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Abstract
About 20% of individuals with anorexia nervosa (AN) remain chronically ill. Therefore, early identi�cation
of poor outcome could improve care. Genetic research has identi�ed regions of the genome associated
with AN. Patients with anorexia nervosa were identi�ed via the Swedish eating disorder quality registers
Stepwise and Riksät and invited to participate in the Anorexia Nervosa Genetics Initiative. First, we
associated genetic information longitudinally with eating disorder severity indexed by scores on the
Clinical Impairment Assessment (CIA) in 2,843 patients with lifetime AN with or without diagnostic
migration to other forms of eating disorders followed for up to 16 years (mean = 5.3 yrs). Second, we
indexed development of a severe and enduring eating disorder (SEED) by a high CIA score plus a follow-
up time ≥5 years. We associated individual polygenic scores (PGSs) indexing polygenic liability for AN,
schizophrenia, and body mass index (BMI) with severity and SEED. After multiple testing correction, only
the BMI PGS when calculated with traditional clumping and p value thresholding was robustly associated
with disorder severity (βPGS = 1.30; 95% CI: 0.72, 1.88; p = 1.2 x 10-5) across all p value thresholds at
which we generated the PGS. However, using the alternative PGS calculation method PRS-CS yielded
inconsistent results for all PGS. The positive association stands in contrast to the negative genetic
correlation between BMI and AN. Larger discovery GWASs to calculate PGS will increase power, and it is
essential to increase sample sizes of the AN GWASs to generate clinically meaningful PGS as adjunct
risk prediction variables. Nevertheless, this study provides the �rst evidence of potential clinical utility of
PGSs for eating disorders.

Introduction
Eating disorders are complex psychiatric conditions that arise from a combination of genetic and
environmental factors.1 Anorexia nervosa (AN) is among the most serious and deadly of all psychiatric
disorders2 as only 30% of patients achieve remission3 and 20% remain chronically ill.4 A severe and
enduring eating disorder (SEED) describes those with AN or bulimia nervosa (BN) with chronic symptoms,
treatment non-response,5–7 and long duration of illness, variably de�ned as �ve,8 six,9 seven,10,11 or ten12

years.

In AN, concurrent anxiety or depressive symptoms, psychosocial di�culties,13 long duration of illness
prior to hospitalization, low BMI, and inadequate weight gain during hospitalization are associated with
poor outcome in general and 21 years after initial hospitalization.14,15 In BN, �ndings are mixed with a
high frequency of compensatory behaviours16 and comorbid psychiatric diagnoses associated with poor
outcome,17–19 whereas perfectionism, obsessionality, anxiety, and genetic factors may increase the
likelihood of developing a SEED.20 Studies to identify predictors of poor outcome for binge-eating
disorder (BED) have not had adequate statistical power.21,22

The largest genome-wide association study (GWAS) published as of 2020 associated eight risk loci with
AN and indicated a genetic sharing between AN and BMI (rg = -0.32) and between AN and schizophrenia



Page 3/26

(SCZ; rg = 0.25), corroborating observed comorbidity and familiality23 in clinical and epidemiological

studies.24–26 These �ndings implicate both anthropometric and psychiatric factors in the origin of AN.27

Individual genetic liability to, for example, high BMI can be expressed as polygenic scores (PGS). PGSs
are calculated for each individual by weighting the genomic variants the individual carries across the
whole genome by effect sizes obtained from GWAS. PGSs thereby capture the polygenic signal of a given
trait.28 Individuals with high PGSs carry more risk variants and are hypothesised to be more likely to
develop a trait or disorder. Robust �ndings from GWAS are used to construct PGS for psychiatric
disorders29–31 and evaluate shared genetic risk between phenotypes.32–34

