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Abstract
Objective: To examine sex differences in risk factors for anorexia nervosa (AN).

Method: This population-based study involved 44,743 individuals (6,239 AN cases including
5,818 females and 421 males, and 38,504 controls including 18,818 females and 19,686 males)
born in Denmark between May 1981 and December 2009. Follow-up began on the individual’s
sixth birthday and ended at AN diagnosis, emigration, death, or 315t December 2016, whichever
occurred first. Exposures included socioeconomic status (SES), pregnancy, birth, and early
childhood factors based on data from Danish registers, and psychiatric and metabolic polygenic
risk scores (PRS) based on genetic data. Hazard ratios were estimated using weighted Cox
proportional hazards models stratified by sex (assigned at birth), with AN diagnosis as the
outcome.

Results: The effects of early life exposures and PRS on AN risk were comparable between
females and males. Although we observed some differences in the strength and direction of
effects, there were no significant interactions between sex and SES, pregnancy, birth, or early
childhood exposures. The effects of most PRS on AN risk were highly similar between the sexes.
We observed significant sex-specific effects of parental psychiatric history and body mass index
PRS, though effects did not survive corrections for multiple comparisons.

Conclusions: Risk factors for AN are comparable between females and males. Collaboration
across countries with large registers is needed to further investigate sex-specific effects of genetic,
biological, and environmental exposures on AN risk, including exposures in later childhood and
adolescence as well as the additive effects of exposures.
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Introduction

Anorexia nervosa (AN) is a severe mental disorder characterized by extremely low body
weight, distorted body image, and intense fear of weight gain (Koch et al., 2022; Zipfel et
al., 2015). AN is associated with medical complications (Momen et al., 2022; Schaumberg
etal., 2017), psychiatric comorbidity (Schaumberg et al., 2017), and the highest relative
mortality risk of any mental disorder besides substance use disorders (Chesney et al., 2014).
Less than half of individuals with AN fully recover, with many remaining chronically ill or
only partially recovered (Berkman et al., 2007; Watson & Bulik, 2013). Given the treatment
challenges, morbidity, and mortality associated with AN, it is essential that risk factors for
AN are well understood.

Previous studies have elucidated the complex interplay between genetics and environment in
the etiology of AN (Bulik et al., 2015; Zipfel et al., 2015). Twin-based heritability estimates
range from 48-74%, indicating that genetic factors explain a large proportion of phenotypic
variance (Bulik et al., 2015). Several prenatal, perinatal, and early childhood factors are
associated with increased AN risk, including shorter gestational age (Foley et al., 2001),
older parental age (Javaras et al., 2017; Larsen et al., 2021), prematurity (Larsen et al.,
2021; Raevuori et al., 2014), Caesarean section (C-section) (Larsen et al., 2021), and higher
parental socioeconomic status (SES) (Koch et al., 2022). However, it is unclear whether
associations between these exposures and AN risk are comparable between females and
males. Since AN is diagnosed more frequently in females than in males (Zerwas et al.,
2015), research on AN risk is often limited by small male samples, which precludes reliable
conclusions about AN risk in males and perpetuates a female-centric understanding of AN.
Although AN is diagnosed more frequently in females, AN in males can be more disabling
(Wu et al., 2020) and have an earlier age of onset (Kinasz et al., 2016; Yilmaz et al., 2022).
Sex differences in the prevalence and clinical presentation of AN warrant examination of
sex-specific risk factors.

A review has concluded that genetic contributions to eating disorders (EDs) vary
significantly between the sexes, with twin studies indicating that differential exposure to
sex steroid hormones likely contributes to between-sex variation (Culbert et al., 2021).
Sex-differentiated effects in genetic risk for AN have been investigated using polygenic
risk scores (PRS), which provide an estimate of genetic liability to complex traits (Johnson
et al., 2022). A genome-wide association study (GWAS) has shown no sex differences
in the polygenic architecture of AN based on AN PRS (Watson et al., 2019), whereas a
population-based study has demonstrated sex-specific effects of AN PRS on AN-related
behaviours, though the sample size was small (Yilmaz et al., 2022). More research with
larger samples is needed to examine sex-differentiated effects in the association between
AN PRS and AN risk as well as other potentially relevant PRS for phenotypes that are
genetically correlated with AN, like major depressive disorder (MDD), body mass index
(BMI), and type 2 diabetes mellitus (T2DM) (Watson et al., 2019; Yilmaz et al., 2022).

