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no evidence for a relationship 
between MHc heterozygosity 
and life history strategy in a sample 
of north American undergraduates
Damian R. Murray *, James B. Moran , Marjorie L. prokosch & nicholas Kerry

Although allelic diversity at the major histocompatibility complex (MHc) has implications for adaptive 
immunity, mate choice, and social signalling, how diversity at the MHC influences the calibration of 
life history strategies remains largely uninvestigated. the current study investigated whether greater 
MHC heterozygosity was associated with markers of slower life history strategies in a sample of 789 
north American undergraduates. contrary to preregistered predictions and to previously published 
findings, MHC heterozygosity was not related to any of the psychological life history-relevant 
variables measured (including short- vs. long-term sexual strategy, temporal discounting, the Arizona 
life history battery, past and current health, disgust sensitivity, and Big five personality traits). 
Further, no meaningful effects emerged when analysing women and men separately. Possible reasons 
for why the current results are inconsistent with previous work are discussed.

The major histocompatibility complex (MHC)—a set of highly polymorphic genes within vertebrates—has 
received significant research attention in the behavioural sciences in recent years (e.g.,1–8). While the MHC is 
crucial for adaptive immunity and self versus non-self antigen recognition in vertebrates (e.g.,9), it has also been 
implicated in mate choice, kin recognition, and other social signalling contexts in both human and non-human 
animals  (see5,10). Much of this work suggests a potential “heterozygote advantage” pertaining to the MHC, 
whereby greater allelic diversity at the MHC confers greater adaptive immunity and thus lower vulnerability to 
multiple pathogen  threats11–13.

More recent research has found evidence for a link between greater MHC heterozygosity and slower life his-
tory strategies in  humans14. This work is theoretically underpinned by the heterozygote advantage framework 
above, which logically implies that the better adaptive immunity conferred by MHC heterozygosity confers 
lower extrinsic mortality risk which, in turn, leads to the adoption of slower life history strategies. However, 
this research is limited in several ways, including the use of a small, women-only sample and measuring only 
sexually-related indicators of life history strategy. Here, we more fully investigate the potential link between MHC 
diversity and life history strategy using multiple indicators of life history strategy in a larger sample.

the major histocompatibility complex. The MHC (or the Human Leukocyte Antigen system in 
humans) plays a critical role in pathogen recognition and immune response, largely through encoding cell sur-
face molecules involved in presenting antigenic peptides to immune cells  (see15 for a review of MHC function). 
The MHC is the most highly polymorphic region of the genome, containing hundreds of allelic variants for each 
MHC gene. This high polymorphism was most likely selected for (and is conserved) due to the antigen recog-
nition-based benefits of heterozygosity (MHC alleles are expressed codominantly, so heterozygosity increases 
the variety of immune-related cell surface molecules;  see11,16). Several lines of human and non-human research 
provide support for the ‘heterozygote advantage’ perspective of MHC diversity (e.g.,12,13,17–21). However, some 
models suggest that the increased T-cell repertoire depletion and the higher risk of autoimmune disorders asso-
ciated with greater MHC diversity creates selection for an optimum number of different MHC molecules, rather 
than unconditional positive selection for heterozygosity (e.g.,22,23). Indeed, some studies have found evidence for 
an intermediate level of heterozygosity being optimal (e.g.,24–27). Other investigations have found no evidence 
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for a relationship between MHC diversity and host resistance (e.g.,28–30), and some alternatively find evidence 
for strong selective pressure on specific alleles due to specific ecologically-dependent pathogens (e.g.,31). Thus, 
evidence for the heterozygote advantage across contexts remains equivocal.

Heterozygosity also appears to have implications for mate choice, such that individuals may prefer MHC-
dissimilar mates in order to increase offspring heterozygosity. Dissimilarity preferences have been found across 
a range of non-human  animals32–36, and some work suggests MHC-dissimilarity is associated with higher fecun-
dity (e.g.,1,2). In humans, some studies suggest that members of MHC-similar romantic couples are less sexually 
responsive to their partners and report higher levels of extra-pair  attraction37,38. Other studies have found that 
individuals prefer the odours and faces of MHC-dissimilar others (3,39–41, although cf.42). Some population-level 
studies find evidence for MHC-disassortative mating e.g.43–45 whereas others do  not46,47.

