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Abstract Life History Theory proposes that individuals facing uncontrollable threats
to their survival—for example, uncontrollable threats of infectious disease—will pur-
sue a “fast” sexual strategy, characterized by earlier and more promiscuous sexual
behavior. Consistent with this idea, individuals with genes that equip them with poorer
defenses against infectious disease could also tend to pursue a faster sexual strategy.
Within a sample of 180 women, we find that women with a genetic marker of lower
immunocompetence—namely, homozygosity at the Major Histocompatibility Complex
(MHC) region of the genome—report more positive attitudes towards short-term sexual
relationships, a younger age at sexual debut, a more promiscuous sexual history (such
as more one-time sex partners), and a greater number of lifetime sexual relationships
but not romantic relationships. These findings identify the MHC as a possible source of
genetic variation in women’s sexual strategies and highlight the need for further
research examining the complex links between genes, immunocompetence, and social
behavior in humans.
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Sexual attitudes and behavior vary widely, both between and within cultures. Whereas
about half of college-aged women in the U.S. consider love to be a prerequisite to sex,
half do not (England and Bearak 2014). Similarly, large cross-cultural investigations
have revealed vast individual variation in sexual attitudes and behavior within each of
dozens of nations worldwide (e.g., Schmitt 2005). But why does this individual
variation exist?

Past research has identified social, psychological, and genetic factors associated with
individual differences in sexual attitudes and behavior. For example, religious involve-
ment predicts less promiscuous sexual attitudes and behavior (e.g., Thornton and
Camburn 1989). In contrast, media exposure and parental divorce have been linked
to more promiscuous sexual attitudes and behaviors (Hetherington 1972; Miller and
Bingham 1989; Newcomer and Udry 1987). At the molecular level, other work has
linked variation in promiscuous behavior to polymorphisms at specific genetic loci
(Garcia et al. 2010; Zietsch et al. 2015; Zion et al. 2006).

Additionally, a large body of research testing predictions from Life History Theory
has documented associations between growing up in a harsh or unpredictable environ-
ment and more promiscuous sexual attitudes and behaviors (see Belsky et al. 1991;
Chisholm 1999; Griskevicius et al. 2013; Kaplan and Gangestad 2005). Here, we
extend these life history predictions to empirically assess the possibility that genetic
susceptibility to pathogens contributes to individual differences in sexual strategies.

Life History Theory and Sexual Strategies

Life history theory examines how organisms strategically allocate finite resources such
as time and energy to necessary tasks, including growth (somatic development),
maintenance (immune function and rebuilding damaged tissue), and reproduction
(mating and parenting), in ways that enhance fitness (or, in humans, did so ancestrally).
The finite nature of these resources entails making tradeoffs both between different
tasks pursued concurrently and between tasks pursued now versus in the future. For
example, one key tradeoff is between quality and quantity of offspring: an individual
could produce a small number of offspring and invest heavily in each or produce a large
number of offspring but invest little in each. Another key tradeoff is between current
and future reproduction: an individual could spend its energy to reproduce now but
have little left for future reproduction or forego reproduction now to conserve energy
for future reproduction (see Del Giudice et al. 2015; Del Giudice and Belsky 2011;
Roff 2002).

These tradeoffs give rise to different “life history strategies,” which fall on a
slow-to-fast continuum. Fast life history strategies prioritize current over future
reproduction and quantity over quality of offspring. Accordingly, they are
characterized by faster somatic development, an earlier age at reproductive
maturity, earlier and more promiscuous mating, a larger number of offspring
but less parental investment in each one, and a shorter lifespan (Ellis et al.
2009; Figueredo et al. 2005; Griskevicius et al. 2013). Slow life history
strategies prioritize future over current reproduction and quality over quantity
of offspring, with corresponding slower somatic development, later age at
reproductive maturity, and later and less promiscuous mating.
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Life history theory further proposes that the fitness payoffs of pursuing a fast or slow
life history strategy depend crucially on the environment (see Del Giudice et al. 2015).
Environments high in extrinsic mortality threats—threats to an individual’s survival
that it cannot avoid by changing how it allocates resources to growth, maintenance, and
reproduction—are expected to favor faster life history strategies. Given little control
over their own or their offspring’s chances of survival, individuals that quickly produce
a large number of offspring will increase the likelihood that at least some offspring
survive. In contrast, environments low in extrinsic mortality threats are expected to
favor slower life history strategies. In these environments, individuals can take longer
to grow and capture energy from the environment. They can later invest this energy in a
small number of offspring, thereby increasing each offspring’s prospects for survival
and reproductive success (e.g., Del Giudice 2009). Consistent with these Life History
Theory predictions, studies have found that individuals who grow up in environments
high in extrinsic mortality threats (e.g., high pathogen prevalence, intergroup violence,
or resource instability) tend to adopt a faster life history strategy, including a faster
sexual strategy (e.g., earlier and more promiscuous sexual behavior; see Belsky et al.
2007; Del Giudice 2009; Quinlan 2007; Chisholm 1999; Griskevicius et al. 2013;
Kaplan and Gangestad 2005; Nettle 2012; Nettle and Cockerill 2010; Wilson and Daly
1997).