Past research has also highlighted sex differences in prenatal and perinatal risk factors for
AN. A Danish register-based study reported that amniotic fluid disorder during pregnancy
was a risk factor for AN in males only, whereas older parental age, maternal genitourinary
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tract infections during pregnancy, maternal smoking during pregnancy, C-section, shorter
gestational age, and congenital malformation were risk factors in females only (Larsen et
al., 2021). A Swedish cohort study reported a significant linear association between paternal
age at delivery and AN risk among women only (Javaras et al., 2017). An examination of
genetic risk alongside these early life factors could provide valuable insights into the relative
contribution of exposures.

This study examined sex differences in risk factors for AN by linking Danish register data
on SES, pregnancy, birth, and early childhood exposures, with genetic data on psychiatric
and metabolic PRS. Based on previous studies (Javaras et al., 2017; Larsen et al., 2021), we
hypothesized that early life exposures would be more strongly associated with AN risk in
females than males. We also expected sex-specific effects of PRS on AN risk.

Data Sources

This population-based study was conducted by linking data from Danish national registers.
Every Danish citizen is assigned a registration number at birth or upon migration to
Denmark, which facilitates data linkage across registers. Data on sex assigned at birth
(henceforth referred to as sex), place of birth, dates of birth, death, and migration, and
parents’ identity were obtained from the Danish Civil Registration System (CRS) (Pedersen,
2011), established in 1968. Data on diagnoses of mental disorders and medical conditions
were obtained from the Danish National Patient Register (NPR) (Lynge et al., 2011) and
the Danish Psychiatric Central Research Register (PCRR) (Mors et al., 2011). The NPR and
PCRR have registered inpatient contacts since 1977 and 1969, respectively, and outpatient
and emergency contacts since 1995. In these registers, diagnoses have been classified
according to the International Classification of Diseases—Eighth Revision (ICD-8) until
December 1993 and the Tenth Revision (ICD-10) since January 1994 (WHO, 2016).

Data on parental education and income were derived from the Danish Population
Education Register (Jensen & Rasmussen, 2011) and the Danish Income Statistics Register
(Baadsgaard & Quitzau, 2011), respectively. Data on pregnancy and birth outcomes were
obtained from the Danish Medical Birth Register (MBR) (Bliddal et al., 2018). Data on
childhood adversities were derived from the CRS, NPR, PCRR, Integrated Database for
Labour Market Research (Petersson et al., 2011), and Register for Support for Children and
Adolescents.

Genomic samples used to calculate PRS were obtained from the Danish Neonatal Screening
Biobank, which stores dried blood spots collected during routine post-birth screening from
nearly all infants born in Denmark since 1981 (Ngrgaard-Pedersen & Hougaard, 2007).
Principal components used in PRS calculation were obtained using the methods proposed by
Privé et al. (2020) (Privé, Luu, et al., 2020). This study was approved by the Danish Data
Protection Agency and Danish Health Data Authority.
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Study Population

Exposures

The study population included AN cases from the Danish branches of the Anorexia Nervosa
Genetics Initiative (ANGI) (Thornton et al., 2018) and Eating Disorders Genetics Initiative
(EDGI) (Bulik et al., 2021), as well as a randomly selected sub-cohort of controls from the
iPSYCH2015 case-cohort sample (Bybjerg-Grauholm et al., 2020). The ANGI and EDGI
cases included all individuals born in Denmark between 1981 and 2009, who were alive and
residing in Denmark on their first birthday and diagnosed with AN (ICD-10: F50.0, F50.1)
after their sixth birthday and before 315t December 2016. We only included ANGI and
EDGI cases who had been diagnosed with AN after their sixth birthday. The iPSYCH2015
sub-cohort includes a random sample of individuals from a population of all singletons
born in Denmark between 1981 and 2009, who were alive and residing in Denmark on

their first birthday. Individuals in the sub-cohort who were diagnosed with AN after their
sixth birthday and before 315t December 2016 were included as AN cases in this study.
Individuals who had not been genotyped due to missing blood spots in the Biobank or
whose genotype did not pass quality control were excluded. We only included individuals
in the sub-cohort who were alive and residing in Denmark on their sixth birthday. Figure 1
presents the flow of case and control selection. Follow-up began on the individual’s sixth
birthday and ended on the date the individual was diagnosed with AN, emigrated, died, or
315t December 2016, whichever date occurred first.