MHC heterozygosity may also be associated with physical attractiveness. Results from several studies sug-
gest that both the faces and body odours of more heterozygous opposite-sex targets are rated as more attractive 
(e.g.,3,39,48). However, these results are more equivocal for women’s versus men’s heterozygosity (see  also49). Thus, 
while it appears that MHC influences mate choice in humans, the exact parameters of this influence remain 
unclear  (see50 for review).

MHc and life history strategies. Life history theory is a framework designed to capture how organisms 
strategically allocate finite time and energy resources in ways that are most likely to optimize fitness within the 
constraints of their local environment. “Faster” strategies (favouring earlier reproductive timing and current ver-
sus future payoffs) are typically more adaptive in harsher and more uncertain environments, given that delaying 
payoffs when survival is uncertain has diminishing  returns51–57. Consistent with these Life History Theory pre-
dictions, studies have found that individuals who grow up in environments higher in extrinsic mortality threats 
tend to adopt faster life history strategies  (see56,58–64).

One such extrinsic mortality threat influencing life history calibration is the threat of disease. People in 
ecologies characterized by higher infectious disease prevalence display less nurturant and investing parent-
ing, consistent with the characteristics of a faster life history  strategy65, and similarly pursue faster mating and 
reproductive  strategies66. Similarly, small scale societies inhabiting regions of higher pathogen prevalence are 
significantly more likely to favour polygynous—rather than monogamous—marriage  systems67.

Notably, however, an individual’s risk of mortality from 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 immunological profile and other internal factors. All else equal, individuals with a poorer ability 
to defend themselves from pathogens are more vulnerable to infectious disease, and therefore more suscepti-
ble 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. Consistent with this logic are results suggesting that people with a 
history of greater vulnerability to illness more heavily discount the future, and report a lower ability to delay 
 gratification68. Further, several studies suggest that adolescents with chronic illnesses initiate sexual behaviours 
earlier in their lives and are more likely to engage in more promiscuous and risky sexual  behaviour69–71. Other 
work has found that adults diagnosed with a life-threatening chronic illness during childhood (e.g., cancer 
or epilepsy) employ faster reproductive  strategies72, as do adults exposed to greater familial mortality during 
 childhood73. Hill et al.74 similarly found that experimentally inducing perceived risk of future disease threat was 
associated with a desire for a greater number of novel sexual partners. However, almost no work has investigated 
the potential link between genetic markers of disease vulnerability and calibration of these life history-relevant 
traits. A heterozygote advantage perspective of MHC diversity implies that greater heterozygosity should be 
associated with slower life history strategies.

To date, only one study has examined the link between MHC and life history strategy. Murray et al.14 investi-
gated the relationship between MHC heterozygosity and “fast” versus slow life history-related sexual strategies in 
a sample of 180 healthy women. Consistent with the predictions implied by a life history framework, they found 
that women with higher levels of MHC heterozygosity reported significantly less favourable attitudes towards 
short-term sexual behaviour, less actual past short-term sexual behaviour (assessed by one night stands, past-year 
partners, and lifetime partners), and a significantly later age at sexual debut. However, this study was limited in 
several respects. First, the dependent measures in the study were purely sexuality-based and thus assess only one 
specific aspect of life history strategy; assessing a fuller repertoire of life history indicators (such as impulsivity 
and future discounting) is required for a better understanding of this relationship. A second limitation pertains 
to the study’s small sample size; although often limited for pragmatic reasons, such underpowered sample sizes 
tend to be vulnerable to producing both Type 1 and 2 errors and also tend to lead to gross overestimates of “real” 
effect sizes in the published literature, especially in behavioural genetics research (e.g.,75–77). Third, the sample 
was comprised entirely of women, and only a minority of these women reported being heterosexual (one of the 
two data collection sites was a Pride event).

