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Abstract

Purpose: Eating disorders and their core symptoms (e.g., binge eating, body weight/shape 

concerns) disproportionately affect females, and these sex-differentiated effects become prominent 

during and after puberty. Although psychosocial influences, like heightened sociocultural 

pressures for thinness in girls/women, contribute to this sex imbalance, biological factors could 

also play an important role.

Methods: In this narrative review, we summarize evidence of biological factors underlying the 

sex-differentiated prevalence of eating pathology as well as within-sex variability in risk.

Findings: There are sex differences in the pubertal emergence of genetic effects on eating 

pathology (adrenarche in males; gonadarche in females), and at least some genetic contributions to 

eating pathology appear to vary between the sexes. Furthermore, sex steroid hormones (e.g., 

testosterone, estradiol, progesterone) are leading contributors to differential risk for eating 

pathology in males and females across the lifespan. Emerging data suggest that between-sex and 

within-sex variability in risk might occur via hormone-driven modulation (activation/deactivation) 

of genetic influences and neural responsiveness to food-related cues.

Implications: There is a biological basis to heightened risk for eating pathology in females, 

relative to males, as well as unique biological influences within each sex. Findings from this 

review highlight the importance of studying both sexes and considering sex-specific biological 

mechanisms that may underlie differential risk for eating pathology.
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Introduction

Females are at greater risk than males for eating disorders and their core symptoms (e.g., 

body weight/shape concerns; binge eating), and onset often coincides with adolescence, 

particularly pubertal maturation. Indeed, prevalence rates are sex-differentiated during/after 

puberty, with the female:male ratio ranging from ~2:1 to ~10:1 across eating disorders, and 

effect sizes are in the medium-to-large range for eating pathology symptoms.1–5 It is 

recognized that psychosocial factors, such as increased appearance and weight pressures in 

females, contribute to developmental and sex-based differences in eating disorders; however, 

biological factors also play a critical role. For example, animal studies of over-controlled 

(e.g, activity-based anorexia) and under-controlled (e.g., binge eating paradigms) eating 

have also detected female predominance and enhanced adolescent/pubertal risk.3,6–8 

Animals are not subject to the appearance/beauty ideals present in humans and thus, these 

data broadly confirm biological contributions to developmental and sex-differentiated 

patterns of risk.9

This narrative review summarizes evidence of biological factors related to sex differences in 

eating pathology. We have made a concerted effort to incorporate findings from animal and 

human studies since this translational approach balances ecological validity (from human 

research) with experimental control (from animal work).9,10 We have also conducted this 

review using a developmental lens, and when possible, highlight the ways in which 

identified biological factors may contribute to vulnerability to eating disorder 

symptomatology across different life stages. Because of the sex difference in eating disorder 

prevalence, a large proportion of biological research on eating pathology in humans has 

either exclusively focused on females or used samples that are predominantly comprised of 

females. Consequently, males are often either combined with females in analyses and/or sex 

differences are not tested (or are tested with inadequate statistical power). The general lack 

of statistical comparisons between the sexes has contributed to a limited understanding of 

potential sex-differentiated biological mechanisms underlying eating pathology. This review 

focused on biologically informative studies (behavioral genetics) and studies that have 

explored biological factors known to be sex-differentiated (e.g., sex steroids, neural 

function) since this is the largest research base on which conclusions can be drawn. Notably, 

sex-specific biological factors/effects can contribute to differentiation of the sexes and may 

therefore inform sex differences in eating pathology.

Methods

Terminology

Sex/Gender: Sex and gender are not synonymous terms. Although self-identified gender 

often aligns with one’s chromosomal sex, this is not always the case. Herein we use the 

terminology sex, as oppose to gender, because most studies examining male-female 
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differences have done so using chromosomal sex; however, we acknowledge that gender 

identity could result in different effects– an area of research that is vastly understudied but is 

needed.11

Eating Pathology: Eating disorders are broadly characterized by disturbances in eating 

and weight focused cognitions (e.g., undue influence of weight/shape on one’s self-

evaluation) and behaviors (e.g., over-control or under-control of eating). Despite distinct 

diagnostic classifications (e.g., anorexia nervosa, bulimia nervosa, binge eating disorder)1, 

several eating disorder symptoms, like binge eating and body weight/shape concerns, are 

transdiagnostic and can be measured dimensionally across a spectrum of severity.12 In this 

review, we have synthesized findings across studies that used various measurement 

approaches (e.g., diagnoses vs. dimensional scales in humans; behavioral phenotypes in 

animals) and use the term “eating pathology” to broadly discuss eating disorders diagnoses 

and/or their dimensional symptoms. We refer to distinct diagnoses or symptoms if/when 

findings have been unique to certain outcomes (e.g., binge eating vs. weight/shape 

concerns).