Disease Threat and Sexual Strategies

Infectious disease has historically been, and continues to be, one of the most common
extrinsic threats to human mortality worldwide, and has likely accounted for more
human deaths than all wars, natural disasters, and noninfectious diseases combined
(Anderson and May 1991; Inhorn and Brown 1990; Wolfe et al. 2007). This threat has
implications for calibration of life history and sexual strategies. People in ecologies
characterized by higher infectious disease prevalence display less nurturant and
investing parenting, consistent with the characteristics of a faster life history strategy
(Quinlan 2007). Similarly, small scale societies inhabiting regions of higher pathogen
prevalence are significantly more likely to favor polygynous—rather than monoga-
mous—marriage systems (Low 1990).

Notably, however, an individual’s risk of mortality from to infectious disease is not
determined solely by the magnitude of pathogenic threats in the environment (i.e.
external to the individual); it is also determined by the individual’s immunocompetence
and other infernal factors. All else equal, individuals with a poorer ability to defend
themselves from pathogens are more vulnerable to infectious disease — and therefore
more susceptible to these extrinsic, unpredictable threats. Pursuing a faster life history
strategy in these circumstances may historically have served to increase individuals’
chances of reproducing before succumbing to inescapable and unpredictable disease-
related mortality (see Waynforth 2012; Hill et al. 2016; Hill et al. 2015). Consistent
with this logic are preliminary results suggesting that people with a history of greater
vulnerability to illness report a lower ability to delay gratification, more heavily
discount the future, and score more towards the “fast” end of the Arizona Life History
Battery (Hill et al. 2016). Specific to sexual strategies, results from several studies
suggest that adolescents with chronic illness have sex earlier and may be more likely to
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engage in risky sexual behavior than healthy adolescents (Choquet et al. 1997; Suris
et al. 2008; Suris and Parera 2005; reviewed by Valencia and Cromer 2000). Other
work has found that adults who had been diagnosed in childhood with a chronic illness
that reduces life expectancy (e.g., cancer, severe asthma, type I diabetes, or epilepsy)
had an earlier age at first reproduction than did healthy individuals (Waynforth 2012).
Indeed, lower life expectancy appears to be the largest single predictor of earlier
reproductive timing in women worldwide (Low et al. 2008).

The Major Histocompatibility Complex

The major histocompatibility complex offers a prime opportunity for testing the
possibility that internal factors that increase susceptibility to infectious disease will
favor the adoption of faster sexual strategies. The major histocompatibility complex
(MHC), also called the human leukocyte antigen system (HLA) in humans, is a group
of genes encoding cell surface molecules. These cell surface molecules present antigens
found within the cell or in the extracellular environment to immune system cells. The
immune system cells determine whether the antigen is “self” or “non-self” (a possible
pathogen) and, if needed, proceed to initiate an immune response. Therefore, the MHC
plays a critically important role in pathogen recognition and immune response.

A few features of the MHC allow it to carry out this role. First, the MHC is the most
polymorphic region of the human genome, with hundreds or thousands of variants
(alleles) for each MHC gene. This extreme level of polymorphism on the MHC is
thought to have been maintained by selection largely because heterozygotes have
greater immunocompetence than homozygotes (Janeway et al. 2001). Also, MHC
alleles are expressed codominantly, meaning that both maternally and paternally
inherited alleles contribute to the variety of cell surface molecules on an individual’s
cell membranes. The more heterozygous an individual is, the wider the variety of
antigens his or her cell surface molecules can bind and present to immune systems
cells, and hence, the wider the variety of pathogens his or her immune system could
potentially recognize and destroy (Bhutta 2007; Penn et al. 2002). Along these lines,
research indicates that MHC heterozygosity is associated with greater immunocompe-
tence in humans and nonhuman animals (e.g. Carrington and O’Brien 2003; Hraber
et al. 2007; Jeffery et al. 2000; Penn et al. 2002). For example, among people infected
with HIV-1, greater MHC-heterozygosity is associated with a slower progression to
AIDS (see Carrington and O’Brien 2003).

