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Abstract
Objective—There are multiple reasons why females who inject drugs may be more likely to
become infected with HIV than males who inject drugs. Where this is the case, special HIV
prevention programs for females would be needed.

Design—International systematic review and meta-analysis of studies across 14 countries.

Methods—Countries with high seroprevalence (>20%) HIV epidemics among persons who
inject drugs (PWID) were identified from the Reference Group to the UN on HIV and Injecting
Drug Use. Systematic literature reviews collected data on HIV prevalence by gender for these
countries. Non-parametric and parametric tests along with meta-analytic techniques examined
heterogeneity and differences in odds ratios (OR) across studies.

Results—Data were abstracted from 117 studies in 14 countries; total sample size N=128,745.
The mean weighted OR for HIV prevalence among females to males was 1.18 [95% CI 1.10–
1.26], with high heterogeneity among studies (I2 = 70.7%). There was a Gaussian distribution of
the log ORs across studies in the sample.

Conclusion—There was a significantly higher HIV prevalence among females compared to
males who inject drugs in high seroprevalence settings, but the effect size is extremely modest.
The high level of heterogeneity and the Gaussian distribution suggest multiple causes of
differences in HIV prevalence between females and males, with a specific difference determined
by local factors. Greater understanding of factors that may protect females from HIV infection
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may provide insights into more effective HIV prevention for both females and males who inject
drugs.
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1. Introduction
Gender disparities in risk for HIV infection are of considerable concern in many different
countries (Madkan et al., 2006; UNAIDS, 2004; UNODC, 2006b), with females who inject
drugs (FWID) often at increased risk for HIV infection compared to males who inject drugs
(MWID). Studies conducted in nine European countries documented greater HIV prevalence
among FWID compared to MWID (EMCDDA, 2006). In sub-Saharan Africa, 40% of HIV
infections in 1985 were diagnosed in females; by 2002, 60% of HIV infections were among
females (DeLay, 2004). Globally, nearly 50% of HIV infections in the last five years have
been diagnosed among females (United Nations Population Fund, 2005).

FWID often face significant stigma, leading to lower participation in drug treatment, needle/
syringe exchange programs (NSP), and other harm reduction services (Network, 2010;
Razani et al., 2007; Simmonds and Coomber, 2009). In Dhaka Bangladesh, nearly all NSP
participants are male, with harm reduction services tailored toward MWID with little
attention toward FWID (Azim et al., 2008).

A Russian survey among MWID found that 21% abused their FWID partners due to the
female’s drug addictions (Gorshkova ID, 2003); unfortunately, services for abused women
are rarely tailored for FWID (Network, 2010). A 2003 Vancouver study reported 19% of
MWID had a history of sexual violence compared to 68% among FWID.

FWID usually depend on male partners for drugs and injections, leading to elevated drug
and equipment sharing (UNODC, 2006a). An Iran study among IDU couples found that
males admitted their female partners often needed help injecting and relied exclusively on
them to acquire drugs and injecting equipment (Razani et al., 2007).

Many FWID participate in commercial sex work (CSW) to fund their drug habit, (Benotsch
et al., 2004; Cleland et al., 2007; Lowndes CM, 2002), ranging from 7% in France to 83% in
the Netherlands (Gollub et al., 1998; Renwick et al., 2002). Condom use is very infrequent;
a China study reported condom use as low as 6% among regular/casual partners and less
than 25% among clients (Lau et al., 2005). Females are biologically more susceptible to
sexual transmission of HIV and often have higher prevalence of STI infection, such as
HSV-2, which increases the probability of HIV infection.

The potential higher risk for HIV among females raises the issue of general versus targeted
HIV prevention programs for FWID. Should HIV prevention efforts be aimed at PWID
populations as a whole, with large-scale programs possibly achieving a community-level
protective effect (Des Jarlais et al., 2005a)? Or if FWID are at higher risk and not likely to
be reached by general programs, are prevention programs specifically targeted to females
required? Specifically targeted programs may have higher costs per person served than
general programs, but they may be quite cost effective in averting infections among females.
This issue becomes of particular importance in resource limited settings, where
implementation of programs aimed specifically at FWID may reduce resources available for
HIV prevention in the injecting community as whole.
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The question of whether females who inject are more likely to be infected with HIV
compared to males who inject is, however, an empirical question. Data on differences in
HIV infection between the two genders can be utilized for scarce-resource allocation
decisions. In this study, we conducted an international systematic review and meta-analysis
to assess differences in HIV prevalence among females and males who inject drugs in high
seroprevalence areas.