Puberty: Puberty is a critical developmental period marked by substantial biological 

changes (e.g., hormonal secretion; neural changes) and encompasses two separate, but 

overlapping, phases of maturation: adrenarche and gonadarche.13 In humans, adrenarche 

begins in middle childhood, with the awakening of the adrenal glands in the hypothalamic-

pituitary-adrenal (HPA) axis, and corresponds to a rise in adrenal androgens (e.g., 

dehydroepiandosterone; dehydroepiandosterone-sulphate; androstenedione) in boys and 

girls.13 Gonadarche in humans and animals begins in pre-to-early adolescence, with the 

activation of the hypothalamic-pituitary-gonadal (HPG) axis and corresponds to a rise in 

gonadal steroid hormones, particularly testosterone (in males) and estradiol and 

progesterone (in females).13 Notably, a form of adrenarche may also occur in rodents and 

non-human primates, but it is not well understood, so pubertal research in animals has rested 

on HPG-driven changes representative of gonadarche.14,15 Moreover, within the broad 

literature, gonadarche has traditionally been referred to as “puberty” because most physical 

changes (e.g., secondary sex characteristics) become apparent during this phase.13 Herein, 

we distinguish between andrenarche and gonadarche, and use puberty when broadly 

referring to effects that encompass both phases.

Study Criteria

Although this is a narrative review, it is important to specify the search strategy we used. 

The following search terms were entered into the PubMed database: eating disorder OR 

disordered eating, eating pathology, eating, anorexia nervosa, bulimia nervosa, binge eating 

disorder, AND sex difference OR sex effect, sexually-dimorphic, sex distribution, gender 

difference, gender effect, gender distribution, female, male, girls/women, boys/men. Articles 

were also identified from references within published articles. Article abstracts were 

screened for relevance, and studies were included if the study design and findings addressed 

some biological aspect of sex differences in the etiology of pathological eating symptoms or 

related behavior (e.g., hedonic eating). Given the interest in identifying biological effects 

that could contribute to etiology, as opposed to biological alterations representative of 
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disease sequalae, studies that focused exclusively on disturbances in pathophysiological 

effects (e.g., case-control comparisons of hormonal alterations) during the ill-state of an 

eating disorder were excluded from our review. We also refrained from reviewing some 

factors (e.g., appetite/gastrointestional hormones) that exert sex-differentiated effects on 

general eating behavior16 but have not yet been established as having an etiological role in 

sex-differentiated risk for pathological forms of eating.

Discussion

Sex Differences in Genetic Effects

Twin studies are a powerful methodological approach for broadly estimating genetic 

influences on eating pathology and for illuminating any sex-differentiated effects. By 

comparing trait/disorder similarity between identical (who share 100% of their genes) and 

fraternal (who share, on average, 50% of their genes) twins, it is possible to estimate the 

proportion of additive genetic effects (i.e., effects that add across genes) contributing to the 

variance in eating pathology; if additive genetic effects are present, then identical twin 

correlations are approximately double the fraternal twin correlations.17,18 The magnitude of 

genetic influences can then be compared across female and male twins to reveal sex 

differences. Additional identification of sex differences can be attained from model 

estimates of the male-female genetic correlation – an estimate of the extent to which the 

same genetic variants contribute to eating pathology in both sexes.19–21

To date, most twin studies have been conducted in females and relatively few have formally 

tested sex differences, but some notable patterns have emerged. Adolescent and adult studies 

generally point to sex similarities in the magnitude of genetic effects on eating pathology 

symptoms (e.g., binge eating, weight/shape concerns, composite scores), with heritability 

estimates typically ~40–70% in both sexes.19–25 However, sex differences have been found 

for the timing of the developmental emergence of genetic contributions to eating pathology 

symptoms, as well as the types of genetic factors contributing to heritability estimates within 

each sex. For example, genetic effects on eating pathology become prominent during 

puberty in both sexes18,25–27; however, the emergence occurs at an earlier maturational point 

in males (i.e., during adrenarche) than females (i.e., during gonadarche). In boys, genetic 

effects on overall levels of eating pathology symptoms are 0% in pre-adrenarche, 44% in 

late adrenarche, and 57% in early gonadarche and into young adulthood.18,28 In girls, 

genetic effects on eating pathology are 0% in pre-gonadarche and ~50% in mid-gonadarche 

and beyond.26,27,29–31 These developmental patterns indirectly suggest that at least some of 

the underlying genetic mechanisms (e.g., timing of activation of protective/risk genes) likely 

differ for males versus females.

Twin studies have also revealed differences in types of genetic factors influencing eating 

pathology between the sexes. Across studies, moderate male-female genetic correlations (rg 

~.50–.70) have been found for eating pathology symptoms (e.g., weight/shape concerns, 

binge eating); thus, although some of the genetic factors that contribute to eating pathology 

are shared between the sexes, a proportion of genes are distinct.19–21 The presence of sex-

specific genetic factors on eating pathology and related phenotypes (e.g., food intake, food 

preferences, weight maintenance functions) was also confirmed in a recent meta-analysis.32 
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This meta-analysis explored 50 phenotypic categories/clusters (comprised from 2,608 

individual trait statistics) and found that only 25% of the tested phenotypes showed evidence 

for sex-specific genetic processes.32 Pathological eating is therefore among a relatively 

small proportion of conditions that have, to some extent, different genetic factors 

contributing to phenotypic expression in males versus females.