In patients followed up on average 5.3 years in quality registers covering specialized eating disorder care
across Sweden,35 we de�ned two different outcomes: �rst, at the timepoint when the patients additionally
joined the Anorexia Nervosa Genetics Initative (ANGI), we de�ned severity as the total score on the 16-
item Clinical Impairment Assessment (CIA) questionnaire. The CIA measures secondary psychosocial
impairment due to eating disorder symptoms. Second, we created an index of SEED marked by a high CIA
score plus a follow-up time ≥ 5 years. Based on the literature, we selected three PGSs and explored their
association with severity or a SEED: PGS for AN, SCZ, and BMI. First, we hypothesized that an individual’s
eating disorder severity and risk for a SEED would be in�uenced by a high AN PGS (i.e., higher genetic
loading associated with greater severity). Second, based on the reported high genetic correlations
between AN and SCZ,27 the seven times increased risk of SCZ and the familial liability of SCZ, in patients
with eating disorders compared with the general population,23 we hypothesized that greater genetic
liability to SCZ separately would be associated with greater severity and SEED. Furthermore, we chose the
SCZ GWAS as it currently represents the best statistically powered GWAS of any psychiatric disorder
genetically correlated with AN, shows high heritability, and may index genetic liability to general
psychopathology. Third, given the observed negative genetic correlation between AN and BMI,27 and the
association between low phenotypic BMI and poor outcome,36–38 we hypothesized that a BMI PGS would
separately be associated with severity and the development of a SEED. Furthermore, we chose the BMI
PGS because it is currently the largest GWAS available of anthropometric traits genetically associated
with AN, and, therefore, offers the greatest statistical power. Results could inform whether PGSs might
serve as a useful adjunct tool in predicting severity or a SEED.

Methods
Sample. Our study includes Swedish AN cases from ANGI39 whose genetic analytic methods have been
described.27 Participants were recruited for genotyping into ANGI via Swedish treatment centres and two
national registers: (1) Riksät, the national quality register established in 1999, including patients treated
for AN, BN, or eating disorders not otherwise speci�ed (EDNOS)40 and (2) Stepwise, the internet-based
clinical quality assurance database for specialized eating disorder care, established in 2005. Stepwise
includes all Riksät and additional variables and was used by an expanding number of treatment centres
until 2015. Patients are registered into Riksät/Stepwise if 1) they are medically/self-referred to a Swedish
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treatment centre, 2) treatment is intended, and 3) an eating disorder diagnosis has been established
(Table 1). Patients were �rst entered into either register 1999-2016 and recontacted for participation in
ANGI 2013-2016. Therefore, for some participants, the follow-up time between entering the treatment
register and being recruited into ANGI was less than a month (Table 2). We calculated follow-up time as
difference in years between year at �rst registration and the year when participants were re-contacted for
recruitment into ANGI, covering a follow-up period of 0-16 years. Our analyses comprised a total of 2,843
individuals aged 10-66 years with 45 males (1.6% of the total sample; Table 2).
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Table 2
Descriptive statistics of quantitative demographic and clinical characteristics of target sample (N =

2,843) of specialised eating disorder care in Sweden

    Mean SD Median Min Max Total
missing

Self-reported
age at �rst ED
symptom

AN restricting only 15.93 4.38 15 6 58  

AN binge-
eating/purging only

15.64 4.13 15 6 44  

Broad AN only (without
amenorrhea and
weight criterion)

15.31 3.78 15 6 45  

AN + bulimia nervosa 15.55 3.77 15 5 33  

AN + binge-eating
disorder

17.31 6.74 16 10 55  

AN + EDNOS 15.68 4.30 15 6 36  

AN + purging disorder
or EDNOS 5*

15.60 3.93 15 6 36  

              155

Age at �rst
registration

AN restricting only 19.44 6.68 18 10 61  

AN binge-
eating/purging only

21.79 7.00 20 13 60  

Broad AN only (without
amenorrhea and
weight criterion)

20.50 7.35 18 11 66  

AN + bulimia nervosa 25.33 7.98 23 13 66  

AN + binge-eating
disorder

26.27 9.44 24 16 61  

AN + EDNOS 22.20 8.53 20 12 60  

AN + purging disorder
or EDNOS 5*

23.21 8.62 21 11 60  

              0

Body mass
index (kg/m2)

AN restricting only 15.91 1.39 16.01 12.05 21.63  

*EDNOS 5 = Eating disorder not otherwise speci�ed category 5, includes those patients that
repeatedly chew and spit food, without swallowing, large amounts of food.

**Follow-up time was calculated as difference in years between year at �rst registration and the year
when participants were re-contacted for recruitment into ANGI
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    Mean SD Median Min Max Total
missing

AN binge-
eating/purging only

16.52 1.49 16.61 12.95 25.07  

Broad AN only (without
amenorrhea and
weight criterion)

18.63 1.89 18.46 13.5 30.7  

AN + bulimia nervosa 21.67 3.78 20.70 13.47 44.1  

AN + binge-eating
disorder

24.38 6.35 22.48 15.8 43.56  

AN + EDNOS 19.63 4.4 18.85 12.74 40.39  

AN + purging disorder
or EDNOS 5*

19.89 2.38 19.56 14.16 34.48  

              15

CIA global
score

AN restricting only 17.13 12.94 14 0 48  

AN binge-
eating/purging only

21.17 14.19 21 0 48  

Broad AN only (without
amenorrhea and
weight criterion)

