky sexual behaviors (RSB)

Subjects were evaluated using the Semi-Structured Assess-
ment for Drug Dependence and Alcoholism (SSADDA) 
(Pierucci-Lagha et al. 2005). Details about RSBs were 
derived from the SSADDA section on antisocial personal-
ity disorder: item I35B (Have you ever had sex with 10 dif-
ferent people within a single year?) and item I37 [Have you 
more than once had unprotected sex (without a condom) 

with someone you believed could give you a disease, or 
when you had a disease that could be spread that way?]. 
We modeled the RSB score as a quantitative measure of 
unprotected sex and multiple sexual partners that ranged 
from 0 to 2 based on the number of affirmative responses. 
Non-missing RSB scores were obtained for 1079 of the 
2379 EA subjects, of which 1057 subjects passed genotype 
quality control, and 1002 subjects were free from SZ and 
HIV infection. For the 1057 subjects that passed phenotype 
and genotype quality control, demographics and SZ and 
HIV affection are shown in Table 1. To assess the potential 
for ascertainment bias, we tested correlation of RSB score 
availability with SZ and HIV infection. In 2379 EA sub-
jects, there are 4 SZ and 113 HIV patients, of which 1 and 
57 have missing RSB scores, respectively. Fisher’s exact 
test demonstrated that neither SZ (p = 0.335) nor HIV 
(p = 0.384) rate is biased by RSB ascertainment.

Assessment of injection drug use (DI) and needle 
sharing (NSh)

DI and NSh were evaluated using self-report information 
from the SSADDA. DI is a binary measure, with “1” rep-
resenting any self-reported DI experience assessed by six 
DI-related items from the SSADDA sections on cocaine 
use, opioid use, and “other drug” use. NSh is a binary 
measurement, with “1” representing any self-reported NSh 
assessed by the SSADDA item “Have you ever shared 
a needle” from the same three sections. Among the 1002 
subjects used in the risk score prediction analysis, 527 sub-
jects reported DI and of these, 317 also reported NSh. DI 
and Nsh are used in our polygenic risk score analysis as 
covariates.

Fig. 1  Flowchart of study pipeline. Datasets and analysis procedures 
for this study are shown in the flowchart. Red (upper section) indi-
cates analysis using public datasets, and green (lower section) indi-
cates procedures used with our own dataset (color figure online)

Table 1  Demographics of 1057 subjects that passed genotype and 
phenotype quality control

Numbers in parentheses are sample standard deviations for continu-
ous measurements age and weight, and percentages for binary meas-
urements sex, schizophrenia, HIV, drug injection, and needle sharing

Risky sexual behavior 
(RSB)

0 1 2

Male 346 (69.2 %) 273 (66.9 %) 86 (57.7)

Female 154 (30.8 %) 135 (33.1 %) 63 (42.3 %)

Age 39.2 (10.1) 38.3 (9.8) 38.5 (8.9)

Weight (lbs) 180.5 (40.8) 182.4 (40.4) 184.9 (42.9)

Schizophrenia (SZ) 2 (0.4 %) 1 (0.2 %) 0

HIV 17 (3.4 %) 21 (5.1 %) 15 (10.1 %)

SZ and HIV 0 1 (0.2 %) 0

Drug injection (DI) 241 (48.2 %) 234 (57.4 %) 96 (64.4 %)

Needle sharing (Nsh) 129 (25.8 %) 145 (35.5 %) 75 (50.3 %)

Total sample size 500 408 149
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GWAS data resources from studies by other 
investigators

1. HIV susceptibility GWAS summary statistics were 
obtained from McLaren et al. (2013), where genetic 
risk of HIV-1 infection was assessed in 6300 infected 
cases and 7200 controls.

2. Results files from the second Psychiatric Genomics 
Consortium (PGC) SZ mega-analysis (Schizophrenia 
Working Group of the Psychiatric Genomics 2014) 
were downloaded. The multi-stage SZ mega-analysis 
included up to 36989 cases and 113075 controls. Sum-
mary statistics of bipolar disorder GWAS (Psychiat-
ric 2011) on 7481 cases and 9250 controls were also 
acquired from the PGC website.

3. GWAS summary statistics for height were obtained 
from a study with 253,288 participants (Wood et al. 
2014) from the GIANT consortium.

4. GWAS summary statistics for body mass index (BMI) 
were obtained from a study with 234,069 participants 
(Locke et al. 2015) from the GIANT consortium.