In the current study, we more comprehensively investigate the relationship between MHC heterozygosity 
and life history strategy by recruiting a larger sample (final N = 789) consisting of both men and women and 
assessing a fuller complement of life history indicators. We also tested whether MHC status was associated with 
reported health, dispositional disease-relevant affect (i.e. trait disgust), and self-perceived vulnerability to disease. 
Hypotheses, methods, and analyses were preregistered on aspredicted.org (aspredicted.org/blind.php?x=bi8tw6).
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Results
is MHc homozygosity associated with “faster” sexual strategies?. Zero-order correlations 
between the outcome variables of interest are shown in Table 1. In order to investigate the potential effect of 
homozygosity on life history-relevant sexual strategies, we conducted a multivariate analysis of variance enter-
ing homozygosity (1 = homozygous, 0 = heterozygous) as the predictor, and both the short-term mating atti-
tudes composite and short-term sexual behaviours composite as outcome variables. Results from this analysis 
revealed no effect of MHC on the outcome variables simultaneously (Wilk’s Λ = 0.99, F(2,784) = 0.23, p = 0.80, 
partial η2 = 0.001. Results of the preregistered multiple analysis of covariance including the control variables 
of gender, ethnicity (both entered as fixed factors), and age (entered as a covariate) are shown in Table 2. As 
can be seen from the table, whereas each of the control variables significantly predicted variation in sexual 
strategies (p’s < 0.05), MHC did not (Wilk’s Λ = 0.99, p = 0.69, partial η2 = 0.001). Investigating at the outcome 
variables separately, neither SOI attitudes nor behaviours individually meaningfully differed in either analysis, 
p’s > 0.40 (see also raw mean comparisons in Table 3). No differences emerged when analysing men and women 
separately in either the multivariate test or when analysing the two SOI variables separately, or when excluding 
non-heterosexual participants (p’s > 0.20).

Table 1.  Zero-order correlations between pertinent variables of interest. *p < .05; **p < .01; ***p < .001.

Variable 1 2 3 4 5 6 7 8 9 10

1. Mini K –

2. SOI—attitudes − 0.30*** –

3. SOI—behaviour − 0.20*** 0.47*** –

4. Delay of gratification 0.35*** − 0.16*** − 0.08* –

5. PVD—GA 0.16*** − 0.21*** − 0.14*** 0.07* –

6. PVD—PI 0.01 0.01 0.01 − 0.11** 0.22*** –

7. TDD—pathogen 0.19*** − 0.09* 0.00 − 0.04 0.36*** 0.17*** –

8. TDD—sexual 0.29*** − 0.49*** − 0.27 0.08* 0.27*** 0.12** 0.47*** –

9. TDD—moral 0.25*** − 0.20*** − 0.12** 0.19*** 0.22*** 0.05 0.36*** 0.36*** –

10. Child SES 0.11** 0.10** 0.08* 0.02 0.01 0.06 0.01 − 0.01 0.01 –

11. Child health 0.11** − 0.01 − 0.03 0.15*** − 0.07* − 0.46*** 0.02 0.01 0.03 − 0.01

Table 2.  Coefficients, estimated effect sizes, and p-values from MANCOVA results for each of the four 
variables simultaneously predicting SOI attititudes and SOI behaviours.

Predictor variable Wilk’s Λ Effect size (partial η2) p

MHC heterozygosity 0.99 0.001 0.69

Ethnicity 0.94 0.029  < 0.001

Sex 0.96 0.041  < 0.001

Age 0.99 0.008 0.044

Table 3.  Means (and standard deviations) of outcome variables for MHC-heterozygous and -homozygous 
participants, along with p-values of mean differences.

Variable MHC-heterozygous MHC-homozygous p of difference (uncorrected)

Attitudes towards short-term mating 5.63 (2.27) 5.50 (2.28) 0.47

Short-term sexual behaviours (composite z-score) − 0.03 (0.70) − 0.04 (0.68) 0.84