18.58 12.73 17 0 48  

AN + bulimia nervosa 19.84 12.83 19 0 48  

AN + binge-eating
disorder

19.33 13.84 21 0 46  

AN + EDNOS 14.51 11.3 11 0 40  

AN + purging disorder
or EDNOS 5*

19.88 13.17 20 0 48  

              0

Follow-up
time**

AN restricting only 5.31 3.34 5 0 15  

AN binge-
eating/purging only

5.38 3.64 5 0 14  

Broad AN only (without
amenorrhea and
weight criterion)

4.59 3.25 4 0 16  

*EDNOS 5 = Eating disorder not otherwise speci�ed category 5, includes those patients that
repeatedly chew and spit food, without swallowing, large amounts of food.

**Follow-up time was calculated as difference in years between year at �rst registration and the year
when participants were re-contacted for recruitment into ANGI
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    Mean SD Median Min Max Total
missing

AN + bulimia nervosa 5.19 3.69 4 0 16  

AN + binge-eating
disorder

5.58 3.55 5 0 14  

AN + EDNOS 4.34 2.82 3 0 12  

AN + purging disorder
or EDNOS 5*

3.91 3.14 3 0 14  

              0

*EDNOS 5 = Eating disorder not otherwise speci�ed category 5, includes those patients that
repeatedly chew and spit food, without swallowing, large amounts of food.

**Follow-up time was calculated as difference in years between year at �rst registration and the year
when participants were re-contacted for recruitment into ANGI

Clinical diagnosis. To be classi�ed as a case in ANGI, a lifetime DSM-IV AN diagnosis (amenorrhea was
not required) was con�rmed based on answers to the ED100K-v1 questionnaire39 or by a clinical AN
diagnosis registered in the national registers. Importantly, all individuals in our study had a lifetime AN
diagnosis, but may also have been diagnosed with an additional eating disorder. This means we could
delineate a persistent AN group from a AN with mixed eating disorder presentation group, representing
the diagnostic crossover common in eating disorders41 (Table 1). In Riksät, diagnoses are based on
clinician interviews and clinical observation until 2013 when the DSM-IV-based Structured Eating Disorder
Interview (SEDI)42 was also implemented. In Stepwise, the Structured Clinical Interview for DSM-IV Axis I
disorders (SCID-I), eating disorder diagnostic research version (module H)43 for adults ≥18 years was
administered from 2005 until August 2008 alongside the MINIkid version 2.1 for DSM-IV (i.e., Modules S
and T)44 for individuals <18 years. The DSM-IV-based SEDI42 has been used since August 2008.
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Table 1
Lifetime eating disorder diagnoses registered in Swedish quality registers Riksät/Stepwise among

individuals with a lifetime diagnosis of anorexia nervosa (AN) included in our target sample (n = 2,834)
Eating disorder diagnoses registered in Stepwise/Riksät    

  n (cases) % of total

AN restricting only 976 34.3

AN binge-eating/purging only 260 9.2

Broad AN only (without amenorrhea and weight criterion) 603 21.2

AN + bulimia nervosa 522 18.4

AN + binge-eating disorder 45 1.6

AN + EDNOS 95 3.3

AN + purging disorder or EDNOS 5* 342 12.0

Total 2843  

Note. AN = anorexia nervosa, BN = bulimia nervosa, BED = binge-eating disorder, EDNOS = eating
disorder not otherwise speci�ed, PD = purging disorder

Treatment centres. We grouped the 41 treatment centres into �ve categories re�ecting their geographic
locations across Sweden. We excluded Stockholm from “Svealand” to create a more equal distribution of
participants across categories, re�ecting differences between rural and urban regions. Most patients were
�rst registered in the region of Stockholm (32.3%), followed by Västra Götaland (22.3%), Östergötland
(22.0%), and Svealand (16.0%), while the fewest patients were registered in Norrland (7.4%). About 29% of
patients at treatment centres in Stockholm received an AN restricting diagnosis.

Ethics. All participants provided written informed consent for participation in ANGI. The Swedish
component of ANGI was approved by the regional Ethical Review Board in Stockholm (dnr: 2013/112-
31/2) and the amendments (2014/1563 and 2016/1852-32).