Although twin study findings cannot speak to the specific genes contributing to eating 

pathology, these data highlight the importance of considering sex in molecular genetic 

studies (e.g., Genome-Wide Association Studies and polygenic risk score approaches). 

Indeed, sex-specific considerations in genetic variants/expression and the role of genes/

proteins in CNS activity may be necessary for fully elucidating the biological basis of eating 

pathology. In the subsequent sections, we review some of the specific biological factors, 

including sex-specific processes, that may contribute to sex differences in the etiology of 

eating pathology and may explain some of the sex-differentiated etiologic effects observed 

in twin research.

Sex Steroid Hormones: Between-Sex and Within-Sex Effects Impact Eating Pathology

Sex steroid concentrations vary between the sexes throughout the lifespan. In the prenatal/

perinatal period, males naturally produce heightened levels of the primary androgen, 

testosterone, whereas sex steroid production at this time remains low in females.33 Around 

6–8 years of age, adrenarche begins – the adrenal cortex starts secreting adrenal androgens 

in both sexes.13,34 These steroids continue to incrementally rise through late adolescence, 

and become higher in males than females around mid-gonadarche.34 During gonadarche, the 

testes secrete increasing levels of testosterone in boys, and the ovaries produce increasing 

levels of estradiol in girls; ovarian production of progesterone comes online in girls during 

late gonadarche (i.e., at first ovulation).13 Additionally, girls/women produce small amounts 

of testosterone in their ovaries and adrenal glands, and boys/men have detectable levels of 

estradiol, primarily from testosterone aromatization.35 Age-related reductions in hormone 

production occur in adulthood; by age 30, androgen levels incrementally decline in both 

sexes and women experience low estradiol and progesterone once menopause is reached.36

Differential exposure to sex steroid hormones may be important for understanding sex-based 

differences in risk for eating pathology. Indeed, sex steroids facilitate organizational (i.e., 

long-lasting, permanent changes) and activational (i.e., transient alterations) effects on the 

central nervous system (CNS) that are known to drive between-sex differences and within-

sex variation in the development of several sex-differentiated phenotypes (e.g., aggression, 

food intake, body weight).16,33,37 Hormone-dependent organization begins during prenatal/

perinatal development, ends with the refinement of the CNS during puberty, and alters CNS 

responsiveness to the activational effects of circulating hormones on behavioral outcomes 

during adolescence/adulthood.33,38,39 Notably, because steroid hormones exert some of their 

action via intracellular genomic signaling (e.g., activation/inhibition of target genes)33,37,39, 

they are one set of biological factors that could uniquely contribute to the observed 

developmental and qualitative sex-based differences in genetic effects on eating pathology 

described above. In the following sections, we review evidence of organizational and 
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activational influences of sex steroid hormones on variability in risk for eating pathology 

across different life stages.

Androgens

Prenatal/Perinatal Development: The natural exposure to testosterone during prenatal/

perinatal in males results in organizational effects on the body and CNS that drive the 

development of several male-typical physical, physiological, and behavioral phenotypes, 

including eating behavior.16,33,37 Conversely, the relative absence of prenatal/perinatal 

testosterone exposure in normal-developing females prevents their CNS from becoming 

masculinized and allows for more female-typical physical, physiological, and behavioral 

phenotypes to develop. The strongest evidence of perinatal testosterone’s organizational 

effects on eating behavior come from non-human animal data, where exposure to exogenous 

testosterone can be experimentally manipulated and behavioral outcomes can be monitored 

across development. These experimental animal studies test whether female rodents 

perinatally exposed to testosterone show more male-typical eating behavior.

Using this experimental approach, animal studies have shown that perinatal testosterone 

contributes to post-pubertal sex-differentiated patterns of eating behavior, including sweet-

taste preferences40,41, palatable food intake (PF: high fat/high sweet food)7, and binge eating 

propensity (males < females for all measures).7 For example, female rats treated with 

exogenous testosterone during perinatal development showed rates of binge eating proneness 

that were on par with male controls and were significantly lower than rates of binge eating 

proneness in female controls; however, consistent with epidemiological data in humans,9 

these effects did not emerge until gonadarche.7 No sex or treatment group differences in 

rates of binge eating proneness were detected in pre-gonadarche.7 Thus, the lower post-

pubertal prevalence of binge eating in males, relative to females, at least partially arises from 

the fact that males are naturally exposed to testosterone during prenatal/perinatal 

development.