Current Research

A Life History Theory perspective suggests that individuals whose genetics equipped
them with poorer defenses against pathogens—thereby making them more vulnerable
to extrinsic threats of mortality from infectious disease—may pursue a faster sexual
strategy. To test this idea, we examined the relationship between MHC status and
sexual strategies in a sample of women participating in a larger study examining the
roles of scent, genetics, and hormones in attraction. In addition to pragmatic reasons for
limiting the sample to women, past research suggests that women’s sexual strategies
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may be more responsive than men’s to disease-related threats (e.g., Schaller and Murray
2008). The logical hypothesis warranted by Life History Theory suggests that women
who are more MHC-homozygous (a genetic marker of lower immunocompetence)
would exhibit attitudes and behaviors consistent with a faster sexual strategy.

Method
Participants

One hundred eighty women between the ages of 18 and 40 (mean = 22.1, SD = 4.45)
participated at one of two data collection sites. This sample size was predetermined
based on project-specific funding, and data collection was terminated once the target
sample size was reached. The first data collection site was at a Lesbian and Gay Pride
Festival held in southern California (n = 95). The second site was at UCLA (n = 85).
Preliminary analyses revealed that the groups did not meaningfully differ on any of the
dependent measures of interest (p’s > .05), so the two samples were combined for the
analyses reported below. Of the total sample of participants, 38.9% reported being
heterosexual, 34.4% reported being lesbian, 19.4% reported being bisexual, and 5.0%
reported being of another sexual orientation (2.2% did not report a sexual orientation).
Participants reported the ethnic ancestry of both of their parents. The sample was
ethnically diverse: 28.9% reported Hispanic (including Mexican and Puerto Rican)
ancestry for both parents, 22.8% reported European ancestry for both parents, 17.8%
reported Asian ancestry for both parents, 5% reported other ancestry, and 25.6%
reported ancestry from multiple ethnicities.

Measures

Sexual Strategy We measured three key components of participants’ sexuality that are
characteristic of a faster life history strategy. First, we assessed participants’ attitudes
toward short-term mating using the three attitudinal items from Simpson and
Gangestad’s (1991) Sociosexual Orientation Inventory: “Sex without love is OK,” “I
can imagine myself being comfortable with and enjoying ‘casual’ sex with different
partners,” and “I would have to be closely attached to someone (both emotionally and
psychologically) before I could feel comfortable and fully enjoy having sex with him or
her” (reverse scored). Participants indicated their agreement with these items on a 9-
point Likert scale. Participants’ responses to the three items were highly intercorrelated
(r’s > .54, Cronbach’s Alpha = .79) and were therefore combined to create a single
short-term mating attitudes score, with higher scores indicating more favorable attitudes
toward short-term mating. Second, we created a short-term mating behavior score, with
higher scores indicating a more promiscuous sexual history. This consisted of the
composite of participants’ self-reported lifetime number of sex partners, number of
sex partners in the past year, and number of one-time sex partners (both male and
female partners for each measure). These values were highly intercorrelated, 7’s > .63,
Cronbach’s Alpha = .78). Preliminary tests indicated the presence of two clear outliers,
who scored more than four standard deviations above the mean on each of these three
behavioral measures. For these two outliers we truncated their scores to the next-
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highest score for each of the three measures before computing their composite score. In
addition, we asked participants to report the age at which they had first had sex. Some
participants reported that they had not yet had sex (n = 15), and another 13 participants
reported having had sex but did not provide an age. In order to maximize statistical
power for the multivariate analysis below, for the 15 participants who reported not yet
having had sex we imputed their current age as the age at which they had first had sex
in order to represent a crude lower bound value.' The thirteen participants who did not
provide an age were excluded from the central analyses. Finally, as an additional
measure of women’s sexual strategies, participants reported their lifetime number of
“sexual” and “romantic” relationships.