2. Methods
As the same odds ratio (OR) is of greater public health importance in a setting of high HIV
prevalence versus low prevalence, we restricted our study to areas that at one time had
greater than 20% HIV prevalence among PWID. Countries with high seroprevalence
(>20%) HIV epidemics among PWID were identified from the Reference Group to the UN
on HIV and Injecting Drug Use (Mathers et al., 2008). The countries identified and included
in this review are Argentina, Brazil, China, Estonia, France, Italy, the Netherlands, Puerto
Rico, Russia, Scotland, Spain, Ukraine and Vietnam. New York City USA, was also
included because very high prevalence levels occurred among IDUs there and the city
served as the epicenter for the HIV epidemic among PWID in the northeastern part of the
US (CDUHR, 1999). Nepal and Indonesia were excluded from the review due to lack of
reliable data on HIV prevalence by gender among their PWID populations. We utilized New
York City instead of the entire US because the New York City/Northeast corridor has been
the primary region for HIV infection among PWID in the US (meeting the criterion for high
prevalence) (CDC, 1984).

Participants were recruited from a variety of different locations including NSP locations and
other harm reduction services, through community outreach, and through various types of
peer referrals, including respondent driven sampling. Sampling drug users is often quite
difficult, as participants may be reluctant to participate in research studies due to legal issues
or social stigma, and in many instances, the size of this population is unknown and cannot
be adequately measured (Magnani et al., 2005; Watters J., 1989).

2.1 Search Methodology
Studies were selected from several sources including PubMed, EMBASE, NLM Gateway,
conference abstracts from International AIDS Society conferences, and government reports
published by UNAIDS and UNGASS. Systematic literature searches were conducted to
identify potentially eligible articles from journals and government/country reports. In
addition, we also searched conference abstracts and references from review articles
regarding injecting populations in any of the countries selected for inclusion.

In order for a study to be eligible for inclusion, the authors had to report HIV prevalence
among PWID by gender, verified by HIV testing; the sample had to be made up of at least
90% PWID (who may or may not be currently injecting drugs). Studies that used self-report
to assess prevalence were excluded; we also excluded studies that had fewer than 5 females
in the entire sample. One of the major advantages of meta-analysis is the ability to
appropriately combine reports with small samples. However, extremely small samples of
key subpopulations (females who inject drugs in this case) raise concern not only because of
the statistical uncertainty, but also because of the likelihood that an extremely small sample
for a key subpopulation will not represent the diversity within that group.

Our search included reports published from January 1985 (when HIV antibody testing
became generally available) through June, 2011. We recognize that there may be
considerable variation in HIV infection among PWID in different parts of the same country,
particularly for large, diverse countries. In these large countries, we attempted to obtain data
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from as many locations as possible, focusing on large cities and locations where PWID are
located. Table 1 gives the breakdown of terminology used to search for eligible studies. The
same search terms were utilized for all databases (EMBASE, PubMed, NLM, etc.).

We occasionally found multiple reports from the same parent research project. We excluded
all duplicate reports from the same authors that utilized identical data, that is, reports with
the same sample size, the same dates of data collection and the same recruitment sites. There
were, however, examples of multiple reports from the same research project where the data
were “similar” but not identical. For example, consider a cohort study with one published
report of the baseline data and then a second published report with 2-year follow-up data.
Should these two reports be considered as reports on the “same” subjects? Clearly subjects
who seroconverted during the follow-up period should not be considered the “same” as they
were at baseline. Using only one of the two reports would mean discarding either the
baseline data or the data on seroconversions, and there is no obvious criteria for deciding
which report to use. For serial cross-sectional research projects, the “similarity” problem
was usually overlapping data collection periods in different reports. For example, one report
might contain data collected from 1990 to 2000 and a second report might contain data
collected from 1995 to 2002. Again, selecting only one report to use would mean discarding
data, and there is no obvious basis for selecting which report to use and which to discard.