Establishing that these organizational effects extend to humans is challenging. Hormone 

exposure cannot be directly manipulated in humans. Medical conditions that involve 

elevated prenatal/perinatal androgen exposure (e.g., congenital adrenal hyperplasia) are rare 

and have been linked to a number of other outcomes (e.g., overweight/obesity, HPA-axis 

dysregulation, body/appearance-based concerns) that might affect eating disorder risk 

beyond the effects of early testosterone.10 Given these methodological challenges, 

researchers have primarily relied on two biomarkers that capture between-person variability 

in prenatal testosterone exposure and can be assessed in the general population. Specifically, 

the index finger (2D)/ring finger (4D) ratio is posited to be a biomarker of prenatal 

testosterone exposure since it is sexually-dimorphic very early in fetal development (2D:4D 

in males < females)42,43, it is altered by prenatal androgen and estrogen signaling/

receptors44, and it correlates with prenatal testosterone levels acquired from amniocentesis.
42 Opposite-sex twins have been used as an additional methodological approach since 

females from opposite-sex twin pairs are thought to be exposed to higher testosterone as a 

result of sharing their in utero environment with a male co-twin.2,45 Direct evidence of 

hormonal transfer in humans is lacking, but intrauterine position effects are well-
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documented in animals46, and females from opposite-sex twins pairs have been found to 

exhibit more male-like characteristics, including physical traits (e.g., auditory systems) that 

would not be impacted by other factors (e.g., socialization from being raised with a male 

sibling).47

Some mixed results have emerged across studies using these indirect methods.10 For 

example, while early work found lower levels of eating pathology in females with lower 

2D:4D ratios48 and females from opposite-sex twin pairs49, results were not consistently 

replicated.50–52 However, differential developmental windows of expression have been 

posited as one possible explanation for between-study discrepancies.45 Indeed, studies 

varied in the age range of participants or have relied on lifetime histories of eating disorders 

which could muddle results, particularly if there are developmental effects at play. Notably, 

consistent with animal findings and developmental shifts in risk, females from opposite-sex 

twin pairs begin to show more male-typical (i.e., lower) levels of eating pathology, as 

compared to female controls (i.e., females from same-sex twin pairs and non-twin females 

reared with a close-in-age brother) after mid-gonadarche.2 Furthermore, while there is 

evidence of prenatal testosterone’s protective effects on eating pathology during puberty and 

young adulthood45,48,49, null results have been found in opposite-sex twin and/or digit ratio 

studies that assessed girls during late adolescence45,51; this pattern has led to the speculation 

that prenatal testosterone’s protective effects on eating pathology in girls might become 

attenuated during the peak period of eating disorder risk (i.e., late adolescence), presumably 

from other psychosocial and/or biological risk effects that may emerge or predominant 

during this phase of development.45 Additional research exploring moderators of prenatal/

perinatal testosterone’s organizational effects on eating pathology across the lifespan are, 

however, needed to explicitly test this possibility.

Puberty and Young Adulthood: The natural testosterone exposure during prenatal/

perinatal development in males appears to impact sex differences in eating pathology by 

reducing risk in males relative to females; however, between-person variation in levels of 

circulating sex steroids, during and after puberty, could exert sex-specific effects that impact 

individual variation in risk among males and females and further contribute to sex-based 

differentiation in risk. Our below discussion focuses on within-sex effects of androgens on 

eating pathology during puberty and adulthood.

Within-Sex Effects in Males: If circulating androgens (e.g., testosterone) exert protective 

effects on eating pathology in males, as occurs prenatally/perinatally, then boys/men with 

lower androgen levels would be at greatest risk for pathological eating, compared to other 

males. Despite the rise in androgen secretion during adrenarche13,34 and an emergence of 

genetic effects on eating pathology in boys18, only one study has explored associations 

between androgens and eating pathology during this developmental phase.53 Negligible 

associations were found between dehydroepiandrosterone, dehydroepiandrosterone-sulfate, 

and body image in boys, and the small positive association between testosterone and body 

image was attenuated after adjusting for BMI.53 This lack of hormone-body image 

associations in boys during adrenarche seems counterintuitive given the linear emergence of 

genetic effects on eating pathology in boys across adrenarche and gonadarche (independent 
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of BMI).18 However, this pattern could mean that circulating levels of androgens are 

predictive of other forms of eating pathology (e.g., binge eating) that have not yet been 

examined during adrenarche and/or that genetic effects on eating pathology, from adrenarche 

to early gonadarche, reflect the presence of organizational androgen processes.10,18,54,55 

Specifically, if adrenarche is a period of androgen-induced organization, then androgen 

mediated genomic changes could permanently alter the CNS during adrenarche and 

subsequently lead to differential risk for eating pathology during gonadarche and adulthood; 

the CNS would be expected to become responsive to the activational effects of circulating 

androgens on eating pathology, only after organization has occurred (e.g., when the 

magnitude of the heritability estimate plateaus: mid-to-late gonadarche and beyond).

Consistent with this pubertal organizational-activational framework, phenotypic associations 

between testosterone and eating pathology (e.g., overall scores and distinct symptoms, like 

binge eating) have been observed during gonadarche and adulthood, even after adjusting for 

BMI, depressive symptoms, and age.56,57 Specifically, lower levels of circulating 

testosterone predicted higher levels of pathological eating symptoms in boys, but this effect 

only became evident with advancing gonadarcheal maturation.57 Prior to mid-gonadarche, 

there was no association between testosterone and eating pathology in boys.57 Importantly, 

the significant, inverse associations between circulating testosterone and eating pathology in 

males continues into adulthood, as men with lower levels of circulating testosterone reported 

significantly higher levels of dysregulated eating symptoms (e.g., binge eating, loss-of-

control eating, eating concerns).56 Moreover, gonadectomy of adult male rodents, which 

removes circulating testosterone, results in subsequent changes in their eating behavior, 

including increases in sucrose consumption.41 Taken together, these initial data highlight the 

pivotal role of testosterone in male eating pathology and the importance of considering 

maturational status when exploring sex steroid effects on eating pathology in boys.