Procedure

Pride Site As part of a larger study examining the roles of scent and genetics in
women’s attractions, we collected data at a booth at the Long Beach Lesbian and Gay
Pride Festival for two days. Our booth was marked by large signs advertising a “UCLA
Study of Women’s Attraction.” Festival attendees who approached our booth were
provided with a brief description of the study and, if interested in participating,
screened to determine their eligibility. Women were eligible to participate if they were
between the ages of 1840 years (inclusive) and had drunk fewer than four alcoholic
beverages in the past two hours. All participants gave informed consent prior to
completing any study tasks. In order to prevent contamination of saliva samples,
participants were asked to refrain from eating, drinking, and chewing gum until the
end of their session.

Participants completed a questionnaire, provided a saliva sample for genotyping, and
completed a scent rating task unrelated to the present study. The questionnaire assessed
a variety of variables unrelated to this study, as well as the variables of interest
described above. Participants were supplied with a clipboard and encouraged to find
a private area near the booth to complete the questionnaire. Research assistants stood
by to answer participants’ questions and to prevent them from talking to other festival
attendees while they worked. After the questionnaire, participants provided saliva via
passive drool using an industry-standard Oragene® saliva collection kit (DNA Genotek
Inc., Ottawa, ON, Canada). If a participant complained of an inability to produce
sufficient saliva, she was given the option of using a small amount (just a dab on her
moistened fingertip) of artificial sweetener (e.g., Equal, Sweet ‘n Low) to stimulate
saliva production. Following the saliva sample, participants were debriefed and paid
$10.

UCLA Site As part of a separate larger study examining the roles of scent, genetics,
and hormones in women'’s attractions, we also collected data at UCLA for two days.
Women who participated at UCLA were recruited at the Long Beach Pride Festival (or
learned of the study through friends who had attended Pride) or via fliers posted on the

! Excluding these 15 participants did not change the inferential nature of the results; excluding these
participants from our central main effects analysis produced an estimated effect size of MHC within .002 of
the estimate reported here.
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UCLA campus. Women were eligible if they were between the ages of 1840 years,
smoked cigarettes fewer than three times per week, did not report an impaired sense of
smell, were not pregnant, had not given birth within the last year, were not
breastfeeding, were not going through menopause or post-menopausal, had not used
emergency hormonal contraception (“Plan B”) in the last three months, and had not
used hormonal medications in the last three months (not including hormonal contra-
ception, which was acceptable). Several of the inclusion criteria (e.g., requiring that
participants were not pregnant) reflect the fact that other portions of the study examined
women’s hormone responses. All participants gave informed consent prior to complet-
ing any study tasks. As in the Pride sessions, they were asked to refrain from eating,
drinking, and chewing gum until the end of their session.

Participants completed a body scent rating task unrelated to the present study. The
participants also completed a questionnaire very similar to the one used at Pride, which
again assessed a variety of variables including those of interest in this study. Partici-
pants completed the questionnaire in a quiet classroom, seated several feet from other
participants and with cardboard carrels to ensure their privacy. They then provided a
saliva sample using the same methods as at Pride. At the end of their sessions,
participants were debriefed and paid $35 if they were recruited at UCLA or $100 if
they were recruited at or through attendees of Pride. The latter received a larger
payment in order to reimburse them for their travel (e.g., the cost of gas to drive to
UCLA from Long Beach) and other expenses related to their participation.

Genotyping

In compliance with manufacturer protocols, the saliva samples were stored at room
temperature until data collection was complete. The samples then underwent DNA
extraction at a UCLA genetics lab before being transported to the UCLA Immunoge-
netics Sequencing Laboratory for standard medium-resolution HLA typing at three
loci: HLA-A, HLA-B and HLA-DRBI. These are the three “classic” MHC genes most
commonly typed in similar investigations. Likewise, similar investigations typically use
low- or medium-resolution typing, consistent with the procedures followed here (for
more details on HLA sequencing and analysis, see Shaw 2009).

One-hundred and thirty (72.2%) of the women were not homozygous at any of the
three loci. Of the 50 women who were homozygous at any locus, 41 were homozygous
at just one locus, seven were homozygous at two loci, and two were homozygous at all
three loci. Consistent with past research (e.g. Roberts et al. 2005), we categorized
women as homozygous if they were homozygous at one or more loci.