Eating disorder severity as measured by the Clinical Impairment Assessment. The 16-item questionnaire
measures the severity of secondary psychosocial impairment due to eating disorder features during the
previous 28 days,35 covering three domains: emotional, social, and cognitive functioning. Each item is
rated on a 4-point Likert scale with 0 = ‘not at all’, 1 = ‘a little’, 2 = ‘quite a bit’, and 3 = ‘a lot’. Summing all
items yields a total severity score ranging from 0 to 48, with higher scores indicating greater impairment
(Supplementary Figures S1A-C). More details on the questionnaire are in the Supplementary Methods.
Correlations between items were assessed using polychoric correlations and polyserial correlations
between the sum scores (i.e., global and domain-speci�c scores) and the 16 items.45 Pearson’s
correlations were used to estimate the association between the sum scores (Supplementary Figure S2).
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SEED de�nition. With the assumption that a CIA total score ≥18 is associated with case status,46 we
de�ned our binary dependent SEED variable as CIA score ≥18 and a follow-up time ≥5 years (i.e., years
between initial registration and ANGI recruitment) independent of eating disorder diagnosis or diagnostic
crossover. We compared patients with a SEED with those having a CIA score <18 and follow-up time ≥5
years in logistic regressions. As treatment resistance is part of the proposed de�nition of a SEED7 it is
important to note that all patients registered in Risksät/Stepwise have undergone at least one treatment
attempt, qualifying them for a SEED.

PGS calculation: clumping and thresholding. The PGSs for AN (after excluding Swedish participants; n =
4118)39 and SCZ31 were based on genome-wide association data from the Psychiatric Genomics
Consortium (PGC), and a PGS for BMI based on data from the Genetic Investigation of ANthropometric
Traits (GIANT) consortium and the UK Biobank.47 SNPs that were present exclusively in either the GWAS
summary statistics or the ANGI dataset as well as ambiguous SNPs were removed before PGS
calculation using PRSice, version 2.2.3.48 Linkage disequilibrium (LD) among SNPs was accounted for by
clumping. The genetically independent SNP with the smallest p value in each 250 kilobase window of all
those in LD was retained as the index SNP (r2 > 0.1). We calculated PGSs at different p value thresholds
(p values: 5 x 10−8, 1 x 10−5, 0.001, 0.01, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 1) for sensitivity analyses. The main
results are based on the PGSs at a p value threshold of 0.001 as this PGS explained most of the variance
in the model including the AN PGS (R2 = 0.175%). We also chose to report this threshold in the models
including the BMI or SCZ PGSs to facilitate comparison across models. As sensitivity analysis, we
present results for all other p value thresholds. We included standardised PGS as continuous variables,
reporting results as one unit change per one standard deviation higher PGS.

Polygenic risk score continuous shrinkage (PRS-CS). We observed inconsistent results for the AN PGS
across the different p value thresholds at which they were generated. Therefore, we used PRS-CS as a
sensitivity analysis to further investigate the robustness of our results. PRS-CS does not rely on p value
thresholding and is a Bayesian approach to calculate PGS. It applies two shrinkage parameters to the
original effect sizes of the discovery GWAS: a global scaling parameter shared across all effect sizes and
a local, marker-speci�c parameter, resulting in a global-local scale mixtures of normals. In an extreme
case, where the local shrinkage would be one, the model would be a Ridge regression and all effect sizes
were shrunk by the global parameter only. However, the local shrinkage parameter allows heterogeneity in
the scales of the effect sizes and the global parameter controls the sparsity of the model. In other words,
small effects are shrunk towards zero, but large effect sizes are less affected. In summary, the PRS-CS
method calculates a reweighted PGS assuming a different degree of involvement of different SNPs
across the genome. No selection of a p value threshold is needed. The re-weighted PGS was used as an
explanatory variable in our regression models. Correlations between the thresholding-based and PRS-CS-
based PGS are presented in Supplementary Figures S3A-C.
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Table 3
Regression models �tted. Model 3 is the main model in the logistic regression analysis and model 4 is the

main model in the linear regression. The other models are sensitivity analyses.
Linear
regression

Logistic
regression

Variables Justi�cation

Model 1 Model 1 CIA or SEED ~ PGS + PCs
1-10 + treatment region

Population strati�cation and nesting

Model 2 Model 2 Model 1 + Age Older age at treatment initiation is
associated with poor outcome.49

Model 3 Model 3
(main
model)

Model 2 + Sex + AN
presentation*

Sex differences in presentation50 and
prevalence51 of eating disorders

Model 4
(main
model)

- Model 3 + Follow-up
time**

To evaluate disorder severity independent of
follow-up time (years between �rst
registration and ANGI recruitment).