Within-sex Effects in Females: Studies have also explored links between androgens and 

eating pathology in females. Like boys, negligible phenotypic associations were detected 

between androgens (e.g., dehydroepiandrosterone, dehydroepiandrosterone-sulfate, 

testosterone) and body image in girls during adrenarche (after accounting for BMI).53 In 

adulthood, the direction of testosterone effects on eating pathology in women appear to be 

opposite to findings in boys/men – higher, as opposed to lower, levels may contribute to risk. 

For example, women with polycystic ovarian syndrome (PCOS), i.e., a condition associated 

with elevated testosterone, have increased rates of binge eating syndromes (i.e. bulimia 

nervosa, binge eating disorder) relative to controls.58 Disturbances in appetite regulation 

(e.g., increased food cravings, blunted satiety), which could promote binge eating 

symptomatology, have also been found in women with PCOS and have been linked to 

hormonal impairments in testosterone.59

Pharmacological manipulation of androgens in women with BN provides further evidence of 

positive testosterone-pathological eating associations. Following administration of an 

antiandrogenic oral contraceptive, women with BN showed significant reductions in 

circulating testosterone levels, and this hormonal change was related to decreases in appetite 

(e.g., hunger) and binge-purge symptoms, particularly in women who had hyperandrogenic 

levels and greater severity of bulimic symptoms at baseline.60 Similarly, reduction in binge-
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purge symptoms have also been found in patients with BN following treatment with a 

testosterone blocker (i.e., the androgen receptor antagonist, flutamide)61,62, whereas relapse 

of symptoms occurred when the drug was withdrawn.61 Together, findings suggest that high 

testosterone may enhance risk for pathological eating in adult women, and systematic 

reductions in testosterone may be effective at reducing vulnerability to binge-purge behavior 

in some women with BN.

Summary: Taken together, testosterone exposure during prenatal/perinatal development 

provides protective effects that reduce risk for eating pathology in males, relative to females, 

and the activation of testosterone during puberty and in adulthood may facilitate additional 

protective effects in males. Little is known about the potential role of other androgens (e.g., 

dehydroepiandrosterone; androstenedione) in either sex; however, it is notable that 

testosterone may have differential activational effects in males versus females. Lower 

testosterone is predictive of more eating pathology in males, whereas in adult females, 

higher testosterone might be related to increased eating pathology risk. These differential 

effects may seem inconsistent, but testosterone also exerts opposite effects in men versus 

women for other health outcomes (e.g., Type 2 diabetes; body composition).63 Relatedly, 

experimental animal data have shown that the stimulatory effects of testosterone on appetite 

and preference for a high-fat diet in female rodents is dependent upon an estrogenic milieu.
64–66 Chronic administration of testosterone increased appetite, body weight, and preference 

for a high-fat diet in female rats that were either gonadally-intact or ovariectomized (OVX) 

combined with estradiol-treatment, whereas reductions in eating and body weight occurred 

in OVX female rats without supplemental estradiol.64–66 Consequently, sex-differentiated 

actions of testosterone may vary as a function of sex-typical hormonal milieus (e.g., 

presence/absence of estradiol).

Ovarian Hormones: In contrast to the prenatal/perinatal organization (e.g., masculinizing 

and defeminizing effects) from testosterone, ovarian hormones are not elevated in prenatal/

perinatal development and do not play a major role at this stage of life.54 Thus, our review of 

ovarian hormones focuses on their organizational and activational actions on eating 

pathology during puberty, young adulthood, and midlife (perimenopause/menopause), and 

we only cover within-sex effects in females given a general absence of male data. These 

within-sex ovarian hormone effects could further inform understanding of sex-based 

differences in the biological basis of eating pathology.

Puberty and Young Adulthood: Most research on ovarian hormones and eating pathology 

has focused on the pubertal or young adulthood periods of development. Given that genetic 

contributions to eating pathology in girls emerge during gonadarche (independent of 

BMI)18,26–30 and the fact that steroid hormones can regulate gene transcription, recent 

research has explored whether pubertal ovarian hormones moderate genetic effects on eating 

pathology. This work has focused on estradiol since the developmental emergence of genetic 

influences on eating pathology occur earlier (e.g., mid-gonadarche) than the timing of 

progesterone activation (i.e., late gonadarche; first ovulation).26,27,29 Furthermore, because 

estradiol is associated with decreased food intake and binge eating in adulthood (a point we 

return to below)9,16, it has been hypothesized that lower activation of estradiol in girls 
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during gonadarche may drive increases in heritability of binge eating.67 Indeed, stronger 

genetic effects on binge eating were found in girls with lower (heritability ~70%), as 

opposed to higher (heritability ~2%), levels of estradiol, even after accounting for age, BMI, 

and stage of pubertal development; progesterone did not exert contributory influences.67 It 

has been posited that these effects may reflect pubertal organizational effects on the 