Life history battery (Mini-K) 5.27 (0.66) 5.28 (0.62) 0.76

Delay of gratification 3.60 (0.54) 3.60 (0.54) 0.86

Sexual disgust 3.59 (1.26) 3.78 (1.33) 0.07

Pathogen disgust 4.50 (1.18) 4.52 (1.16) 0.83

Moral disgust 4.63 (1.15) 4.78 (0.99) 0.09

PVD germ aversion 3.86 (0.97) 3.80 (1.05) 0.47

PVD perceived infectibility 3.61 (1.32) 3.62 (1.29) 0.89

Childhood health (composite) 5.75 (1.47) 5.71 (1.44) 0.73

Current health 3.64 (0.79) 3.61 (0.82) 0.61
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Some research suggests that faster sexual strategies necessitate a downregulation of disgust (e.g.,78). We thus 
tested whether MHC homozygous versus heterozygous participants reported lower dispositional disgust and 
lower perceived vulnerability to disease. These mean comparisons are shown in Table 3. As can be seen from 
the table, these groups did not meaningfully differ in pathogen disgust (p > 0.50). Although the (family-wise 
uncorrected) two-tailed p’s implied that these groups differed marginally-significantly on sexual and moral 
disgust, these differences are in the opposite direction implied by a life history framework (i.e. homozygous 
participants scored higher in disgust). Similarly, participants did not meaningfully differ in Germ Aversion or 
Perceived Infectability, p’s > 0.45. In women alone, none of these five variables differed by MHC group, p’s > 0.30. 
In men, MHC homozygous participants were marginally higher in moral disgust relative to MHC heterozygous 
participants (4.74 vs. 4.42; t(272) = 1.92, uncorrected p = 0.056). Again, however, this difference is in the opposite 
direction of that implied by a life history framework. No other differences approached significance (p’s > 0.12).

is MHc associated with other life history indicators?. At the root of the conceptual logic linking 
MHC diversity to life history strategies is the assumption that MHC status is an internal characteristic influenc-
ing vulnerability to novel pathogens and, ultimately, health. However, no measures of participant health (child-
hood or current) differed by MHC group (p’s > 0.50, see Table 3). This was also true when comparing MHC 
groups in men and women separately (all p’s > 0.14). Similarly, across the full sample both the general life history 
measure (Mini-K) and Delay of Gratification did not differ by MHC status (p’s > 0.50). This was similarly the case 
when analysing both men and women separately (all p’s > 0.17).

is MHc associated with Big five personality traits?. Consistent with previous research investigating 
the Big Five personality correlates of life history strategy (e.g.,79,80), participants on the “slower” end of the life 
history spectrum (measured by the Mini-K) were higher in conscientiousness (r(789) = 0.41, p < 0.001), agreea-
bleness (r = 0.38, p < 0.001), and extraversion (r = 0.32, p < 0.001). Slower life history scores were correlated only 
minimally with neuroticism (r = − 0.07, p = 0.049) and openness (r = 0.06, p = 0.10). Similar to the results above, 
however, MHC-homozygous and -heterozygous participants did not differ on any of the Big Five traits, t’s < 1.30, 
p’s > 0.19.

Analysing women and men separately, MHC homozygous and heterozygous women did not differ on any 
of the Big Five traits, p’s > 0.30. MHC homozygous men did report significantly higher levels of neuroticism 
[3.08 vs. 2.71, t(272) = 3.13, p = 0.002], and marginally higher levels of extraversion [3.39 vs. 3.18, t(272) = 1.81, 
p = 0.071]. This neuroticism difference is the one significant result consistent with differences implied by the 
MHC heterozygosity/slower life history framework.

Additional analyses. In light of the null results reported above, we performed several additional sets of 
exploratory analyses designed to further test for evidence of any effect of MHC diversity within the current 
sample. The first set of analyses assessed whether any group differences emerged between individuals who are 
heterozygous or homozygous at each of the three specific loci tested here. We performed independent samples 
t-tests to test for any evidence of mean differences between heterozygous and homozygous participants for each 
of the eleven outcome variables reported in Table 3, as well as for each Big Five personality factor. Full results of 
these analyses are reported in Supplementary Tables S1–S3. All reported p’s are uncorrected for multiple tests.

Ninety-three participants were homozygous (696 heterozygous) at the HLA-A locus. Independent t-tests 
on each of the eleven DV’s revealed no significant differences between hetero-and homozygous participants, 
absolute t’s < 1.3, p’s > 0.20 (see Table S1). Despite the lower power (from unbalanced groups) of these tests, no 
evidence for any pattern emerged: examining the raw means revealed that four of the nonsignificant differences 
were in the direction implied by life history theory, six in the opposite direction, and one no difference (to the 
third decimal place). Similarly, no differences in Big Five personality scores emerged, p’s > 0.17.