Model 5 Model 4 Model 3 + Follow-up
time** + BMI

Low body weight as predictor of poor
outcome.14,15,22

Model 6 Model 5 Model 3 + Follow-up
time** + Self-reported
age at �rst ED symptom

Early age at onset is indicative of a better
outcome22 and hormonal changes are
associated with disorder onset.52

Note. ANGI = Anorexia Nervosa Genetics Initiative, CIA = Clinical Impairment Assessment,35 ED =
eating disorder, BMI = body mass index, PC = principal component, PGS = polygenic score, SEED =
severe and enduring eating disorder,

*Only adjusted for eating disorder diagnosis when including all participants, irrespective of clinically
ascertained eating disorder diagnosis additional to AN.

**Only adjusted for when analysing disorder severity as a continuous variable. De�ned as years
between �rst treatment registration in the quality registres and recruitment into ANGI.

Statistical analysis. We associated the three PGS for AN, SCZ, and BMI with disorder severity measured
by the CIA total score as a continuous dependent variable (i.e., linear regression) and with SEED (i.e.,
logistic regression), resulting in six regression models. To avoid collinearity among independent variables,
we excluded highly correlated variables (i.e., r > 0.80; Supplementary Figure S4). In our main model (Table
3), we �tted the PGS as the independent variable and adjusted for potential population strati�cation by
including the �rst 10 ancestry-informative principal components (PCs), and controlled for nesting within
our sample by including treatment region.53 Using PLINK 2.0, we calculated PCs based on pruned
genotype data.54 Additionally, we included age, sex, and follow-up time. For all model details including
justi�cation, see Table 3. Mendelian randomisation studies imply a bidirectional causal relationship
between AN and low BMI; hence, adjusting for BMI in models including patients with AN may introduce a
collider.27 Therefore, we investigated BMI in an additional model (logistic model 4 and linear model 5).
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We investigated three different polygenic scores and two outcomes and therefore adjusted our a

threshold using the Bonferroni method α =
0.05

6 = 0.008 to account for the multiple tests performed. 

Exclusion. From analysis including BMI as a covariate, 15 patients were excluded due to missing data,
and 155 patients were excluded because of missing retrospectively self-reported age at �rst eating
disorder symptom. From the logistic models, we excluded follow-up time as a covariate since follow-up
time is part of the SEED outcome de�nition (i.e., longer than 5 years). This means that the logisitic
regression only includes patients with a follow-up ≥ 5 years. Therefore, the total sample size for the
logistic regression analysis was n = 1,334.

Sensitivity analyses. Approximately 35% of the individuals in our target sample (Table 1) were not
diagnosed with AN when they were �rst registered into Riksät/Stepwise. Because this mixed presentation
of an eating disorder in one individual may in�uence the association between PGS and outcome, we used
sensitivity analyses to evaluate the effect of diagnostic heterogeneity in the eating disorder presentation.
We created four different samples: �rst, the whole sample including individuals with AN and a mixed
presentation of other eating disorder diagnoses, second, individuals with AN, including a clinical AN
restricting, binge-eating/purging subtype, or AN without amenorrhea and weight criterion, third, only
individuals with a clinical AN restricting diagnosis, as this may represent a unique phenotype, fourth, only
individuals with AN (both subtypes) with a low BMI (≤17.5 kg/m2). The subsamples including all AN
subtypes or only the AN restricting subtype did not require adjustment for the eating disorder diagnosis.
In this case, we �tted �ve logistic regression models.

Results
Participants with AN restricting subtype had the lowest average BMI (15.9 kg/m2), were the youngest (age
= 19.4 years) at �rst registration, and had the lowest CIA total score (mean CIA = 17; i.e., least severe).
Self-reported age at �rst eating disorder symptom was similar across all groups except for individuals
with lifetime co-occurring BED, who reported the oldest age at experiencing their �rst eating disorder
symptom (age = 17.3 years). Follow-up time was on average the same across all groups (follow-up time
≈ 5 years) except for participants with AN plus purging disorder (follow-up time = 3.91 years; Table 2).
Supplementary Figures 1A-C summarise responses to each CIA item in all three samples.