We examined several SES, pregnancy, birth, and early childhood variables, and relevant
psychiatric and metabolic PRS (see Table 1) based on past studies showing sex-
differentiated effects in these exposures on AN risk (Javaras et al., 2017; Larsen et al.,

2021; Watson et al., 2019; Yilmaz et al., 2022). All exposures were defined at the start of
follow-up (i.e., the individual’s sixth birthday) to ensure that exposures occurred prior to the
outcome.

SES variables.—Urbanicity, parental education level, and parental income were included
as SES-related exposures.

Parental psychiatric history.—We had originally classified parental psychiatric history
into three categories: 1) parent(s) with an ED; 2) parent(s) with a mental disorder other
than an ED; and 3) parents with no mental disorders. However, there were too few parents
with an ED to examine this category while complying with Danish legislation regarding
personally identifiable information. Accordingly, we broadened these categories to include:
1) parent(s) with an ED (ICD-10: F50.x; ICD-8: 306.50, 306.58, 306.59) or a mental
disorder known to co-occur with EDs (Keski-Rahkonen & Mustelin, 2016), including a
depressive (ICD-10: F32-F39; ICD-8: 296.09, 296.29, 298.09, 300.49) or anxiety disorder
(ICD-10: F40-F48; 1CD-8: 300.09, 300.29, 300.39); 2) parent(s) with a mental disorder
other than an eating, depressive, or anxiety disorder (ICD-10: FO0-F31, F49, F51-F99;
ICD-8: 290-315 excluding ICD-8 codes listed previously); or 3) parents with no mental
disorders.
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Pregnancy and birth variables.—Maternal infection during pregnancy (see ICD codes
in Supplemental Table 1), gestational age, birthweight, parental age at birth, C-section,

and congenital malformation (ICD-10: Q00-Q89; ICD-8: 740.0-759.9) were included as
pregnancy- and birth-related exposures.

Early childhood variables.—Childhood infection (see Supplemental Table 1) and
exposure to adversities were examined. We investigated seven childhood adversities (death
of a parent, childhood abuse, parent permanently leaving the workforce, parental chronic
somatic disease, placement in out-of-home care, in-home care, and family disruption), based
on these events being highlighted as risk factors for other mental disorders (Dahl et al.,
2017; Debost et al., 2019). Details on how these adversities were assessed are summarized
in Table 1 and detailed in Larsen et al. (2021). Adversities were coded dichotomously
depending on the individual’s exposure, then the total number of adversities were summed
to calculate the Childhood Adversity Index (Debost et al., 2019).

Polygenic risk scores.—Several PRS were examined as genetic exposures, including
AN PRS (Watson et al., 2019) and PRS for phenotypes that are genetically correlated with
AN, including obsessive-compulsive disorder (OCD) (I0OCDF-GC/OCGAS, 2018), MDD
(Wray et al., 2018), educational attainment (Lee et al., 2018), BMI (Yengo et al., 2018),
high-density lipoprotein (HDL) cholesterol (Spracklen et al., 2017), and T2DM (Xue et al.,
2018).

The outcome was a diagnosis of AN (ICD-10: F50.0, F50.1) in the NPR or PCRR. Date
of onset was defined as the admission date for the individual’s first inpatient or outpatient
contact after their sixth birthday leading to a discharge diagnosis of AN.