Fifty-eight participants were homozygous (731 heterozygous) at the HLA-B locus. Independent t-tests on each 
of the eleven DV’s revealed no significant differences between hetero-and homozygous participants, absolute 
t’s < 1.2, p’s > 0.23 (see Table S2). Despite the lower power (from unbalanced groups) of these tests no evidence 
for any pattern emerged: examining the raw means revealed that three of the nonsignificant differences were in 
the direction implied by life history theory, and eight in the opposite direction. Two notable differences (both 
in the direction implied by the theoretical framework) did emerge in the analyses of personality traits, with 
homozygous participants being lower in conscientiousness (3.39 vs. 3.58, t = − 2.02, p = 0.044), and higher in 
neuroticism (3.27 vs. 3.02, t = 2.32, p = 0.020). However, the significance of these differences would not survive 
even the most liberal correction for multiple tests (and, the preregistration set the significance threshold for even 
the original more limited set of exploratory analyses at p = 0.01).

Ninety-one participants were homozygous (698 heterozygous) at the HLA-DRB1 locus. Independent t-tests 
on each of the eleven DV’s revealed no significant differences between hetero-and homozygous participants, 
absolute t’s < 1.3, p’s > 0.20 (see Table S3). No evidence for any consistent pattern emerged among the nonsignifi-
cant mean differences: eight of the nonsignificant differences were in the direction implied by life history theory, 
and three in the opposite direction. Similarly, no differences in Big Five personality scores emerged, p’s > 0.13.

Finally, given that dichotomizing MHC homozygosity removes potentially meaningful variation from the 
predictor variable, it could be argued that correlational tests offer a better analytical strategy to test the relation-
ship between MHC homozygosity and the outcome variables of interest (an analytical strategy employed by Lie 
et al.3, albeit with a greater number of loci). We thus ran correlational tests (Spearman’s ρ) between degree of 
MHC homozygosity (i.e., homozygous at 0, 1, 2, or 3 loci) and the eleven dependent measures. Results of these 
correlational analyses revealed no evidence for significant relationships in any direction (absolute ρ’s < 0.07, 
p’s > 0.07; largest relationship with sexual disgust, ρ = 0.062, p = 0.077; all other p’s > 0.21). Parallel correlational 
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analyses testing women and men separately similarly revealed no evidence for any meaningful relationships (in 
women, ρ’s < 0.08, p’s > 0.07; in men, ρ’s < 0.10, p’s > 0.11). Similar to the dichotomized analyses, correlational 
analyses with the Big Five personality traits revealed a significant positive relationship between MHC homozy-
gosity and neuroticism in men (ρ = 0.175, p = 0.004), but no other significant relationships in either women 
(p’s > 0.25) nor in women and men analysed together (p’s > 0.17).

Discussion
The results can be summarized as follows: higher MHC heterozygosity was not associated with any indicators 
of life history strategy, including sexual strategy, impulsivity, and the Life History battery itself. Similarly, MHC 
was not associated with current or childhood health, dispositional worry about disease, or disgust propensity. 
Further, it was largely unrelated to oblique correlates of life history such as the Big Five personality traits. This 
was true for both men and women.

Several limitations of the current study—and how they may have contributed to the non-effects reported 
here—deserve note. First, although the current sample size was larger than that from previous MHC-related 
work, it was not in the realm of molecular genetics work that is now able to employ samples that number tens 
of thousands of participants. At the very least, however, the current results suggest that previous findings link-
ing MHC homozygosity to sexual behaviour represent overestimates of such effects, should they in fact be real. 
Indeed, as behavioural genetics research has proliferated over the past decade, one of the meta-conclusions that 
has emerged is that in most cases, the effects of one allelic variant on complex traits are likely to be very small 
(e.g.,76,81,82). Although the current study did not investigate specific polymorphic variation per se, the same may 
be true when investigating the MHC: “normal” variation in levels of heterozygosity may simply have small or 
negligible effects on life history-relevant cognition and behaviour.