CNS9,10,67, and data support this possibility. First, like testosterone effects in boys, 

phenotypic associations between ovarian hormones and eating pathology become evident in 

females only after gonadarcheal shifts in genetic effects have occurred; estradiol’s 

activational effects on eating pathology are not detected until late adolescence/adulthood 

(see below for more details). Second, pre-pubertal OVX in female rats increases the 

proportion of binge eating prone phenotypes during adolescence and adulthood68, whereas 

adult OVX increases PF consumption in all female rats but the relative proportion classified 

as binge eating prone versus binge eating resistant is not changed.69 This maintenance of 

classification status (binge eating prone vs binge eating resistant) even after adult OVX 

suggests that individual differences in binge-proneness might be permanently organized 

earlier in development.68,69

In regards to activational effects of ovarian hormones, early work was critical in 

demonstrating that estradiol exerts direct and anorexic effects on general eating behavior, 

whereas progesterone’s stimulatory effects largely occur indirectly via its antagonism of 

estradiol.16 More recent research has demonstrated that ovarian hormones also influence 

pathological eating symptoms. Moreover, while the propensity for binge eating appears to be 

organized during gonadarche (see above), OVX in adult female rats and mice leads to 

immediate increases in PF consumption whereas estradiol treatment reverses the effect.69–72 

Pathological eating also varies with natural fluctuations in ovarian hormones across the 

estrous (in rats) and menstrual (in women) cycle. Intact female rats show higher binge-like 

eating when estradiol levels low (i.e., diestrous) and lower binge-like eating when estradiol 

levels are high (i.e., estrous).72 Similarly, women show higher binge eating and emotional 

eating in post-ovulatory phases (midluteal and premenstrual) when estradiol action is low1 

and lower binge/emotional eating in pre-ovulatory phases (follicular/ovulatory) when 

estradiol action is high, independent of BMI or negative affect.73–77 Furthermore, data 

indicate that ovarian hormones exert direct effects on dysregulated eating symptoms (e.g., 

emotional eating, binge eating)73–76, whereas cycle/hormone influences on body-related 

concerns (e.g, body dissatisfaction, weight preoccupation) have been less robust78–82 and 

occur indirectly, e.g., secondary to emotional/binge eating or mediated by other cycle-based 

changes (e.g., water retention; overestimation of body size).79,80,82Together, these data 

highlight ovarian hormones as sex-specific biological factors that can enhance eating 

pathology, particularly emotional/binge eating, in women.

Nonetheless, not all females are impacted by ovarian hormones to the same extent; studies 

have therefore begun to consider factors that may influence variability and/or could interact 

1During the mid-luteal phase, it is likely that high levels of progesterone serve to antagonize the typical protective action of elevated 
estradiol, and in the premenstrual phase, low progesterone likely permits the behavioral effects of low estradiol to be expressed. 
Consequently, in both postovulatory phases, low estradiol action may drive heightened binge/emotional eating. Conversely, in 
preovulatory phases of the cycle, estradiol levels increase while progesterone remains low – a hormonal milieu that would permit 
estradiol’s protective effects on binge/emotional eating to be expressed.

Culbert et al. Page 10

Clin Ther. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with ovarian hormones to enhance or attenuate eating pathology risk. Despite the detection 

of some null moderation effects (e.g., BMI, affective/personality, magnitude of hormonal 

shift)83–86, significant moderators have also been identified.72,84,87–89 Most notably, 

differential levels of ovarian hormones alter within-person changes and between-person 

differences in genetic vulnerability to symptom expression; the heritability of emotional 

eating was two times higher in post-ovulatory versus pre-ovulatory phases87 and was 

stronger in women with higher progesterone levels (61%) than women with lower 

progesterone levels (37%).88 Additionally, animal and human data suggest that negative 

affect and dietary restraint/restriction may be key moderators: emotional eating was highest 

in women with high trait negative affect in combination with a hormonal milieu marked by 

low estradiol or high progesterone84, estradiol’s effects on emotional eating were somewhat 

enhanced at higher levels of dietary restraint83, and adult OVX female rats exposed to food 

restriction and stress (a form of negative affect) showed the highest binge-like behavior 

whereas treatment with ovarian hormones reversed the effects.72 Thus, consideration of 

moderating factors is likely important for fully illuminating hormonal effects on eating 

pathology.