Ethnic-origin groups were statistically similar to one another on both predictor and
dependent measures, with the exception that participants reporting Asian ethnicity were
more likely to be MHC-homozygous (43.8% vs. 24.3%, p = .026), reported less
promiscuous sexual behavior on the three-item composite (—.33 vs. .06, p = .024),
and reported an older age at sexual debut (18.7 vs. 16.6 years, p <.001) compared with
the other ethnic groups. Given these patterns, and given other work suggesting that
MHC status may influence Asian samples differently (e.g., Saphire-Bernstein et al.
2016), we included Asian ethnicity as a dichotomous covariate (0 = no; 1 = yes) in all
analyses reported below.
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Also, the sample was not representative of the general population in terms of its
inclusion of a large number of bisexual and lesbian women. The bisexual women in our
sample reported a significantly higher frequency of sexual contact with men than with
women (e.g., mean number of lifetime male sex partners =7.50, SD = 10.88, mean
number of lifetime female sex partners =3.80, SD = 6.01, p = .026). Furthermore, past
research has shown that lesbian women are much more similar to heterosexual women
than to heterosexual or gay men in many aspects of their evolved mating psychology
(Bailey et al. 1994). For these reasons, we think it is likely that the predictions outlined
above will apply to women of all sexual orientations. Nonetheless, comparing the non-
heterosexual women to the heterosexual women did reveal some potential differences.
Namely, non-heterosexual women reported more promiscuous sexual behavior and an
earlier age at sexual debut (p’s < .01). Therefore, to be conservative, we included a
dichotomous sexual orientation predictor (heterosexual =1; non-heterosexual =0) in the
analyses.

Finally, because variables comprising the short-term mating behavior score neces-
sarily increase with age (e.g., total number of lifetime sexual partners) we included age
as a covariate in our analyses.

Results

Raw mean differences between MHC groups are presented in Table 1 and in Figs. 1, 2
and 3. To test whether MHC-homozygous women exhibit more favorable attitudes
towards short-term mating, a younger sexual debut, and a more promiscuous sexual
history and to test whether the strength of such associations varied across dependent
measures, we performed a multivariate analysis of covariance (MANCOVA). MHC
homozygosity (1 = homozygous, 0 = heterozygous) was our dichotomous predictor of
interest. In addition, as controls, we included ethnicity (1 = non-Asian, 0 = Asian) and
sexual orientation (1 = non-heterosexual, 0 = heterosexual) as dichotomous predictor
variables and participant age as a covariate. The three key dependent variables were
short-term mating attitudes, age at sexual debut, and sexually promiscuous behavior.

Table 1 Means (and standard deviations) of outcome variables for MHC-heterozygous and -homozygous
women, along with p-values of mean differences

Variable MHC-Heterozygous MHC-Homozygous p of
difference
Attitudes towards Short-Term Mating 3.76 (2.05) 4.83 (2.51) .004
Age at Sexual Debut (years) 17.20 (2.58) 16.27 (2.19) .03
Lifetime Sexual Partners 5.60 (7.42) 8.20 (10.96) .08
Past-year Sexual Partners 1.79 (1.93) 1.98 (3.03) .63
One-time Sexual Partners 2.08 (5.62) 4.43 (10.65) .07
Short-term Sexual Behaviors (composite z-score)  -0.08 (0.68) 0.17 (1.25) .09
Lifetime Sexual Relationships 4.05 (4.89) 5.90 (8.64) .07
Lifetime Romantic Relationships 4.14 (3.85) 4.12 (4.43) 98
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Fig. 1 Mean short-term mating attitudes across MHC status

Results from this omnibus test revealed that homozygosity significantly predicted
the set of dependent variables, Wilk’s A = .91, F(3155) = 5.10, p = .002, partial
1% =.090. We followed up this MANCOVA with univariate tests examining each of the
key dependent variables separately, with homozygosity, ethnicity, sexual orientation,
and age as predictors. Homozygosity again predicted all three dependent variables:
being homozygous at one or more MHC loci predicted more favorable short-term
mating attitudes, (F(1171) = 11.60, p = .001, partial > = .064), a younger age at sexual
debut (F(1158) = 6.63, p = .01, partial 1’ = .040), and a more promiscuous sexual
history, (F(1166) = 4.51, p = .035, partial n* = .026).>

Given the study’s focus on evolved reproductive strategies, we performed a subse-
quent MANCOVA predicting the three dependent variables that excluded partici-
pants who reported being exclusively lesbian. Results from this test were similar to
those reported above: despite the loss in statistical power, the unique effect of MHC
(while controlling for ethnicity and age) was significant, Wilk’s A = .90,
F(3,99) = 3.67, p = .015, partial n = .100.