Statistical analysis

Conditional Q–Q plots were used to show the enrichment 
of GWAS signals between SZ and HIV. First, a stand-
ard Q–Q plot (observed log-transformed p value against 
expected log-transformed p value) based on HIV GWAS 
was generated using all 1,035,812 SNPs in the HIV GWAS. 
Then, conditional level of significance in SZ GWAS, SNP 
sets was selected with a series of cutoffs (p < 0.001, 1e-4, 
1e-5, 1e-7). For each of the SNP sets, we plotted observed 
log-transformed HIV GWAS p values against expected log-
transformed p values. The level of deviation of conditional 
Q–Q plot lines from the standard Q–Q plot line indicates 
strength of signal enrichment between the two traits, with 
respect to corresponding cutoffs.

LD score regression (Bulik-Sullivan et al. 2015) was 
used to estimate the overall genetic correlation of SZ and 
HIV by regressing the product of z-scores from the two 
studies onto LD scores. GPA (Chung et al. 2014) was used 
to test the significance of pleiotropy of HIV and SZ and to 
estimate the posterior probability of each SNP being asso-
ciated with both traits. GPA adopts a mixture model, and 
estimates the underlying true association status via the 
expectation–maximization (EM) algorithm. Both of these 
methods require only GWAS summary statistics. DAVID 
(Huang et al. 2009a, b) was used to perform Gene Ontol-
ogy (GO) term enrichment for the top SZ-HIV pleiotropic 
genes. Only biological process GO terms were used in our 
analysis.

We calculated SZ and HIV polygenic risk scores (PRS) 
using publically available summary statistics. PRS were 

computed using Polygenic Risk Score software (PRSice) 
(Euesden et al. 2015). Our analysis was limited to the 
539,034 SNPs with available summary statistics for both 
SZ and HIV. To calculate SZ risk score, we first selected 
index SNPs with a series of p value thresholds, ranging 
from 0 to 0.5 in increments of 0.001, and then performed 
linkage disequilibrium-based clumping to select independ-
ent GWAS signals. For each index SNP, a best proxy SNP 
was selected that was within a distance of 250 kb, had r2

>0.1, and had the smallest p value for the interval. The SZ 
infection risk score of the 2379 European Americans from 
our GWAS was then calculated as the sum of the number of 
risk alleles weighted by an SZ log-transformed odds ratio. 
The HIV risk score of our cohort was calculated similarly.

Examination of same‑direction vs. opposite‑direction 
SNP effects

To examine the effect of HIV-SZ pleiotropic SNPs on RSB, 
we split the SNP panel for PRS calculation into two groups, 
one with the same effect direction for SZ and HIV and the 
other with the opposite effect direction. For all p value cut-
offs, SZ and HIV risk scores were calculated separately for 
the same-direction group and the opposite-direction group. 
After quality control, we had 1002 European Americans 
with a non-missing RSB score, who had neither SZ nor 
HIV infection.

To study the relationship between SZ risk score and 
RSB score, the mean SZ risk score was calculated for three 
RSB groups (RSB scores = 0, 1, 2) and compared. We also 
used linear regression with age, sex, DI and NSh as covari-
ates, as well as the first two ancestry-informative covariates 
calculated from our genotype data, to assess whether SZ 
risk score predicts RSB score in our cohort. The strength 
of association between HIV infection risk score and RSB 
score was assessed similarly.

Results

Genetic correlation and pleiotropy of SZ and HIV risk

The conditional Q–Q plot shows an enriched HIV GWAS 
signal conditional on SZ GWAS (Fig. 2). Using LD score 
regression, the estimated genetic correlation of SZ and 
HIV was 0.202 (se = 0.062) genome wide and 0.172 
(se = 0.057) genome wide after exclusion of the major 
histocompatibility complex (MHC) region, with p values 
0.001 and 0.002, respectively. Using this same approach 
to ascertain whether this signal had specificity, the genetic 
correlation between HIV and bipolar disorder was esti-
mated to be 0.009 (se = 0.081), which was non-significant 
(p = 0.91). To rule out the alternative explanation that the 
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large sample size of the schizophrenia GWA study con-
tributed decisively to the observed significant genetic cor-
relation, we used height and BMI as negative controls, as 

GWAS summary statistics from even larger studies are 
available for those two traits. Neither of them were found 
to have significant genetic correlation, with genetic cor-
relation between HIV and height estimated to be 0.0183 
(se = 0.041, p = 0.656), and genetic correlation between 
HIV and BMI estimated to be −0.0165 (se = 0.0439, 
p = 0.7064).