Statistically, the “similarity/non-independence” of data in different reports from the same
parent research project might be considered as a problem of an interclass correlation
between the two reports. If individual-level data had been available, it would be possible to
calculate the interclass correlation coefficient, and to adjust (reduce) the effective total
sample size. As individual level data were not available for any of the reports, we considered
multiple but not identical reports from the same parent research project as separate studies,
and then examined how adjusting for interclass correlations might have affected the total
effective sample size for the meta-analysis (specifically the weighted pooled OR for
female:male HIV prevalence) (Gleser L., 2009).

2.2 Data Analysis
Data on HIV prevalence for females and for males were abstracted from each eligible study,
converted into female:male HIV prevalence odds ratios (ORs) and then transformed into
natural logarithm odds ratios (log ORs). All analyses were conducted with the log ORs.
Presentation of the results used either the log ORs or conversions from log ORs back to
ORs. Forest plots were used to report female:male HIV prevalence log ORs with 95%
confidence intervals. Funnel plots and the Egger’s test were used to assess possible
publication bias in the located studies, and I2 was used to assess heterogeneity among the
log ORs. Weighting of the log ORs was done using random effects. STATA 11 (College
Station, TX USA) (StataCorp LP., 2009) was used for analysis.

3. Results
3.1 Search Results

Figure 1 shows the PRISMA diagram (Liberati et al., 2009; Moher et al., 2009) for the
searching and screening that led to the final number of studies included in this review.
Searching identified 3552 article titles. Six papers in languages other than English that could
not be obtained were eliminated. We screened 3546 abstracts against the inclusion criteria
and retrieved 738 full text articles. Of the articles and reports retrieved, 117 met all criteria
for inclusion and were coded for our review (these studies are presented in Table 2). These
117 articles provided a total of 132 female:male HIV prevalence odds ratio comparisons
from 14 different countries. (Some studies presented data separately for two or more
different samples in the same article.) The included studies contained 128,745 subjects. The
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primary reasons for exclusion of abstracts or full text articles included: the sample came
from an HIV medical service, i.e. sample was HIV positive, the HIV data were based on self
report rather than laboratory testing, or the study did not report HIV prevalence by gender.
When appropriate, we contacted authors that did not report HIV prevalence by gender, in
order to obtain this information directly from the primary author of the paper.

We examined studies from the same area in order to identify multiple reports from the same
research project that contained “similar” but not “identical” data, as mentioned above in the
methods section. While authors often did not provide the level of detail we would have
liked, we were able to identify 8 pairs of reports and one group of 4 reports where the “data
similarity” problem was apparent. (Either reports from the same cohort study or reports from
the same serial cross-sectional study.) These 20 reports contained 14,649 subjects. If we had
been able to calculate and adjust for interclass correlations, the maximum effect would have
been on the order of reducing the effective sample size for these studies by approximately
half (from 14,649 subjects to 7,325 subjects). Given the total sample size of 128,745
subjects across all studies, this reduction in the effective sample size would not have
affected the statistical analyses.

3.2 Potential publication bias
Figure 2 shows funnel plots for low/middle income countries and high income countries of
female:male log OR comparisons graphed by effect size (log OR) on the x axis and
precision (standard error of the log OR) on the y axis. The plots are roughly symmetrical
with no obvious gaps in any quadrant, suggesting a lack of publication bias. The Egger’s test
for publication bias was not significant for either the low/middle countries (p=0.3) or high
income countries (p=0.4)

3.3 Heterogeneity of the ORs
There was a great amount of heterogeneity among log ORs for female:male HIV prevalence
in the studies (I2 = 70.7%, p<0.0001). The heterogeneity was somewhat high for studies
among low/middle income countries (I2 = 57.7%, p<0.0001), and quite high for high income
countries (I2 =74.1%, p<0.0001). Note that an I2 >50% is usually considered to be a high
level of heterogeneity (Schroll et al., 2011). The range in the ORs was also quite substantial,
with an absolute range of 0.25 to 4.87, and an interquartile range of 0.84 to 1.51.