Although life history logic offered no predictions regarding potential interactive
effects between the independent variables, we conducted exploratory analyses of the
full-factorial model in which we included as predictors the four main effect variables,

2 Analyses which included ethnicity and sexual orientation (or both) as non-dichotomous variables (all six
levels for ethnicity, all four levels for sexual orientation) produced p-value estimates for the main effect of
MHC that were actually slightly smaller than those reported here. We report the dichotomous-based analyses
throughout for the sake of interpretability and maximizing degrees of freedom.
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Fig. 2 Mean age at sexual debut across MHC status

three two-way interactions between MHC, ethnicity, and sexual orientation, and their
three-way interaction. The MANCOVA and all three ANCOVAs revealed a main effect
of MHC that was similar in magnitude to our main-effect analyses (for the multivariate
test, F(3151) = 3.59, p = .015, partial nz = .067).3 No two- or three-way interactions
involving MHC approached significance, p’s > .40. Therefore, the main effects of
MHC detailed above do not appear to be qualified by any interactive effects of sexual
orientation or ethnicity. Although not relevant to our predictions about MHC homozy-
gosity, a sexual orientation by ethnicity interaction emerged in the MANCOVA and two
of the three ANCOVAs (p’s < .03). Because of this interaction, and because of the
interest in potential differential effects of MHC in heterosexual, bisexual, and lesbian
populations, we performed further analyses for each of these groups separately.

The raw means on each of the three dependent variables, split by sexual orientation
and MHC status, are shown in Table 2. As can be seen from the table, the mean
differences between MHC homozygous and heterozygous participants were generally
similar for each of the three sexual orientation groups (the one exception to this pattern
was age at sexual debut within lesbian participants, which was nearly identical between
MHC groups). We also performed the same MANCOVA but for each sexual orienta-
tion group separately. Results from these analyses are shown in Table 3. These results

* Follow-up analyses also included data collection site as a control variable. Results from these analyses
revealed near-identical estimated effect sizes of MHC to those reported above (e.g., in the main-effect
MANCOVA, partial n° = .088, p = .003).
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Fig. 3 Mean promiscuous behavior across MHC status

revealed that the effect size estimates of MHC were larger in the bisexual and lesbian
subgroups (partial 1’s = .148 and .149, respectively) than in the heterosexual subgroup
(partial > = .066). However, given these small sample sizes of these subgroups, and
given that no interactions involving MHC status in the preceding analyses approached
significance, any inferences from these exploratory results should be made with
caution.

Our data also allowed us to perform a discriminant test of whether homozygosity
predicts women’s lifetime number of sexual relationships specifically (consistent with
life history predictions) or predicts their lifetime number of romantic relationships more
generally. To do this we analyzed two variables: participants’ self-reported lifetime
number of “sexual” relationships and their lifetime number of “romantic” relationships.
Means and standard deviations for these variables are reported at the bottom of Table 1.
To examine associations between homozygosity and these two types of relationship
experience, we conducted two univariate ANCOVA’s with the same predictors included
in the analyses above. Convergent with the results reported above, homozygosity
significantly predicted women’s lifetime number of sexual relationships,
F(1169) = 7.04, p = .009, partial n2 = .040. In contrast, whereas age and sexual
orientation significantly predicted women’s number of romantic relationships (partial
n’s = .043 and .023, respectively), homozygosity did not, F(1170) = 0.01, p = .90,
partial n? = .001. These results suggest that women’s MHC-homozygosity might
influence their strategies towards sexual relationships specifically, rather than their
orientation to romantic relationships more generally.
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Table 2 Means (and standard deviations) of outcome variables for MHC-heterozygous and -homozygous
women, by sexual orientation

Variable MHC-Heterozygous MHC-Homozygous p of
difference

Heterosexual (n = 70)

Attitudes towards Short-Term Mating 3.60 (2.12) 4.33 (2.09) 23

Age at Sexual Debut (years) 17.70 (2.39) 16.73 (1.71) 15

Short-term Sexual Behaviors (composite z-score) -0.25 (0.35) -0.11 (0.57) 25
Bisexual (n = 35)

Attitudes towards Short-Term Mating 4.06 (1.81) 5.05 (2.69) .20

Age at Sexual Debut (years) 16.13 (2.04) 15.00 (1.82) 15

Short-term Sexual Behaviors (composite z-score) 0.31 (1.00) 0.47 (1.83) .76
Lesbian (n = 62)