Statistical Analysis

Individuals with missing data on paternal education (3.3%), maternal education (2.2%),
paternal income (0.8%), maternal income (0.3%), and birthweight (0.9%) were excluded
from analyses. Hazard ratios (HRs) with 95% confidence intervals (Cls) were estimated
using sex-stratified weighted Cox proportional hazards models with age as the underlying
time scale. Wald tests were performed assuming the same effect from one level of the
exposure to the level above, and p-values were reported. Given the small male sample, we
conducted post-hoc power calculations (Chow et al., 2017) that revealed this sample was
powered to detect HRs between 1.27 (with 50% exposed to a risk factor) and 1.50 (with
10% exposed), based on a total male sample of A=20,107 and an overall AN diagnosis
probability of 0.0209. Additional Wald tests were conducted to examine interactions
between sex and exposures. All analyses were adjusted for birth year (1994, 1995-1999,
2000-2004, =2005).

PRS were calculated based on summary statistics from GWASs of the selected discovery
traits (IOCDF-GC/OCGAS, 2018; Lee et al., 2018; Watson et al., 2019; Wray et al.,

2018; Yengo et al., 2018). The genotyping and imputation of variants is detailed elsewhere
(Bybjerg-Grauholm et al., 2020; Pedersen et al., 2018). The number of single nucleotide
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polymorphisms (SNPs) was restricted to the HapMap3 set of variants provided by the
European-ancestry linkage disequilibrium (LD) reference in LDpred2 (Privé, Arbel, et al.,
2020), with 1,054,330 SNPs. PRS were derived using LDpred2-auto (Privé, Arbel, etal.,
2020). PRS were standardized by calculating the mean and standard deviation in the random
sub-cohort: (observed value — mean) / standard deviation. Associations between PRS and
AN risk were estimated using weighted Cox models adjusted for the first ten genomic
principal components to account for population stratification and the origin of the sample.
Inverse probability weights (Kalbfleisch & Lawless, 1988) were used to adjust for the
iPSYCH2015 case-cohort design and sampling scheme, where AN cases were more likely
to be selected for genotyping than non-cases (approximately 1:34) (Bybjerg-Grauholm et al.,
2020). Analyses were conducted in R \Version 4.1.1.

The study population comprised 44,743 individuals, including 6,239 AN cases and 38,504
controls. Of the AN cases, 93.3% were female (/7=5,818) and 6.8% were male (/7=421).

In the control group, 48.9% were female (/7=18,818) and 51.1% were males (/7=19,686).
Age at AN diagnosis ranged from 6 to 35 years (M=18, SD=4) among female cases,

and 7 to 33 years (M=16, SD=4) among male cases. Estimated HRs with 95% Cls for
associations between exposures and AN diagnosis by sex are presented in Table 2. Estimates
in the non-stratified sample are provided in Supplemental Table 2. Estimates when all
exposures were entered into the model simultaneously are provided in Supplemental Table
3. When exposures were entered simultaneously, gestational age <35 weeks (HR=1.44 [95%
Cl=0.98-2.11]), AN PRS (1.38 [1.33-1.42]), living in a provincial city (1.32 [1.19-1.46]),
and parental history of an eating, depressive, or anxiety disorder (1.32 [1.12-1.55]) were
most strongly associated with increased AN risk in females. Among males, we observed

the largest associations with gestational age <35 weeks (2.44 [0.96-6.22]), paternal age <21
years (1.89 [0.83-4.30]), and parental history of a mental disorder other than an eating,
depressive, or anxiety disorder (1.79 [1.25-2.57).

Overall, sex differences in the effect of SES were not significant (p=.246-.985). In both
sexes, AN risk increased with each level of maternal education (males: HRs=1.29-1.61,
p=.002; females: HRs=1.20-1.49, p<.001) and paternal education (males: HRs=1.10-1.44,
p=.018; females: HRs=1.17-1.57, p<.001). We observed a significant linear association
between paternal income and AN risk in females (HRs=1.04-1.41, p<.001). Among

males, we observed decreased risk with paternal income in the second and third quintiles
(HRs=0.91-0.94, ps >.05) and increased risk in the fourth and fifth quintiles (HRs=1.01-
1.25, ps >.05). There was a similar pattern between maternal income and AN risk in
females: decreased risk in the second and third quintiles (HRs=0.95-0.98; ps >.05), and
increased risk in the fourth and fifth quintiles (HRs=1.05-1.21; p=.406 and p <.001,
respectively). Among males, AN risk increased with each maternal income quintile
(HRs=1.17-1.25, ps <.05) besides the fourth quintile (0.99 [0.68-1.43]). Females who lived
in the capital, a capital suburb, a provincial city, or a provincial town had significantly higher
risk of AN (HRs=1.10-1.48, p>.001) than those living in a rural area. A similar trend

Int J Eat Disord. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chatwin et al. Page 8

was seen in males (HRs=1.01-1.28, p=.302), besides those living in a capital suburb (0.94
[0.68-1.31]).