Perimenopause/Menopause: Although most studies have focused on earlier developmental 

periods, researchers have begun to explore the perimenopause-menopause transition since 

this stage of life corresponds to dramatic hormonal shifts and weight gain, which may 

heighten risk for eating pathology.90,91 Moreover, during perimenopause, progesterone 

levels drop (and remain low in the absence of ovulation) whereas estradiol can show 

substantial variation (e.g., erratic high-low fluctuations).91 Consistent with the notion of 

enhanced eating pathology risk (for exceptions, see92–94), eating disorder prevalence and 

body shape/weight concerns are higher in perimenopausal as compared to premenopausal 

women95 and eating pathology symptoms (e.g., dietary restraint, disinhibited eating) are 

higher in postmenopausal versus premenopausal women.96,97 Additionally, using daily 

assessments, significant associations have been found between ovarian hormones and eating 

pathology in perimenopausal women; estradiol was predictive of binge eating at high, but 

not low, progesterone levels, whereas body dissatisfaction was highest when both estradiol 

and progesterone were low.98 These data provide initial evidence that the perimenopause-

menopause transition may enhance risk for eating pathology symptoms in women, at least 

partially due to changes in ovarian hormone secretion.

Summary: Data suggest that estradiol may exert organizational effects on binge eating 

during gonadarche; lower levels enhance genetic influences and may lead to increased risk 

for eating pathology after puberty. Both estradiol and progesterone play a role in late 

adolescence and adulthood, and their activational and interactive effects (especially 

hormonal milieus that result in low estradiol action) further facilitate risk for eating 

pathology in women. Ovarian hormones are therefore another set of biological factors that 

likely contribute to a sex-differentiated trajectory of risk and prevalence of eating pathology.

Neural Differences to Food-Related Stimuli

There is some indication that sex differences in susceptibility to body weight/shape concerns 

may be linked to differences in neural processing of body image stimuli99; however, most 
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sex-based brain research has explored sex-differentiated neural responses to more basic 

eating/feeding behaviors. Research on sex-based differences in neural food-cue responsivity 

has, however, given very little consideration to developmental effects and has largely been 

conducted using animals or humans from the general population, as opposed to individuals 

identified as having pathological eating behavior. Nonetheless, these data likely have 

relevance to sex-differentiated risk for eating pathology since core symptoms (e.g., binge 

eating) occur on a dimensional spectrum12 and neural disruptions in food-cue and appetite-

related processes have been found in eating disorder samples.100,101

Non-human animal data indicate that female rodents have a greater propensity to 

overconsume PF, independent of their physiological state (hunger vs. satiated)102,103, and 

may experience PF as inherently more rewarding than males.103,104 For example, female rats 

worked harder to obtain PF than males and were also more sensitive to the stimulatory/

palatability effects of an opioid agonist (morphine).103 Compared to males, female rats have 

also been found to show stronger motivation for PF, and show greater neural activation of 

mesocoticolimibic reward circuit regions (e.g., nucleus accumbens, medial prefrontal cortex) 

following PF consumption.104 Although some sex similarities in neural activation in 

response to PF do occur (e.g., increased activation in hypothalamic and amygdala regions; 

orexin/hypocretin neurons in hypothalamus)102,104, sex-differentiated action in key neural 

substrates (e.g., reward regions) likely underlie sex differences in hedonic and motivational 

responses to PF.

Sex differences in neural responsivity to food cues have also been found in humans. The two 

studies conducted in children/pre-adolescents found some indication that sex may interact 

with weight status to enhance neural reactivity to visual cues of PF (e.g., higher weight girls 

> boys in parahippocampal gyrus and fusiform gyrus).105,106 Given sex-differentiated 

pubertal changes in body composition, namely increases in adiposity in girls vs lean muscle 

in boys,107 weight status may have inadvertently served as a proxy for pubertal maturation 

and findings might reflect interactions between sex and pubertal status; however, additional 

research is needed to directly test this possibility. Data in adults have been fairly consistent 

in showing that, following exposure to visual and taste PF stimuli, women tend to have 

greater activation than men in brain regions involved in visual processing (e.g., fusiform 

gyrus, occipital cortex108–111), taste and interoceptive processing (e.g., insula110–112), 

executive functioning and inhibitory control (e.g., prefrontal cortex108,110,112,113), and 

reward (e.g., caudate110) during fasted109–111,113 and/or satiated110–112 states. Furthermore, 

when men were directed to suppress their desire for food (i.e., a form of cognitive inhibition) 

while exposed to food stimuli, they had decreased activation in brain regions involved in 

emotional regulation, decision making, interoceptive processing, and reward and motivation 

(e.g., amygdala, insula, orbitofrontal cortex, striatum), whereas women were unable to 

suppress brain activation using directive cognitive inhibition.114 Thus, in addition to 

heightened brain responsivity to PF, women may have a decreased ability to suppress cue-

induced food cravings at a neural level.114 This combination could contribute to sex 

differences in vulnerability to nonhomeostatic eating behaviors (e.g., overeating, binge 

eating).
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Interestingly, the detected sex-differentiated effects may be driven, in part, by estradiol 

modulation of neural responsivity to food cues. For example, heightened binge eating 

behavior in OVX adult female rats was linked to increased neuronal activity in brain regions 

involved in affective processing and eating (e.g., amygdala, periventricular nucleus of the 

hypothalamus, bed nucleus of stria terminalis); however, estradiol treatment prevented these 

behavioral and neural effects.72 Additionally, reduced binge eating in OVX adult female 

mice was mediated by estrogen stimulation (via the estrogen receptor-α) in serotonin 

neurons of the dorsal raphe nuclei.70 Neural reactivity to food cues has also been shown to 

vary across the menstrual cycle in women; women had greater neural reactivity to images of 

PF in brain regions associated with craving/reward (e.g., orbitofrontal cortex) during the 

luteal phase of the cycle (when risk of emotional/binge eating is highest), as compared to 

follicular phase.115 Taken together, estradiol’s actions on neuronal response to food cues 

may contribute to heightened risk for pathological eating in vulnerable women and 

contribute to sex differences overall.