Association of PGSs with eating disorder severity as measured by the CIA

AN PGS and eating disorder severity. After multiple testing correction (α = 0.008), the AN PGS was not
associated with disorder severity (Supplementary Table S1) measured as the CIA total score in either the
full sample with clinically ascertained AN cases with a mixed presentation (n = 2,843, Figure 1A), or the
AN cases subsample (i.e., AN restricting, AN binge-eating/purging, Broad AN; n = 1,839, Figure 1B), or the
subsample of individuals with the AN restricting subtype (n = 976, Figure 1C), or the subsample of
individuals with low weight AN. Adjustment of our models did not change the association between the AN
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PGS and the CIA total score. Moreover, after shrinking the effect sizes and re-weighting the PGS with PRS-
CS, the association remained non-signi�cant (Supplementary Table S2)

SCZ PGS and eating disorder severity. The same result was observed for the SCZ PGS: no association
remained signi�cant at the α = 0.008 (Figures 2A-C and Supplementary Table S3). We did not observe
any signi�cant association by subsample, model adjustment, or PRS calculation method.

BMI PGS and eating disorder severity. The BMI PGS showed a positive association with eating disorder
severity as measured by the CIA (Figure 3 and Supplementary Table S4). In the full sample including
clinical AN cases with a mixed presentation, one standard deviation greater BMI PGS was associated
with a 0.83 (95% CI: 0.36, 1.30; p = 5.5 x 10−4) greater CIA total score (Figure 3A). Limiting the sample to
AN only cases strengthend the association: one standard deviation greater BMI PGS was associated with
1.30 (95% CI: 0.72, 1.88; p = 1.2 x 10−5) greater CIA total score (Figure 3B). In the AN restricting subtype
subsample or the low weight AN subsample, the association did not remain signi�cant at our a threshold
(Figure 3C). The results in the full sample and the AN only sample were consistent across all p value
thresholds at which the PGS was generated when using clumping and thresholding. Additionally, the
results remained largely the same with varying adjustment of our models. However, after shrinking the
effect sizes and re-weighting the PGS with PRS-CS, the association did not remain signi�cant
(Supplementary Table S2)

Association Of Pgs With Risk Of Seed
We tested if PGSs for any of the three selected traits were associated with SEED, de�ned as those
individuals with a CIA score ≥18 and a follow-up time ≥5 years.

AN PGS and SEED. In the full sample with a mixed AN presentation, the AN PGS was not signi�cantly
associated with a SEED (n = 1,334 Figure 4A). When we restricted the analysis to individuals with AN only
(i.e., AN restricting, AN binge-eating/purging, Broad AN; n = 901), a one standard deviation greater AN PGS
was associated with 24% higher odds of being classi�ed as a SEED (95% CI: 1.08, 1.43; p = 0.002; Figure
4D and Supplementary Table S5). The association did not remain signi�cant in the AN restricting
subsample (n = 509; Figure 4G) or the low weight subsample. We detected the association only at a PGS
generation p value threshold of 0.001; however, the association was independent of adjustment by other
variables. The association was not detected when calculating the PGS with PRS-CS.

SCZ PGS and SEED. We found no statistically signi�cant associations between SCZ PGSs and SEED in
either the full or our subsamples of diagnostic subgroups (Figure 4B, 4E, 4H and Supplementary Table
S5). Model adjustement or a different PGS calculation method did not change the result.

BMI PGS and SEED. We found no statistically signi�cant associations between BMI PGSs and SEED in
either the full or our subsamples of diagnostic subgroups at our main PGS generation p value threshold
of 0.001. However, the BMI PGS was signi�cantly associated with SEED only in the full sample with a
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mixed AN presentation with OR ranging from 1.19 to 1.23; Figure 4C and Supplementary Table S6). We
observed this association only when including self-reported age at �rst eating disorder symptom (model
5) as an additional explanatory variable and when including more SNPs in the PGS (i.e., generation p
value thresholds from 0.05 until 1). Overall, these results were inconsistent.

Discussion
Eating disorders are often chronic4 and no biomarkers exist that identify individuals at risk for an eating
disorder, let alone for a protracted illness course. Our results suggest that a PGS indicating genetic
liability to BMI may be a useful adjunct tool in predicting who is at risk for developing a severe an
enduring form of the illness. Additionally, if the sample size for the AN GWAS increases, and the AN PGS
may become more statistically powerful, the AN PGS should be re-assessed for outcome prediction.