Attitudes towards Short-Term Mating 3.50 (2.01) 4.86 (2.65) .03

Age at Sexual Debut (years) 16.98 (2.72) 16.94 (2.46) .96

Short-term Sexual Behaviors (composite z-score) -0.02 (0.78) 0.25 (1.38) 33
Discussion

A large body of empirical and theoretical work indicates that individuals tend to pursue
faster life history strategies—often manifesting as earlier and more promiscuous sexual
behavior—when they are more vulnerable to uncontrollable mortality threats. Given
that MHC-homozygosity is an uncontrollable internal factor that reduces immunocom-
petence, it follows that MHC-homozygous individuals will also adopt a faster life
history strategy, manifesting in more promiscuous sexual attitudes and behaviors and
earlier sexual debut. Supporting this logic, as compared with MHC-heterozygous

Table 3 Coefficients, estimated effect sizes, and p-values from MANCOVA results for each of the three
variables predicting the three outcome variables of interest, by sexual orientation

Predictor Variable Wilk’s A Effect Size (partial 7°) )4

Heterosexual (n = 70)

MHC 93 .066 25

Asian/Non-Asian .96 .041 A7

Age 93 074 20
Bisexual (n = 35)

MHC .85 .148 27

Asian/Non-Asian .89 11 41

Age A48 S17 <.001
Lesbian (n = 62)

MHC .85 .149 .041

Asian/Non-Asian .69 .309 <.001

Age .87 128 .07
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women, MHC-homozygous women reported more favorable attitudes toward short-
term sex, an earlier sexual debut, a larger lifetime number of sex partners, and a larger
lifetime number of sexual—but not romantic—relationships. To our knowledge, this is
the first study to document an association between MHC homozygosity and individ-
uals’ own sexual attitudes and behaviors, thus highlighting potentially fruitful direc-
tions for future research.

A few limitations deserve note. First, relative to the general population, recruiting
methods dictated that the women who participated in this study were diverse in terms of
their sexual orientation. Although the majority of the sample identified as heterosexual
(38.9%) or bisexual (19.4%) and reported sexual experience with men, another 34.4%
identified as lesbian. Importantly, controlling for both the main effects and interactive
effects of sexual orientation in the analyses did not meaningfully alter the magnitude of
the associations between MHC homozygosity and the dependent measures. Further,
analyses that excluded lesbian women yielded an estimated effect size for MHC that
was nearly identical to the effect size based on the full sample.

Comparing estimated effect sizes between women who identify as heterosexual
versus those who identify as bisexual or lesbian suggested that MHC more strongly
predicted fast sexual strategies in non-heterosexual women. However, no interactions
between MHC status and sexual orientation approached significance. Nonetheless, it
remains important to be cautious about making generalizations based on this unique
sample, and we encourage replications in other samples.

Second, the current sample was highly ethnically diverse. While ethnically diverse
samples are often lauded in psychological research, such samples can pose problems
for drawing inferences from gene-based studies. Indeed, for this reason, researchers
investigating MHC-related questions often restrict their samples to one ethnic group in
order to reduce confounds and increase statistical power (e.g. Roberts et al. 2005).
However, the groups in our sample were similar on our variables of interest—only
participants of Asian ancestry differed in any statistically meaningful way, which is
consistent with other recent research (Saphire-Bernstein et al. 2016). It is also note-
worthy that controlling for ethnicity in the present sample increased the magnitude of
the association between MHC homozygosity and sexual attitudes and behavior. There-
fore, although analyses revealed significant associations between ethnicity and some of
the outcome variables, these effects appear to have obscured—rather than artificially
enhanced—associations between MHC homozygosity and sexual attitudes and
behavior.

Third, although this study is firmly theoretically couched within a life history
framework, the sexual-based outcome variables measured here reflect only one facet
of life history strategy and do not fully capture variation in life history strategy per se.
This study did not assess other variables that are thought to be indicative of a faster life
history strategy, such as higher impulsivity, greater temporal discounting, and lower
ability to delay gratification. However, recent preliminary evidence suggests that these
variables are indeed associated with vulnerability to infection (Hill et al. 2016), and we
expect that future work will further link these variables to MHC homozygosity as well.