Consistent with the findings from LD score regression, 
we observed significant pleiotropy of SZ and HIV using 
GPA, with a p value close to 0 with all the overlapping 
SNPs included and p = 8.96E − 257 with only Hapmap3 
SNPs. When the MHC region is excluded, the significance 
of pleiotropy is p = 6.31E − 62 with all overlapping SNPs, 
and p = 5.31E − 28 with only Hapmap3 SNPs. The pos-
terior probabilities of SNPs being associated with both 
HIV and SZ were plotted across the genome and split into 
two panels, with the upper panel showing SNPs with same 
effect direction and the lower panel showing SNPs with 
the opposite effect direction (Fig. 3). There are 191 SNPs 
(Online Resource 1) acting in the same effect direction 
and 24 SNPs (Online Resource 2) acting in the opposite 
effect direction that have posterior probabilities above 0.8. 
Top genes hosting SNPs acting in the same effect direction 
include ZKSCAN3, SNX8, and TRIM13. The top gene host-
ing SNPs (rs678892, rs12902710, etc.) acting in the oppo-
site effect direction is PIGB, which has mannosyltrans-
ferase activity and is universally expressed in many tissues.

Fig. 2  Conditional Q–Q plots of HIV GWAS p value conditional on 
SZ GWAS p values. Black dots include all overlapping SNPs, and 
the other four colors are SNP subsets conditional on p value of SZ 
GWAS below cutoffs (1e-3, 1e-4, 1e-5, 1e-7). X-axis is the expected 
log-transformed p value; y-axis is the observed log-transformed p 
value (color figure online)

Fig. 3  Manhattan plot of posterior with effect directions. Abso-
lute value of y-axis is the log-transformed false discovery rate (fdr) 
of SNPs to be associated with both SZ and HIV. Points above x-axis 

are SNPs with the same effect direction, while those below x-axis are 
SNPs with the opposite effect direction. 536 (73 %) of 730 SNPs with 
fdr <0.3 have the same direction
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Different biological functions enriched for pleiotropic 
SNP sets with different effect directions

To study the biological function of SNPs pleiotropic for 
SZ and HIV, we selected SNPs with pleiotropy posterior 
probability greater than 0.5 and split the SNP sets into two 
groups, one with the same effect direction and the other 
with the opposite effect direction for HIV and SZ. Next, 
GO enrichment analysis was performed for each group 
using DAVID (Huang et al. 2009a, b). The 5942 SNPs with 
the same effect direction were mapped to 3853 genes with 
a 10-kb extension at each end and were primarily enriched 
for chromatin assembly and nucleosome organization, as 
well as protein–DNA complex assembly (Online Resource 
3: Table S1). There were 4303 SNPs with opposite effect 
direction, which mapped to 3250 genes with a 10-kb exten-
sion at each end. This set of SNPs was enriched for the 
regulation of synaptic transmission and neurotransmitter 
transport, neuron differentiation, as well as the regulation 
of transmission of nerve impulse (Online Resource 3: Table 
S2).

SZ risk score predicts risky sexual behavior

To study the genetic relationship between SZ-RSB and 
HIV-RSB, we calculated SZ and HIV polygenic risk scores 
and used them to predict RSB score in our substance 
dependence GWAS sample. To calculate the risk scores, p 
value thresholds ranging from 0 to 0.05 at increments of 
0.001 were used to select index SNPs, as detailed in Meth-
ods. To control for confounding factors, age, sex, and the 
two top ancestry-informative covariates were included in 

linear regression analyses. To account for potential influ-
ence of drug use and to evaluate the consequences of 
adjusting for those influences, we performed tests with and 
without adjusting for DI and Nsh (Fig. 4). Throughout the 
range of p value thresholds we used, SZ risk scores com-
puted with SZ-HIV antagonistically pleiotropic SNPs con-
sistently outperformed SZ risk scores calculated with all 
SNPs regardless of HIV-SZ pleiotropy direction, and SZ-
HIV synergistically pleiotropic SNPs. Using SZ scores cal-
culated with SZ-HIV antagonistically pleiotropic SNPs and 
with DI and Nsh adjusted, the highest R2 observed is 0.005 
(p = 0.019) achieved at two very different p value thresh-
olds, 0.32 and 0.002. HIV risk scores did not predict RSB 
with a consistent pattern (Online Resource 3: Figures S1, 
S2), probably due to limited sample size. In all cases, NSh 
was a significant predictor of RSB score (p = 0.0002).