Several recent reviews have highlighted the potential clinical application of PGS in psychiatry, as well as
cautions about their overinterpretation.55,56 Research on other psychiatric disorders such as depression
has shown that the cumulative in�uence of multiple genetic variants is associated with chronic
depressive symptoms.57 Similarly, a high SCZ PGS is associated with poor treatment response,
suggesting that polygenic burden may impact treatment resistance.58

Our results represent the �rst indication that an AN PGS may have clinical utility in the future. PGSs have
become increasingly robust as the sample sizes of their source GWASs increase. The AN GWAS is still
fairly immature, and in addition, our polygenic score had less power as we had to exclude the Swedish
participants (n = 4,118 of 16,992 cases) from the discovery sample. Nevertheless, it had predictive
capacity in our sample, especially in those individuals who were �rmly anchored in an AN diagnosis only.
The effect appears to be diluted in those individuals who display a more mixed eating disorders
diagnostic picture across their illness journey. This may limit potential clinical utility in this subgroup of
patients. The observed difference between those with AN only and those with a more mixed diagnostic
picture also provides insight into how genetic factors may in�uence clinical presentation and course
within the eating disorder diagnostic groups. These results are consistent with prior observations
suggesting that three primary eating disorders (AN, BN, and BED) differ on a genomic level.59 AN PGS at
initial presentation for treatment may hold promise in predicting who is likely to maintain an AN
presentation versus experience diagnostic crossover, informing the tailoring of treatment accordingly.
This should be investigated in larger independent samples as our results were inconsitent.

In our study, genetic liability to SCZ was not associated with disorder severity or long-term outcome in
patients with AN. However, in the subsample of AN restricting patients only, the SCZ PGS showed a
nominally signi�cant (i.e., p < 0.05) negative association with the CIA score. This association did not
remain signi�cant after multiple testing correction, and was not detected at the main analysis p value
threshold to generate the PGS of 0.001. The associations overall were inconsistent. Potentially, a larger
target sample size providing greater statistical power may clarify these �ndings. The reason for a
potential association between a higher SCZ polygenic load with a lower CIA score (i.e., less self-reported
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severity) is unclear, but genetic liability to SCZ could possibly be associated with poor illness insight,
sometimes termed unintentional denial of illness or anosognosia, which is common in AN and often
evidenced by unexpectedly low self-report of symptoms and distress relative to objective illness
status.60,61 Future research could investigate further whether AN patients with high SCZ PGS represent a
distinct phenotype with different treatment needs and response.

In our study, patients with AN carrying a greater BMI PGS experienced greater severity compared to eating
disorder patients with low BMI PGSs. This �nding stands in contrast to negative genetic correlation
between BMI and AN as a diagnosis based on GWAS data27,59,62. However, the positive association
between the BMI PGS and severity is consistent with �ndings that associated genetic liability for high
BMI with engaging in more weight loss behaviours63 and higher levels of disordered eating64 in the
general population. These studies63,64 and our �nding support a shared genetic aetiology between
genetic propensity for high BMI and eating disorder severity or speci�c symptoms. As fear of weight gain,
a central symptom among individuals with some eating disorders, combined with genetic liability for high
BMI might induce psychological distress, re�ected as higher scores on the CIA in our study, future studies
should investigate more re�ned measures of severity on the symptom level. Additionaly, our �nding needs
to be replicated in an independent sample.

Limitations
Our �ndings must be interpreted in the light of several limitations. First, eating disorder diagnoses are
entered at �rst registration to the national quality registers, meaning that some diagnostic crossover
could have occurred prior to or after registration that was not captured in our data. Mitigating this
limitation was the addition of the questionnaire-based lifetime data collected in the ED100K as part of the
ANGI study that captures lifetime diagnostic migration. Second, we only included individuals with eating
disorders who sought treatment. Although this increases clinical applicability, this might also have
resulted in a more severe sample with less variance. Balancing that limitation, we included data from the
majority of specialized eating disorder units across Sweden, capturing almost all Swedish individuals
diagnosed with an eating disorder receiving all levels of care. Third, our measure of disorder severity is
limited as we only used one continuous score at one time point. Future studies should include
longitudinal assessments of severity and potentially pool different outcome variables to create a
composite measure of severity. Fourth, participants were primarily of European (and Swedish) ancestry,
which limits the generalisability to non-European populations. Fifth, the low number of males included in
this study hinders our ability to address sex differences. Sixth, as the AN PGS was derived from a
comparatively small GWAS excluding the Swedish participants, our statistical power to detect
associations was limited. This is refelected in the inconsistent effect estimates across different p value
thresholds at which the AN PGS was created (Figure 1A-C) and additionally the inconsistent results when
using the PRS-CS method to calculate PGSs. This phenomenon, however, had also been observed in
studies of SCZ.65 As AN most likely is polygenic and may have diverse underlying causes, one may
hypothesise that more strongly associated genetic variants (i.e., lower generation p value thresholds) act
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via different biological pathways than less associated ones.66 However, �ndings are mixed.65,66 It is
anticipated that increasing the sample size of eating disorders GWASs will lead to the identi�cation of
more AN-associated genetic variants, as seen in other psychiatric disorders such as SCZ,67 boosting the
statistical power, robustness, and clinical utility of the AN PGS.27 Analyses like ours should be repeated
when PGS with greater statistical power are available. Furthermore, different genetic variants may be
implicated in the development of than in the maintenance of AN. Therefore, future GWASs should not
only focus on a binary disorder phenotype, but they should also consider the course of the disorder along
the lifespan.