Second, the current sample consisted of young, healthy, and wealthy participants enrolled in a private institu-
tion in the southern United States. This poses an issue for studying putative genetic effects on both health and 
life history; most likely, these individuals developed in relatively safe and controllable environments, and thus 
have simply not received the environmental inputs (stressors, deadly pathogenic threats, etc.) that would make 
the immune-related consequences of MHC heterozygosity apparent. Although previous research suggests that 
when investigating the major histocompatibility complex the ethnicity of the sample should be restricted to 
reduce confounds  (see48), the limited range of ethnic backgrounds of the participants may have also been a fac-
tor. Previous research—which reported mixed results for MHC heterozygosity—found that MHC-dissimilarity 
mating was only found in couples for which both members were  Asian38. Another potential reason why these 
results differ specifically from previous preliminary findings pertains to sexual orientation: whereas the current 
sample overwhelmingly reported being heterosexual, only a minority of Murray and colleagues’14 sample (about 
40%) reported being heterosexual. Future research may thus discover more nuanced links between disease vul-
nerability, sexual strategies, and sexual orientation itself.

A third limitation in this study pertains to the actual genotyping of the major histocompatibility complex. 
Consistent with the most closely-related related studies (e.g.,14,48), the current study involved studying diversity 
at the three classic (and putatively most polymorphic) MHC loci—HLA-A, HLA-B, and HLA-DRB1. Although 
these are the loci that have been investigated most frequently in influential studies investigating the implica-
tions of the MHC for human cognition and behaviour (e.g.,37,39–41,48), they fail to fully capture diversity across 
the entire MHC. Other studies investigating the implications of MHC for mate choice have found associations 
at the higher-resolution, single-nucleotide polymorphism (SNP) level of  analysis8. Future research may thus 
find a more nuanced relationship between MHC diversity and life history characteristics at more fine-grained 
levels of analysis.

Finally, in light of the results reported here it is necessary to consider that some piece of the underlying 
theoretical framework linking MHC to life history is simply incorrect, and that earlier positive results attesting 
to this relationship were merely spurious. It is possible that MHC heterozygosity—no matter how it is meas-
ured—is inconsequential for life history calibration. More fundamentally, it is worth considering whether the 
levels of MHC heterozygosity in the current sample represent local optima (e.g.,22,23), and thus slight variations 
have little consequence for domain-general disease morbidity and mortality, or whether specific alleles rather 
than diversity per se carry adaptive value due to pathogen-specific selection (e.g.,32). Finally, despite its recent 
popularization in the behavioural sciences, it is also possible that a life history framework has its major utility in 
studying inter-species variation (as it was originally intended) but has limited utility for studying inter-individual 
behavioural variation, or ephemeral variation at different time points e.g.,  (see83).

It is also worth noting that intuitive logic may arrive at the opposite prediction than that presented here—
that higher vulnerability to disease may lead to a less promiscuous sexual strategy as a behaviourally-protective 
measure against human-transmitted infections, delayed reproductive timing as a result of increased metabolic 
allocation to somatic maintenance, and greater affective aversions towards pathogenic vectors (e.g., higher dis-
gust). 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  behaviours84–86. However, there appears to be 
little to no relationship between actual disease vulnerability and dispositional disgust (e.g.,74,87,88). Both these 
pragmatic and conceptual limitations and considerations should inform future work.

Despite these limitations, the current work represents the largest study to date directly designed to investigate 
the potential relationship between diversity at the MHC and life history strategy. The current results suggest 
that—at least for healthy individuals who grew up in relatively stable ecologies—MHC may not meaningfully 
influence life history trajectories or the indicators thereof. Future research, employing more sophisticated genetic 
analyses and recruiting participants from harsher and more uncertain ecologies, is needed to further investigate 
the relationships between MHC diversity, disease vulnerability, and life history calibration.
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Methods
Data from the study are available at osf.io/tp6dr/?view_only=39b2e1ffa28449578b431162e3180b43. The study 
was approved by Tulane University’s Biomedical Institutional Review Board (IRB# 16-908071). All methods 
were carried out in compliance with institutional and federal regulations. Informed consent was obtained from 
all participants before beginning the study.