Parental Psychiatric History

Having a parent with a mental disorder was a significant risk factor for AN in both females
(p<.001) and males (p=.009). We observed a stronger effect of parental history of an

eating, depressive, or anxiety disorder in males (1.45 [0.95-2.22]) than females (1.35 [1.17—
1.57]), and a large effect of parental history of a mental disorder other than an eating,
depressive, or anxiety disorder in males (1.60 [1.13-2.26]) that was not present in females
(1.01 [0.89-1.16]). These differences could explain the significant interaction between sex
and parental psychiatric history (p=.024), though this interaction did not survive multiple
testing corrections (p=.361).

Pregnancy and Birth Factors

Overall, sex differences in the effects of pregnancy and birth factors were not significant
(p=.177-.733). Gestational age was inversely associated with AN risk in both sexes; AN

risk increased with gestational age <35 weeks (females: 1.22 [0.97-1.54]; males: 1.95 [1.09—
3.52]) and decreased with gestational age =42 weeks (females: 0.88 [0.79-0.98]; males: 0.75
[0.51-1.10]). Among females, we observed significantly decreased risk of AN with maternal
age <25 years (HRs=0.65-0.79, ps <.001), slightly increased risk with maternal age 30-34
years (1.07 [0.99-1.15]), and no effect of maternal age =35 years (0.99 [0.90-1.10]). Among
males, we observed increased risk of AN in all maternal age groups (HRs=1.07-1.21, ps
<.05) compared with maternal age 25-29 years, besides maternal age 21-24 years (0.86
[0.64-1.17]).

We observed a significant linear association between paternal age at birth and AN risk

in females, with decreased risk with paternal age <25 years (HRs=0.68-0.87; ps <.05)

and increased risk with paternal age >30 years (HRs=1.08-1.16, ps <.05). In males, AN

risk was increased with all paternal age groups (HRs=1.08-1.68, p=.315) compared with
paternal age 25-29 years. C-section was associated with significantly increased risk of AN
in females (1.16 [1.04-1.29]) and slightly reduced risk in males (0.94 [0.67-1.32]), although
Cls were wide and included unity. In both sexes, we observed increased risk of AN with
birthweight <2,500g (males: HRs=1.04-1.65, ps >.05; females: HRs=1.02-1.06, ps >.05).
Maternal infection during pregnancy was associated with increased AN risk in females (1.11
[0.94-1.31]) and decreased risk in males (0.81 [0.45-1.44]). Although the direction of effect
was opposite, both Cls were wide and contained unity. Finally, congenital malformation was
associated with decreased AN risk in females (0.94 [0.81-1.08]) and increased risk in males
(1.07 [0.75-1.53]), though Cls were wide and included unity.

Early Childhood Factors

Sex differences in early childhood exposures were not significant (p=.278-.904). Childhood
infection was associated with increased risk of AN in both females (1.13 [1.05-1.22]) and
males (1.07 [0.86-1.33]). HRs indicate a positive association with one childhood adversity
in males (1.16 [0.94-1.44]) but not females (0.99 [0.92-1.06]), whereas >2 adversities were
associated with decreased risk in males (0.83 [0.48-1.43]) and slightly increased risk in
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females (1.04 [0.89-1.22]). Although the direction of effect differed between the sexes, Cls
overlapped.