3.4 Distribution of the log ORs
Figure 3 shows the distribution of the log ORs for female:male HIV prevalence for all of the
included comparisons. The log ORs are on the x-axis and the number of studies in each band
is on the y-axis. The width of the bands is approximately .25 logs and generated by Stata 11
(College Station, TX; StataCorp LP., 2009). The OR distribution approximates a Gaussian
(normal) distribution, and the interaction of kurtosis x skewness was not significantly
different from a Gaussian distribution.

3.5 HIV prevalence among FWID compared to male MWID
Pooling all studies, there was a slightly higher prevalence of HIV among females compared
to males (weighted pooled OR = 1.18, 95% CI: 1.10, 1.26). Figures 4 and 5 are forest plots
with log ORs, 95% confidence intervals, and weights for low/middle and high income
countries. The weighted pooled OR was similar among low/middle income countries (OR =
1.15, 95% CI: 0.99, 1.34) and high income countries (OR =1.18, 95% CI: 1.10, 1.28).

We examined the log ORs as a function of the proportion of female PWID in each study.
The slope of the regression line for log OR as a function of the percentage of females in the
sample was not significantly different from 0 (beta = 0.4, p=0.5), indicating that there was
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no relationship between the percentage of females in the different studies and the log OR for
female:male HIV prevalence.

We compared the weighted mean OR for female:male HIV prevalence for reports in which
subjects were recruited from healthcare settings (substance use treatment programs,
detoxification programs, hospitals, clinics) against the weighted mean OR for reports in
which subjects were recruited from community settings (street outreach, peer referral,
venue-based sampling, targeted sampling). In the 6 reports that included both types of
recruitment settings typically did not present HIV prevalence by gender for each type of
recruitment setting, so we did not include these reports in the comparison. There was no
difference in the weighted mean female:male ORs for healthcare setting recruitment (OR =
1.19, 95% CI: 1.09, 1.30) and community setting recruitment (OR = 1.20, 95% CI: 1.10,
1.27).

3.6 Studies with extreme value log ORs
We examined the studies with the 10 highest (Bolao and Ramon, 1995; Des Jarlais et al.,
2009b; Des Jarlais et al., 2010; Des Jarlais et al., 1999; Diaz et al., 2001; Dourado et al.,
1999; Mesquita et al., 2001; Neaigus et al., 1996; Platt et al., 2008; Zhang et al., 2002) and
10 lowest log ORs (Boschini et al., 1996; Des Jarlais et al., 2007a; Helal et al., 1995; Jia et
al., 2008; McIntyre et al., 2001; Quan et al., 2009; Serraino et al., 1992; Yin et al., 2007;
Zhang et al., 2007a; Zheng et al., 1994) to possibly identify factors associated with extreme
values. The potential factors examined included sexual behavior, use of non-injected drugs
such as crack cocaine, participation in commercial sex work, male-with-male sexual
behavior, stigmatization of females and access to services.

In the 10 studies with the highest female:male log ORs, sexual transmission of HIV
appeared to be the most likely reason for the high female:male ORs in these studies, as the
authors of all 10 studies suggested factors related to sexual transmission (including sex
work, crack use, heterosexual sex with a person who inject drugs, and syphilis) as possible
explanations of the high female:male ORs. In none of the 10 studies with the lowest
female:male ORs, did the authors propose explanations for low female:male log ORs, other
than small numbers of females in the samples.

4. Discussion
Gender disparities in HIV/AIDS have been of great concern in many different countries
(Madkan et al., 2006; UNAIDS, 2004; UNODC, 2006b). To our knowledge, this is the first
systematic review to assess female:male differences in HIV infection among PWID. This
review was restricted to countries that have experienced high seroprevalence epidemics
among PWID (seroprevalence reached 20% or higher). Determining whether the findings
from high seroprevalence areas also hold for low to moderate seroprevalence countries
would require additional research. However, as the same odds ratio would represent a
greater absolute difference in female:male HIV prevalence in a high prevalence setting than
in a low prevalence setting, we believe it was appropriate to examine the high prevalence
settings first.

The review generated a number of unexpected findings.