Conclusion
No study of long-term outcome of eating disorders has included the role of genomic risk burden. Our
study is the �rst to show an association between an AN and BMI PGS with severity or eating disorder
outcome. We provide the �rst tentative evidence of potential clinical utility of PGSs68 in the �eld of eating
disorders. Our �ndings suggest that PGSs in combination with environmental variables may contribute to
risk prediction models in AN, if GWAS sample sizes continue to increase. Ongoing concerns with slow
progress in improving treatment outcomes, especially for AN,69,70 call for advances in prevention,
detection, and treatment. These results encourage the expansion of genetic studies of eating disorders to
accelerate discovery and impact.
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Figure 1

Anorexia nervosa polygenic score (PGS) associated with disorder severity measured as clinical
impairment assessment (CIA) total score. Bars represent beta estimates +/- standard errors. Panel A is
based on 2,843 individuals with anorexia nervosa and additional eating disorder diagnoses during their
lifetime. Panel B is based on 1,839 individuals with any clinically ascertained anorexia nervosa diagnosis.
Panel C is based on the 976 individuals with a clinically ascertained anorexia nervosa restricting subtype.
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The estimates in model 4 are adjusted for covariates included in the main model: Principal components
1-10, treatment region, age, sex, follow-up time and eating disorder diagnosis when including individuals
with any eating disorder diagnosis (N = 2,843).

Figure 2

Schizophrenia polygenic score (PGS) associated with disorder severity measured as clinical impairment
assessment (CIA) total score. Bars represent beta estimates +/- standard errors. Panel A is based on
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2,843 individuals with anorexia nervosa and additional eating disorder diagnoses during their lifetime.
Panel B is based on 1,839 individuals with any clinically ascertained anorexia nervosa diagnosis. Panel C
is based on 976 individuals with a clinically ascertained anorexia nervosa restricting subtype. The
estimates in model 4 are adjusted for covariates included in the main model: Principal components 1-10,
treatment region, age, sex, follow-up time and eating disorder diagnosis when including individuals with
any eating disorder diagnosis (N = 2,843).

Figure 3
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Body mass index (BMI) polygenic score (PGS) associated with disorder severity measured as clinical
impairment assessment (CIA) total score. Bars represent beta estimates +/- standard errors. Panel A is
based on 2,843 individuals with anorexia nervosa and additional eating disorder diagnoses during their
lifetime. Panel B is based on 1,839 individuals with any clinically ascertained anorexia nervosa diagnosis.
Panel C is based on 976 individuals with a clinically ascertained anorexia nervosa restricting subtype.
The estimates in model 4 are adjusted for covariates included in the main model: Principal components
1-10, treatment region, age, sex, follow-up time and eating disorder diagnosis when including individuals
with any eating disorder diagnosis (N = 2,843). The asterisk (*) denotes statistically signi�cant results (α
= 0.008).
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Figure 4

4A-C. Polygenic scores (PGSs) associated with a severe and enduring eating disorder (SEED). Figure 4A-C
is based on 1,334 individuals with anorexia nervosa and additional eating disorder diagnoses during their
lifetime (n SEED = 528, n non-SEED = 806). Figure 4A shows the association with the anorexia nervosa
PGS, Figure 4B shows the association with the schizophrenia PGS, and Figure 4C shows association with
the BMI PGS. The estimates in model 3 are adjusted for covariates included in the main model: Principal
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components 1-10, treatment region, age, sex and eating disorder diagnosis when including individuals
with any eating disorder diagnosis. Dots represent odds ratios (ORs) and error bars 95% con�dence
intervals.
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