Fourth, although this logical framework specifically places MHC heterozygosity as
the cause of variation in sexual strategies, the present data cannot distinguish between
this and other possible causal explanations. For example, it is possible that MHC
heterozygosity is associated with greater overall genetic diversity (not assessed in this
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study). Overall genetic diversity is often associated with better general condition, which
in turn could lead to calibration towards slower life history strategies. Finally, it is
possible that attractiveness (not assessed in this study), rather than immunocompetence,
mediates the association between MHC homozygosity and sexual strategies. However,
we think this is unlikely. Previous work has found that MHC heterozygosity is
associated with greater physical attractiveness (e.g., Lie et al. 2008). In turn, research
has found that attractiveness is generally associated with a more promiscuous socio-
sexual orientation and an earlier sexual debut (e.g., Weeden and Sabini 2007). There-
fore, one might have predicted that MHC heterozygosity would be associated with
faster sexual strategies by way of heterozygosity’s positive effects on attractiveness.
This is opposite of the pattern we predicted and observed in this study. Nonetheless, it
will be important for further research to place attractiveness and overall genetic
diversity into increasingly comprehensive explanatory models of sexual attitudes and
behavior as this work continues to grow.

It is also worth noting that intuitive logic may arrive at the opposite prediction—that
higher vulnerability to disease may lead to a /ess promiscuous and sexual strategy as a
behaviorally protective measure against human-transmitted infections, and delayed
reproductive timing as a result of increased metabolic allocation to somatic mainte-
nance. Indeed, at the psychological level, some research suggests that trait-like aversion
to germs and disease vectors is associated with less promiscuous sexual attitudes and
behaviors (Duncan et al. 2009; Murray et al. 2013). This alternative relationship is
logically implausible on at least two accounts. First, within a life history framework,
this would entail that this threat be a controllable internal factor in order for delayed
reproduction (in favor of somatic development) to be an adaptive strategy. Homozy-
gosity at the MHC confers a threat that is not controllable, as it is associated with a
decreased ability to detect novel, un-encountered antigens (Bhutta 2007; Penn et al.
2002). This is consistent with other work linking uncontrollable immunity-related
threats to earlier reproductive timing and higher sexual risk-taking (e.g. Choquet
et al. 1997; Suris et al. 2008; Waynforth 2012). Second, the research linking aversion
to disease cues to more restrictive sexual strategies is exclusive to affective, psycho-
logical reactions to potential disease transmission and, perhaps surprisingly, the rela-
tionship between these affective reactions and actual vulnerability to disease are weak
(e.g. Duncan et al. 2009; Hill et al. 2015; Murray et al. 2013). Investigations are only
beginning to elucidate the relationship between actual immunological vulnerability and
affective reactions to disease threats. In one notable example, a set of five experiments
showed that increasing women’s perceptions of their vulnerability to infection (but
importantly, not their level of disgust or germ aversion) increased their desire for sexual
variety and desire for novel sex partners (Hill et al. 2015).

Despite these limitations, a few strengths deserve note. First, we largely employed a
community sample, and within this sample women varied widely in sexual attitudes
and behavior. Second, this study is one of the first to look at MHC as a source of
individual differences in social behavior. MHC in humans has been studied primarily as
a predictor of attractiveness or attraction between romantic dyads (for review see
Havlicek and Roberts 2009); the current study suggests that it can be used as a marker
of individual differences in immunocompetence, which may have further implications
for the diverse facets of our disease avoidance psychology. Third, this study concep-
tualizes an internal existential threat as an uncontrollable factor which, with limited
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exceptions (e.g., Hill et al. 2016) is to date one of the few studies to do so. Such
conceptualization consequently suggests that such internal factors have implications
that are similar to uncontrollable external threats. This distinction will provide fruitful
avenues for research.

Future research will require examining whether these effects generalize to men.
Some findings suggest that women’s sexuality is more responsive than men’s to context
(e.g., Schaller and Murray 2008; Schmitt 2005). Therefore, although it is plausible that
MHC-homozygous men will also exhibit a faster sexual strategy than MHC-
heterozygous men, this association may be weaker for men than for women.

Future research may also examine whether other genetic markers of reduced immu-
nocompetence are associated with faster sexual strategies in humans. Some recent work
has identified specific genetic polymorphisms that are associated both with poorer
immunocompetence (such as the C allele of the ACP! gene) and with more socially
cautious personality traits (Napolioni et al. 2014; see also MacMurray et al. 2014).
However, the links between specific polymorphisms putatively associated with immu-
nocompetence and their implications for sexual strategies remain to be elucidated.

The associations documented here are provocative and suggest many promising
paths for future research, with potentially important implications for links between the
genetics of immunocompetence, life history strategies, and human sexuality and
behavior.
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