Conclusions

Animal and human data provide evidence of biological contributions to sex-based 

differences in risk for eating pathology. A general summary of effects is displayed in Figure 

1. Twin data have revealed sex differences in the timing of the pubertal emergence of genetic 

effects on eating pathology (adrenarche in males; gonadarche in females) and have 

highlighted that some genetic variants contributing to eating pathology differ between the 

sexes. Given that sex steroids vary between the sexes and across the lifespan and act as key 

regulators of gene transcription, biological research exploring sex and developmental 

differences in vulnerability to eating pathology have heavily focused on these hormones.

Lower risk for eating pathology among males appears to arise from an initial bout of 

testosterone exposure during prenatal/perinatal development and subsequent exposure to 

moderate-to-high levels of circulating testosterone after pubertal onset and in young 

adulthood. Thus, higher levels of circulating testosterone during/after gonadarche appear to 

be protective against pathological eating behavior in boys and men, whereas lower 

testosterone may increase risk; whether other androgens (e.g., androstadiene, 

dehydroepiandrosterone) also play a role, at the genetic or phenotypic level, remains to be 

determined. Studies have also not yet explored whether natural reductions in androgens 

during mid-to-late life influence differential risk for eating pathology among men.

In females, the lack of early testosterone exposure in combination with lower estradiol 

during gonadarche and in young adulthood, increases genetic and phenotypic risk for eating 

pathology. Progesterone then has stimulatory effects in adulthood only, largely via its 

antagonizing effects on estradiol. Data also suggest that higher (rather than lower) levels of 

circulating testosterone may enhance risk for eating pathology in young adult women; thus, 

the direction of testosterone’s activational effects on eating pathology in women appear to be 

opposite to males. Additionally, perimenopausal shifts in estradiol and progesterone 

secretion have been associated with eating pathology and may enhance risk in women during 

midlife. Animal and human data also point to notable sex differences in neural responsivity 

to highly palatable food cues that may contribute to sex-differentiated risk for eating 
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pathology. While no studies have explored if/how development (e.g., puberty) may impact 

these neural processes, emerging data in females indicates that brain activity is modulated, 

in part, via estradiol. Consequently, between-sex and within-sex differences in risk for eating 

pathology seem to arise from a combination of, and interplay between, genetic, hormonal, 

and brain-driven processes.

Despite the promising findings, gaps exist in the literature. There has been a paucity of 

research exploring biological risk for eating pathology in males. The male-specific literature 

is largely comprised of single study reports (in contrast to the replicability observed in 

several female studies), and data in males have generally lagged behind work conducted in 

females. Furthermore, it is expected that sociocultural and psychological factors intersect 

with biological factors to impact individual and sex differences in risk for eating pathology. 

Although these effects (e.g., moderators of ovarian hormone effects) have been explored in 

several female studies, researchers have yet to explore sociocultural/psychological 

moderators of biological risk factors for eating pathology in boys/men. Thus, despite a 

growing literature, much more research is needed to further elucidate how biological 

mechanisms contribute to differential risk for eating pathology in males and females across 

the lifespan.
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Highlights

• Some genetic effects on eating pathology vary between the sexes

• Sex steroids impact sex-specific genetic and phenotypic effects on eating 

pathology

• Testosterone exerts protective effects that reduce eating pathology in males

• Lower estradiol enhances genetic and phenotypic eating pathology risk in 

girls/women

• Neural responses to palatable food differ between the sexes, possibly via 

estradiol
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Figure 1. Tentative Model of Developmental and Sex-Differentiated Sex Steroid and Genetic 
Effects on Eating Pathology Risk.
This figure synthesizes key findings from animal and human research exploring sex steroid 

and genetic effects on eating pathology in males (displayed at top) and females (displayed at 

bottom) across the lifespan. Genetic activation is reflected at the top half of each figure and 

refers to the developmental emergence of genetic influences (via heritabilty estimates) on 

eating pathology in boys, i.e., during adrenarche, or girls, i.e., during gonadarche. The 

specific sex steroids that have been implicated in eating pathology, within each sex, are 

indicated on the bottom half of each figure, and the corresponding sign (+ or −) reflects the 

direction of the hormonal influence on the outcome (i.e., lower eating pathology in males 

versus higher eating pathology in females). Question marks denote that the effect has not yet 

been studied or definitively established. Notably, organizational effects (and the 

corresponding critical window of sensitivity) are generaly more challenging to establish than 

the presence of activational effects; hence, our inclusion of question marks on organizational 

but not activational headings.
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