Apart from BMI PRS, sex differences in the effects of PRS were not significant (p=0.060—
0.111). Effect sizes for PRS were highly similar between the sexes. In both females and
males, AN risk was significantly higher with each 1 SD increase in AN PRS (females:

1.45 [1.40-1.49]; males: 1.48 [1.33-1.63]), OCD PRS (females: 1.16 [1.12-1.19]; males:
1.11 [1.01-1.23]), MDD PRS (females: 1.11 [1.08-1.15]; males: 1.14 [1.03-1.25]), and
educational attainment PRS (females: 1.19 [1.15-1.22]; males: 1.24 [1.11-1.37]), and
significantly decreased with BMI PRS (females: 0.77 [0.75-0.80]; males: 0.83 [0.76-0.92].
We observed a significant interaction between sex and BMI PRS, which could be explained
by the stronger negative association in females than males, though this interaction did

not survive multiple testing corrections (p=.111). In both sexes, we observed comparable
associations between HDL cholesterol PRS and increased AN risk (females: 1.04 [1.01-
1.07]; males: 1.02 [0.92-1.13]) as well as T2DM PRS and decreased AN risk (females: 0.91
[0.89-0.94]; males: 0.92 [0.84-1.02]), though these effects were only significant in females.

Discussion

To the best of our knowledge, this represents the first study of interactions between sex and
risk factors for AN in a nationwide sample. Overall, the results indicate that risk factors

for AN are comparable between females and males. There were no significant interactions
between sex and SES, pregnancy, birth, or early childhood exposures. For both sexes, AN
risk generally increased with higher parental education, parental income, and urbanicity.
Gestational age was inversely associated with AN risk in both sexes. Among females,
parental age <25 years at birth was associated with decreased AN risk and parental age >30
years with increased risk, whereas we generally observed increased AN risk in both parental
age <25 and >30 years among males. The direction of effects for C-section, maternal
infection, and congenital malformation differed between females and males, though sex
differences remained non-significant. Childhood infection was associated with increased risk
of AN in both females and males, whereas childhood adversity was differentially (though
not significantly) associated with AN between the sexes. Supplemental Material 4 presents
further discussion of significant effects in sex-stratified analyses.

Consistent with studies demonstrating familial coaggregation between AN and other mental
disorders (Duncan et al., 2017; Koch et al., 2015; Watson et al., 2019; Zhang et al., 2021),
we found that parental history of a mental disorder was a significant risk factor for AN

in both sexes, with larger effects in males. We observed a significant interaction between
sex and parental psychiatric history, which was likely explained by the large effect of
parental history of a mental disorder other than an eating, depressive, or anxiety disorder in
males that was not present in females. This effect is relatively novel but consistent with a
cohort study showing a higher incidence of EDs in males than females when parents had
substance abuse or somatoform disorders (Bould et al., 2015). However, this interaction did
not survive multiple testing corrections. It is possible that the categories used to classify
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parental psychiatric history could have impacted on these results. Further research with
larger male samples is needed to examine which parental disorders are differentially related
to AN risk, which could be achieved via collaboration between countries with nationwide
registers. The effects of PRS on AN risk were highly similar between the sexes. In females
and males, AN risk was higher with each 1 SD increase in PRS for AN, OCD, MDD,
educational attainment, and HDL cholesterol, and lower with each 1 SD increase in T2DM
and BMI PRS. Overall, the results imply that associations between these PRS and AN risk
are comparable between females and males. In relation to AN PRS, this result is consistent
with genetic studies (Watson et al., 2019; Yilmaz et al., 2022) and implies that, based on
current GWAS data, there is no evidence to suggest that the genetic architecture of AN
differs between the sexes. AN PRS were calculated using summary statistics derived in

a predominantly female cohort, which could be a limitation. The results show a positive
association between HDL cholesterol PRS and AN risk in both sexes (albeit marginally,
HRs=1.02-1.04), in contrast to a GWAS reporting a genetic correlation in the opposite
direction (/g = —0.24) (Watson et al., 2019). We observed a significant interaction between
sex and BMI PRS, which was likely driven by the stronger negative association between
BMI PRS and AN risk in females. This result provides support for the hypothesis that
genomic variation influencing body composition and AN liability may be differentially
active in females (Hubel et al., 2019). However, this interaction between sex and BMI PRS
did not survive multiple testing corrections.