participants. Participants were 789 undergraduates (65.3% women; 87.9% heterosexual; mean 
age = 18.9 years, SD = 0.95) from a southern university in the United States, who participated in exchange for 
partial course credit. Data collection took place over the course of two calendar years. Original sample size was 
predetermined as 800 based upon project-specific funding; this sample size provided statistical power of 0.90 to 
detect an effect size of d = 0.25 between MHC heterozygous and homozygous participants if an estimated 30% 
of the sample was classified as homozygous (see below). Three participants reported being under the age of 18, 
five participants’ saliva samples could not be sequenced, and three participants did not complete the survey, 
leaving a useable final sample of 789 participants. Using an open-response ethnicity question, 73.4% reported 
being White/European, 10.6% Asian, 4.3% Black/African American, 4.1% Latinx, 6.5% mixed ethnicity, and 
1.1% other ethnicities.

procedure. Upon arrival to the lab, participants provided written consent and were assigned a unique par-
ticipant ID (in order to link questionnaire and biological specimen data). Participants were seated in a private 
room to complete the full set of questionnaires, described below. Upon completion of the questionnaires, partici-
pants provided their saliva sample for genotyping. Having participants first complete the questionnaires ensured 
that participants refrained from eating and drinking for at least 15 min prior to providing their saliva sample. 
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, 
they were given the option of using a small amount (just a dab on their moistened fingertip) of artificial sweet-
ener e.g., (Equal, Sweet ‘n Low) to stimulate saliva production. Following the saliva sample, participants were 
debriefed and were free to leave  (see14 for original description of the procedures and measures).

Measures. Participants completed several life-history-related questionnaires, described below.

Sexual strategy. We assessed participants’ attitudes toward short-term mating using the three attitudinal items 
from Simpson and Gangestad’s89 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 hav-
ing 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 > 0.50, α = 0.82) and were 
combined to create a single short-term mating attitudes score, with higher scores indicating more favourable 
attitudes toward short-term mating. Second, we created a short-term mating behaviour score, with higher scores 
indicating a more promiscuous/short-term 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. These values were highly intercorrelated, r’s > 0.73, α = 0.91). As dictated by the preregistered analysis 
plan, in order to reduce positive skew for these free-response answers any z-scores above 3 for any of these indi-
vidual items were winsorized to the next highest score (1.4% or 34 total responses). The data collection plan also 
dictated asking participants when in their lives they first engaged in sexual activity. However, due to a survey 
software error no participants completed this question.

Life history strategy. Life history strategy (the “K-Factor”) was assessed using the Mini-K, which aims to cap-
ture the comorbid cluster of familial, sexual, and social attitudes and behaviours associated with slower life 
history  strategies90. Participants indicated their agreement to 20 items (e.g., “I often make plans in advance”; “I 
would rather have one than several sexual relationships at a time”) on a scale of − 3 (Disagree Strongly) to + 3 
(Agree Strongly; α = 0.75). A higher score on the mean scored composite indicated that a participant endorsed 
more attitudes and behaviours consistent with following a slow life history strategy.

Delay of gratification. Participants completed the short-form Delay of Gratification  Inventory91, comprised 
of 10 items (e.g., “I would have a hard time sticking with a special, healthy diet”) rated on a scale of 1 (Strongly 
Disagree) to 5 (Strongly Agree). Reliability was modest, α = 0.65. A higher score on this composite would indi-
cate planning behaviour consistent with a slower life history strategy.

Disgust. Participants completed the Three Domain Disgust  scale86, which assesses reactions to pathogen-
related (e.g., “Accidentally touching a person’s bloody cut”), sex-related (e.g., “Hearing two strangers having 
sex”), and moral-related (e.g., “Intentionally lying during a business transaction”) disgust reactions on a scale of 
0 (not at all disgusting) to 6 (extremely disgusting). Reliabilities of each subscale were good, α’s > 0.80.