First, there was very great variation in the female:male HIV prevalence odds ratios across
the different studies. The I2 for all studies combined was 70.7%, and the inter-quartile range
among the ORs was 0.84 to 1.51.
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Second, in the pooled analysis, there was a very modest (though statistically significant)
effect of females having higher HIV prevalence than males. The weighted mean OR was
1.18 (95% CI 1.10 to 1.26). Thus, if HIV prevalence was 40% among males in an “average”
study, it would be 44% among females in that study. The various reasons as to why females
may be more likely to be infected with HIV noted in the introduction do not appear to have
dominant effects in the studies from high seroprevalence areas in this review.

We did examine several potential correlates of greater female:male disparity in HIV
prevalence, including: national income, the percentage of females in the study sample, and
recruitment setting. These analyses were based on hypotheses: 1) that FWID in low/middle
income countries might face greater stigmatization, and that this greater stigmatization
would lead to larger female:male disparities in HIV prevalence; 2) that studies that had great
difficulties in recruiting females might have ended up with biased samples of females, and
3) females may have greater difficulties in obtaining substance use treatment and thus
treatment program samples would have biased samples. We did not find significant
differences in any of these analyses. This does not mean that females do not face greater
stigmatization, are equally likely to participate in research studies, or do not have greater
difficulties in obtaining substance use treatment. Rather it appears that these factors do not
create large and consistent female:male differences in HIV prevalence in high
seroprevalence settings.

The approximately Gaussion distribution of the log ORs suggests that the female:male
differences in HIV prevalence are a complex phenomena, determined by a large number of
causal factors, without any single factor being dominant (Gooman N.R, 1963; Houghton et
al., 1985; Wald et al., 1999).

4.1 Limitations
This systematic review and meta-analysis has a number of limitations that should be noted.
First, as in any systematic review and meta-analysis, we were limited by the quality of the
original studies that we reviewed. In particular, we could not “correct” any of the problems
that the original study might have encountered in trying to recruit female subjects. We did
exclude reports that had fewer than 5 females out of concern that an extremely small sample
of females would fail to represent the diversity among females who inject drugs in that
location. This limit was a compromise between the potential lack of representativeness in a
very small sample and the general systematic review principle of utilizing all available data.

Second, we searched for and reviewed studies from countries in which HIV had reached
20% or more among PWID (Mathers et al., 2008). Determining whether the findings from
the analyses presented here also apply to low and moderate seroprevalence settings would
require additional research. However, the total number of subjects in the studies reviewed
here was 128,745, and our use of high HIV prevalence countries means that we were using
data representing the great number of HIV seropositive people who inject drugs throughout
the world. Note that Russia and China, which have among the largest populations of people
who inject drugs of any countries in the world (Mathers et al., 2008) were included in our
analyses.

Third, as discussed in the methods section, we did eliminate multiple reports of exactly the
same data from “parent” research studies, but included multiple reports with “similar” but
not identical data. It would have required individual level data to calculate interclass
correlations to adjust for this non-independence of studies with “similar” data. However, as
noted in the results section, there were only a modest number of multiple reports with
similar data, and adjusting for interclass correlations would not have meaningfully changed
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our total effective sample size or affected the statistical significance level of any of the
results.

4.2 Implications for HIV prevention and treatment
The great heterogeneity among the studies reviewed here suggests that “know your local
epidemic” is likely to be the starting point for effective HIV prevention for both males and
females who inject drugs.

The very modest difference in female:male HIV prevalence among all studies combined
indicates that current HIV prevention programs do not consistently lead to large differences
in HIV infection among females compared to males who inject drugs. This certainly should
be seen as encouraging in areas where effective prevention programs have been
implemented and as further reason to implement effective programs in areas where they
have not yet been implemented. While again noting the importance of “know your local
epidemic,” the very modest difference in the female:male prevalence ratios suggests that
interventions to reduce drug injecting related HIV transmission in the population as a whole,
e.g. large-scale needle/syringe access programs, are effective for both males and females,
without specific targeting by gender. As many females who inject share injection equipment
with male partners, protecting males from injecting related HIV infection would also protect
females. It would be important, however, to avoid barriers to female participation in HIV
prevention and care programs. Implementing HIV prevention programs that reach a large
proportion of the local PWID population at a low cost per person reached would be
particularly important in resource-limited settings.