A key strength of this study is the focus on sex-specific risk factors for AN, an understudied
topic that has important clinical implications for early identification and prevention. Some
studies on AN risk have been conducted with females and males collapsed across analyses
(Koch et al., 2022) or with analyses on female data only (Brown et al., 2020), which has
precluded investigation of sex-specific risk factors. Another strength of this study is the

use of Danish national registers, which provide data on all Danish citizens from birth to
death, thus eliminating loss to follow-up and selection and reporting biases. Diagnoses in
the Danish registers are known to be reliable with high positive predictive values (Bock

et al., 2009); thus, we can be confident in the validity of mental disorders and medical
conditions determined in this study. The validity of Danish education and income registers
are very high (Jensen & Rasmussen, 2011), as are standard measures (e.g., gestational age)
and well-defined procedures (e.g., C-section) in the MBR (Bliddal et al., 2018). Conversely,
childhood adversity is likely underreported so register data may only reflect more severe
cases (Bengtsson et al., 2020); these results should be interpreted with caution. Register-
based hospital contacts used to define AN reflect the date of diagnosis rather than the true
date of onset. The registers only record hospital-based diagnoses, which likely reflect more
severe AN cases and may not capture individuals with subthreshold disorders, those who
do not seek treatment, and individuals undergoing treatment in primary care and private
services. This could also influence associations with SES-related exposures as some effects
(e.g., parental education) could be explained by high-resourced groups being more likely to
access treatment (Sonneville & Lipson, 2018), though this may be less likely in Denmark
where healthcare is free.

This study was limited with respect to the small male sample, though this was expected
given that AN is diagnosed more frequently in females (Hudson et al., 2007; Watson et
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al., 2021). Nonetheless, diagnostic criteria may not adequately represent how EDs manifest
in males, since EDs have historically been viewed as disorders primarily affecting females
(Sangha et al., 2019). Baker et al. (2009) suggest that females and males express EDs at
different thresholds, which may not be captured by assessment tools such as the Eating
Disorder Inventory (EDI) (Baker et al., 2009), which emphasizes body areas that females
are more likely to express dissatisfaction with. These sex differences could impact on the
detection and treatment of AN, as supported by a Finnish cohort study demonstrating that
males with EDs were much less likely to receive treatment (Silén et al., 2021). It may

be that stronger sex differences emerge with environmental and biological exposures in
late childhood and adolescence. For example, AN risk may be more heavily influenced

by sociocultural factors such as weight-related societal pressure in adolescent females
compared with adolescent males (Kinasz et al., 2016; McCabe & Ricciardelli, 2005).
Pubertal status and timing are also known to play a much larger role in AN risk among
adolescent girls than boys (Klump, 2013; Klump et al., 2012), though we were unable

to examine this in the current study. Future studies should tease apart the additive and
synergistic effects of biological/genetic and environmental exposures.

Overall, this study revealed few sex differences in risk factors for AN, including SES,
pregnancy, birth, and early childhood factors, and psychiatric and metabolic PRS. This
implies that risk factors for AN are comparable between females and males. Although the
results highlight significant sex differences in the effects of parental psychiatric history
and BMI PRS, these effects did not survive corrections for multiple comparisons. There
were some differences in the strength and direction of effects between females and males,
though we generally observed comparable trends in both sexes, particularly in the effects
of PRS. This study is limited by the small male sample and thus lower statistical power
needed to detect effects in males. Broader diagnostic issues may also contribute to less
reliable detection of AN in males and consequently less frequent diagnosis. Population-
based research with larger samples is needed to further investigate sex-specific effects of
biological and environmental exposures on AN risk, including exposures in later childhood
and adolescence. Future studies on AN should also focus more broadly on improving
recruitment of males with AN to better understand its etiology. Taken together, these
investigations could contribute to improved early identification and reduced duration of
illness via timely prevention and management of AN.
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Public Significance Statement

Sex differences in the prevalence and clinical presentation of anorexia nervosa (AN)
warrant examination of sex-specific risk factors. This population-based study indicates
that the effects of polygenic risk and early life exposures on AN risk are comparable
between females and males. Collaboration between countries with large registers could
help to further investigate sex-specific AN risk factors and contribute to improved early
identification.
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Figurel.
Flow of case and control selection.
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