Discussion

Our study shows that SZ and HIV have a positive genetic 
correlation, which is highly significant with or without 
inclusion of the MHC region. Consistently, our pleiot-
ropy analysis found that a majority of the genetic factors 
they share have the same effect direction (shared-effect 
pleiotropic SNPs), meaning that the same allele tends to 
increase or decrease the risk of both SZ and HIV. This posi-
tive genetic correlation helps to explain the long-observed 
comorbidity of SZ and HIV, and calls for awareness that 
SZ patients might have higher risk for HIV partially due 
to the shared genetic factors acting with the same effect 
direction. It has been reported previously that behavioral 

Fig. 4  Effect sizes and p values in SZ polygenic risk score analyses. 
SZ risk scores were calculated with p value thresholds from 0 to 0.5 
at increments of 0.001 (x-axis). Green, blue, and red colors represent 
SZ risk scores calculated using all SNPs, SNPs with the same effect 
directions for SZ and HIV, and SNPs with the opposite effect direc-
tions, respectively. SZ risk scores were used to predict RSB score via 

linear regression with sex, age and ancestry-informative covariates. 
From left to right: R2 with DI and Nsh adjusted, p values with DI and 
Nsh adjusted, R2 without DI and Nsh adjusted, p values without DI 
and Nsh adjusted. SZ risk scores from opposite SNPs consistently 
outperform SNPs with the same effect direction (color figure online)
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interventions from nurses to address HIV among people 
with serious mental illness, including SZ (to encourage 
adherence to HIV and psychiatric treatment regimens), 
might be beneficial in terms of viral load and CD4 count 
(McGinty et al. 2016).

Although the overall SZ-HIV genetic correlation is 
positive, some associated SNPs that are shared have oppo-
site effect directions (antagonistically pleiotropic SNPs) 
for these two traits, meaning that the same allele tends to 
increase the risk of one trait while decreasing the risk of the 
other. Genes identified based on the antagonistically pleio-
tropic SNPs of SZ and HIV are functionally enriched in the 
regulation of synaptic transmission and neurotransmitter 
transport. SZ risk scores based on SNPs having the oppo-
site effect direction for HIV significantly predicted RSB 
score, while SZ risk scores based on SNPs having the same 
effect direction for HIV did not. These results indicate dif-
ferent biological mechanisms regarding the contributions 
to SZ-HIV pleiotropy from the two groups of SNPs, which 
support a genetic contribution to the complicated relation-
ship between HIV and SZ, as well as RSB.

Risky sexual activity, as a major risk factor for HIV 
infection, is associated with common psychiatric disor-
ders, including schizophrenia spectrum (Ramrakha et al. 
2000). People with SZ are less likely to be sexually active 
and have lower rates of HIV-related risk behavior than 
those without SZ (Carey et al. 1999, 2001). However, indi-
viduals with SZ who are sexually active are more likely to 
engage in RSBs (Coverdale and Turbott 2000). Our results 
provide a genetic basis and a tentative biological explana-
tion for these observations. We observed that when used 
to predict RSB score, SZ risk scores based on SNPs with 
opposite effect directions for SZ-HIV consistently outper-
formed (that is, showed better prediction) those based on 
SNPs with the same effect directions. Although our results 
only reached a significance level of p = 0.019, the consist-
ent trend suggests that genetic factors that drive antagonis-
tic pleiotropy of SZ and HIV contribute to RSBs. These 
genetic factors are highly enriched for biological functions 
such as the regulation of synaptic transmission and neuro-
logical system processes, which are likely to play a role in 
neural processing of risk behaviors. The low level of sig-
nificance might be due to limited sample sizes, and future 
studies with larger sample sizes are needed to confirm our 
results. Nsh is a significant predictor of RSB score, which 
is expected as needle sharing and RSB are both risk-tak-
ing behaviors. In our polygenic risk score analyses, we 
observed that adjusting for DI and Nsh did not reduce the 
proportion of RSB variance explained by SZ risk scores, 
which tentatively suggests that Nsh might influence RSB 
through mechanisms independent of SZ. We note that this 
result should be interpreted with caution due to relatively 
small effect sizes and limited sample sizes.

Our study has several potential limitations. First, our 
analysis on HIV genetic factors might be underpowered. 
HIV risk score was not a significant predictor for RSB 
in any analysis. This unexpected result could be attrib-
utable to the lack of adequate statistical power for the 
analysis, which was based on a GWAS of 6300 cases 
and 7200 controls; an HIV risk score calculated from 
a GWAS with a larger sample could yield a different 
result. Second, our sample was predominantly substance 
dependent; behaviors that are common to individuals 
with substance dependence, such as NSh, are also HIV 
risk factors that contribute independently to HIV risk. 
To address this possible confounding, we controlled for 
DI and NSh in our analyses. Third, additional caution 
interpreting our results is warranted inasmuch as many 
environmental factors and genetic factors independent of 
RSB might also contribute to the comorbidity of SZ and 
HIV infection.

Building on current knowledge from epidemiological 
and clinical studies, our results have many possible inter-
pretations. One we favor is that the shared-action SNP 
sets may involve a propensity to poor judgement and risky 
behavior, and those that act antagonistically may affect 
affiliative and social behaviors. We propose that investigat-
ing these SNP sets further, and, when larger samples are 
available, deriving genetic risk scores from them to test 
other phenotypes may yield important insights into several 
very important and varied behaviors.
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