In all 10 of the studies with the highest ORs for female:male HIV prevalence, the authors
suggested that sexual transmission was the reason for the difference. Thus, special programs
to reduce HIV risk for females should be implemented in settings with high rates of sexual
transmission of HIV among PWID and should focus on sexual transmission. Screening and
treatment for sexually transmitted diseases would be an example of an intervention focused
on sexual transmission and very likely to have benefits for females.

The overall modest difference in HIV prevalence among females and males should not be
interpreted as females having equal access to either treatment for HIV infection or for drug
dependence. It is quite likely that females who inject drugs face considerable barriers in
accessing these services.

Finally, as noted in the introduction, there are many hypotheses as to why FWID may be
more likely to become infected with HIV than MWID. There seems to be a lack of research
into factors through which FWID might be protected against HIV infection. Note that none
of the authors of the 10 studies with the lowest ORs suggested reasons why females had
lower HIV prevalence than males in the study. Identification of factors that protect females
might provide insights into more effective HIV prevention for both females and males who
inject drugs.
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Figure 1.
Prisma diagram of eligible studies in review
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Figure 2.
Funnel plots of female/male HIV log odds ratio (OR) in high income countries
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Figure 3.
Funnel plots of female/male HIV log odds ratio (OR) in low/middle income countries
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Figure 4.
Gaussian distribution of log odds ratios (OR)
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Figure 5.
Forest plot of female/male HIV log odds ratio (OR) in high income countries
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Figure 6.
Forest plot of female/male HIV log odds ratio (OR) in low/middle income countries
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Table 1

Search Terms used for Retrieval of Eligible Citations

(HIV Infections/prevention and control[MeSH] OR HIV[MeSH] OR “HIV Infections”[Mesh] OR “HIV Seropositivity”[Mesh] OR “HIV

Seroprevalence”[Mesh] OR hiv[tw] OR hiv-1[tw] OR hiv-2*[tw] OR hiv1[tw] OR hiv2[tw] OR hiv infect*[tw] OR human immunodeficiency
virus[tw] OR human immune deficiency virus[tw] OR human immuno-deficiency virus[tw] OR human immune-deficiency virus[tw] OR

((human immun*) AND (deficiency virus[tw])) OR acquired immunodeficiency syndromes[tw] OR acquired immune deficiency syndrome[tw]

OR acquired immuno-deficiency syndrome[tw] OR acquired immune-deficiency syndrome[tw] OR ((acquired immun*) AND (deficiency
syndrome[tw])))

AND (“Substance Abuse, Intravenous”[Mesh] OR “Injection Drug Use”[TIAB] OR “IDU” [TIAB] OR “Injectors”[TIAB] OR “Intravenous
Drug Use”[TIAB] or “Intravenous Drug Abuse”[TIAB] OR “Injection Drug Abuse”[TIAB])

AND (“Argentina”[Mesh] OR “Brazil”[Mesh] OR “China” [Mesh] OR “Estonia”[Mesh] OR “Indonesia”[Mesh] OR “Italy”[Mesh] OR “New
York City”[Mesh] OR “Netherlands”[Mesh] OR “Puerto Rico” [Mesh] AND “Russia”[Mesh] OR “Scotland”[Mesh] OR “Spain”[Mesh] OR
“Ukraine”[Mesh] OR “Vietnam”[Mesh] OR “France”[Mesh] OR “Argentina”[TIAB] OR “Brazil”[TIAB] OR “China” [TIAB] OR “Estonia”
[TIAB] OR “Indonesia”[TIAB] OR “Italy”[TIAB] OR “New York City”[TIAB] OR “NYC”[TIAB] OR “Netherlands”[TIAB] OR “Puerto
Rico”[TIAB] OR “Russia”[TIAB] OR “Scotland”[TIAB] OR “Spain”[TIAB] OR “Ukraine”[TIAB] OR “Vietnam”[TIAB] OR “France”
[TIAB])

AND (“Female”[Mesh] AND “Male”[Mesh])*

*
Note that search was performed with last modified ((“Female”[Mesh] AND “Male”[Mesh]) phrase included and excluded
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