Dispositional worry about disease threat. Participants completed the 15-item Perceived Vulnerability to Disease 
Scale, which is designed to assess participants’ dispositional concern about disease  threats84. The questionnaire 
is comprised of two subscales. The 8-item Germ Aversion (PVD-GA; α = 0.74) subscale measures individuals’ 
discomfort in situations that imply a probability of disease transmission (e.g., “I don’t like to write with a pencil 
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someone else has obviously chewed on”). The 7-item Perceived Infectability (PVD-PI; α = 0.92) subscale meas-
ures the individuals’ degree to which they believe they are vulnerable to contracting infectious diseases (e.g., “I 
am more likely than the people around me to catch an infectious disease”). Participants rated their agreement on 
a 7-point scale ranging from ‘Strongly Disagree’ to ‘Strongly Agree.’ Consistent with previous research (e.g.,84) 
these two subscales were only modestly correlated, r = 0.22, p < 0.001.

Personality. Personality was assessed using the 44-item Big Five  Inventory92, which assesses extraversion, 
agreeableness, conscientiousness, openness to experience, and neuroticism. Participants rated each item on a 
five-point scale, from ‘Disagree Strongly’ to ‘Agree Strongly’. Reliabilities for each factor were good, α’s > 0.75.

Health. Participants completed several measures assessing various aspects of health. These included global 
single-item estimates of current health (response options: poor, fair good, very good, excellent), along with 
three items assessing childhood health (e.g., “When I was growing up, I missed a lot of school due to illness”; 
1 = Strongly Agree, 7 = Strongly Disagree; α = 0.93; taken from 74).

Participants also filled completed a set of demographic questions (e.g., childhood SES). Correlations between 
the outcome variables of interest are shown in Table One. As can be seen from the table, the interrelationships 
between the variables are consistent with previous work (e.g.,79,80,90,93,94).

Genotyping. In compliance with manufacturer protocols, immediately after collection the saliva samples 
were mixed with each kits’ stabilizing solution and stored at room temperature. Samples were shipped for extrac-
tion and genotyping twice over the course of data collection in order to decrease chances of DNA degrada-
tion and to ensure appropriate DNA yield for earlier-collected kits. Samples were shipped to Histogenetics® 
(Ossining, NY) for extraction and for Next Generation-based HLA typing at three loci: HLA-A, HLA-B and 
HLA-DRB1 (using Illumina HiSeq/MiSeq platform; quality score Q30, base call accuracy 99.9%). These are the 
three “classic” MHC genes most commonly typed in similar investigations (e.g.,14,48; for more details on HLA 
sequencing and analysis,  see95).

Typing results revealed that 587 participants (74.4%) were heterozygous at all three loci. Of the 202 partici-
pants that were homozygous at any locus, 168 were homozygous at just one locus, 26 were homozygous at two 
loci, and 6 were homozygous at all three loci. In total, 88.6% of typed loci were heterozygous, similar to previ-
ous work, [e.g., 87.5%  from3; 88.7%  in14]. Consistent with previous related research (e.g.,14,48), we characterized 
participants as “homozygous” if they were homozygous at one or more loci.

Statistical methods. All analyses were performed using SPSS (version 26). Following the analytical 
strategy used by Murray et al.14, the preliminary preregistered analyses was a multivariate analysis of variance 
(MANOVA) investigating the simultaneous predictive effects of MHC heterozygosity (fixed factor; dichoto-
mized as homozygous or heterozygous) on both short-term mating attitudes and previous short-term mating 
behaviours. The preregistered follow-up analysis of covariance (ANCOVA) entered MHC heterozygosity as a 
fixed factor along with biological sex (male, female) as a fixed factor, ethnicity as a fixed factor (coded as: White/
European, Asian, Black/African American, Native American/Alaskan, Mixed ethnicity, Other), and age (in 
years) entered as a covariate in predicting the same SOI attitude and behaviour outcome variables. As we had no 
a priori predictions about interactions between MHC and these other predictors, the model reported here was 
constrained to only main effects. Subsequent follow-up analyses of the full factorial model which included all 
interaction terms between the fixed factors revealed no evidence for a three-way interaction (Wilk’s Λ = 0.995, 
p = 0.89), nor any two-way interactions (p’s > 0.70). Finally, the preliminary data analysis plan for more explora-
tory outcome variables simply involved mean comparisons between homozygous and heterozygous participants 
using independent samples t-tests, with the preregistered significance threshold set at p = 0.01.

Data availability
Data for this study are available at osf.io/tp6dr/?view_only=39b2e1ffa28449578b431162e3180b43.
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